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CONTRACTOR STATEMENT OF TECHNICAL REVIEW 
Plexus Scientific Corporation has completed this Remedial Investigation Report for the Nike SL-
10 Launch Area Groundwater Remedial Investigation/Feasibility Study/Proposed Plan/Record of 
Decision project.  Notice is hereby given that an independent technical review has been 
conducted that is appropriate to the level of risk and complexity inherent in the project, as 
defined in the Quality Control Plan.  During the independent technical review, it was established 
that policy principles and procedures, utilizing justified and valid assumptions, were complied 
with in preparation of this Remedial Investigation Report.  This included review of assumptions; 
methods, procedures, and material used in analyses; alternatives evaluated; the appropriateness 
of data used and level of data obtained; and reasonableness of the results, including whether the 
product meets the customer's needs consistent with law and existing U.S. Army Corps of 
Engineers’ policy.   

Review documentation identifying any specific concerns identified during the technical review 
and their resolution is maintained in the project file.   

 

  
 
 
November 21, 2005 

Bill Millar 
Project Manager 

 Date 

 

  
 
 
 
November 21, 2005 

Bill Rainey 
Independent Technical Review Team 
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EXECUTIVE SUMMARY 
The Remedial Investigation (RI) presented in this report characterizes the nature and extent of 
the groundwater chlorinated solvent plume associated with the missile assembly and test building 
at the Nike SL-10 Launch Area north of Marine, Illinois.  Characterization of the solvent plume 
at the site began in 1987 and has included three rounds of site investigation activity.  A Baseline 
Risk Assessment (BRA) was prepared for the site.  The BRA indicated that there was a risk to an 
on-site residential well from the groundwater contamination.  A draft Feasibility Study (FS) was 
prepared for the site.  The FS concluded that a dual-phase groundwater and soil vapor extraction 
system would be the best remedial system for the site.  A pilot study was conducted on the plume 
to evaluate the effectiveness of pump and treat and vapor extraction technologies.  There were 
several problems with the pilot study stemming from the hydrogeology of the site.  The pump in 
the recovery well was oversized and at the lowest setting continually ran the well dry.  The 
injection well would not accept the water from the treatment system at the rate it was being 
generated.  It was concluded that two recovery wells, pumps that would operate at lower 
pumping rates and an injection gallery would solve the problems.  The system would require 
many years to remediate the groundwater contamination.  The residents moved from the site and 
the residential well was abandoned.  It was determined that an RI and an updated FS would be 
required for the site.  The current investigation effort included advancing 12 new groundwater 
monitoring wells at the site, developing the new wells and redeveloping nine of the existing 
wells, collecting samples from the new wells and seven of the previously installed wells, 
installing and sampling 20 temporary groundwater monitoring points, and conducting slug tests 
on three of the site wells.  The groundwater samples collected were shipped to a laboratory for 
analysis.  A licensed land surveyor established the location and elevation of all of the permanent 
and temporary monitoring wells.  A risk assessment was performed on the verified groundwater 
data from the RI study.  Following the FS, a Proposed Plan and Record of Decision will be 
prepared for the solvent plume.   

The Nike SL-10 site was one of four missile installations that were used to defend the City of St. 
Louis from aerial attack during the Cold War.  The Nike SL-10 Launch Area is located 3 miles 
north of the town of Marine, Illinois.  The site fronts Fruit Road and is surrounded by 
agricultural fields.  The Nike SL-10 Launch Area was operational from 1960 to 1968.  The site is 
currently owned by Madison County, Illinois, and is used by the County as a storage/staging area 
for the Department of Public Works; the County Sheriff’s Department uses the former acid 
fueling area as a target range.  The Launch Area includes approximately 20 acres of land.   

A Preliminary Assessment (PA) was conducted at the Nike SL-10 site in the spring of 2003, and 
the report was finalized in September 2004.  The PA includes a detailed review of the 
environmental work previously conducted at the site.   

Previous investigations have included:  well installation; groundwater sampling; surface and 
subsurface soil sampling; analysis of samples for volatile organic compounds, semi-volatile 
organic compounds, metals, pesticides, polychlorinated biphenyls, and total petroleum 
hydrocarbons; and testing of aquifer parameters.  Prior to the current investigation, there were 19 
permanent wells on the site.  The investigations concluded that there is volatile organic 
compound (VOC) groundwater contamination south of the missile assembly and test building.  
Data and information from the previous investigations were used in the preparation of this RI.   
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The contaminants in the groundwater in the area of the missile assembly and test building 
include tetrachloroethene, trichloroethene, and their daughter products:  cis-1,2-dichloroethene, 
trans-1,2-dichloroethene, 1,2-dichloroethane, 1,1-dichloroethene, 1,1-dichloroethane, vinyl 
chloride, etc.  Several of these compounds are present in the plume at concentrations above their 
Federal maximum contaminant level (MCL), Illinois Groundwater Quality Standards (Title 35 
Illinois Administrative Code (IAC) Part 620) and the State of Illinois Tiered Approach to 
Corrective Action Objectives, Class I Groundwater Standard (Illinois Title 35, Subtitle G, 
Chapter 1, Subchapter f, Part 742, Appendix B, Table E).  Manganese has also been detected in 
dissolved concentrations above the Federal secondary drinking water standard and the Illinois 
State standard.  Thallium has been detected above the MCL and State standard in several of the 
wells south of the missile assembly and test building.   

The data from the current effort and previous investigations was used to study the occurrence, 
persistence, and fate and transport of the contaminant plume associated with the missile 
assembly and test building.  The source of the contaminants is unknown but is assumed to be 
surface disposal of spent or excess solvents at the missile assembly and test building during the 
Army’s activities on the site 35 to 45 years ago.  The solvent plume stretches 300 feet from the 
missile assembly and test building southwest to the area of well MW-13.  There is more 
chlorinated solvent groundwater contamination north of the missile assembly and test building 
that may be associated with the same plume.  Dense non-aqueous phase liquid (DNAPL) has not 
been detected at the site, and there is no evidence indicating that DNAPLs are present at the site.   

An analysis of the trend in concentrations of the chlorinated solvents in groundwater at the site 
was performed.  Chlorinated solvent concentrations have generally been dropping across the site.  
However, the extraction and treatment of water and soil gas during the 1998 pilot study may 
have affected the solvent concentrations.   

An analysis of the natural attenuation of the contaminants at the site was also conducted.  
Review of parent and daughter compounds associated with biological dechlorination of the 
solvents provides ample evidence that the naturally occurring microbial community at the site is 
slowly degrading the solvents present in groundwater.   

This RI effort was to include updating the BRA conducted in 1995.  In preliminary discussions 
between the U.S. Army Corps of Engineers, Louisville District (CELRL), and the Illinois 
Environmental Protection Agency, it was discovered that the data from the studies upon which 
the 1995 BRA was based is invalid, because it was never validated.  CELRL policy is to use only 
validated data in the preparation of risk assessments.  A site-wide human health and ecological 
risk assessment for Nike SL-10 Launch and Control Areas may be prepared in the future.  As an 
interim measure a Human Health Risk Assessment (HHRA) has been conducted for this RI using 
the RI groundwater data.  A scenario was used in the HHRA that calculated risk for a future 
residential child and adult living at the site and using groundwater exclusively from the site.  
Based on what is known about the site this is an unlikely scenario, but it serves as a worst case.  
The HHRA found that the total risks, from exposure to carcinogens to a child and an adult living 
on the site and using groundwater for drinking and bathing both exceed the upper-end of the U.S. 
Environmental Protection Agency (USEPA) risk range (1E-04).  The hazard indices and hazard 
quotients for exposure to non-carcinogens were over the USEPA risk benchmark of 1 for an 
adult and a child resident of the site using groundwater from the plume for drinking water and 
bathing/showering.   
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Based on an average exposure (central tendency exposure [CTE]), the total cancer risks to the 
child and adult both exceed the upper-end of the USEPA risk range (1E-04).  In the reasonable 
maximum exposure (RME) scenario, the total risk to the child is driven by the drinking water 
ingestion route.  The vast majority of the adult risk in the RME scenario comes from inhalation 
of VOCs while showering.  The risks from TCE contribute over 95% of the total child and adult 
risks.   

Hazard quotients (HQs) and hazard indices (HIs) were calculated for the future residential 
scenario as part of the HHRA.  The RME and CTE scenarios were run.  For the RME scenario, 
the total HI for both the child and the adult exceeds the USEPA noncancer benchmark of 1.  For 
the child, the drinking water ingestion route accounts for over 85% of the total HI.  The drinking 
water ingestion and inhalation of VOCs while showering routes account for 53% and 40% of the 
total adult HI, respectively.  The HIs from TCE contributes over 84% and 68% of the total child 
and adult HIs, respectively.  The child and adult HIs for blood, central nervous system, and liver 
effects exceed the USEPA noncancer benchmark of 1.   

For the CTE scenario, the total HI for both the child and adult exceeds the USEPA noncancer 
benchmark of 1.  For the child, the drinking water ingestion route accounts for over 74% of the 
total HI.  The inhalation of VOCs while showering route accounts for 68% of the total adult HI.  
The HI from TCE contributes over 86% and 57% of the total child and adult HIs, respectively.  
The HHRA also presents HIs segregated by chemical of potential concern-specific target organ.  
With the exception of the blood effects for the child, the child and adult HIs for blood (adult), 
central nervous system, and liver effects exceed the USEPA noncancer benchmark of 1.   

Groundwater at the site is not currently used.  Off-site receptors of groundwater are roughly 900 
feet from the site across the groundwater gradient.  At the time of the BRA, a resident caretaker 
living in the Launch Area ready building consumed water from a well at the ready building.  The 
site no longer has a resident caretaker, the well has been abandoned, and the ready building is 
now used for storage.  The site is quite isolated, and the use of the property is unlikely to change 
in the near future.  There are no on-site human or environmental receptors for the groundwater 
contamination.   
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1.0 INTRODUCTION 
The Remedial Investigation (RI) presented in this report characterizes the nature and extent of 
the groundwater chlorinated solvent plume associated with the missile assembly and test building 
at the Nike SL-10 Launch Area north of Marine, Illinois.  This remedial investigation has been 
limited to those contaminants detected in groundwater at the site in previous studies.  This RI is 
part of the Nike SL-10 Launch Area Groundwater Remedial Investigation/Feasibility 
Study/Proposed Plan/Record of Decision (RI/FS/PP/ROD) project.  The project is a part of a 
continuing effort to assess the nature and extent of contaminated media at the Nike SL-10 
Launch Area (site).  The RI and previous studies have demonstrated that the groundwater in the 
area of the missile assembly and test building at the Nike SL-10 Launch Area are impacted with 
chlorinated solvents.  A Baseline Risk Assessment (BRA) was prepared previously (ESE 1995) 
for the contamination associated with the missile assembly and test building and will be 
discussed in this report.  A Human Health Risk Assessment (HHRA) has been conducted using 
the groundwater data from this RI.   

A draft Feasibility Study (FS) was completed previously (USACE 1996b).  As part of the Nike 
SL-10 Launch Area Groundwater RI/FS/PP/ROD project, the draft FS will be finalized.  The 
results of the RI will be integral to the completion of the FS.   

Plexus Scientific Corporation (Plexus) has been contracted by the United States Army Corps of 
Engineers (USACE), Louisville District (CELRL)(Contract Number DACA27-98-D-0031, 
Delivery Order 0008), in part to review available information, and to complete the RI.   

1.1 PURPOSE OF REPORT 
This RI Report summarizes previous contamination assessment activities, the BRA, and a pilot 
study conducted at the site.  The report also presents the methods and results of the current field 
investigation, sample analyses, and data verification.  The groundwater impacts associated with 
the missile assembly and test building are evaluated and summarized, fate and transport of the 
contaminants is discussed, and recommendations are made.  In addition, groundwater samples 
have been collected and analyzed for metals to continue the investigation of dissolved metals at 
the site.  The results of the metals investigation are also discussed.  Further, laboratory and field 
testing were completed to investigate natural attenuation of chlorinated solvents at the site; the 
results of this testing are discussed in this report.  An HHRA using the groundwater data 
collected during this RI has been prepared and is presented in this report.   

1.2 SITE BACKGROUND 

1.2.1 Site Description 

The former Nike SL-10 Launch Area is located approximately 3 miles north of the town of 
Marine (Figure 1-1), in Section 32, of Township 5 North, Range 6 West of the Alhambra 
Township in Madison County, Illinois.  Figure 1-2 is a portion of the U.S. Geological Survey 
(USGS) 7.5-minute quadrangle map of, Marine, Illinois and shows some of the natural and 
cultural features surrounding the site.  The site is accessed from Marine by traveling north on 
Marine Road, turning west on Fruit Road, then north onto the site access road (Plexus 2004; 
USGS 1991).   
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The former Nike SL-10 Launch Area, the focus of this study, is 19.87 acres and consists of the 
missile assembly and test building, a generator building, the ready building that was used as a 
residence (now used for storage), the acid fueling station, a non-functioning pump house, three 
missile magazines (referred to in other reports as silos), a sand filter that was previously part of 
the septic system, and other smaller buildings.  Two underground storage tanks that serviced the 
generator building and ready building have been removed.  There are various roads, walkways, 
pads, and utilities throughout the property (Plexus 2004).   

The site is currently used by the Madison County Department of Public Works for equipment 
and materials storage.  The County Sheriff’s Department uses the bermed area at the acid fueling 
station for a small arms training, and firing range (Plexus 2004).   

The former Nike SL-10 Launch Area is relatively flat.  The site is drained primarily by a series 
of ditches that appear to terminate at the northwest corner of the site.  The surface slopes from 
east to west and drains into an unnamed tributary of Silver Creek located west of the site.  The 
site elevation is roughly 530 feet above mean sea level (USGS 1991) (Figure 1-2).   

1.2.2 Site History 
The Nike SL-10 site was one of several missile installations that, in the mid-1950s and 1960s, 
formed a line of defense against aerial attack for the City of St. Louis.  Nike installations usually 
consisted of two separate sites, the Control Area, where the radar and missile control centers 
were located, and the Launch Area (the focus of this project), where the assembly, maintenance, 
testing, and operation of the missiles took place.  Contamination at the missile assembly and test 
building appears to have arisen mainly from maintenance operations, especially from the practice 
of disposing of degreasing solvents (Plexus 2004).   

The Nike SL-10 site was acquired between 1959 and 1962 for the Department of Defense, Nike 
Hercules surface-to-air missile program.  The property contained a total of 144.78 acres of land, 
consisting of 38.67 acres used for housing, launch, and well site; 106.07 acres for line of sight 
and safety; 0.11 acres for the well site; and 0.04 acres for water and sewer easements (Plexus 
2004).   

Nike SL-10 operated between 1960 and 1968.  The site was deactivated on August 16, 1968.  
The General Services Administration (GSA) declared the property surplus on January 21, 1970.  
The Launch Area was conveyed to the Madison County Board of Supervisors on June 11, 1971.  
In February 1996, the on-site residential well at the former ready building was permanently 
closed (Plexus 2004).   

1.2.3 Previous Investigations 
Three previous site investigations have been conducted by USACE.  Appendix A contains tables 
summarizing soil data and Appendix B contains tables summarizing groundwater data from 
previous investigations and studies.  Figure 1-3 is a summary figure presenting the locations of 
sampling points and well locations.   

The first site investigation was directed by USACE St. Louis District in 1987 (Envirodyne 
Engineers, Inc. [EEI] 1988).  This study included an installation records review of four 
groundwater monitoring wells, collection of groundwater samples from these wells and the ready 
building water supply well, and collection of soil samples from 2 feet below ground surface (bgs) 
from nine locations across the site.   
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The USACE Buffalo District directed a follow-up site investigation in 1992 (SEC Donohue 
1992).  In this investigation, subsurface soil samples were collected from seven locations and 
five new groundwater-monitoring wells were installed at the site.  Groundwater samples were 
collected from four of these five wells, the four existing wells, and the supply well at the ready 
building.   

A third site investigation was directed by the USACE Buffalo District in 1994 (Applied Research 
and Development Laboratory [ARDL] 1994) to further determine the extent and type of soil and 
groundwater contamination at the site, and to determine if constituents had migrated from the 
site.  Borings were advanced at 40 locations on the site and soil and grab groundwater samples 
were collected from each boring.  Groundwater samples were collected from the eight existing 
monitoring wells and the ready building supply well.  These investigations have shown soil and 
groundwater contamination at the site.  Groundwater contaminants have included volatile 
organic compounds (VOCs) and metals (USACE 1996a).  A summary of the three investigations 
was prepared by USACE in 1996 (USACE 1996a).  The VOC plume identified at the site 
appears to be associated with the missile assembly and test building.  Figure 1-3 presents 
groundwater monitoring well, soil sampling, and groundwater grab sampling locations from the 
previous three investigations.   

Environmental Science & Engineering, Inc. (ESE) prepared a BRA for the site in 1995 (ESE 
1995).  The USACE Buffalo District prepared a draft FS report in 1996 (USACE 1996b).  The 
recommended remedial option was dual-phase extraction.  The proposed system consisted of 
extraction of groundwater and soil gas, treatment, venting of the soil gas, and reinjection of 
groundwater into the aquifer.  Law Engineering and Environmental Services, Inc. (Law) 
completed a pilot-scale study of a dual-phase system in 1999 (Law 2002).  Figure 1-3 presents 
locations of wells installed during the pilot study.  The residential caretaker moved out of the 
ready building and the residential well was abandoned in 1996 (Law 2002).   

A Preliminary Assessment (PA) of the site was conducted  and issued in September 2004 (Plexus 
2004).   

1.3 REPORT ORGANIZATION 
Section 2.0 discusses the site investigation methods used in the current study, results, analytical 
data, and data verification.   

Section 3.0 presents general information on the site and the surrounding area.  This section 
focuses on the geology and hydrogeology of the site and information from the current and 
previous investigations and studies of the site subsurface.   

Section 4.0 presents the nature and extent of the contamination.  This section discusses 
groundwater data resulting from the current investigation and the data set developed previously 
for the site by others.  This data identifies the contaminants detected in the groundwater at the 
site, and a discussion of the distribution of these contaminants is provided.   

Section 5.0 discusses the fate and transport of the contaminants in the subsurface.  This section 
focuses on the movement of groundwater beneath the site and how this has moved the 
contaminants downgradient of the apparent source at the missile assembly and test building.  
There is a discussion of the natural attenuation parameters collected and the possible degradation 
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of the contaminants through biological, chemical, and physical processes.  In addition, the data 
generated previously by physical testing on aquifer materials is presented and discussed.   

Section 6.0 presents the results of the HHRA conducted using the RI groundwater data.  In 
addition, the BRA (ESE 1995) and the data set generated since the BRA was completed are 
discussed.  CELRL decided that the BRA prepared by ESE in 1995 should not be updated since 
the data used in the BRA was never validated.   

Section 7.0 is a summary of the RI Report and presents conclusions based on the RI effort.   

Section 8.0 is a list of references used in preparing the RI Report.   
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2.0 SITE INVESTIGATION 
The current investigation included the installation of 12 new groundwater monitoring wells and 
20 temporary monitoring wells.  The first eight wells were installed in areas around the missile 
assembly and test building to better define the lateral and vertical extent of the VOC contaminant 
plume identified in previous studies.  The results from the wells sampled in November 2002 
showed that there were areas north and south of the missile assembly and test building where the 
extent of the plume was not well defined.  A second scope of work was prepared to investigate 
the extent of the plume north and south of the existing network of monitoring wells.  Twenty 
temporary wells were installed and sampled for VOCs.  The results of these analyses were 
reviewed and a plan for installing four additional permanent monitoring wells was prepared.  The 
wells (MW-11 through MW-14) were installed and sampled in August and September 2003.  
The lateral and vertical extent of the plume is better defined.   

The new wells were developed and nine of the existing wells were redeveloped.  The new wells 
and seven existing wells were purged and sampled.  Samples were analyzed for VOCs.  The 
samples from the 15 wells sampled in November 2002 and the four wells sampled in September 
2003 were analyzed for metals.  Ten wells were sampled for total organic carbon (TOC).  
Parameters used to evaluate the rate of natural attenuation of the chlorinated solvents at the site 
were recorded at all of the wells sampled.  TOC in soil was determined for samples collected at 
25 feet bgs from MW-13 and MW-14.  Slug tests were performed on MW-01D, MW-02D, and 
MW-09.   

2.1 FIELD ACTIVITIES 
The current investigation activities included the installation of 12 groundwater monitoring wells.  
The first eight wells were installed and developed the week of October 27 to November 1, 2002.  
These wells were organized in three nested pairs and two individual wells.  The paired wells 
included a shallow well screened from 10 to 15 feet bgs and a deeper well screened from 20 to 
30 feet bgs.  The individual wells were screened from 20 to 30 feet bgs.   

Twenty temporary groundwater monitoring wells were installed using direct push methods, 
sampled, and abandoned the week of May 19, 2003.  The total depths of the temporary wells 
ranged from 12 to 26 feet depending on refusal and side wall collapse at the direct push 
locations.  The temporary well locations are presented on Figure 1-3.  Data from the temporary 
wells was used to evaluate locations for the four wells installed in August 2003.   

The remaining four wells, MW-11 through MW-14, were installed and developed the week of 
August 8, 2003.  All of these wells were screened from 20 to 30 feet bgs.  The well locations are 
presented in Figure 1-3.   

2.1.1 Fieldwork October/November 2002 
During the 2002 work, nine of the existing wells around the missile assembly and test building 
were opened, depth to groundwater data was collected and the wells were redeveloped.  Boring 
logs for the current investigation and previous investigations are presented in Appendix C.  
Development and redevelopment data for the wells is presented in Appendix D.   

The eight 2002 wells were installed using a Central Mining Equipment (CME) 550 rig mounted 
on an all terrain vehicle and hollow stem auger (HSA) techniques.  Continuous soil sampling was 
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performed on the boring for monitoring well MW-06 deep (D) to 30 feet bgs.  Wells MW-07D, 
MW-08D, MW-09, and MW-10 were sampled for logging at 5-foot intervals.  The shallow wells 
in the nested pairs were not logged.  The shallow wells were constructed of 2-inch polyvinyl 
chloride (PVC) with 5-feet of 0.01-inch machined slot screen.  The deep wells had 10-feet of 
screen.  The risers were 2-inch schedule 40 PVC.  The wells were developed following the 
project Sampling and Analysis Plan (SAP).  Nine of the previously installed wells around the 
missile assembly and test building were redeveloped for possible sampling.  MW-08S and MW-
08D were completed with flush mount well boxes due to their location outside the fence.  The 
remaining wells were completed with stick-up locking well boxes.   

2.1.2 Fieldwork May 2003 
The 20 temporary wells were installed using direct push techniques.  Where possible, 2-inch 
points were pushed to 24 feet bgs using the direct push rig.  The points were removed and a 1-
inch diameter temporary well point with 10-feet of 0.01-inch slot PVC screen and a 1-inch PVC 
riser was installed.  The temporary wells sat overnight and then were pumped briefly to remove 
water disturbed by the installation.  The wells were allowed to recharge and then were sampled 
using low flow techniques.  Finally, the screen and riser were removed from the holes and the 
holes were filled with bentonite granules to abandon the wells.   

In the field, several of the holes met refusal and could not be advanced to 24 feet bgs using direct 
push methods.  Most of the holes experienced at least some sidewall collapse prior to installation 
of the screen and casing.  It was impossible to place filter pack material in the annulus of the 
direct push holes.  The annulus of the holes remained open during the sampling.  Some of the 
shallower temporary wells only had 5-feet of screen installed.  The wells were purged and 
sampled following the plan in the Remedial Investigation/Feasibility Study Work Plan and 
Sampling and Analysis Plan Addendum (Plexus 2003).  Boring logs and well construction 
diagrams were prepared for each of the 20 temporary monitoring wells.  Appendix E presents the 
logs for the temporary wells.   

2.1.3 Fieldwork August/September 2003 
The four wells installed in August 2003 were installed using a CME 75 drill rig.  The wells were 
advanced to 30 feet bgs using HSA techniques.  Soil samples were collected at 5-foot intervals 
using split spoon samplers for lithologic description.  Boring logs and well construction logs 
were prepared for each of the four wells.  The wells were constructed of 2-inch PVC with 10-feet 
of 0.01-inch machined slot screen.  The risers were 2-inch schedule 40 PVC.  The risers were cut 
at 3-feet above the ground surface and completed with stick-up protective casings.  Soil samples 
were collected from MW-13 and MW-14 at 25-feet bgs and analyzed for TOC.   

The temporary and permanent wells were surveyed.  The locations and elevation of the wells 
were established.  A summary of groundwater well location, elevation, and construction data is 
presented in Table 2-1.  The summary data for the temporary wells is presented in Table 2-2.  
Field well construction diagrams are presented with the boring logs in Appendix C.   

2.1.4 Development  
The 12 wells installed by Plexus were developed and the existing wells to be sampled were 
redeveloped prior to sampling.  The new wells were installed and then two days elapsed prior to 
well development.  During development/redevelopment the water was monitored for pH, 
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conductivity, temperature, turbidity, oxidation reduction potential (ORP), and dissolved oxygen 
(DO).  Development continued until turbidity had decreased and the monitored parameters had 
stabilized.  Development/redevelopment logs are presented in Appendix D.  The DO probe on 
the groundwater monitoring instrument was broken on October 28, 2003.  A replacement probe 
was obtained and was used starting the afternoon of the October 29, 2003.   

All wells at SL-10 were developed in accordance with Engineering Manual (EM) 1110-1-4000.  
Following installation, the groundwater monitoring wells were developed by removing a 
minimum of five casing volumes in order to set the filter pack and remove any formation fines 
from the well screen.  The field team developed the monitoring wells at least 48-hours after well 
installation.  Development was accomplished by pumping at low flow rates and gradually raising 
the pump through the entire screen interval to remove fines from the filter pack material without 
entraining additional fines from the formation.  Surging was used as needed to entrain fine 
material and clear the screen.  Development water was containerized for disposal.   

The wells were developed until two successive readings for pH, conductivity, ORP, temperature, 
turbidity, and DO were within ±10%, or as determined by the geologist.  All water quality 
measurements and the volumes removed were recorded for each well.  Well development forms 
were completed for each well (Appendix D).   

2.1.5 Sampling 
Samples were collected from the eight new wells and seven of the existing wells during the week 
of November 11-15, 2002.  These samples were analyzed for VOCs using U.S Environmental 
Protection Agency (USEPA) Method 8260B and target analyte list (TAL) metals using USEPA 
6000/7000 series methods.  Ten of the wells around the missile assembly and test building were 
sampled for TOC.  Most of the wells sampled were field tested for ferrous iron (Fe2+) and carbon 
dioxide (CO2) using Hach® test kits.  Data was also collected from these 15 wells using in-line 
monitoring equipment for temperature, pH, conductivity, DO, and ORP.  Appendix F presents 
the Groundwater Sampling Forms for the 2002 and 2003 sampling events.   

The temporary wells were sampled between May 20 and 22, 2003.  The samples were analyzed 
for VOCs using USEPA Method 8260B.  Grab samples were collected for screening using a field 
groundwater meter.  Readings were recorded for temperature, pH, conductivity, turbidity, and 
ORP at the same time as the samples for VOC analysis were collected.  The VOC data from the 
temporary wells was used to select locations for wells MW-11 through MW-14.  The data 
collected from the temporary wells was used for screening only and thus was not validated.  The 
letter report summarizing the work performed in the May 2003 sampling event is presented in 
Appendix G.   

Wells MW-11 through MW-14 were purged and sampled the week of September 8, 2003.  The 
samples were analyzed for VOCs using USEPA Method 8260B.  Samples were field tested for 
Fe2+ and CO2 using Hach® test kits.  Data was also collected from these wells using in-line 
monitoring equipment for temperature, pH, conductivity, DO and ORP.   

Groundwater sampling occurred after a minimum of 10 consecutive calendar days had passed 
following well development.  Prior to sampling, the depth to water and the total depth of the 
groundwater monitoring well were measured with an electrical probe and recorded in the field 
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sampling form.  This information was used to calculate the volume of water in the monitoring 
well.   

Purging was accomplished by removing groundwater from the monitoring well using a peristaltic 
pump and new Tygon tubing.  All water removed was containerized for disposal.  The tubing 
was replaced at each well.   

Temperature, pH, turbidity, DO, ORP, and conductivity measurements were taken and recorded 
before, during (at least twice), and after purging the well.  Purging continued until measurements 
collected by in-line instrumentation stabilized to ±10% for turbidity, ±0.2 pH units, ±3% for 
conductivity, and ±1 degree Celsius for temperature over at least two measurements, or until a 
minimum of three standing well volumes (volume of the water in the screen and casing) were 
removed.  The volume removed was determined by direct measurement of the purged volume.  
This data was recorded on the field data sheets along with instrument calibration data.   

Following the purging process, samples were collected at the end of the tubing after 
disconnecting the flow through cell, with the pump set for low flow.  To avoid excessive 
oxidation, adsorption on the PVC casing, or loss of volatiles from the well, samples were 
collected as soon as the water level returned to 80 % of the pre-purge level.   

2.1.6 Well Repair and Abandonment 
Well MG-4, no longer serviceable due to damage from frost heaving, was abandoned in May 
2003.  Well stick-up boxes on wells MG-1, MG-3, and MG-5 had been damaged and were 
repaired in August 2003.  Additional bollards were installed around MG-1, MG-2, and MG-3 
due to the poor condition of the original bollards.  Frost heaving appears to have been a problem; 
the screen and casing on wells MG-2 and MG-5 may have moved slightly vertically as a result.  
Wells to be used for long-term monitoring should be inspected prior to each sampling event to 
ensure that they are serviceable for the duration of monitoring.   

2.1.7 Slug Tests 
Falling head and rising head slug tests were performed on MW-1D, MW-2D, and MW-9 on May 
22 and 23, 2003.  Results of the slug tests are presented in Section 3.7.3.   

2.2 SUMMARY OF FIELD ACTIVITY TECHNICAL MEMORANDA 
The only change noted to the activities outlined in the Work Plan was to sample well MW-2D 
instead of MW-4D.  During the process of redeveloping MW-4D it became apparent that the 
well is not screened in material that produces a sufficient quantity of water.  The well was bailed 
dry repeatedly during redevelopment and recharge was slow.  At the end of efforts to redevelop 
the well, it was bailed dry on October 31.  On November 11 the depth to groundwater in the well 
was checked and over 11 days; and the well had only recovered 22 % of the original standing 
volume, the volume prior to initial purging on October 28.  The well was checked on the 
November 12 and 14; and by November 14 it had only returned to 31 % of the original standing 
volume.  During the effort to redevelop MW-4D, it was determined that a backup well might be 
required and MW-2D was redeveloped and prepared for sampling.  At the beginning of the 
sampling event, Nat Peters of CELRL was contacted from the field and approved the decision to 
sample MW-2D instead of MW-4D.   
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2.3 ANALYTICAL INVESTIGATION 
Groundwater samples were collected from 19 of the permanent wells and 20 temporary wells at 
the SL-10 Launch Area during the 2002 and 2003 sampling events.  The 12 permanent wells 
installed by Plexus, and seven previously installed wells were sampled.  All samples were 
analyzed for VOCs using USEPA Method 8260B and for TAL metals using USEPA 6000/7000 
series methods.  Samples from the temporary wells were analyzed for VOCs by Method 8260B.  
As part of a natural attenuation (NA) analysis, samples from 10 selected wells were analyzed for 
TOC.  Field instruments and test kits were used to collect data on pH, conductivity, temperature, 
ORP, DO, turbidity, Fe+2, and CO2.  The samples were collected, handled, shipped, and analyzed 
in accordance with the Work Plan, Sampling and Analysis Plan, and Addendum.  Soil samples 
were collected from borings MW-13 and MW-14 at 25 feet bgs and analyzed for TOC.  Field 
sampling forms are presented in Appendix F.   

2.4 DATA VERIFICATION 
Plexus was in contact with the laboratory prior to the field investigation and had frequent 
conference calls with the lab prior to, during, and following sample collection and analysis.  The 
data verification reports for the samples collected from the 12 permanent wells are presented in 
Appendix H.  The samples collected from the 20 temporary wells were only used for screening 
and thus were not validated.   

Completeness is the ratio of the number of valid sample results to the total number of samples 
analyzed with a specific matrix and/or analysis.  Following completion of the analytical testing, 
the percentage completeness was calculated using the following equation:   

usability = # of valid measurements / # of measurements planned * 100. 

The Contamination Investigation Summary (USACE 1996a) reviewed and summarized the 
contamination investigations completed at the site in 1987 (EEI 1988), 1992 (SEC Donohue 
1992), and 1994 (ARDL 1994).  Section 8.0 of this summary report presents quality assurance 
data, and Appendix B of the summary contains a Quality Assurance/Quality Control (QA/QC) 
Final Report for the data.  The USACE Missouri River District Laboratory reviewed the data 
from the three reports and concluded, “All of contractor’s laboratory data is acceptable.”   

The analytical results from previous studies on the site were not validated, with the exception of 
some of the data from the Law pilot study (Law 2002).  A data validation report is included with 
the Law report.  The laboratory and validation data qualifiers for the previous reports are 
presented where available in the data tables in Appendices A and B.   
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TABLE 2-1
Nike SL-10 Launch Area Groundwater RI/FS/PP/ROD

Summary of Groundwater Well Information

Elevation of the 
bottom of well

Screened Interval 
top

Elevation Top of 
Well Casing

 (ft msl) (ft msl)  (ft msl)
MG-1 5/20/1987 EEI 21 20.6 501.8 2 7.7 10.3 511.8 788,091.50 2,403,686.50 520 522.37
MG-2 5/20/1987 EEI 20 20.3 509.4 2 10 10.2 519.4 788,448.50 2,404,184.60 527.7 529.67
MG-3 5/19/1987 EEI 24 25.4 500 2 10.5 10.3 514.9 788,795.30 2,403,459.50 523.3 525.41
MG-4 5/19/1987 EEI 19.2 21.4 504.4 2 6 10.3 519.8 788,223.00 2,404,204.10 524.9 525.78
MG-5 3/17/1992 SEC Donohue 29 32.2 495.5 2 22.2 10 505.5 788,324.10 2,404,215.50 524.5 527.74
MG-6 3/17/1992 SEC Donohue 91 94 431.5 2 84 10 441.5 788,170.40 2,404,103.20 522.4 525.46
MG-7 3/18/1992 SEC Donohue 29 31.9 495.5 2 21.9 10 505.5 788,316.20 2,404,099.50 524.7 527.43
MG-8 3/18/1992 SEC Donohue 29 32.1 493.5 2 22.1 10 503.5 788,461.30 2,403,961.30 522.7 525.61
MG-9 3/19/1992 SEC Donohue 28 30.3 494.7 2 20.3 10 504.7 788,174.20 2,404,072.10 522.6 525

MW-01S 3/18/1998 Law 16 16.9 509.4 2 12.1 4.75 514.4 788,299.40 2,404,099.30 524.5 526.31
MW-01D 3/18/1998 Law 31 31.7 494.5 2 21.7 10 504.5 788,296.80 2,404,099.00 524.5 526.19
MW-02S 3/23/1998 Law 16 16.8 509.2 2 12 4.84 514.2 788,237.10 2,404,119.20 524.3 526.04
MW-02D 3/23/1998 Law 31.4 32 494 2 22 10 504 788,237.10 2,404,117.30 524.3 526.05
MW-03S 4/2/1998 Law 15.8 17 510.3 2 12 5 515.3 788,330.00 2,404,168.70 525.4 527.33
MW-03D 4/2/1998 Law 45 44.2 483.1 2 34.2 10 493.1 788,331.90 2,404,168.70 525.4 527.3
MW-04S 3/25/1998 Law 16 16.8 509.1 2 11.8 5 514.1 788,154.30 2,404,024.60 524 525.95
MW-04D 3/25/1998 Law 75 44 482.7 2 34 10 492.7 788,156.50 2,404,025.00 523.9 526.69
MW-05S 4/3/1998 Law 16 17.1 508.3 2 12.1 4.97 513.3 788,234.50 2,404,056.60 523.6 525.39
MW-05D 4/3/1998 Law 45 42.2 483.2 2 32.2 10 493.2 788,234.90 2,404,058.80 523.6 525.38
MW-06S 10/28/2002 Plexus 15 15 506.8 2 13.11 5 511.8 788,293.32 2,403,970.31 521.77 524.88
MW-06D 10/28/2002 Plexus 30 30 491.7 2 23.1 10 501.72 788,289.52 2,403,970.10 521.72 524.82
MW-07S 10/29/2002 Plexus 15 15 511.3 2 13.3 5 516.3 788,426.33 2,404,051.55 526.3 529.57
MW-07D 10/29/2002 Plexus 30 30 496.2 2 23.1 10 506.2 788,427.37 2,404,047.19 526.21 529.33
MW-08S 10/30/2002 Plexus 15 15 508.6 2 10 5 513.6 788,201.20 2,404,203.86 524.12 523.62
MW-08D 10/30/2002 Plexus 30 30 493.7 2 20 10 503.7 788,201.37 2,404,208.64 524.49 523.74
MW-09 10/29/2002 Plexus 30 30 494.9 2 23 10 504.9 788,129.05 2,404,053.95 521.92 524.92
MW-10 10/30/2002 Plexus 30 30 493.7 2 23 10 503.7 788,162.67 2,403,931.52 520.7 523.69
MW-11 8/25/2003 Plexus 30 30 493.48 2 23 10 503.48 788,760.48 2,404,115.46 523.48 526.33
MW-12 8/25/2003 Plexus 30 30 494.00 2 23 10 504.00 788,565.30 2,404,216.17 524.00 526.90
MW-13 8/26/2003 Plexus 30 30 491.46 2 23 10 501.46 788,021.26 2,404,065.21 521.46 524.53
MW-14 8/27/2003 Plexus 30 30 491.49 2 23 10 501.49 787,890.03 2,404,024.85 521.49 524.29
RW-01 Law 23.8 23.8 NA 6 13.7 10.1 NA NA NA NA NA

RW-01A 4/1/1998 Law 40 44 484 6 20.43 23.6 509 788,284.80 2,404,098.90 524.4 528.43
IW-01 3/30/1998 Law 50 40 485.2 6 20.2 19.8 505.2 788,460.90 2,404,195.50 525.8 524.89
MGR-1 c 1978 Madison Co. NA 18.8 NA 30 NA NA NA NA NA NA NA

EEI = Envirodyne Engineers, Inc.
Law = Law Engineering and Environmental Services, Inc.
Plexus = Plexus Scientific
Madison Co. = Madison County, Illinois
NA = not available 
ft msl = feet above mean sea level
ft = feet
in = inches

Length of 
Screen (ft) Northing (ft) Easting (ft)

Elevation of 
Surface       
(ft msl)

Total Depth 
of Well (ft)

Casing 
Diameter (in)

Length of 
Casing (ft)

Well 
Designation

Date 
Installed Installed by

Total Depth 
of Boring 

(ft)
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TABLE 2-2
Nike SL-10 Launch Area Groundwater RI/FS/PP/ROD
Summary of Direct Push Temporary Well Information

Elevation of 
the bottom 
of well point

Screened 
Interval top

 (ft msl) (ft msl)
DP-01 5/19/2003 Plexus 24 20 503.53 1 5 15 518.53 788,757.46 2,404,090.23 523.53
DP-02 5/19/2003 Plexus 26 26 499.04 1 6 20 519.04 788,720.43 2,404,039.35 525.04
DP-03 5/19/2003 Plexus 24 20 503.91 1 10 10 513.91 788,616.48 2,404,016.27 523.91
DP-04 5/19/2003 Plexus 24 24 502.13 1 9 15 517.13 788,489.29 2,404,061.95 526.13
DP-05 5/19/2003 Plexus 24 24 502.26 1 9 15 517.26 788,586.32 2,404,069.03 526.26
DP-06 5/19/2003 Plexus 24 24 501.35 1 9 15 516.35 788,697.28 2,404,148.50 525.35
DP-07 5/19/2003 Plexus 24 18 505.98 1 8 10 515.98 788,555.83 2,404,184.27 523.98
DP-08 5/19/2003 Plexus 24 24 500.97 1 9 15 515.97 788,618.77 2,404,163.33 524.97
DP-09 5/19/2003 Plexus 24 24 502.65 1 9 15 517.65 788,501.94 2,404,142.13 526.65
DP-10 5/19/2003 Plexus 24 24 502.6 1 9 15 517.6 788,534.71 2,404,123.81 526.60
DP-11 5/20/2003 Plexus 24 24 502.85 1 9 15 517.85 788,482.24 2,404,120.88 526.85
DP-12 5/20/2003 Plexus 24 24 502.05 1 9 15 517.05 788,478.96 2,404,175.61 526.05
DP-13 5/20/2003 Plexus 19.5 19.5 501.95 1 9.5 10 511.95 788,036.53 2,404,081.47 521.45
DP-14 5/20/2003 Plexus 22 12 511.21 1 2 10 521.21 788,043.64 2,404,000.50 523.21
DP-15 5/20/2003 Plexus 22 18 504.69 1 8 10 514.69 788,032.54 2,404,024.85 522.69
DP-16 5/20/2003 Plexus 22.5 19 504.56 1 9 10 514.56 788,098.25 2,404,022.68 523.56
DP-17 5/21/2003 Plexus 19 19 503.45 1 9 10 513.45 788,184.81 2,404,094.86 522.45
DP-18 5/21/2003 Plexus 22 15 509.06 1 5 10 519.06 788,177.17 2,404,001.62 524.06
DP-19 5/21/2003 Plexus 22 14.5 507.41 1 4.5 10 517.41 788,057.86 2,404,039.55 521.91
DP-20 5/21/2003 Plexus 20.5 20 502.98 1 10 10 512.98 788,212.86 2,404,130.12 522.98

ft msl = feet above mean sea level
ft = feet
in = inches

Well 
Designation Date Installed Installed by Total Depth 

of Push (ft) Northing (ft) Easting (ft)
Elevation of 

Surface    
(ft msl)

Total Depth 
of Well 
Point(ft)

Casing 
Diameter 

(in)

Length of 
Casing (ft)

Length of 
Screen (ft)
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3.0 PHYSICAL CHARACTERISTICS 
3.1 SURFACE FEATURES 
The Nike SL-10 Launch Area is located just north of Fruit Road; Weber Road is located west of 
the site; Marine Road is east of the site; and Klenke Road is over a mile north of the site.  The 
area surrounding the site is relatively flat, as is characteristic of glacial ground moraines in 
Illinois.  Runoff channels and local streams have dissected the land surface.  The immediate area 
of the site drains to the west to an unnamed tributary of Silver Creek, also west of the site.  The 
site is at the north end of an oil-field as identified on the USGS quadrangle map.  The closest oil 
well and pumping station appears to be roughly 2,000 feet to the southwest (USGS 1991).  The 
land immediately surrounding the site is agricultural and during site visits was planted in corn 
and soybeans.  Farm residences and farm buildings are located roughly 1000 feet east and 1000 
feet west of the site.   

The Madison County employees on the site showed Plexus that the Department of Public Works 
has added a building at the west side of the property to store road salt.  The Department of Public 
Works has also built a structure over the elevator doors to Magazine 1.  The was erected to 
protect the elevator door from the elements.  Madison County at one time stored pallets of boxed 
paper files in the magazine and used the elevator to move the records in and out of the magazine.  
The magazine was found to be too damp for record storage and the records were removed.  
During inspection the sump pump in the magazine was operational and the magazine floor was 
dry.  The Department of Public Works built two other small structures in the magazine area for 
equipment storage and access to Magazine 1 (Plexus 2004).   

Three magazines were built to store and launch the missiles at the site (see Figure 1-3).  These 
are massive underground concrete structures and are not currently in use.  In addition to the 
magazines, a ready building located near Fruit Road is currently boarded up and used for storage.  
The Madison County Department of Public Works is using the missile assembly and test 
building to garage heavy equipment.  The generator building is used for storage.  The Madison 
County Sheriff’s Department is using the acid fueling area as a target range.  The pump house 
was used for storage, but the roof has deteriorated and the building is empty, the pumps appear to 
be serviceable but are not being used.  A trailer stationed over Recovery Well 1A (RW-1A) 
contains the equipment used during the dual-phase extraction pilot test conducted by CELRL and 
Law in 1998 and 1999 (Law 2002; Plexus 2004).   

3.2 CONTAMINANT SOURCES 

The apparent source of the groundwater contamination that is the subject of this RI is the missile 
assembly and test building.  Trichloroethene (TCE) has been detected in groundwater beneath 
and downgradient of the missile assembly and test building.  Low concentrations of 
tetrachloroethene (a.k.a. perchloroethylene (PCE)) have been detected in groundwater down 
gradient of the missile assembly and test building (ARDL 1994; Law 2002; SEC Donohue 
1992).  PCE and TCE were used for metal cleaning and degreasing and have been found at other 
Nike missile sites associated with missile assembly and test buildings.  Daughter products of the 
chemical and biological degradation of TCE have been detected as well, including isomers of 
dichloroethane (DCA), dichloroethene (DCE), and trichloroethane (TCA).  Low concentrations 
of vinyl chloride (VC) have been detected intermittently in groundwater in wells around the 
missile assembly and test building (Law 2002).   
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An elevated concentration of TCE was reported from a grab groundwater sample collected by 
ARDL in the area of the acid fueling station.  Further investigation indicates that a secondary 
source of VOC contamination was associated with the acid fueling area (ARDL 1994).  Residual 
TCE and daughter products were detected in samples from temporary wells collected from this 
area in April 2003.   

3.3 METEOROLOGY 
Marine, Illinois is located east of the confluence of the Mississippi and Missouri Rivers, near the 
geographical center of the United States.  Its position in the middle latitudes allows the area to be 
affected by warm moist air that originates in the Gulf of Mexico, as well as cold air masses that 
originate in Canada.  The alternating invasion of these air masses produces a wide variety of 
weather conditions, and a four-season climate (NWS 2002).   

During the summer months, air originating from the Gulf of Mexico tends to dominate the area, 
producing warm and humid conditions.  Records have been kept at the Belleview weather 
station, roughly 30 miles southwest of the site, since 1948.  High temperatures averaging over 80 
degrees Fahrenheit (°F) are expected between June and September.  Extremely hot days (100° F 
or more) have been recorded in these months.  In summer, the mean high temperature is 80.6° F 
and the mean low temperature is 71.1° F.  The record one day maximum temperature was 110° 
F, recorded in July 1967 (Illinois State Water Survey [ISWS] 2004).   

Winters are cold, but prolonged periods of extremely cold weather are rare.  Records from the 
Belleview weather station show that mean low temperatures below 30° F occur between 
December and February.  Average winter highs are in the 40s for these months.  The winter 
mean low temperature is 25.4° F.  The coldest temperature recorded was –27° F on January 24, 
1950 (ISWS 2004).   

Average precipitation at the Belleview weather station is 39.37 inches per year.  Spring and 
summer tend to be wetter, and fall and winter drier.  The high annual precipitation was 56.62 
inches in 1957 and the low was 20.56 inches in 1953.  Snow fall averages 16.6 inches per year, 
most of which falls in December and January (ISWS 2004).   

In Illinois, thunderstorms normally occur on 40 to 50 days per year.  During any year, there are 
usually a few severe thunderstorms that produce large hailstones and damaging winds.  
Tornadoes have caused extensive damage and loss of life in the State (NWS 2002).   

The closest weather station to the site with available wind data is at the Lambert Field St. Louis 
International Airport, roughly 40 miles west of the site.  Wind rose diagrams for the airport show 
that, on an annual basis, winds from the south dominate, and the average wind speed is 9.02 
knots (10.4 miles per hour).  In January, the dominant winds are from the west-northwest, and 
the average wind speed is 9.8 knots (11.27 mph).  In July, the dominant wind direction is from 
the south and the average speed is 7.64 knots (8.8 mph).  Wind roses are shown in Appendix I 
(Angel, 2002).   

3.4 SURFACE WATER AND SEDIMENT 
Surface water from the SL-10 Launch Area either infiltrates into the ground or leaves the site 
primarily through a series of ditches that terminate at the northwest corner of the property.  
Storm water from the site ultimately drains to the southwest toward an unnamed tributary of 
Silver Creek (Plexus 2004, USGS, 1991) (Figures 1-2 and 1-3).  Areas of the site are covered 
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with asphalt and concrete, and the rest of the site is covered with well-maintained grass; there 
was no evidence of significant erosion from the site (Plexus 2004).   

3.5 GEOLOGY 
The SL-10 Launch Area lies in the Interior Lowlands physiographic province (King 1977).  
Within the Illinois physiographic divisions, the site is in the Springfield Plain (Illinois 
Department of Natural Resources (IDNR) 1997).  During the Pleistocene, glaciers advanced into 
Illinois from several directions at various times, influencing the surface geology.  Illinoisan-age 
glaciation that advanced into the State from the east and northeast influenced the Madison 
County area.  An extensive ground moraine of glacial till covers the area of the site.  The ground 
moraine is characteristically flat-lying (Illinois State Geological Survey 1999).   

The surficial Quaternary deposit in the area of the site is the Illinois Episode, Glasford Formation 
(IDNR 1996).  The glacial drift in the area is mapped as being between 50 and 100 feet thick 
(IDNR 1997).  SEC Donohue logged boring MG-6 at the site to 92 feet bgs and reported that the 
boring was still in glacial till at 92 feet; bedrock was not encountered (SEC Donohue 1992).  The 
bedrock underlying the site is Pennsylvanian in age and would likely be the Modesto Formation 
or Bond Formation.  The area of the site is in the Illinois Basin bedrock structure on the west side 
of the basin (IDNR 1997).   

Glacial till stratigraphy at the site was characterized in previous investigations as clay and silt 
mixtures from the surface to roughly 20 feet bgs (overlying clay/silt), sandy silt (sandy silt unit) 
from roughly 20 to 30 feet bgs, and clayey silt to silty clay from roughly 30 to 92 feet bgs 
(underlying clay/silt).  In the current study, the material from roughly 20 to 30 feet was described 
as predominantly sandy silt, and gravel was detected at most locations, comprising up to 20 % of 
the material.  Lenses of sandy gravel, gravelly silt, silt, and sandy silt have been described in 
previous studies in the deeper part of the 20- to 30-foot zone.  Boring logs from the site 
investigation work and previous studies are presented in Appendix C.   

3.6 SOIL AND VADOSE ZONE 
The soils across the site are saturated from roughly 3 feet to the surface at least seasonally; thus, 
the vadose zone at the site is relatively thin.  Portions of the site are low-lying, with water 
pooling in areas for at least part of the year.  The vadose zone material at the site consists of dark 
brown to gray, mottled, fine-grained materials, silt, and clay (ARDL 1994, EEI 1988, LAW 2002 
SEC Donohue 1992).   

3.7 GROUNDWATER 
The water-bearing material at the site is encountered within the first 5 feet bgs typically from 0 
to 3 feet.  This material in very general terms consists of less than 20 feet of clay/silt (overlying 
clay/silt unit), followed by several feet of more permeable sandy silt (sandy silt unit); beneath 
this material is a clayey silt to a silty clay.  The contamination at the site is present in the 
overlying clay/silt and more widespread in the sandy silt zone (underlying clay/silt).  This is 
discussed in detail in Sections 4 and 5.   

Several wells were previously installed in the clayey silt to silty clay (underlying clay/silt unit) 
below the sandy silt unit.  Chlorinated solvents have not been detected in this material, except for 
low concentrations of chlorinated solvents detected in a well next to the missile assembly and 
test building, MW-03D.  These low levels of chlorinated solvents were detected in the deeper of 
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two wells in a well pair.  The groundwater in the shallower well, MW-03S, contains the highest 
concentrations of chlorinated solvents detected at the site.   

SEC Donohue was tasked with investigating the depth of the contamination and installed a well, 
MG-6, that was screened from 81 to 91 feet bgs.  This well is screened in what was described as 
dense low-permeability till.  The recharge rate at this well is so low that it has never been 
sampled.   

3.7.1 Lithology and Stratigraphy 
EEI installed four shallow groundwater monitoring wells at the site in 1988.  SEC Donohue 
installed an additional five groundwater monitoring wells of various depths at the site in 1992.  
ARDL collected grab groundwater samples from 40 locations in 1994.  Law installed a recovery 
well, an injection well, and five nested pairs of monitoring wells on the site as part of the Pilot 
Study in 1998 and 1999.  Plexus installed an additional eight wells, six in nested pairs and two 
single wells, as part of the work in 2002.  In May 2003, Plexus installed 20 temporary wells and 
collected groundwater samples from them.  The temporary wells were then abandoned.  Well 
MG-4 was damaged by frost heaving over the years and was abandoned in May 2003.  Plexus 
installed four additional groundwater monitoring wells at the site in August 2003.  Well locations 
at the site are summarized in Figure 1-3.   

A review of the boring logs prepared by several of the investigators was performed and a 
generalized soil stratigraphy was developed.  All investigators agree that from the surface to 
between 19 and 28 feet bgs is a zone of clay and silt.  Many of the wells installed at the site are 
screened in this overlying clay/silt, typically from 10 to 15 feet bgs.  These wells will be referred 
to as “shallow wells” in this RI Report.  The overlying clay/silt is saturated with groundwater 
from near the surface to the bottom.   

Below this overlying clay/silt is a unit that was described differently by different investigators.  
This unit is characterized by the presence of sand and sometimes gravel mixed with silt.  This 
material varies in composition from gravel to sand to sandy silt to silt.  The sand and silt 
mixtures typically had traces of gravel.  The depth to the top of this sandy silt unit varies in some 
logs to as deep as 24 and 28 feet bgs, but for most of the site the sandy silt unit begins at 19 to 20 
feet bgs.  Other investigators found what might be lenses and stringers of silt and clay within the 
sandy silt zone.  Many borings did not penetrate through the sandy silt, typically ending at 30 
feet within the sandy silt.  SEC Donohue drilled MG-6 to a depth of 92 feet bgs and put the base 
of the sandy silt at 34 feet bgs.  In the borings installed by Law, the base of the sandy silt varied 
substantially, from 21 to 31 feet bgs.  The deeper borings completed by Plexus intersected the 
sandy silt at roughly 20 feet bgs and, when terminated at 31 feet, were still in the sandy silt 
material.  A three-dimensional (3-D) model of the sandy silt unit was generated with the boring 
log information; Figure 3-1 illustrates the model of the relationship of the sandy silt stratigraphic 
unit to the lithology logged at the site in soil borings.  Where there is no stratigraphic data, the 
model appears to over estimate the thickness of the unit; the corners appear be thicker where 
there are no borings.  These thick corners are an artifact of the model.  Many of the wells at the 
site were screened in the sandy silt; these wells will be referred to as “deep wells” in this RI 
Report.  The sandy silt is saturated from top to bottom across the site and contains the bulk of the 
VOC contamination detected in the groundwater at the site.   
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In borings that penetrated the sandy silt, the underlying material was described as silt to clayey 
silt to silty clay to clay.  This material is referred to as the underlying clay/silt stratigraphic unit.  
In the five borings that were deeper than 31 feet, coarser grained material (sand and gravel) was 
encountered within the fine-grained material (silt and clay).  These coarse-grained materials do 
not seem continuous beneath the site and may represent sand and gravel lenses.   

Four on-site wells (MG-6, MW-3D, MW-4D, and MW-5D) were screened below the sandy silt.  
These wells were not sampled as part of the RI and are only discussed individually within the 
report.  Well MG-6, screened below the sandy silt, has a standing groundwater elevation 
significantly below the elevations of groundwater in the other wells.  Well MW-4D was found to 
recover much more slowly after pumping than wells screened in the overlying clay/silt and sandy 
silt units.  These phenomena may be explained by the presence of an aquitard or aquiclude below 
the sandy silt.  The underlying clay/silt unit below the sandy silt unit at the site is typical of an 
aquitard or aquiclude.   

Cross sections have been prepared and are presented in Figures 3-2, 3-3, and 3-4.  Figure 3-2 
shows the locations of the cross sections, and Figures 3-3 and 3-4 present cross sections A-A’ 
and B-B’.  These cross sections show the lithology described by various investigators from 
borings and wells at the site.  This lithology has been interpreted, and the resulting stratigraphy is 
presented in the panels between the lithologic logs.  In addition, the screened intervals are 
presented as cyan columns next to the wells in the cross section, and the depths to groundwater 
from the three field events in 2002/2003, as applicable, are illustrated next to each of the wells.  
Cross section A-A’ shows a view of the subsurface materials from north to south through the 
center of the area impacted by chlorinated solvents.  Cross section B-B’ shows a view from west 
to east across the plume.  The screened intervals are presented for comparison to the soil types 
encountered in each boring.  The shallow wells are all screened from 10 to 15 feet bgs.  These 
cross sections will be used to better interpret the chemical data and plume distribution later in 
this report.   

3.7.2 Piezometric Surface, Groundwater Flow Direction, and Gradient 
In 1987, EEI installed four fairly widely spaced wells at the site that were all screened in the 
overlying clay/silt (shallow wells).  Using these shallow wells, EEI they determined that the 
groundwater flow direction at the site appeared to be to the southwest.  SEC Donohue installed 
an additional five wells.  Their potentiometric data indicated that the horizontal direction of flow 
within the sandy silt zone was toward the southwest.  They reported the hydraulic gradient as 
relatively flat at approximately 0.02 feet vertical per foot horizontal (ft/ft).  They had not 
installed any nested piezometers, so they could not determine the vertical flow patterns.  They 
did state that if the sandy silt zone is “confined on the bottom by a deep clay till layer, as 
indicated by borehole MG-6, it is likely that vertical flow is negligible at the site.”  ARDL 
reported that the groundwater flow direction in the “monitored zone” was to the southwest.  The 
head drop across the site from MG-2 to MG-1 was only 4 feet.  ARDL reported a hydraulic 
gradient of 0.01 ft/ft.  Law included several potentiometric surface maps in their pilot study 
report; these maps show the general direction of groundwater flow at the site to be to the 
southwest.   

Using groundwater depth readings collected on November 11, 2002, and August 25 and 
September 8, 2003, Plexus calculated the groundwater elevations for all the wells on the site.  
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The groundwater elevation data is presented in Tables 3-1 through 3-3.  The wells were divided 
into those that were screened in the overlying clay/silt material (shallow wells) and those that 
were screened across the sandy silt unit (deep wells).  Groundwater elevations for wells that did 
not fall in either of these groups (MG-6, MW-3D, MW-4D, and MW-5D) were not contoured.   

The shallow and deep piezometric surface maps for the November 11, 2002, event are presented 
in Figures 3-5 and 3-6.  These piezometric surfaces show the groundwater flow direction to the 
west, south, and southeast.  When the elevations of the groundwater in the shallow and deep 
wells are compared, there does not seem to be any significant difference between the elevations 
in the nested wells.  The calculated hydraulic gradient for the shallow and deep wells is 0.003 
ft/ft.   

The shallow and deep piezometric surface maps for the August 25, 2003, event are presented in 
Figures 3-7 and 3-8.  These surfaces show a high point associated with the MW-02 nested pair 
and then, in general, the groundwater flow path is to the west and southwest.  Like the November 
2002 data, the August 2003 data shows that there is little difference between the groundwater 
elevations in the shallow and deep wells.  The calculated hydraulic gradient for the shallow and 
deep wells for this event is 0.008 ft/ft.   

The third set of groundwater elevations was collected on September 8, 2003.  The shallow and 
deep piezometric surfaces are presented on Figures 3-9 and 3-10.  The contours of the data show 
a groundwater divide near the center of the site with groundwater flow paths to the northeast and 
southwest (Figure 3-10).  Similar to the data collected earlier, there does not appear to be a 
significant difference between the shallow and deep well groundwater elevations.  The calculated 
hydraulic gradient for the shallow and deep wells for this event is 0.01 ft/ft.   

An overlay of the three model surfaces was prepared and is illustrated in Figure 3-11.  This 
figure shows the 3-D model output of the piezometric surfaces in relation to the lithology logged 
in the site borings.  The surfaces show that the elevations of groundwater at the site were fairly 
stable for the three data collection events.  The slope of the piezometric surface to the west 
changes between events, but the change is minor.  It appears that at times there is a groundwater 
divide on the site that might cause groundwater to flow to the southwest and northeast from the 
vicinity of the missile assembly and test building.  The estimated groundwater gradient at the site 
is gradual and on the order of 1000th to 100th of a foot vertical per foot horizontal.  There does 
not appear to be a vertical gradient between the shallow and deep wells, and the sandy silt does 
not appear to be confined by the overlying clay/silt.   

3.7.3 Hydraulic Conductivity 
EEI performed slug tests on all four of their shallow wells and reported coefficients of 
permeability (k) as follows:   

Well No.  k, coefficient of permeability (Cooper, et.al.)  
  (centimeters per second (cm/sec)) 

MG-1 6.13 x 10-4 
MG-2 6.54 x 10-6 
MG-3 2.43 x 10-4 
MG-4 6.42 x 10-5 
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Law interpreted the base of the uppermost groundwater producing zone to be approximately 45 
feet bgs.  A sample of silty clay (underlying clay/silt unit) collected by Law from boring IW-01 
from 45 to 47 feet bgs had a vertical hydraulic conductivity of 2.3 x 10-8 cm/sec, based on a 
falling head permeability test.  Geotechnical engineers generally regard material of 10-7 cm/sec 
permeability or less to be relatively impermeable (Law 2002).  This material is typical of an 
aquitard or aquiclude.   

Law estimated that the sandy silt material at the site has a porosity of 0.20 or 20% (Law 2002).  
Freeze and Cherry give a range of values for porosity from sand at 25 % to 50% to silt at 35 % to 
50% to clay at 40 % to 70% (Freeze and Cherry 1979, p 37).  Fetter (1988) gives a porosity 
range for glacial till from 10 % to 20%.  Well-sorted sediments in general have lower porosities.  
An estimate of porosity is used in Section 5.0 of this report to calculate groundwater flow 
velocity.   

As part of the RI investigation, slug tests were preformed on wells MW-01D, MW-02D, and 
MW-09, all screened across or in the sandy silt unit.  The slug tests were performed in keeping 
with the Work Plan, Sampling and Analysis Plan, and American Society for Testing and 
Materials (ASTM) Method D 4-44-93 (ASTM 1996 [re-approved 2002]).  The hydraulic 
conductivity (K) values were calculated using the test data and the Bouwer-Rice (1976) solution 
for an unconfined aquifer.  The K values for the rising head tests were as follows:  MW-01D K = 
4.52 x 10–3 cm/sec, MW-02D K = 1.74 x 10–3 cm/sec, and MW-09 K = 6.99 x 10–3 cm/sec.  
These values fall in the range of values expected for sandy silt to clean sand (Freeze and Cherry, 
1979).  The sandy silt unit has higher conductivities than the overlying clay/silt and much higher 
conductivities than the one value provided by Law (Law 2002) for the underlying clay/silt.  The 
data and results of the slug tests performed are presented in Appendix H.   

3.8 DEMOGRAPHICS 
As discussed earlier, the site is currently used by the Madison County Department of Public 
Works for equipment and materials storage, and by the County Sheriff’s department as a firing 
range.  There are no full-time residents or employees on the site (Plexus 2004).  Based on a 1998 
aerial photograph, the surrounding area appears to be agricultural, with scattered residences 
associated with farm operations (IDNR 1998).  The closest population center is Marine, Illinois, 
roughly 3 miles south of the site.  Refer to the PA (Plexus 2004) for additional demographic 
data.   

The total population within a 4-mile radius of the Launch Area is approximately 2,285 people. 
The nearest residence is located approximately 1,000 feet east of the Launch Area (Plexus 2004; 
USGS 1991).  The population within 0.25 mile of the site is approximately 7 people; between 
0.25 and 0.5 mile, 22 people; between 0.5 and 1 mile, 94 people; between 1 and 2 miles, 403 
people; between 2 and 3 miles, 881 people; and between 3 and 4 miles, 878 people (USEPA 
2000).   

3.9 ECOLOGY 
The site is in a portion of the State that is referred to as the Southern Till Plain Division and is 
characterized as “black soil prairie.”  The area surrounding the site is divided into agricultural 
fields and used to raise corn, soy beans, and livestock feed.  The area has been used for intensive 
agriculture for more than 100 years (IDNR 2002).   
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The tallgrass prairie ecosystem has given way to agriculture.  The ecology of the area is 
dominated by agriculture.  The site itself is fenced and the grounds are maintained; the grass is 
mowed during the spring and summer and kept relatively short.  Rabbits, other rodents, and birds 
are present on the site.  No large grazing animals are in evidence.  Some of the surrounding 
farms keep horses and cows, but little other livestock was observed in the area.   

The U.S. Fish and Wildlife Service (USFWS) reports that the Launch Area lies within the range 
of the gray bat (Myotis grisescens), Indiana bat (Myotis sodalis), decurrent false aster (Boltonia 
decurrens), bald eagle (Haliaeetus leucocephalus), least tern (Sterna antillarum) and pallid 
sturgeon (Scaphirhynchus albus).  The decurrent false aster and bald eagle are federally listed 
threatened species.  The gray bat, Indiana bat, least tern, and pallid sturgeon are federally listed 
endangered species.  None of these species were identified as being present on the sites; the site 
merely lies within the ranges of the species (Collins, 2003).   
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TABLE 3-1
Groundwater Elevations November 11, 2002

Nike SL-10 Launch Area Groundwater, Remedial Investigation
RI/FS/PP/ROD Project, Marine, Illinois

Well # Time TOC Elevation Depth to GW GW Elevation
MG-1 9:08 522.37 2.9 519.47
MG-2 9:48 529.69 9.86 519.83
MG-3 9:32 525.41 6.61 518.8
MG-4 525.78
MG-5 9:51 527.74 8.03 519.71
MG-6 10:00 525.46 13.31 512.15
MG-7 8:53 527.43 7.08 520.35
MG-8 9:25 525.61 5.24 520.37
MG-9 10:02 525 5.79 519.21

MW-01S 9:00 526.31 6.02 520.29
MW-01D 8:59 526.19 5.92 520.27
MW-02S 9:55 526.04 6.54 519.5
MW-02D 9:57 526.05 6.49 519.56
MW-03S 10:05 527.33 7.3 520.03
MW-03D 10:07 527.3 8.69 518.61
MW-04S 10:57 525.95 6.26 519.69
MW-04D 10:56 526.69 33.6 493.09
MW-05S 10:12 525.39 5.2 520.19
MW-05D 10:10 525.38 12.54 512.84
MW-06S 9:20 524.88 4.87 520.01
MW-06D 9:21 524.82 4.99 519.83
MW-07S 9:41 529.57 9.09 520.48
MW-07D 9:39 529.33 8.98 520.35
MW-08S 10:39 523.62 4.02 519.6
MW-08D 10:40 523.74 3.95 519.79
MW-09 10:52 524.92 5.79 519.13
MW-10 9:14 523.69 3.58 520.11

TOC = top of casing
GW = groundwater
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TABLE 3-2
Groundwater Elevations August 25, 2003

Nike SL-10 Launch Area Groundwater, Remedial Investigation
RI/FS/PP/ROD Project, Marine, Illinois

Well # Time TOC Elevation Depth to GW GW Elevation
MG-1 13:19 522.37 5.75 516.62
MG-2 13:53 529.69 10.41 519.28
MG-3 13:38 525.41 8.91 516.5
MG-4
MG-5 8:54 527.74 8.13 519.61
MG-6 11:41 525.46 13.41 512.05
MG-7 8:42 527.43 8.48 518.95
MG-8 13:31 525.61 7.58 518.03
MG-9 11:36 525 6.94 518.06

MW-01S 8:34 526.31 7.43 518.88
MW-01D 8:32 526.19 7.33 518.86
MW-02S 8:00 526.04 4.56 521.48
MW-02D 8:03 526.05 4.56 521.49
MW-03S 8:50 527.33 7.9 519.43
MW-03D 8:48 527.3 8.77 518.53
MW-04S 11:46 525.95 8.48 517.47
MW-04D 11:48 526.69 7.32 519.37
MW-05S 8:20 525.39 7.76 517.63
MW-05D 8:23 525.38 7.41 517.97
MW-06S 13:10 524.88 7.48 517.4
MW-06D 13:08 524.82 7.4 517.42
MW-07S 9:08 529.57 11.13 518.44
MW-07D 9:11 529.33 11.07 518.26
MW-08S 7:46 (8/26) 523.62 4.59 519.03
MW-08D 7:46 (8/26) 523.74 3.96 519.78
MW-09 12:00 524.92 7.01 517.91
MW-10 13:14 523.69 6.42 517.27

TOC = top of casing
GW = groundwater

Well Abandoned
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TABLE 3-3
Groundwater Elevations September 8, 2003

Nike SL-10 Launch Area Groundwater, Remedial Investigation
RI/FS/PP/ROD Project, Marine, Illinois

Well # Time TOC Elevation Depth to GW GW Elevation
MG-1 8:18 522.37 7.85 514.52
MG-2 8:46 529.69 10.02 519.67
MG-3 7:58 525.41 7.66 517.75
MG-4
MG-5 8:49 527.74 8.37 519.37
MG-6
MG-7 9:15 527.43 7.81 519.62
MG-8 9:40 525.61 6.6 519.01
MG-9 9:09 525 6.76 518.24

MW-01S 9:22 526.31 6.76 519.55
MW-01D 9:24 526.19 6.7 519.49
MW-02S 8:54 526.04 7.31 518.73
MW-02D 8:56 526.05 7.32 518.73
MW-03S 9:19 527.33 7.67 519.66
MW-03D 9:17 527.3 5.84 521.46
MW-04S 9:33 525.95 7.79 518.16
MW-04D 9:34 526.69 7.4 519.29
MW-05S 9:06 525.39 6.68 518.71
MW-05D 9:00 525.38 7.77 517.61
MW-06S 9:30 524.88 6.54 518.34
MW-06D 9:29 524.82 6.68 518.14
MW-07S 9:26 529.57 10.22 519.35
MW-07D 9:27 529.33 10.16 519.17
MW-08S 8:27 523.62 4.68 518.94
MW-08D 8:33 523.74 4.42 519.32
MW-09 9:36 524.92 6.8 518.12
MW-10 8:41 523.69 5.79 517.9
MW-11 8:03 526.33 7.87 518.46
MW-12 9:46 526.9 8.24 518.66
MW-13 8:05 524.53 6.96 517.57
MW-14 8:02 524.29 7.44 516.85

TOC = top of casing
GW = groundwater

Well Abandoned

Well Screened from -80 to -90 feet
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4.0 CONTAMINATION ASSESSMENT 
4.1 LABORATORY ANALYSIS AND SAMPLE QUALITY ASSURANCE/QUALITY 

CONTROL 
The quality of a data set is measured by certain characteristics of the data.  Some of the 
parameters are expressed quantitatively, while others are expressed qualitatively.  The objectives 
of the RI and the intended use of the data define the goals.   

Precision characterizes the amount of variability and bias in the inherent data set.  Precision 
describes the reproducibility of measurements of the same parameter for a sample under the 
same or similar conditions.  Precision is expressed as a range (the difference between two 
measurements of the same parameter) or as a relative percentage difference (the range relative to 
the mean, expressed as a percentage).  Range and relative percentage difference (RPD) values 
were calculated according to the Contract Laboratory Program (CLP) protocols.  The laboratory 
duplicates were analyzed and no precision problems were encountered.   

Accuracy is the comparison between experimental and known or calculated values expressed as 
a percent recovery (%R).  Percent recoveries are derived from analysis of standards spiked into 
deionized water (standard recovery) or into actual samples (matrix spike or surrogate spike 
recovery).   

Control limits for accuracy are set at the mean plus or minus three times the standard deviation 
of a series of %R values.  Organic %R values are set at the mean plus or minus two times the 
standard deviation.   

Accuracy of aqueous and solid samples was evaluated by use of surrogate and matrix spikes at 
the CLP-required incidences.  CLP acceptance criteria and corrective actions apply.  Out-of-
criteria results were reviewed for data applicability as a part of data verification.   

The data obtained during the RI represents actual conditions at the sampling location.  The Work 
Plan (WP) was designed so that the samples collected were an accurate representation of actual 
site conditions.  The rationales discussed in the WP and Quality Assurance Project Plan (QAPP) 
presented sample representativeness of the sampled environmental matrix.  Sampling activities 
conformed to the protocols specified in the planning documents.  The use of SW-846 analytical 
protocols and data deliverables ensured that analytical results and deliverables are representative 
and that they were both performed and reported consistently.   

Comparability of data was achieved by using standardized sampling and analysis methods and 
data-reporting format.  Both analytical procedures and sample collection techniques maximized 
the comparability of the data.  Using consistent units ensured that data is comparable.  
Laboratory data was expressed in Standard International Units, usually micrograms per liter 
(µg/L), milligrams per kilogram (mg/kg), or micrograms per kilogram (µg/kg).  Additionally, 
consideration was given to seasonal conditions and other environmental conditions that could 
have influenced analytical results.   

Completeness is the ratio of the number of valid sample results to the total number of samples 
analyzed with a specific matrix and/or analysis.  Following completion of the analytical testing, 
the percent completeness was calculated by the following equation:   

usability = # of valid measurements / # of measurements planned * 100. 
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For relatively clean, homogeneous matrices, 100% completeness is expected.  However, as 
matrix complexity and heterogeneity increase, completeness may decrease.  Where data quality 
objectives (DQOs) are compromised, effects on the overall investigation must be considered.  
Whether any particular sample is critical to the investigation was evaluated in terms of the 
sample location, the parameter in question, the intended use of the data, and the risk associated 
with the error.  The data set for the Nike SL-10 Launch Area 2002/2003 sampling conducted by 
Plexus is 100% complete and achieves the goals set in the QAPP.   

The data was verified and data qualifiers assigned according to the CLP, USEPA, and CELRL 
Louisville Chemistry Guidelines (LCG) data validation protocols.  The list of applicable data 
qualifiers is presented on the data tables on Table 4-1.  The data validation letters identify 
problems encountered during laboratory analysis that resulted in the assignment of the qualifiers 
(Appendix H).   

Field quality assurance/quality control samples consist of field duplicates, field blanks, trip 
blanks, and matrix spikes/matrix spike duplicates.  The results of the analysis of the field blanks, 
and trip blanks are presented in Table 4-1.   

4.2 PRESENTATION OF ANALYTICAL RESULTS 
The locations and rationales for sample collection are presented in Section 3.0 of this report.  In 
addition, Table 4-1 presents a full list of the compounds that were analyzed and the methods 
used.   

For the soil sample results from previous studies, only detected compounds are presented in 
Appendix A.  For the groundwater sample results from previous studies, only detected 
compounds are presented in Appendix B.  Full analytical lists for the previous studies are 
presented in the reports prepared for those studies.  The full analytical results, including non-
detects for the 2002/2003 sampling events, are presented in Table 4-1.   

4.3 PRELIMINARY APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS  

All hazardous waste sites, including Federal facilities, must comply with the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) of 1980 and the 
Superfund Amendments and Reauthorization Act (SARA) of 1986, Sections 120 and 121.  These 
sections mandate that the cleanup of hazardous substances, pollutants, or investigation-derived 
waste comply with requirements or standards under State or Federal environmental laws that are 
applicable, relevant, and appropriate requirements (ARARs) for the substances or circumstances 
at the site.  More stringent State laws take precedence over less stringent Federal laws in cases 
where standards are promulgated by both.   

Applicable requirements are "those cleanup standards, standards of control, and other substantive 
environmental protection requirements, criteria, or limitations promulgated under Federal or 
State law that specifically address a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance at a CERCLA site" (53 FR 51394).  Relevant and 
appropriate requirements are "those cleanup standards, standards of control, and other 
substantive environmental protection requirements, criteria, or limitations promulgated under 
Federal or State law that, while not applicable to a hazardous substance, pollutant, contaminant, 
remedial action, location, or other circumstance at a CERCLA site, address problems or 
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situations sufficiently similar to those encountered at the CERCLA site that their use is well 
suited to the particular site" (53 FR 51394).   

The selection of ARARs for a particular site depends on the hazardous substances present, the 
site characteristics and location, and the remedial actions selected.  The requirements are referred 
to as chemical-, location-, or action-specific.   

"Chemical-specific requirements set health- or risk-based concentration limits or discharge 
limitations in various environmental media for specific hazardous substances, pollutants, or 
contaminants" (52 FR 32496).  These requirements generally set protective cleanup levels for the 
contaminants of concern in the designated media or allow the incorporation of safe discharge 
levels for the remedial action.  Chemical-specific standards have been established under a 
number of statutes, including the Resource Conservation and Recovery Act (RCRA), the Safe 
Drinking Water Act (SDWA), the Clean Water Act (CWA), and the Clean Air Act (CAA).  
However, standards have been established for only a limited number of chemicals.  In the 
absence of chemical-specific ARARs, it is often necessary to use nonpromulgated chemical-
specific advisories or guidance documents to identify cleanup remedies that are protective of 
human health and the environment.   

Location-specific requirements "set restrictions upon the concentrations of hazardous substances 
or the conduct of activities solely because they are in special locations" (53 FR 51394).  These 
may include sites within a 100-year floodplain, sites within a wetland, sites on archaeologically 
significant locations, and others.   

Action-specific ARARs are "technology- or activity-based requirements or limitations on actions 
taken with respect to hazardous wastes or requirements to conduct certain actions to address 
particular contaminants at a site" (53 FR 51394).  Action-specific ARARs may specify 
performance standards or technologies, as well as specific environmental levels for discharged or 
residual chemicals, once a remedial action is selected.  For example, conduct of a remedial action 
would invoke the Occupational Safety and Health Administration (OSHA) regulations for 
protection of site workers.   

ARARs will be used to identify potential remedial goals for the various media at the Nike SL-10 
Launch Area.  ARARs are refined as the RI/FS process progresses and remedial actions are 
identified and evaluated.  The FS will present a list of ARARs for review by the Illinois 
Environmental Protection Agency (IEPA).  The preliminary list of Federal and State ARARs is 
presented in Table 4-2.   

4.3.1 Health-Based ARARs 
This section discusses the regulatory standards or guidelines related to specific chemicals.  The 
chemical-specific ARARs will be presented for the compounds detected during the RI in the 
sections in which the analytical results are presented.  Various Federal and State regulations were 
reviewed to identify the chemical-specific ARARs for the Nike SL-10 Launch Area.  Chemical-
specific ARARs for each medium are presented for the compounds that were detected in that 
medium.   

The enforceable regulatory standards for exposure to groundwater contaminants are the Federal 
maximum contaminant levels (MCLs) and the Illinois groundwater standards.  However, MCLs 
and Illinois groundwater standards have not been specified for many of the chemicals of concern.  
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Therefore, relevant regulatory guidelines were used for comparative purposes to infer health 
risks and environmental impacts.  These regulatory guidelines include MCLs, USEPA Drinking 
Water Health Advisories, and USEPA Region 9 preliminary remediation goals (PRGs).  The 
environmental criteria are briefly described below.   

4.3.2 Maximum Contaminant Levels 
MCLs are enforced standards established by USEPA's Office of Drinking Water; they are 
promulgated under the SDWA and designed for the protection of human health.  The Federal 
MCLs appear in 40 CFR 141.  MCLs are based on laboratory or epidemiological studies and are 
applicable to drinking water sources supplying a minimum of 25 persons.  They are designed for 
prevention of human health effects associated with lifetime exposure (70 years) of an average 
adult (weighing 70 kg) consuming 2 liters of water per day, but they also reflect technical limits 
of removing the contaminant from water.  These enforceable standards are also based on the 
fraction of toxicant expected to be absorbed by the gastrointestinal tract.   

4.3.3 Maximum Contaminant Level Goals 
Maximum contaminant level goals (MCLGs) are nonenforceable guidelines based entirely on 
health effects.  MCLGs are generally specified as zero for carcinogenic substances, based on the 
assumption of non-threshold toxicity, and do not consider the technical or economic feasibility of 
achieving these goals.  Therefore, the MCLGs are often more stringent than the MCLs.  When 
MCLs are not available, MCLGs are useful for assessing water contamination.  The MCLs have 
been set as close to the MCLGs as considered technologically and economically feasible.   

4.3.4 Illinois Groundwater Standards  
Illinois groundwater standards are codified under the Illinois Administrative Code (IAC), Title 
35, Section 620.  The Illinois standards are enforceable groundwater quality standards.  USEPA 
has delegated to the State authority for primacy on groundwater issues in the State.   

The Illinois EPA has also developed the “Tiered Approach to Corrective Action Objectives” 
(TACO) (35 IAC 742).  TACO provides look-up tables of contaminant concentration 
information sufficient for the purposes of a screening risk assessment.  The tables in TACO 
present acceptable concentrations under various exposure scenarios.  These acceptable 
contaminant concentrations are individually calculated using methodologies consistent with 
USEPA’s Risk Assessment Guidance for Superfund (RAGS).  The TACO tables are also 
consistent with the available Federal Soil Screening Levels (SSLs).   

4.3.5 USEPA Region 9 Preliminary Remediation Goals  
USEPA Region 9 PRGs are risk-based concentrations intended to assist risk assessors and others 
in initial screening-level evaluations of environmental measurements.  The PRG table contains 
more than 600 PRGs for contaminants in soil, air, and tap water.  They are viewed as preliminary 
clean up goals for an individual chemical, but in this context, they are best viewed as dynamic 
and subject to change, because they are generic and based on direct contact exposures that may 
not address site-specific conditions and/or indirect exposure pathways.  For planning purposes, 
these human health-based PRGs should always be considered in conjunction with ARAR-based 
PRGs (e.g., MCLs), ecological benchmarks, and “background” conditions before establishing a 
final cleanup level for a particular site.   
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4.3.6 Drinking Water Health Advisories 
Drinking Water Health Advisories (DWHAs) are guidelines developed by the USEPA Office of 
Drinking Water for non-regulated contaminants in drinking water.  These guidelines are 
designed to consider both acute and chronic toxic effects in children (with an assumed body 
weight of 10 kg) who consume 1 liter of water per day and in adults (assumed body weight of 70 
kg) who consume 2 liters of water per day.  DHWAs are generally available for acute (1-day), 
subchronic (10-day), and chronic (longer term or lifetime) exposure scenarios.  These guidelines 
are designed to consider only threshold effects and, thus, are not used to set acceptable levels for 
known or probable human carcinogens.   

4.4 NATURE AND EXTENT OF CONTAMINATION 
The verified analytical data generated during the RI reveals the nature and extent of 
environmental contamination in groundwater at the Nike SL-10 Launch Area as discussed in this 
section.  The complete verified analytical database developed during the course of the RI is 
included in Table 4-1.   

The locations of the samples are shown in Figure 4-1.  Section 4.5 discusses VOCs and metals 
detected in the groundwater.   

The partitioning of natural constituents and contaminants among solid, liquid, and gas phases 
and their transfer from one phase to another depend on the thermodynamics and kinetics of 
different types of chemical processes.  Thermodynamic processes and reaction kinetics are 
strongly influenced by subsurface environmental conditions such as temperature, pH, ORP, and 
dissolved constituents.  Field screening data is presented in Appendices D and F.   

4.5 GROUNDWATER 
This investigation focuses on the residual contamination of groundwater associated with the 
missile assembly and test building.   

4.5.1 Volatile Organic Compounds  
VOCs were first detected in the groundwater at the SL-10 site in 1987.  Low concentrations of 
chlorinated solvent—including TCE, trans-1,2-dichloroethene (trans-1,2-DCE), 1,1-
dichloroethene (1,1-DCE), 1,1-dichloroethane (1,1-DCA), and 1,1,1-trichloroethane (1,1,1-
TCA)—were detected in shallow wells screened in the overlying clay/silt.  In addition, low 
concentrations of toluene and methylene chloride were detected in some wells.  Methylene 
chloride was detected in all the groundwater samples except the one from well MG-4 at levels of 
6.5 to 11.6 ug/L.  Methylene chloride was also detected in all the lab and travel blanks at 
concentrations ranging from 2.7 to 12.6 ug/L.  The sample results are not considered positive for 
methylene chloride, because none of the sample results exceed 10 times the blank results 
(USEPA October 1999).  The analytical results of previous groundwater investigations are 
presented in Appendix B.   

In 1992, five additional wells were installed around the missile assembly and test building.  MG-
5, MG-7, MG-8, and MG-9 were all screened in the sandy silt unit and are referred to as deep 
wells.  MG-6 was screened from 81 to 91 feet bgs, does not produce water readily, and has never 
been sampled.  Elevated concentrations of VOCs were detected in MG-4 and in two of the new 
wells, MG-7 and MG-9 (SEC Donohue 1992).   
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In 1994, ARDL re-sampled the nine wells on-site and collected groundwater grab samples from 
40 additional soil borings.  The soil boring locations are presented in Figure 4-1.  Low levels of 
chlorinated solvents were detected in several of the grab samples collected around the acid 
fueling station and the missile assembly and test building.  The analytical results from grab 
samples are useful for screening purposes only.  Concentrations of VOCs were detected in three 
samples that exceeded the MCLs, Illinois groundwater standards (35 IAC 620), or the State of 
Illinois TACO Class I groundwater standards (State standards):   

• The groundwater grab sample collected from boring SB-10 contained 7 micrograms per 
liter (µg/L) 1,1-DCE and 6 µg/L TCE.   

• The groundwater grab sample collected from boring SB-12 contained 20 µg/L 1,1-DCE 
and 100 µg/L TCE.   

• The sample from SBC-11 contained 18 µg/L 1,1-DCE, 28 µg/L 1,1,2-trichloroethane 
(1,1,2-TCA), and 10 µg/L TCE.   

SB-10 was collected west of the acid fueling station berm and SB-12 was collected at the acid 
fueling station.  SBC-11 was collected near the current location of the MW-02 monitoring well 
pair.  In addition, methylene chloride was detected in several of the grab samples at 
concentrations over its State standard of 5 ug/L.  Concentrations ranged from not detected above 
the detection limit of the method used (ND) to 14 ug/L, and the trip blank from the sampling was 
reported to contain 16 ug/L methylene chloride (ARDL 1994).  The sample results are not 
considered positive for methylene chloride because none of the sample results exceed 10 times 
the blank result (USEPA October 1999).   

The samples ARDL collected from the groundwater monitoring wells showed elevated 
concentrations of chlorinated solvents in MG-4, MG-5, MG-7, and MG-9 (ARDL, 1994).  In 
addition, methylene chloride was detected in several of the well samples at concentrations below 
its State standard.  Concentrations ranged from ND to 3 ug/L; however, the trip blank for the 
sampling was reported to contain 2 ug/L methylene chloride (ARDL 1994).  The sample results 
are not considered positive for methylene chloride because none of the sample results exceed 10 
times the blank result (USEPA, October 1999).   

In preparation for the dual-phase vapor extraction and pump and treat pilot test, Law installed 
five nested pairs of groundwater monitoring wells.  Some of the previously installed wells and all 
of the new wells were sampled in August, October, and December 1998.  VOCs were detected in 
MG-4, MG-5, MG-7, MG-8, MG-9, MW-1D, MW-1S, MW-2D, MW-2S, MW-3D, and MW-3S.  
It is important to note that Law was pumping roughly 2 gallons per minute out of the recovery 
well (RW-1), treating the water, and reinjecting it into the injection well (IW-1) during this pilot 
test (Figure 4-1).  The wells with elevated concentrations of TCE during the pilot test were MG-
4, MG-7, MG-9, MW-1D, MW-1S, MW-2D, MW-2S, MW-3D, and MW-3S.  The Law pilot 
study report contains isoconcentration contour maps of the VOC data (Law 2002).   

Plexus installed three nested pairs of wells (MW-6S, MW-6D, MW-7S, MW-7D, MW-8S, and 
MW-8D) and six individual wells (MW-9, MW-10, MW-11, MW-12, MW-13, and MW-14) as 
part of this RI (Figure 4-1).  The shallow well in each pair was screened in the overlying clay/silt 
(10 to 15 feet bgs), and the deep well was screened in the sandy silt unit (20 to 30 feet bgs).  The 
individual wells were screened in the sandy silt unit from 20 to 30 feet bgs.  Plexus developed, 
purged, and sampled all the new wells.  Plexus redeveloped, purged, and sampled existing wells 
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MG-2, MG-5, MG-9, MW-1D, MW-2D, MW-3S, and MW-5S.  The shallow wells MW-2, MW-
3S, MW-5S, MW-6S, MW-7S, and MW-8S were sampled.  The deep wells MG-5, MG-9, MW-
1D, MW-2D, MW-6D, MW-7D, MW-8D, and MW-9 through MW-14 were sampled.  
Concentrations of TCE over the MCL of 5 µg/L were detected in wells MG-9, MW-1D, MW-
2D, MW-3S, MW-7D, and MW-9.  Other chlorinated VOCs were detected in excess of MCLs in 
the same wells including 1,2-DCA, 1,1-DCE, cis-1,2-DCE and 1,1,2-TCA.  1,1-DCE was 
detected above its MCL in MW-13.  The tabulated analytical data for the samples collected in 
November 2002 and September 2003 are presented in Table 4-1.   

The results of the analysis of the 20 samples collected from the temporary wells were tabulated 
and presented in a letter report dated July 1, 2003.  A copy of the letter report is in Appendix H.   

The VOCs detected during the RI sampling are much the same as those detected in 1987:  1,1-
DCA; 1,2-dichloroethane (1,2-DCA); 1,1-DCE; cis-1,2-dichloroethene (cis-1,2-DCE); trans-1,2-
DCE; methylene chloride; 1,1,1-TCA; 1,1,2-TCA; TCE; and VC.  Toluene was detected at an 
estimated concentration of 0.42 µg/L in MW-6D.  All the methylene chloride detections are 
estimated from direct push locations; concentrations range from ND to 0.76 ug/L.  Methylene 
chloride was also detected in the trip blank at 0.63 ug/L.  The sample results are not considered 
positive for methylene chloride because none of the sample results exceed 10 times the blank 
result (USEPA October 1999).   

PCE has been detected at concentrations below the MCL and State standards in MG-4 and MW-
3S periodically during site investigation activities and more so as analytical techniques have 
improved and detection limits have decreased.  VC has been detected in low concentrations in 
MG-9, MW-3S, and MW-7D during the site investigation.  PCE and VC are discussed in more 
detail later in this report in relation to natural attenuation.   

There is no indication at the site of the presence of non-aqueous phase liquids (NAPLs), free 
product on the groundwater or within the saturated material between the surface and 45 feet bgs.  
Concentrations of VOCs approaching 1% of the compound’s solubility are considered indicative 
of the possible presence of NAPLs at the site.  No concentrations approaching 1% of the 
solubility of the VOCs has been detected at the site.   

The up gradient end of the first VOC plume discovered at the Launch Area is located at the 
missile assembly and test building.  The plume extends to the south-south-west roughly 300 feet 
and is more than 100 feet wide in places.  A second plume appears to be present to the north of 
the missile assembly and test building.  This plume may be attached to the southern plume or 
may be a separate plume.  In this second plume, 1,1-DCE has been detected as far north as the 
acid storage shed, and TCE as far north as the acid fueling station.  The second plume is more 
than 400 feet long and 100 feet wide, if it is continuous.  The areas where VOCs have been 
detected above their MCLs appear to be limited to the former Launch Area property.  Several 
wells have been installed around the plume where VOCs have not been detected.  The following 
wells have been sampled and no VOCs were detected in the samples:  MW-11 to the north of the 
berm, MW-12 to the east of the acid fueling station, MW-14 near the southeast gate, and MW-10 
north of the ready building.  Low levels of VOCs (below their MCLs) have been detected in the 
MW-08S and MW-08D pair southeast of the missile test and assembly building.  Detectable 
VOC concentrations below their MCLs may have migrated to the groundwater of the property 
adjacent to the Launch Area to the east.  Isoconcentration contour maps and 3-D models of 
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plumes of the various chlorinated compounds detected on the east side of the site are presented in 
Section 5.   

4.5.2 Metals 
In 1987, EEI analyzed groundwater samples from the four shallow wells on-site for total 
mercury, arsenic, selenium, silver, barium, cadmium, chromium, and lead.  Lead was detected in 
the samples from wells MG-2 and MG-4 over the current MCL action level and State standards.  
These samples were not filtered.  The remaining metals that were detected did not exceed the 
MCLs or the State standards.   

In 1992, SEC Donohue analyzed groundwater samples from the nine monitoring wells on-site for 
total lead.  The sample from MG-8 was at the current MCL action level of 15 µg/L and over the 
State standard of 7.5 µg/L.   

In 1994, ARDL collected groundwater samples from the eight on-site wells and analyzed them 
for a suite of 23 total metals (unfiltered), 23 dissolved metals (filtered), and cyanide.  The metals 
analytes are listed and the concentrations tabulated in Appendix B.  The analysis for metals 
showed the following:   

• In the eight monitoring wells sampled, total aluminum was over the USEPA secondary 
drinking water standard, but dissolved aluminum was ND in all wells.   

• The total arsenic concentrations in MW-7 and MW-8 were over the current MCL of 10 
µg/L, but the dissolved levels were below standards in all wells.   

• In MG-4 cadmium was over the MCL and State standard of 5 µg/L, but the dissolved 
levels were below the standards in all wells.   

• Total chromium was over the MCL and State standard of 100 µg/L in MG-1 and MG-7, 
but the dissolved levels were below the standards in all wells.   

• Iron exceeded the USEPA secondary drinking water standard of 300 µg/L and the State 
standard of 5000 µg/L in all eight monitoring wells, but dissolved iron did not exceed the 
State standard in any of the monitoring wells.   

• Lead was above the current MCL action level of 15 µg/L in MG-2, MG-3, MG-4, MG-7 
and MG-8, but dissolved lead was ND in all of the wells.   

• Lead was above the State standard of 7.5 µg/L in all the monitoring wells except MG-1, 
but dissolved lead was ND in all wells.   

• Manganese was above the USEPA secondary drinking water standard of 50 µg/L and the 
State standard of 150 µg/L in all the monitoring wells, and dissolved manganese was 
above the State standard in all the monitoring wells except MG-2, MG-3, and MG-5;  

• Nickel was above the State standard of 100 µg/L in MG-7, but dissolved nickel was ND 
in all wells.   

• Vanadium was detected above the State standard of 49 µg/L in MG-3, MG-7 and MG-8; 
but dissolved vanadium was ND in all wells.   

Cyanide was not detected in the wells sampled.   

Plexus submitted the 15 groundwater samples collected in November 2002 and 4 samples from 
September 2003 for metals analysis.  The samples were collected using low flow sampling 
techniques designed to limit the turbidity of the samples collected and reduce the amount of fine 
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sediment particles in the samples.  The metals included in the analysis and the reported 
concentrations are presented in Table 4-1.   

The metals analysis showed the following:   

• Thallium was reported above the MCL and the State standard in MG-5, MW-5S, MW-
8D, MW-9, MW-10, and MW-14.  Thallium was not detected in the remaining wells, but 
the method reporting limit (15 µg/L) was above the MCL.   

• Manganese was reported above the USEPA secondary drinking water standard and the 
State standard in all the wells sampled except MG-2, MW-3S, MW-5S, MW-6S, and 
MW-8S.   

Lead was detected in wells MG-2, and MG-4 in 1987 and MG-2, MG-4, and MG-8 in 1992 at 
concentrations above the action level and State standard, but concentrations in filtered samples 
collected in 1994 and the low flow samples collected in 2002 were below the MCL and State 
standard.  The concentrations of dissolved iron over the USEPA secondary drinking water 
standards from the 1994 samples were not found in the 2002 samples.  Manganese 
concentrations over the USEPA secondary drinking water standard and the State standard are 
consistent and occur in the deep wells associated with the sandy silt unit.  The exception was 
manganese, detected in MW-7S at 1,340 µg/L, the highest concentration detected in the 2002 
samples.  Manganese was below the reporting limit in the remaining shallow wells.   

Thallium was not detected in the samples analyzed by ARDL in 1994.  The thallium detections 
in groundwater appear to be localized south of the missile assembly and test building and near 
the gate on Fruit Road.  The source of the thallium is unknown.   

There are no background groundwater monitoring wells at the site.  The metals detected in the 
groundwater may be naturally occurring.  Once background metals concentrations in 
groundwater at the site are available, the question of metals contamination will have to be 
revisited.   

4.5.3 Semi-volatile Organic Compounds 
In 1994, ARDL collected samples from the nine on-site monitoring wells and the 15 SBC series 
of grab groundwater samples from soil borings for analysis for semi-volatile organic compounds 
(SVOCs).  The analysis was performed using USEPA Method 8270.  Four SVOCs were 
detected:  naphthalene, diethyl phthalate, di-n-butylphthalate, and bis(2-ethylhexyl)phthalate.   

Whether these chemicals were used or were found in products at the Nike SL-10 Launch Area is 
unknown.  If these chemicals were present, their use at the site is unknown.   

Only bis(2-ethylhexyl)phthalate was detected above the MCL and the State standard in SBC-2, 
SBC-4, and MGR-1 (Figure 4-1).  Bis(2-ethylhexyl)phthalate is a common laboratory artifact 
that is often seen in samples in contact with plastic such as the PVC casing and screen on the 
wells; it may not be related to site activities.  The locations of these borings and grab samples are 
northwest, southwest, and at the ready building, and some distance from the missile assembly 
and test building.  The highest concentration of bis(2-ethylhexyl)phthalate was reported at 140 
ug/L in sample MGR-1 from the supply well at the ready building (ARDL 1994).  The sample 
from this well was split and the split sent to Missouri River Division USACE for quality 
assurance analysis.  The Missouri River Division Laboratory (MRL) reported a concentration of 
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2 ug/L (result was below the detection limit of the method used (“J” flagged)) for the split 
sample (USACE 1996a).  SVOCs do not appear to be an issue in the groundwater at the Launch 
Area.   

4.5.4 Pesticides 
In 1994, ARDL collected samples from eight of the on-site monitoring wells, the residential 
well, and the 15 SBC series grab groundwater samples collected from the SBC soil borings for 
analysis for pesticides.  The analysis was performed using USEPA Method 8080.  Three 
pesticides were detected:  heptachlor, dieldrin, and 4,4’-DDE.  None of these pesticides were 
detected above the State standards.  Pesticides do not appear to be an issue in groundwater at the 
Launch Area.   

4.5.5 Total Petroleum Hydrocarbons  
In 1987, EEI collected groundwater samples from the four monitoring wells on-site and analyzed 
them for total recoverable petroleum hydrocarbons (TRPH).  The analytical method was 418.1.  
Concentrations were reported as ND (Appendix B).   

In 1992, SEC Donohue collected groundwater samples from the nine monitoring wells on-site 
and had them analyzed for TRPH.  The analytical method was 418.1.  Monitoring well MG-4 
was reported to contain 1300 µg/L TRPH.  The remaining wells were ND for TRPH (see 
Appendix B).   

4.5.6 Polychlorinated Biphenyls  
In 1987, EEI collected groundwater samples from the four on-site monitoring wells and had 
them analyzed for total PCBs.  The analytical method was USEPA 8080.  PCBs were ND in all 
of the samples.   

4.6 SOIL 
During the latest field effort soil sampling was limited to two samples analyzed for TOC during 
the latest field effort, but numerous soil samples were collected and analyzed during previous 
investigations.  Discussions of the results of analyses performed on these soil samples are 
presented in previous contaminant investigation and pilot study reports (ARDL 1994, EEI 1998, 
Law 2002, SEC Donohue 1992).  The soil sample data from the previous studies has been 
tabulated and is presented in Appendix A.  Soil gas results from the Law pilot study are 
presented in the Pilot Study Report (Law 2002) and are not discussed in this RI Report.   
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TABLE  4-1
Laboratory Analytical Results Groundwater

Nike SL-10 Launch Area Groundwater
Remedial Investigation 

Nike SL-10 RI/FS/PP/ROD Project, Marine, Illinois

November 2002 Data
MCL Illinois MG-2 LQ VQ MG-5 LQ VQ MG-9 LQ VQ MW-1D LQ VQ MW-2D LQ VQ MW-3S LQ VQ MW-103S LQ VQ MW-5S LQ VQ MW-6S LQ VQ MW-106S LQ VQ MW-6D LQ VQ MW-106D LQ VQ MW-7S LQ

Class I1

Units ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L
VOCs (8260B) NA
acetone 700 <10 <10 <10 UJ c <20 <13 UJ c <13 UJ c <10 <10 <10 <10 <10 <10
benzene 5 5 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
bromodichloromethane 80** 0.2 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
bromoform 80** 1 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
bromomethane 9.8 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
2-butanone <10 <10 <10 <20 <13 <13 <10 <10 <10 <10 <10 <10
carbon disulfide 700 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
carbon tetrachloride 5 5 <1.0 <1.0 <1.0 <2.0 UJ c <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
chlorobenzene 100 100 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
chloroethane <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
chloroform 80** 0.2 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
chloromethane <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
cyclohexane <1.0 UJ c <1.0 UJ c <1.0 UJ c <2.0 <1.3 UJ c <1.3 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0
dibromochloromehtane 80** 0.2 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,2-dibromo-3-chloro-propane 0.2 0.2 <2.0 <2.0 <2.0 UJ c <4.0 UJ c <2.7 UJ c <2.7 UJ c <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1,2-dibromomethane 0.05 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,2-dichlorobenzene 600 600 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,3-dichlorobenzene <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,4-dichlorobenzene 75 75 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
dichlorodifluoromethane <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1-dichloroethane 700 <1.0 <1.0 6.9 14 42 7.4 0.68 J <1.0 <1.0 0.96 J 0.87 J 0.33 J
1,2-dichloroethane 5 5 <1.0 <1.0 1.2 2.5 8.3 5.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1-dichloroethene 7 7 <1.0 0.45 J 110 27 160 16 3.9 <1.0 <1.0 <1.0 <1.0 <1.0
cis-1,2-dichloroethene 70 70 0.75 J 3.8 9.1 140 53 82 <1.0 0.8 J 0.88 J 2.8 2.8 <1.0
trans-1,2-dichloroethene 100 100 <1.0 1.4 12 27 24 11 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,2-dichloropropane 5 5 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
cis-1,3-dichloropropane <1.0 <1.0 <1.0 UJ c <2.0 UJ c <1.3 UJ c <1.3 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
trans-1,3-dichloropropane <1.0 <1.0 <1.0 UJ c <2.0 UJ c <1.3 UJ c <1.3 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
ethylbenzene 700 700 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
2-hexanone <10 <10 <10 <20 <13 <13 <10 UJ c <10 <10 <10 <10 <10
isopropylbenzene <1.0 UJ c <1.0 UJ c <1.0 UJ c <2.0 UJ c <1.3 UJ c <1.3 UJ c <1.0 <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0
methyl acetate <1.0 <1.0 <10 UJ c <2.0 UJ c <1.3 UJ c <1.3 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
methylene chloride 5 5 <1.0 B z <1.0 B z <1.0 B z <2.0 B,z <1.3 B,z <1.3 Bz <1.0 <1.0 B z <1.0 <1.0 B,z <1.0 B,z <1.0
methylcyclohexane <1.0 UJ c <1.0 UJ c <1.0 UJ c <2.0 <1.3 UJ c <1.3 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0
4-methyl-2-pentanone <10 <10 <10 <20 <13 <13 <10 <10 <10 <10 <10 <10
methyl tert-butyl ether <5.0 <5.0 <5.0 <10 <1.3 <1.3 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
styrene 100 100 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1,2,2-tertachloroethane <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
tetrachloroethene (PCE) 5 5 <1.0 <1.0 0.96 J <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
toluene 1000 NA <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 0.74 J 0.75 J 0.42 J 0.43 J <1.0
1,2,4-trichloro-benzene 70 70 <1.0 UJ c <1.0 UJ c <1.0 UJ c <2.0 <1.3 UJ c <1.3 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0
1,1,1-trichloroethane 200 200 <1.0 <1.0 1.6 <2.0 <1.3 0.56 J <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1,2-trichloroethane 5 5 <1.0 <1.0 4.9 9.7 J 70 48 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
trichloroethene (TCE) 5 5 <1.0 <1.0 77 170 190 200 <1.0 <1.0 <1.0 0.58 J 0.52 J <1.0
trichlorofluoromethane <1.0 <1.0 <1.0 UJ c <2.0 <1.3 UJ c <1.3 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1,2-trichloro-1,2,2-trifluoroethane <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
vinyl chloride 2 2 <1.0 <1.0 0.66 J 1.4 J 1.8 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
xylenes (total) 10000 10000 <1.0 <1.0 <1.0 <2.0 <1.3 <1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

TOC (mg/L) 0.9 B NA 0.9 B 2 1 0.8 B 1 0.7 B NA NA NA NA NA

Metals NA NA
arsenic As 10 50 <12.0 2.4 B <12.0 4.0 B 2.9 B <12.0 2.9 B 2.7 B <12.0 5.3 B 6.9 B <12.0
cadmium Cd 5 5 <10.0 <10.0 <10.0 <10.0 <10.0 0.31 B <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
lead* Pb 15 7.5 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
selenium Se 50 50 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
thallium Tl 2 2 <15.0 6.4 B <15.0 <15.0 <15.0 <15.0 5.9 B <15.0 <15.0 <15.0 6.4 B <15.0

NA
silver Ag SS=100 50 <20.0 <20.0 1.1 B <20.0 <20.0 <20.0 <20.0 1.0 B <20.0 <20.0 <20.0 0.99 B
aluminum Al SS = 50 to 200 <200 <200 <200 <200 <200 <200 <200 <200 <200 <200 <200 <200
barium Ba 2000 2000 79.6 93.1 95.7 96.7 112 74.7 119 62.2 60.0 75.3 86.9 97.4
beryllium Be 4 4 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
calcium Ca 38400 59400 72400 84100 73400 50700 51700 73200 70900 63500 73600 50900
cobalt Co <20.0 B z <20.0 <20.0 B <20.0 B z <20.0 B <20.0 <20.0 <20.0 B <20.0 B <20.0 <20.0 B <20.0
chromium Cr 100 100 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0
copper* Cu 1300 650 8.2 B 2.5 B 3.8 B 3.6 B 4.2 B 3.6 B 5.8 B 6.9 B 6.2 B 3.1 B 3.6 B 4.9 B
iron Fe SS=300 5000 <1000 1630 552 B 390 B 216 B <1000 <1000 <1000 <1000 619 B 637 B <1000
potassium K <5000 B z <5000 B z <5000 B 895 B J 791 B J <5000 B <5000 B <5000 B <5000 B <5000 B 739 B J <5000
magnesium Mg 19500 25200 31100 34500 28000 23500 24700 35000 34000 26400 30700 25100
manganese Mn SS = 50 150 2.7 B 57.7 235 188 86.9 B 1.6 B 7.0 B 19.5 B 18.9 B 216 251 1340
sodium Na 75000 43800 56500 73400 68800 60800 61100 35400 33900 35500 40500 54900
nickel Ni 100 <20.0 <20.0 <20.0 4.5 B <20.0 <20.0 3.0 B 2.9 B 3.0 B <20.0 <20.0 12.8
antimony Sb 6 6 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
vanadium V 49 0.74 B <20.0 <20.0 <20.0 0.87 B 0.8 B <20.0 1.0 B <20.0 <20.0 <20.0 0.85 B
zinc Zn 5000 <100 <100 <100 <100 <100 <100 <100 14.5 B <100 <100 <100 <100

Mercury Hg 2 2 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 NA <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

MCL = Maximum Contaminant Level       *MCL action level
highlight indicates above the MCL, EPA Secondary Drinking Water Standards and/or the State of Illinois Class I RemeFor several metals the reporting limit of the method was higher than the regulatory standard used for comparison.  
NA = not analyzed Those results that are reported as less than the reporting limit, which was higher than the relevant standard are in bold. 
"<" = below the detection limit
RL = reporting limit
SS = EPA Secondary drinking water standard
VOC = volatile organic compound
TOC = total organic carbon
1 The Illinois Class I standard referenced is from Section 742. Appendix B, Table E:  Tier 1, Groundwater Remedial Objectives for the Groundwater Component of the Groundwater Ingestion Route, Class I Groundwater.  

Inorganics
LQ = data qualifiers assigned by the laboratory 
  B = Estimated Result.  Result is less than reporting limit.  
  E = Matrix interference
  J = Method Blank Contamination.  The associated method blank contains the target analyte at a reportable level.  
  U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.  

VQ = data qualifiers assigned by the data verifier.  
  B = The analyte was not detected substantially above the level reported in laboratory or field blanks.  
  J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.  
  U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.  
  UJ = The analyte was not detected above the reported sample quantitation limit.   
          However, the reported quantitation limit is approximate and may or may not represent the actual limit of quantitation 
          necessary to accurately and precisely measure the analyte in the sample. 
  c = Calibration failure. 
  z = Laboratory storage blank contamination
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TABLE  4-1
Laboratory Analytical Results Groundwater

Nike SL-10 Launch Area Groundwater
Remedial Investigation 

Nike SL-10 RI/FS/PP/ROD Project, Marine, Illinois

MCL Illinois 
Class I1

Units ug/L ug/L
VOCs (8260B)
acetone 700
benzene 5 5
bromodichloromethane 80** 0.2
bromoform 80** 1
bromomethane 9.8
2-butanone
carbon disulfide 700
carbon tetrachloride 5 5
chlorobenzene 100 100
chloroethane
chloroform 80** 0.2
chloromethane
cyclohexane
dibromochloromehtane 80** 0.2
1,2-dibromo-3-chloro-propane 0.2 0.2
1,2-dibromomethane 0.05
1,2-dichlorobenzene 600 600
1,3-dichlorobenzene
1,4-dichlorobenzene 75 75
dichlorodifluoromethane
1,1-dichloroethane 700
1,2-dichloroethane 5 5
1,1-dichloroethene 7 7
cis-1,2-dichloroethene 70 70
trans-1,2-dichloroethene 100 100
1,2-dichloropropane 5 5
cis-1,3-dichloropropane
trans-1,3-dichloropropane
ethylbenzene 700 700
2-hexanone
isopropylbenzene
methyl acetate
methylene chloride 5 5
methylcyclohexane
4-methyl-2-pentanone
methyl tert-butyl ether
styrene 100 100
1,1,2,2-tertachloroethane
tetrachloroethene (PCE) 5 5
toluene 1000 NA
1,2,4-trichloro-benzene 70 70
1,1,1-trichloroethane 200 200
1,1,2-trichloroethane 5 5
trichloroethene (TCE) 5 5
trichlorofluoromethane
1,1,2-trichloro-1,2,2-trifluoroethane
vinyl chloride 2 2
xylenes (total) 10000 10000

TOC (mg/L)

Metals
arsenic As 10 50
cadmium Cd 5 5
lead* Pb 15 7.5
selenium Se 50 50
thallium Tl 2 2

silver Ag SS=100 50
aluminum Al SS = 50 to 200 
barium Ba 2000 2000
beryllium Be 4 4
calcium Ca
cobalt Co
chromium Cr 100 100
copper* Cu 1300 650
iron Fe SS=300 5000
potassium K
magnesium Mg
manganese Mn SS = 50 150
sodium Na
nickel Ni 100
antimony Sb 6 6
vanadium V 49
zinc Zn 5000

Mercury Hg 2 2

September 2003 Data
VQ MW-7D LQ VQ MW-8S LQ VQ MW-8D LQ VQ MW-9 LQ VQ MW-10 LQ VQ FB-01 LQ VQ TB-01 LQ VQ MW-11 LQ VQ MW-110 LQ VQ MW-12 LQ VQ MW-13 LQ VQ MW-14 LQ VQ TB-10 LQ VQ

ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

<10 <10 <10 <10 <10 1.8 J <10 J <10 <10 8.4 J <10 <10 <10
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<10 <10 <10 <10 <10 <10 <10 <10 <10 1.4 J <10 <10 0.56 J
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 0.27 J
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<2.0 <2.0 <2.0 <1.0 UJ c <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
5.1 <1.0 <1.0 6.2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 0.92 J <1.0 <1.0
1.7 <1.0 <1.0 0.82 J <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
7 2.9 0.81 J 85 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 11 <1.0 <1.0
23 <1.0 <1.0 6.4 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

<1.0 <1.0 <1.0 16 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<10 <10 <10 <10 <1.0 <1.0 <1.0 <10 <10 <10 <10 <10 <10

UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <10 <10 <10 UJ c <10 <10 <10 <10 <10 <10 <10 <10 <10

B,z <1.0 <1.0 B,z <1.0 B,z <1.0 B,z <1.0 B,z <1.0 B,z <1.0 B,z <1.0 <1.0 <1.0 <1.0 <1.0 1.1
UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

<10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 UJ c <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 0.39 J 0.52 J <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
0.41 J <1.0 <1.0 2.6 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
8.6 1.9 0.57 J 46 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 3.2 <1.0 <1.0

<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
0.62 J <1.0 <1.0 0.55 J <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

NA 0.8 B 0.8 B 2 0.7 B NA NA NA NA NA NA NA NA

NA NA NA
<12.0 3.2 B 4.2 B 6.9 B 8.9 B <12.0 <12.0 3.2 B 3.2 B 10.9 B
<10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 0.65 B <10.0 <10.0
<10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 2.8 B <10.0 <10.0
<10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
<15.0 <15.0 6.9 B 6.4 B 5.5 B <15.0 <15.0 <15.0 <15.0 6.1 B

NA NA NA
<20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0
<200 <200 <200 <200 <200 75.1 B 87.0 B 134 B 56.3 B 167 B
98.4 66 81.9 124 107 73.5 74.8 175 131 102

<10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
77500 54300 72500 76700 67400 61800 63100 62100 67200 63800

B <20.0 B <20.0 B z <20.0 B,z <20.0 <20.0 B z <20.0 <20.0 1.4 B <20.0 <20.0
<20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0

2.4 B 4.6 B 3.6 B 2.8 B 4.6 B <10.0 <10.0 2.4 B <10.0 2.1 B
129 B <1000 49.6 B 1730 305 B 167 B 165 B 86.8 B 945 B 768 B

B 1210 B J <5000 B z 1160 B J 1450 B J E J s 1010 B J 1580 B J E 1540 B J 18500 J 2730 B J 2340 B J
31700 25500 30600 34600 28100 26500 27200 34500 31100 26300
217 7.6 B 433 161 319 152 152 220 895 235

46500 66000 44800 49200 30200 31100 31700 52200 49400 38800
<20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0
<100 <100 <100 <100 <100 <100 <100 <100 <100 <100
<20.0 1.4 B <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0
<100 <100 <100 <100 <100 <100 <100 18.8 B <100 44.1 B NA
<0.50 <0.50 <0.50 <0.50 <0.50 NA NA <0.5 <0.5 <0.5 <0.5 <0.5

MCL = Maximum Contaminant Level       *MCL action level
highlight indicates above the MCL, EPA Secondary Drinking Water Standards and/or the State of Illinois Class I Remedial Objective
NA = not analyzed 
"<" = below the detection limit
RL = reporting limit
SS = EPA Secondary drinking water standard
VOC = volatile organic compound
TOC = total organic carbon
1 The Illinois Class I standard referenced is from Section 742. Appendix B, Table E:  Tier 1, Groundwater Remedial Objectives for the Groundwater Component of the Groundwater Ingestion Route, Class I Groundwater.  

Inorganics Organics
LQ = data qualifiers assigned by the laboratory LQ = data qualifiers assigned by the laboratory 
  B = Estimated Result.  Result is less than reporting limit.    J = Estimated result.  Result is less than reporting limit.  
  J = Method Blank Contamination.  The associated method blank contains the target analyte at a reportable level.    U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.  
  U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.  
  E = Matrix interference. VQ = data qualifiers assigned by the data verifier.  

  J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.  
VQ = data qualifiers assigned by the data verifier.    R = The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet quality control criteria.  
  B = The analyte was not detected substantially above the level reported in laboratory or field blanks.           The presence or absence of the analyte cannot be verified.  
  J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analy  U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.  
  U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.    UJ = The analyte was not detected above the reported sample quantitation limit.   
  UJ = The analyte was not detected above the reported sample quantitation limit.             However, the reported quantitation limit is approximate and may or may not represent the actual limit of quantitation 
          However, the reported quantitation limit is approximate and may or may not represent the actual limit of quantitat          necessary to accurately and precisely measure the analyte in the sample. 
          necessary to accurately and precisely measure the analyte in the sample.   c = Calibration failure; poor or unstable response.     
  c = Calibration failure.   m = MS/MSD recovery failure.  
  k = laboratory duplicate imprecision
  m = MS/MSD recovery failure Page 4-13
  o = calibration blank contamination
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TABLE 4-2 
 

Assessment of Federal ARARs and Other Guidelines 
Nike SL-10 Launch Area Groundwater, Maine, Illinois 

 
Regulation Type of ARAR Description Site Applicability 

Archeological Preservation    
Historic Sites Act of 1935 (P.L. 
74-292; 49 Stat. 666; 16 U.S.C. 
461-467) 

Location Requires the preservation of properties of “national 
historical or archeological significance.” 

Remedial Action  

National Historic Preservation Act 
(16 USC 469 36 CFR 65) 

Location Requires that action be taken to preserve artifacts prior to 
alterations, which would threaten significant scientific, 
prehistoric, historic or archeological data.   

Remedial Action  

Archeological Resources 
Protection Act (P.L. 96-95; 93 
Stat. 721; 16 USC 470a) 

Location Details procedures for permits and civil penalties for 
violations.   

Remedial Action 

National Environmental Policy Act  Location Requires evaluation of the effects of major Federal actions 
on environmental (including cultural) resources.   

Remedial Action 

Hazardous Waste    
Resource Conservation and 
Recovery Act 40 CFR 262, 264-
268, 270, 279 

Action/Location Outlines standards for the generation, transportation, and 
disposal of hazardous waste.  Outlines groundwater 
protection, closure and post closure for the management of 
hazardous waste in surface impoundments, waste piles, 
land treatment, landfills, tanks, containers, miscellaneous 
units, and incinerators.  Requires treatment of RCRA 
hazardous wastes prior to being placed in or on the land.  
Facilities must be designed operated and maintained to 
avoid washout by 100-year flood.   

Remedial Action 

Department of Transportation 
40 CFR 171-177 

Action Regulates the transportation of hazardous materials.  Remedial Action 

Department of Transportation, 
HM-164 

Action Outlines routing requirements for transport of hazardous 
materials through states 

Remedial Action 

Department of Transportation, 
Tariff # 6000 

Action Details regulations for transportation of hazardous 
materials and explosives 

Remedial Action 

Water Quality     
Clean Water Act,  
40 CFR 110-113, 122-125, 129, 
131-3 

Action/Chemical Outlines requirements and limitations for discharge of 
treated wastewaters, oil, and toxic effluents to US 
navigable waters (NPDES program) permit.  Defines 
reportable quantities of hazardous substances.   

Remedial Action 
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TABLE 4-2 
 

Assessment of Federal ARARs and Other Guidelines 
Nike SL-10 Launch Area Groundwater, Maine, Illinois 

 
Regulation Type of ARAR Description Site Applicability 

National Primary Drinking Water 
Standards,  
40 CFR 141 

Action/Chemical Establishes primary drinking water standards.  Outlines 
maximum contaminant levels for organics, inorganics, 
turbidity, microbiological constituents, and radionuclides.   

Drinking water wells, 
groundwater discharge to 
surface water sources.  

National Secondary Drinking 
Water Standards 
40 CFR 143 

Action/Chemical Promulgates standards to control contaminants that may 
affect aesthetic qualities of drinking water.  Designed as 
guidelines for states.   

Drinking water wells, 
groundwater discharge to 
surface water sources. 

Effluent Guidelines 
40 CFR 403, 414, 425 

Action/Chemical Defines pretreatment standards for effluent entering a 
publicly owned treatment plant.   

Remedial actions may 
result in discharge of 
water to a treatment 
plant.   

Miscellaneous    
Occupational Safety and Health 
Act, 29 CFR 1910 

Action Regulates worker safety.  29 CFR 1910.120 protects 
workers who have a potential exposure to hazardous 
substances at hazardous waste sites.   

Remedial Action 

Toxic Substances Control Act, 40 
CFR 761 

Chemical/Action Regulates disposal of PCBs in concentrations greater than 
50 ppm.  May apply to other substances such as asbestos.  

Remedial Action if PCBs 
are encountered at 
concentrations greater 
than 50 ppm. 
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5.0 CONTAMINANT FATE AND TRANSPORT 
The nature and extent of contamination identified by the investigations conducted to date at the 
Nike SL-10 Launch Area are discussed in Section 4.0.  A conceptual site model was developed 
based on the data obtained during the previous sampling episodes.  The model presents a 
simplified depiction of conditions at the site with respect to the primary and secondary 
contaminant sources, migration pathways, and important chemical and physical processes 
(Figure 6-1).  This information is further developed in this section to enhance understanding of 
how past Army operations may have impacted the surrounding environment and potential 
receptors, and realistically describe current and potential future migration and resulting levels of 
contamination.  The results of the fate and transport analysis are the basis for quantifying current 
and future levels of contaminant exposure by human and ecological receptors.   

The process of evaluating fate and transport mechanisms requires assumptions based on 
professional judgment.  This judgment is especially important when information such as the type 
and quantity of the contaminants is not known.   

Section 5.1 identified and discussed potential contamination migration routes.  Section 5.2 
discusses contaminant persistence.  Section 5.3 describes the processes related to contaminant 
migration.   

The primary contaminants of concern at the site are VOCs.  The compounds detected above the 
MCL and State standards are chlorinated aliphatic hydrocarbons.  The exact chemical make up 
of the chlorinated compounds that were released at the site and made their way into the 
groundwater is unknown.  PCE and TCE have been detected in the groundwater at the site.  The 
chlorinated solvents PCE and TCE were used at Nike sites.  It is unknown if the other 
chlorinated compounds detected in the groundwater at the site were released from site activities 
or if they are daughter products from the natural degradation of PCE and TCE.  The compounds 
detected are generated by the biological degradation of PCE and TCE.  The data available for the 
VOCs in the groundwater at the site indicates that the source of the contamination is associated 
with the missile assembly and test building.   

Shallow groundwater at the site, from the surface to roughly 20 feet bgs appears to flow to the 
southwest, south, and southeast in the area of the missile assembly and test building.  At times, 
there may be a groundwater divide near the middle of the site, with groundwater flow paths to 
the northeast as well as the southwest.  The dominant flow direction appears to be to the 
southwest (Figures 3-5, 3-7, 3-9, and 3-11).  Deeper groundwater, roughly 20 to 35 feet bgs, 
appears to follow a similar flow pattern (Figures 3-6, 3-8, 3-10, and 3-11).  Elevated 
concentrations of VOCs are generally detected in the shallow groundwater in wells MG-4, MW-
1S, MW-2S, and MW-3S (Appendix B).  Elevated concentrations of VOCs are more wide spread 
in the deeper groundwater associated with the sandy silt unit.  The deep wells where elevated 
concentrations of VOCs have been detected include MG-7, MG-9, MW-1D, MW-2D, MW-7D, 
MW-9, and MW-13.   

VOC results from grab samples collected by ARDL and the results from MW-7D showed that 
there may be a plume of VOC contamination north of the missile assembly and test building.  
The direct push temporary well investigation detected contaminants in the groundwater in this 
area (Appendix G).   
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5.1 POTENTIAL ROUTES OF MIGRATION 
In general, numerous potential migration routes exist in areas contaminated with hazardous 
materials.  Such migration routes include, but are not limited to, groundwater, surface water, 
overland migration of dissolved or adsorbed contaminants, lateral migration of gases through the 
subsurface, and atmospheric migration via particulate or volatile emissions.   

As a result of the nature and extent of contamination at the Nike SL-10 Launch Area and various 
site-specific conditions, the potential migration routes of contaminants at the site fall into the 
following categories:  vertical and horizontal migration through the unsaturated and saturated 
zones; surface transport of shallow soil contaminants via surface runoff; and particulate re-
suspension and atmospheric transport in a prevailing downwind direction.  The VOCs at the 
Launch Area have impacted groundwater, and this is the primary route of migration.  It is 
unknown at this time if the dissolved manganese and thallium in groundwater are naturally 
occurring or the result of site activities.   

At the Nike SL-10 Launch Area, most of the surface area is covered with vegetation.  During the 
RI, soil erosion due to surface runoff was observed to be minimal and only occurred during 
heavy precipitation.  Since a majority of the site area is covered by vegetation, soil erosion by 
surface runoff and wind is expected to be insignificant.  Therefore, transport through surface 
runoff and wind is not considered to be significant under existing site conditions.   

5.2 CONTAMINANT PERSISTENCE  
Several transformation processes are believed to affect the persistence of organic chemicals in 
the environment.  The primary processes affecting contaminant persistence in the environment 
include the following:   

• Abiotic transformation and degradation processes such as hydrolysis, photolysis, and 
oxidation/reduction reactions; and  

• Biological transformation and degradation processes.   

Transformation and degradation processes are discussed below for classes of organic and 
inorganic compounds detected at the site.  The emphasis is on natural attenuation of chlorinated 
solvents.   

5.2.1 Volatile Organic Compounds 
The Nike SL-10 Launch Area was active from 1959 to 1968.  Chlorinated solvents were more 
than likely used at the site during this period, resulting in the existing groundwater 
contamination.  It is unlikely that additional solvents have been disposed of at the Launch Area 
since the site was closed.  The contamination was discovered in MG-4 in 1987, and groundwater 
samples were subsequently collected in 1992, 1994, August 1998, October 1998, December 
1998, 2002, and 2003.  VOCs have been found in the same wells since 1987.  The concentrations 
of several of the VOCs have decreased over the monitoring period.   

The changes in concentrations of VOCs in the monitoring wells over time are illustrated in two 
different sets of graphs.  The first set of graphs shows the change in concentrations of an 
individual compound in wells at the site over time.  The second set of graphs shows the change 
in concentration of all the compounds detected in individual wells over time.  TCE is the main 
contaminant of concern at the site; Figure 5-1 shows the TCE concentrations in all the wells at 
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the site over the entire monitoring period from 1987 to 2002.  The most striking thing in Figure 
5-1 is the drop in TCE concentration in MW-3S from 1998 to 2002.  Part of this drop is likely 
the result of the pump and treat pilot test performed by Law in 1998 and 1999.  MW-3S is up 
gradient from but close to the recovery well RW-1 used during the pilot test.  The graph shows 
that concentrations in some wells, notably MG-7, have gone down and back up again, which is 
not uncommon at sites under investigation.  The trend for the most part seems to be a decrease in 
TCE concentrations in wells at the site over time.   

Figure 5-2 shows the trend in cis-1,2-DCE concentrations between 1998 and 2002.  The 
concentration scale on this graph has been adjusted to best illustrate the data.  Prior to 1998 cis-
1,2-DCE was not reported separately in the laboratory data.  Once again, the concentration 
decreased rapidly in MW-3S during this period.  This decrease may be related to the pilot test.  
Concentrations in the remaining wells appear to be stable to slightly increasing over the period.   

Figure 5-3 shows the trend in trans-1,2-DCE concentrations between 1998 and 2002.  The 
concentration scale on this graph has been adjusted to best illustrate the data.  The changes in 
concentrations do not show a clear pattern; i.e., some wells show increases, some show decreases 
and some are stable.   

Figure 5-4 shows the trend in 1,1-DCE concentrations in all the wells over the period from 1987 
to 2002.  The scales used are to best present the data.  Concentrations of 1,1-DCE fluctuate 
during the pilot test in 1998.  The overall trend in the concentration of 1,1-DCE is decreasing 
over time.   

Figure 5-5 shows the trend in 1,1-DCA concentrations from 1987 to 2002.  There is no clear 
pattern.  Some concentrations are decreasing (e.g., MG-4), some are increasing (e.g., MW-02D), 
and some are not following a clear trend.   

The next set of figures shows the trends in concentration of contaminants in individual wells 
over time.  Figure 5-6 shows the trend in concentrations of contaminants in MG-4 over time.  
MG-4 was so damaged by frost heaving prior to the 2002 sampling event that it was not sampled 
and was ultimately abandoned.  The clear trend in all the MG-4 data is a decrease in 
concentrations of all VOCs.   

Figure 5-7 shows the trend in VOC concentrations in samples from MG-7 over time.  There does 
not appear to be as striking a trend in the concentrations from MG-7.  The concentrations for the 
most part appears to be stable to decreasing.  However, TCE concentrations were higher in 1998 
than in 1992 or 1994. 

Figure 5-8 shows the trend in VOC concentrations in samples from MG-9 from 1992 to 2002.  
TCE concentrations decreased substantially, and other VOC concentrations showed a decrease 
with time, but the concentrations of TCE and 1,1-DCE have increased since 1998.   

Figure 5-9 shows the VOC trend in MW-01D from its installation in 1998 to 2002.  TCE 
concentrations have dropped substantially.  Concentrations of cis-1,2-DCE and trans-1,2-DCE 
have increased slightly at the same time TCE concentrations were falling.  Cis-1,2-DCE and 
trans-1,2-DCE are daughter products of the dehalogenation of TCE.  The increased 
concentrations of cis-1,2-DCE and trans-1,2-DCE may be the result of dehalogenation of TCE—
as the TCE concentrations fall, the concentration of daughter products rises (refer to Section 
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5.2.2).  Some of the variability in concentrations may also be tied to the end of the dual-phase 
pilot test.  Concentrations of other VOCs have been stable to slightly falling during this period.   

Figure 5-10 shows the change in concentration of VOCs in MW-02D over time.  The trend in 
concentrations appears to be decreasing.  The exceptions to this trend are cis-1,2-DCE and trans-
1,2-DCE, which are increasing slightly.   

Figure 5-11 shows the trend in VOC concentrations from 1998 to 2002 in MW-03S.  TCE 
concentrations have fallen substantially, and the overall trend is decreased concentrations.   

5.2.2 Natural Attenuation of VOCs 
Microorganisms can degrade a variety of chlorinated solvents.  The most prevalent and best 
understood biodegradation pathways are electron acceptor reactions (reductive dehalogenation), 
electron donor reactions, and cometabolism (USEPA 1998).  A review of the data collected in 
the November 2002 sampling event indicates that reductive dehalogenation of the chlorinated 
solvents in the groundwater is taking place in the plume associated with the missile assembly and 
test building.  The rate of the biodegradation may be approximated by the rate of decrease in 
TCE concentrations and the rates of generation of daughter products in the groundwater.  It is 
important to keep in mind that other physical processes of natural attenuation of the plume are 
active as well, including advection, dispersion, and adsorption.   

It is assumed that no additional chlorinated solvents have been added to the groundwater at the 
site since the late 1960s.  There has been no evidence to date of free chlorinated solvent products 
in the form of NAPL in the soil or groundwater at the site.  The chlorinated solvents found are 
dissolved and have been in the groundwater for approximately 40 years.  The earliest data 
available on the chlorinated solvents is from the sampling by EEI in 1987 at MG-4.   

As part of the November 2002 and September 2003 sampling events, groundwater samples were 
analyzed for natural attenuation parameters.  The samples collected from the 15 wells sampled 
were analyzed for VOCs using USEPA Method 8260B.  Many of the daughter products of 
biodegradation of chlorinated solvents are reported in 8260B analyses.  Ten selected 
groundwater samples were analyzed for TOC.  Samples were analyzed using field kits for Fe+2 
and CO2 from most of the wells sampled.  In-line instruments were used to record the 
temperature, conductivity, ORP, pH, and DO of each of the wells sampled.  Table 5-1 
summarizes all the natural attenuation parameters recorded and the daughter products reported as 
part of the 8260B analyses.   

As part of the analysis of natural attenuation of chlorinated solvents at the site, a series of 
isoconcentration maps of analytes, maps on which data has been plotted, and 3-D plume models 
are presented in this section.  The data collected has been used to develop lines of evidence for 
the biological degradation of chlorinated solvents in the groundwater at the site, in keeping with 
USEPA guidance (USEPA September 1998; April 1999).   

Figure 5-12 is an isoconcentration map showing the TCE concentrations detected at monitoring 
wells from the 2002/2003 samples.  The MCL and State standard for TCE is 5 µg/L.  It is unclear 
from the available data if the plume south of the missile assembly and test building is connected 
to the plume west of the generator building; dashed lines illustrate this uncertainty.  Monitoring 
well data from the August 1998 sampling was mapped and showed a similar pattern of TCE 
concentrations (Figure 5-13).  Prior to sampling, the dual-phase extraction system had been 
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operating since the end of May 1998.  Data from the October and December 1998 sampling 
events was mapped and shows similar patterns of TCE concentrations.  Figure 5-14 illustrates a 
3-D plume model of the TCE plume at the site.  This figure shows the relationship of the 
lithology logged in the groundwater well borings to the contamination (for more detail on the 
lithology, refer to Appendix C).  In addition, the model shows TCE distribution in 3-D using the 
concentrations detected and the screened intervals of the wells sampled.  Based on the available 
data, the contamination is limited to the sandy silt located generally between 20 and 30 bgs at the 
site.  A vertical representation of the TCE plume was developed for the two cross sections (A-A’ 
and B-B’) described in Section 3.  Figure 5-15 is a site map showing the locations of cross 
sections A-A’ and B-B’.  Figures 5-16 and 5-17 show cross sections A-A’ and B-B’ with the 
TCE plume shown.  Since not all the wells were sampled in November 2002, some of the data 
used to prepare these cross sections was taken from the 1998 sampling events.  A 5 µg/L TCE 
isoconcentration line has been contoured and is shown on the cross sections.  The TCE is present 
in shallow wells near the missile assembly and test building and is detected only in deeper wells 
north and southwest of the building.  TCE concentrations in MW-3S have decreased significantly 
since 1998.  TCE concentrations in the monitoring wells generally decreased between 1998 and 
2002.   

As TCE undergoes reductive dechlorination, cis-1,2-DCE, trans-1,2-DCE, and 1,1-DCE are 
generated as daughter products.  The cis-1,2-DCE isomer is thought to be the dominant product, 
followed by trans-1,2-DCE and 1,1-DCE production (USEPA 1998).  Figure 5-18 illustrates the 
dominant portions of the dehalogenation pathway for chlorinated ethene (USEPA 1998).  Figure 
5-19 shows the concentrations of cis-1,2-DCE for the 2002/2003 samples.  The cis-1,2-DCE 
plume has a footprint similar to that of the TCE plume.  Figure 5-20 illustrates the results of a 3-
D plume model generated with the cis-1,2-DCE data.  The MCL for cis-1,2-DCE is 70 µg/L; the 
model shows all concentrations over 5 µg/L.  This figure models the cis-1,2-DCE concentrations 
in 3-D based on the concentrations of cis-1,2-DCE detected and screened intervals of the wells 
sampled.  In addition, the model shows the lithology of the logged borings inside and outside the 
plume.   

The concentrations of trans-1,2-DCE are plotted on Figure 5-21.  The data was contoured, and a 
line indicates concentrations over ND.  The plume is smaller than the TCE or cis-1,2-DCE 
plumes.  The 3-D plume model generated with the trans-1,2-DCE data is illustrated in Figure 5-
22.  The model shows the 3-D relationship of the trans-1,2-DCE detected to lithology reported in 
the boring logs (Appendix C).  The MCL for trans-1,2-DCE is 100 µg/L; the model shows all 
concentrations over 5 µg/L.   

Figure 5-23 presents the distribution of 1,1-DCE concentrations at the site for the 2002/2003 
sampling events.  The 1,1-DCE plume is similar to the TCE plume, but there is a separate area of 
elevated concentrations to the north around temporary monitoring well DP-8.  This area of 1,1-
DCE contamination may be the remnant of a TCE/PCE plume that has been degraded to 1,1-
DCE.  The 7.0 µg/L isoconcentration line shows a large plume north of the missile assembly and 
test building; the plume west of the generator building may not be connected to the plume south 
of the missile assembly and test building.  The 3-D model for the 1,1-DCE plume is illustrated in 
Figure 5-24.  This figure shows the model outputs for 3-D relationships between 1,1-DCE 
detected and the lithology logged (Appendix C).  The MCL for 1,1-DCE is 7 µg/L; the model 
shows all concentrations over 5 µg/L.   
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PCE has been detected at the site in low concentrations since 1992.  PCE was detected in MG-4 
(five samples) and in MW-3S (one sample).  TCE is generated as PCE undergoes reductive 
dechlorination.  VC has been detected at low concentrations in monitoring wells at the site:  MG-
9 (three samples) and MW-3S (one sample).  VC is generated as cis-1,2-DCE, trans-1,2-DCE, 
and 1,1-DCE undergo reductive dechlorination.  VC can be degraded aerobically (electron donor 
reactions) to ethane, carbon dioxide, water, and chloride ions.  Cometabolism may be occurring 
in some portions of the plume, but the presence of VC in low concentrations in the groundwater 
is evidence of a reductive dehalogenation pathway.   

Ten selected samples were analyzed for TOC (see Table 5-1).  Concentrations range from ND to 
2 mg/L.  TOC concentrations under 20 µg/L would tend to limit reductive chlorination due to the 
lack of a substrate for the microbes to feed on (USEPA 1998).  The data was plotted on a map of 
the site (Figure 5-25).  The deep wells in the vicinity of the plume appear to have the higher (1 to 
2 mg/L) TOC values.  The lack of available carbon may be a limiting factor in the rate of 
reductive dechlorination at the site.   

Field kits were used to analyze samples for Fe+2 from most of the 19 wells sampled in the 
2002/2003 events.  Total iron was reported as part of the TAL metal analysis for the samples.  In 
groundwater samples with relatively high total iron concentrations, the concentration of Fe+2 was 
higher (see Table 5-1).  Samples from the deep wells had higher total iron and Fe+2 
concentrations.  The Fe+2 concentrations for the deep wells are plotted on Figure 5-26, and the 
shallow well data is presented on Figure 5-27.  Wells with no detected Fe+2 were generally 
outside the plume.  Wells within the VOC plume had concentrations of Fe+2.  A reductive 
dechlorination pathway is possible in groundwater with Fe+2 concentrations over 1 mg/L 
(USEPA 1998).  Well MW-9 had a concentration of Fe+2 of 2.05 mg/L, but concentrations in the 
rest of the wells were under 1 mg/L.   

DO data was collected from an in-line sensor during sampling.  DO concentrations are presented 
in Table 5-1.  The DO data for deep wells is plotted and contoured on Figure 5-28 and the 
shallow well data is plotted and contoured on Figure 5-29.  Lower DO concentrations appear to 
be associated with the deep wells.  The microbes involved in reductive dechlorination can 
tolerate only DO under 0.5 mg/L (USEPA 1998).  The DO concentrations in the area of the 
plume were all in the range of 0.5 to 5 mg/L.  Concentrations over 5 mg/L were detected in 
shallow wells outside the plume.   

ORP data was collected from an in-line sensor during sampling.  ORP data is presented in Table 
5-1.  The ORP data for the deep wells is plotted and contoured on Figure 5-30.  The shallow well 
data is plotted and contoured on Figure 5-31.  The deep wells had the lower ORP readings.  ORP 
readings <50 millivolts (mV) indicate that the reductive pathway is possible, and readings <-100 
mV indicates that a reductive pathway is likely (USEPA 1998).  Most of the wells within the 
plume had readings <50 mV; three deep wells on the site had readings <-100 mV.   

Data on pH was collected from each of the wells sampled using an in-line sensor.  The data is 
presented in Table 5-1.  The range of pH values was from 6.16 to 7.31.  Higher pH readings were 
associated with the deep wells.  The optimal range for reductive dechlorination is greater than 5 
but less than 9 (USEPA 1998).   

Samples were analyzed for carbon dioxide using a field kit.  Carbon dioxide data is presented in 
Table 5-1.  Carbon dioxide readings of two times background are indicative of reductive 

200.1e
E05IL008105_03.10_0002_a

200.1e



USACE Louisville District 
Nike SL-10 Launch Area Groundwater RI/FS/PP/ROD Project 

Final RI Report – 11/05 

Page 5-7 

dechlorination.  Carbon dioxide is the ultimate daughter product of reductive dechlorination 
(USEPA 1998).  With the exception of MW-6S and MW-7S, the carbon dioxide readings within 
the plume were higher than those outside the plume; in most cases, the readings inside the plume 
were twice those outside.   

Temperature readings were recorded from an in-line sensor during sampling (Table 5-1).  The 
temperatures recorded were in the range of 11.2o C to 17.04o C.  Temperatures over 20o C 
accelerate biochemical processes (USEPA 1998).   

Conductivity readings were recorded from an in-line sensor during sampling (Table 5-1).  As 
would be expected, conductivity readings were higher in areas where VOCs are present in the 
groundwater.   

Contaminant source term calculations were not made because no NAPL or evidence of NAPL 
has been detected in the groundwater at the site.  A tracer test has not been performed at the Nike 
SL-10 Launch Area; therefore, data set normalization to confirm and quantify biodegradation is 
not possible (USEPA 1998).  The electron receptor and metabolic byproduct maps presented 
earlier confirm the possibility of a low rate of reductive dechlorination of the solvents.  Figure 5-
32 illustrates the TCE plume and the plumes of daughter products from the degradation of TCE 
at the site.  The figure shows the plan views of the isoconcentration lines for TCE, cis-1,2-DCE, 
trans-1,2-DCE, and 1,1-DCE.  The figure illustrates that where TCE is present, daughter 
products are also present, supporting the idea that TCE is being degraded at the site.   

5.2.3 Inorganic Constituents 
Both abiotic and biotic processes may affect the speciation of metals in soil or groundwater.  
Although speciation may affect metal mobility, it does not affect metal persistence.  Metals will 
remain in the environment in one form or another.   

5.3 CONTAMINANT MIGRATION 
This section describes the processes that govern migration of contaminants through soil and 
groundwater.  Fundamental processes that affect the migration of pollutants through soil and 
groundwater include adsorption, volatilization, dissolution and precipitation, advection and 
dispersion, and diffusion.  These processes are discussed below for the conditions at the site.   

5.3.1 Adsorption 

The migration of pollutants through the subsurface is greatly affected by the extent to which they 
are adsorbed to soil.  In the saturated zone, the potential for adsorption of chemical constituents 
on soil is typically expressed as Kd [L3/M].  The distribution coefficient Kd can be represented 
by:   

Kd =(foc)(Koc) 

where foc, [M/M] is the fraction of organic carbon and Koc [L3/M] is the soil adsorption 
coefficient normalized to total organic carbon content.  The fractions of soil organic carbon from 
the soil samples collected in MW-13 and MW-14 are 1.2 x 10–4 mg carbon per mg of soil and 1.1 
x 10–4 mg carbon per milligram of soil, respectively.  The average value is 1.15 x 10-4 mg carbon 
per milligram of soil.   
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The two soil samples analyzed for TOC were collected from MW-13 and MW-14 from 23.5 to 
25 feet bgs in each boring.  Both samples were described as silty sand with little gravel 
(Appendix C).  The samples were collected using a decontaminated split spoon sampler that was 
driven into the soil at depth; the sampler was recovered and the sample collected.  The samples 
were collected in 8-ounce jars and preserved on ice.  The samples were shipped under chain of 
custody to Severn Trent Laboratories (STL) for TOC analysis on August 27, 2003.  The 
laboratory analytical report is presented in Appendix K.   

Soil samples from the silt-clay unit overlying the sandy silt were not collected for foc 
determination.  Values for foc were taken from a table presenting values for various soil types 
(USEPA 1998).   

Batch and column tests have been performed on a wide range of contaminant types and 
concentrations and aquifer conditions.  Numerous studies have been performed using the results 
of these tests to determine whether relationships exist that are capable of predicting the 
adsorption characteristics of a chemical based on easily measured parameters.  The results of 
these studies indicate that the amount of adsorption is strongly dependent on the amount of 
organic carbon present in the aquifer matrix and the degree of hydrophobicity exhibited by the 
contaminant (Bailey and White 1970; Brown and Flagg 1981; Chiou et al. 1983; Hassett et al. 
1983; Karickhoff et al. 1979; Kenaga and Goring 1980; Schwarzenbach and Westall 1981).  
These researchers observed that the distribution coefficient, Kd, was proportional to the organic 
carbon fraction of the aquifer times a proportionality constant.  This proportionality constant, 
Koc, is defined by the equation:   

Koc = Kd / foc 

In effect, this equation normalizes the distribution coefficient to the amount of organic carbon in 
the aquifer matrix.  Because it is normalized to organic carbon, values of Koc are dependent only 
on the properties of the compound, not on the type of soil.  Values of Koc have been determined 
for a wide range of chemicals (USEPA 1998).  The variability in values for Koc is a function of 
the temperature of the aqueous solution and aqueous solubility of the compound in question used 
to generate the experimental data.  Several of the tabulated values of Koc for site contaminants 
were used in the calculations in Table 5-2.  The Koc values chosen were selected to include the 
range of values tabulated.   

Chemicals with high Koc, generally have low water solubilities, and vice versa.  VOCs are 
relatively mobile in the subsurface environment and are not preferentially bound to the soil 
phase.  Because of their solubility, these compounds are subject to groundwater transport.   

The distribution coefficient can, in turn, be used to estimate the potential for attenuation of a 
contaminant as a result of adsorption.  The following dimensionless parameter is commonly 
applied in solute transport modeling (Javendel et al. 1984):   

R = 1 + (rho/n) Kd 

where: R = retardation factor 
rho = soil bulk density (kg/L) 
n = effective porosity of the soil 
Kd = distribution coefficient (L/kg) 
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The retardation factor can be interpreted as the velocity of a contaminant relative to the velocity 
of the groundwater.  A retardation factor close to 1.0 indicates that the contaminant has little 
tendency to bind to soils, and thus moves freely in groundwater.  By contrast, the larger the value 
of R, the greater the tendency for a contaminant to bind to the soil matrix and, consequently, the 
slower it will move in groundwater.  R values for the contaminants in the plume have been 
calculated and are presented in Table 5-2.  The silt-clay unit over-lying the sandy silt has R 
values ranging from 11 to 42, and the velocity of the groundwater was calculated at 15 feet/year.  
The VOCs may have been significantly retarded by the silt-clay unit as they infiltrated into the 
groundwater beneath the site.  However, it is possible that preferential pathways existed in the 
silt-clay unit and that the contaminants were not slowed by the unit as much as predicted by the 
values calculated.  In addition, in studies performed at other sites, solvents have been found to 
modify the properties of clays to, in effect, increase the soils’ hydraulic conductivity and speed 
their migration through the clay matrix.  When the VOCs reached the sandy silt material in the 
aquifer at the site, the retardation was much less and the contaminants moved with the 
groundwater more readily.  The R values calculated are close to 1.0, so retardation would be 
expected to have only a small effect on the movement of the VOCs with the groundwater.  The 
groundwater velocity for the sandy silt is calculated at 159 feet/year.   

5.3.2 Volatilization 
Volatilization is the movement of a constituent from the liquid or solid phase to the gas phase.  
The potential for volatilization of a compound is typically expressed as either vapor pressure of 
the compound or as Henry's law constant.  Larger Henry's law constants indicate a greater 
tendency to escape the water phase and enter soil pore spaces or the atmosphere.   

Volatilization is of primary significance when environmental interfaces such as surface soil/air 
and surface water/air are important, rather than in the evaluation of groundwater and subsurface 
soils.  The vapor pressures for VOCs are generally many times higher than the vapor pressures 
for SVOCs.  Chemicals with higher vapor pressures are expected to enter the atmosphere much 
more readily than chemicals with lower vapor pressures.  Since contamination by VOCs was not 
evident or suspected in the first several inches of soil, volatilization is not an important 
attenuation mechanism at the site.   

5.3.3 Dissolution and Precipitation 
The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is 
proportional to its water solubility.  More soluble chemicals are expected to enter water much 
more readily and rapidly than less soluble chemicals.  VOCs are several orders of magnitude 
more soluble in water than SVOCs.   

In general, "like dissolves like," meaning that a polar solvent such as water best dissolves polar 
solutes such as, inorganic salts.  The solubility in water of organic compounds, which are 
relatively nonpolar to varying degrees, depends on the polarity of the solute, sometimes 
expressed as the dielectric constant of the compound.   

Dissolution and precipitation of inorganic species may be dependent on chelation, complexation, 
acid-base reactions, oxidation-reduction reactions, and other processes.  One of the difficulties in 
working with inorganic contaminants is that all of these processes can be operating 
simultaneously.  Therefore, it is sometimes difficult to determine which is the most important at 
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a site.  The relative importance of these processes not only varies from site to site but may also 
vary from one area to another area within a given site.  Oxidation-reduction (redox) reactions are 
important to subsurface contamination, because the chemical properties for the elements can 
change substantially with changes in oxidation state.  Because redox reactions involve the 
transfer of electrons, the change in oxidation state of one element necessitates a change in the 
oxidation state of another.  Redox reactions cannot occur unless both a suitable electron donor 
and a suitable electron receptor are present.  The redox state is measured by an electrical 
potential in volts or millivolts at a standard electrode.  This potential is called Eh of groundwater.  
Redox conditions in natural aquifers vary from highly oxidizing conditions (+ 800 to + 900 mV) 
to very reducing conditions (-200 mV).  Table 5-1 presents the oxidation reduction potential and 
pH values of the aquifer measured at monitoring wells.  In general, these values indicate neutral 
pH and redox conditions.  Dissolution of inorganic compounds at the site appears to be 
influenced significantly by these two factors.  If the concentrations of certain ions are sufficiently 
high, they may be removed from solution by the formation of solid phase precipitation.  These 
precipitated minerals may dissolve later if physicochemical conditions in that portion of the 
aquifer change.   

5.3.4 Advection and Dispersion 
Advection describes mass transport due simply to the flow of the water in which the mass is 
dissolved.  The direction and rate of transport coincide with those of groundwater.  But dissolved 
compounds are subject to adsorption and attenuation by the solid surfaces that the water contacts, 
resulting in a solute velocity that is less than the water velocity.  As discussed previously, the 
amount of retardation will be equal to the retardation factor, R.   

In Section 3.6.4 of the draft BRA, there is a discussion of the constituent transport velocity of 
contaminants at the site.  Because of the limited site-specific data available, conservative 
assumptions were used in the calculations.  The velocity of TCE moving in the groundwater in 
the overlying clay/silt was estimated to be between 0.37 feet/year and 11 feet/year.  The time 
required to travel the 90 feet to the former well at the ready building was estimated between 8 
and 240 years.  The well at the ready building has been abandoned, and the ready building is no 
longer used as a residence.  These estimates assume that biodegradation and other attenuation 
mechanisms are not taking place during constituent migration (ESE 1995).  The contaminants 
move slowly through the overlying clay/silt unit.   

It is suspected that VOC transport is taking place in the sandy silt.  The groundwater and 
constituent velocities in the sandy silt were calculated.  The equation to calculate linear 
groundwater flow velocity is (USEPA 1998):   

 

vx    =     K   dH 
               ne  dL 

where:   

 vx = average linear groundwater velocity parallel to groundwater flow direction [L/T] 
 K = hydraulic conductivity [L/T] 
 ne = effective porosity [L3/L3] 
 dH = hydraulic gradient [L/L] 
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 dL 

The groundwater flow velocity through the sandy silt unit at the site was estimated using the 
equation above.  The average K value for the three slug tests performed in the sandy silt is 4.4 x 
10-3.  This value is in the range for silty sands, fine sands, and well-sorted sands (Fetter 1988).  
The effective porosity used in the calculation was the average of the range of values for fine 
sands 0.1 to 0.3, or 0.2 (USEPA 1998).  The hydraulic gradient used is the average of the 
November 2002, August 2003 and September 2003 data:  0.007 cm/cm.  The linear groundwater 
flow velocity calculated using these values is 1.54 x 10-4 cm/sec.  This value is thought to be near 
the middle of the range of possible values for the groundwater velocity and appears reasonable 
based on the contaminant data available for the site.   

The constituent transport velocity for the VOCs of concern at the site were calculated using:   

vc     =               vx      
                      1   +  ρbKd 
                                  n 

where:   

 vc = average velocity of constituent parallel to groundwater flow  
 ρb = bulk density 
 Kd = distribution coefficient 
 n = total porosity 

(For the derivation of this equation, see USEPA 1998, Appendix C.)  The bulk density range for 
a fine sand was used from 1.37 gm/cm3 and 1.81 gm/cm3; the average value in this range was 
used in the calculations:  1.59 gm/cm3.  The distribution coefficient (Kd) for the contaminants 
was calculated using the high, low, and average of the soil adsorption coefficients where 
available for each of the contaminants (USEPA 1998).  The fraction of soil organic carbon from 
the soil samples collected in MW-13 and MW-14 are 1.2 x 10–4 mg carbon per mg of soil and 1.1 
x 10–4 mg carbon per milligram of soil, respectively.  The average value is 1.15 x 10-4 mg carbon 
per mg of soil.  The total porosity was estimated at between 0.26 and 0.53, which is the range for 
fine sand (USEPA 1998); the average value used in the calculations was 0.4.  The calculations 
have been tabulated and are presented in Table 5-2.  The groundwater velocity is on the order of 
150 feet/year.  The velocities of the contaminants ranged from 137 to 159 feet/year.  The 
contaminant velocity is slightly slower than the groundwater velocity; the contaminants are 
retarded in comparison to the groundwater.  R values are presented in Table 5-2.  A sensitivity 
analysis was conducted using the range of possible variables for the inputs to these equations.  
Results are possible over a range of several orders of magnitude higher or lower than these 
velocity values, depending on the inputs used.  These estimates assume that biodegradation and 
other attenuation mechanisms are not taking place during constituent migration.  The laboratory 
report for the soil TOC results is in Appendix K.   

The plume appears to have migrated approximately 300 feet from the unknown source near the 
missile assembly and test building over a period of roughly 35 years (approximately 8.6 ft/yr), 
much less than would be expected based on the calculated contaminant velocities in the 
groundwater.  The contaminant flux into the groundwater at the site, if any, is unknown.  It is 
assumed, based on the concentration trend analysis, that the plume is getting smaller and 
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concentrations within the plume are dropping over time.  An ongoing source of contamination 
seems unlikely on the basis of this analysis.   

Dispersion is a process of fluid mixing that causes a zone of mixing to develop between a fluid 
of one composition that is adjacent to, or being displaced by, a fluid of another composition 
(Domenico and Schwartz 1990).  Dispersion creates a zone of mixing between the displacing 
fluid and the fluid being displaced.  Also, dispersion spreads some of the mass beyond the region 
it would occupy as a result of advection alone.  There is a spreading both in longitudinal and 
transverse directions.  Dispersion in three dimensions involves spreading in two transverse 
directions as well as longitudinally.  Transverse dispersion will reduce concentrations 
everywhere behind the advective front, while longitudinal dispersion will do so only at the 
frontal portions of a plume.   

5.3.5 Diffusion 
Diffusion is the movement of a compound from a region of high concentration to a region of low 
concentration, through water or air.  Diffusion in some limited way may move metals in 
groundwater from areas of high concentration to areas of lower concentration.   
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TABLE 5-1
Natural Attenuation Data

Nike SL-10 Launch Area Groundwater
Groundwater Monitoring Wells and Direct Push Point Samples

Date Time Temperature pH ORP Conductivity DO* Carbon TOC RL LQ VQ Iron RL LQ VQ Ferrous PCE RL LQ VQ TCE RL LQ VQ cis-1,2-DCE RL LQ VQ trans-1,2-DCE RL LQ VQ 1,2-DCE RL LQ VQ 1,2-DCA RL LQ VQ 1,1-DCE RL LQ VQ 1,1-DCA RL LQ VQ 1,1,1-TCA RL LQ VQ VC RL LQ VQ
(degrees C) mV uS/cm mg/L Dioxide mg/L (total) Iron ug/L ug/L ug/L ug/L (total) ug/L ug/L ug/L ug/L ug/L

mg/L mg/L mg/L ug/L
Sampling Event:  Plexus 11/02

MG-1 Not sampled
MG-2 11/12/02 13:30 13.45 6.16 224 595 5.51 46 0.9 1 B <1000 1000 0 <1.0 1.0 <1.0 1.0 0.75 1.0 J <1.0 1.0 0.75 1 J <1.0 1 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0
MG-3 Not sampled
MG-4 Not sampled
MG-5 11/12/02 15:07 14.33 7.31 -149 610 1.25 NA NA 1630 1000 NA <1.0 1.0 <1.0 1.0 3.8 1.0 1.4 1.0 5.2 1 <1.0 1 0.45 1.0 J <1.0 1.0 <1.0 1.0 <1.0 1.0
MG-6 Not sampled
MG-7 Not sampled
MG-8 Not sampled
MG-9 11/13/02 12:50 15.16 7.14 -46 710 1.19 60 0.9 1 B 594 1000 B 0.6 0.96 1.0 J 77 1.0 9.1 1.0 12 1.0 21 1 1.2 1 110 1.0 6.9 1.0 1.6 1.0 0.66 1.0 J
MW-1 S Not sampled
MW-1 D 11/12/02 16:36 14.55 6.75 -4 818 1.2 92 2 1 390 1000 B 0.6 <2.0 2.0 180 2.0 140 2.0 27 2.0 170 2 E 2.5 2 27 2.0 14 2.0 <2.0 2.0 1.4 2.0 J
MW-2 S Not sampled
MW-2 D 11/13/02 9:25 14.51 6.86 34 774 1.82 80 1 1 216 1000 B 0.5 <1.3 1.3 190 1.3 53 1.3 24 1.3 82 1.3 8.3 1.3 160 1.3 42 1.3 <1.3 1.3 1.8 1.3
MW-3 S 11/14/02 11:21 16.4 6.75 185 622 4.2 30 0.8 1 B <1000 1000 0.3 <1.3 1.3 200 1.3 82 1.3 11 1.3 100 1.3 5.3 1.3 J 16 1.3 7.4 1.3 0.56 1.3 J <1.3 1.3
MW-3 D Not sampled
MW-4 S Not sampled
MW-4 D Not sampled
MW-5 S 11/13/02 11:07 15.98 6.44 181 666 3.83 44 0.7 1 B <1000 1000 0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1 <1.0 1 3.9 1.0 0.68 1.0 J <1.0 1.0 <1.0 1.0
MW-5 D Not sampled
MW-6 S 11/13/02 14:10 16.05 6.44 184 690 4.59 108 NA <1000 1000 0 <1.0 1.0 <1.0 1.0 0.8 1.0 J <1.0 1.0 0.8 1 J <1.0 1 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0
MW-6 D 11/13/02 15:35 15.27 7.17 -79 643 1.18 60 NA 619 1000 B 0.8 <1.0 1.0 0.58 1.0 J 2.8 1.0 <1.0 1.0 2.8 1 <1.0 1 <1.0 1.0 0.96 1.0 J <1.0 1.0 <1.0 1.0
MW-7 S 11/14/02 8:32 17.04 6.21 320 567 3.99 118 NA <1000 1000 0.1 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1 <1.0 1 <1.0 1.0 0.33 1.0 J <1.0 1.0 <1.0 1.0
MW-7 D 11/14/02 9:42 16.38 6.82 39 649 1.16 NA NA 129 1000 B NA <1.0 1.0 8.6 1.0 23 1.0 <1.0 1.0 23 1 1.7 1 7.0 1.0 5.1 1.0 <1.0 1.0 0.62 1.0 J
MW-8 S 11/12/02 9:37 14.90 6.82 189 656 5.82 46 0.8 1 B <1000 1000 0 <1.0 1.0 1.9 1.0 <1.0 1.0 <1.0 1.0 <1.0 1 <1.0 1 2.9 1.0 <1.0 1.0 0.39 1.0 J <1.0 1.0
MW-8 D 11/12/02 11:19 14.37 7.06 -162 666 1.83 44 0.8 1 B 49.6 1000 B 0 <1.0 1.0 0.57 1.0 J <1.0 1.0 <1.0 1.0 <1.0 1 <1.0 1 0.81 1.0 J <1.0 1.0 <1.0 1.0 <1.0 1.0
MW-9 11/11/02 16:39 13.73 7.25 -362 690 1.07 60 2 1 1730 1000 2.05 <1.0 1.0 46 1.0 6.4 1.0 16 1.0 22 1 0.82 1 J 85 1.0 6.2 1.0 0.52 1.0 J 0.55 1.0 J
MW-10 11/11/02 14:52 11.21 7.25 -27 539 1.3 38.75 0.7 1 B 305 1000 B 0.55 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1 <1.0 1 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0

Sampling Event:  Plexus 05/03**
DP-01 5/20/03 11:50 14.4 6.68 88 380 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-02 5/20/03 11:05 13.6 6.58 92 572 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 0.93 1.0 J - 0.71 1.0 J - <1.0 1.0 - <1.0 1.0 -
DP-03 5/20/03 10:00 13.2 6.25 85 746 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - 3.8 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 0.41 1.0 J - 0.70 1.0 J - <1.0 1.0 - <1.0 1.0 -
DP-04 5/20/03 8:35 14.2 6.37 59 756 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - 33 0.50 - 0.38 0.50 J - NA - - - <1.0 1.0 - 3.7 1.0 - 7.2 1.0 - <1.0 1.0 - 0.55 1.0 J -
DP-05 5/20/03 16:10 17.3 6.52 105 392 - NA NA - - - NA - - - NA <1.0 1.0 - 1.9 1.0 - 4.8 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 2.3 1.0 - 0.82 1.0 J - <1.0 1.0 - <1.0 1.0 -
DP-06 5/20/03 16:45 15.1 6.97 113 467 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 21 1.0 - 3.6 1.0 - 1.7 1.0 - <1.0 1.0 -
DP-07 5/22/03 16:30 16 7.28 139 479 - NA NA - - - NA - - - NA <1.0 1.0 - 3.2 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 4.7 1.0 - 1.9 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-08 5/21/03 8:36 12.8 6.80 106 548 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-09 5/20/03 15:25 15.6 6.47 104 553 - NA NA - - - NA - - - NA 0.58 1.0 J - 2.1 1.0 - 2.3 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - <1.0 1.0 - 0.34 1.0 J - <1.0 1.0 - <1.0 1.0 -
DP-10 5/20/03 13:45 16.9 6.60 100 420 - NA NA - - - NA - - - NA <1.0 1.0 - 19 1.0 - 3.9 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 6.3 1.0 - 1.2 1.0 - 0.58 1.0 J - <1.0 1.0 -
DP-11 5/21/03 9:20 13.2 6.54 119 547 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - 0.39 0.50 J - <0.50 0.50 - NA - - - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-12 5/21/03 10:10 14 6.24 132 610 - NA NA - - - NA - - - NA <2.5 2.5 - 10 2.5 - 70 1.20 - <1.2 1.20 - NA - - - <2.5 2.5 - 1.4 2.5 J - 4.0 2.5 - <2.5 2.5 - <2.5 2.5 -
DP-13 5/21/03 13:40 14.6 6.76 123 614 - NA NA - - - NA - - - NA <1.0 1.0 - 4.1 1.0 - 0.46 0.50 J - <0.50 0.50 - NA - - - <1.0 1.0 - 16 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-14 5/21/03 11:50 17.5 6.62 121 446 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-15 5/22/03 7:30 12.2 6.47 96 544 - NA NA - - - NA - - - NA <1.0 1.0 - 4.1 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 15 1.0 - 2.6 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-16 5/21/03 11:00 16.6 6.81 126 349 - NA NA - - - NA - - - NA <1.0 1.0 - <1.0 1.0 - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-17 5/22/03 8:20 13.1 7.03 102 960 - NA NA - - - NA - - - NA <5.0 5.0 - 41 5.0 - 10 2.50 - 10 2.50 - NA - - - 8.6 5.0 - 110 5.0 - 22 5.0 - <5.0 5.0 - <5.0 5.0 -
DP-18 5/21/03 15:10 16.7 6.43 118 748 - NA NA - - - NA - - - NA <1.0 1.0 - 1.5 1.0 - 3.5 0.50 - 1.4 0.50 - NA - - - 0.54 1.0 J - 9.2 1.0 - 1.5 1.0 - <1.0 1.0 - 0.62 1.0 J -
DP-19 5/21/03 14:30 15 6.51 113 368 - NA NA - - - NA - - - NA <1.0 1.0 - 0.53 1.0 J - <0.50 0.50 - <0.50 0.50 - NA - - - <1.0 1.0 - 2.2 1.0 - <1.0 1.0 - <1.0 1.0 - <1.0 1.0 -
DP-20 5/21/03 16:00 16.6 6.98 114 14.3 - NA NA - - - NA - - - NA <1.0 1.0 - 4.0 1.0 - 6.6 0.50 - 8.8 0.50 - NA - - - 1.7 1.0 - 3.5 1.0 - 2.1 1.0 - <1.0 1.0 - <1.0 1.0 -

Sampling Event:  Plexus 09/03
MW-11 9/9/03 19:15 14.27 7.85 -63 378 4.28 42.5 NA - - - 167 1000 B 0.1 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0
MW-12 9/10/03 9:30 16.02 8.18 -122 422 0 40 NA - - - 86.8 1000 B 0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0
MW-13 9/9/03 16:20 15.26 8.38 -294 429 0 64 NA - - - 945 1000 B 1.1 <1.0 1.0 3.2 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 11 1.0 0.92 1.0 J <1.0 1.0 <1.0 1.0
MW-14 9/10/03 8:47 15:15 8.3 -207 558 0.18 50 NA - - - 768 1000 B 0.4 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.0

ORP - oxidation reduction potential TCE - trichloroethylene NA - not analyzed LQ - laboratory qualifiers
degrees C - degrees Celsius PCE - tetrachloroethylene -  - not available   B - inorganics - Estimated result.  Result is less than reporting limit.  
uS/cm - micro siemens per centimeter DCE - dichloroethylene TOC - total organic carbon   J - organics - Estimated result.  Result is less than reporting limit.  
mV - millivolts TCA - trichloroethane   E - organics - Matrix interface.  
DO - dissolved oxygen DCA - dichloroethane
mg/L - milligrams per liter VC - vinyl chloride VQ - verifier qualifiers

  J - organics - The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.  
* DO - the DO meter would not calibrate on 11/14/02 the readings were taken without calibration.  
** Laboratory data from the direct push investigation was not verified.  A flow through cell was not used on the field meter.  
Bold indicates a reported result or concentration above detection limits.  
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TABLE 5-2

Calculated Groundwater Flow Velocity and
Contaminant Flow Velocities

Groundwater Velocity Calculation
Hydraulic Effective Hydraulic Average Linear Conversion

Conductivity Porosity Gradient Groundwater Factor
Flow Velocity

K ne dH/dL vx vx vx
L/T L3/L3 L/L L/T

cm/sec cm3/cm3 cm/cm cm/sec ft/day ft/day ft/yr
4.40E-03 0.2 0.007 1.54E-04 2835 0.44 159

Contaminant Velocity Calculation
Bulk Soil Fraction Distribution Total Contaminant Conversion

Density Sorption Soil Coefficient Porosity Velocity Factor
Coefficient Organic

Carbon
ρb Koc foc Kd n vc vc vc R

L3/M M/M L3/M L3/L3
gm/cm3 L/Kg Kg/Kg L/Kg cm3/cm3 cm/sec ft/day ft/day ft/yr

TCE 1.59 87 1.15E-04 1.00E-02 0.4 1.48E-04 2835 0.42 153 1.04
1.59 150 1.15E-04 1.73E-02 0.4 1.44E-04 2835 0.41 149 1.07
1.59 118.5 1.15E-04 1.36E-02 0.4 1.46E-04 2835 0.41 151 1.05

cis-1,2-DCE 1.59 80.2 1.15E-04 9.22E-03 0.4 1.49E-04 2835 0.42 154 1.04
1.59 49 1.15E-04 5.64E-03 0.4 1.51E-04 2835 0.43 156 1.02
1.59 64.6 1.15E-04 7.43E-03 0.4 1.50E-04 2835 0.42 155 1.03

trans-1,2-DCE 1.59 36 1.15E-04 4.14E-03 0.4 1.52E-04 2835 0.43 157 1.02
1.59 80.2 1.15E-04 9.22E-03 0.4 1.49E-04 2835 0.42 154 1.04
1.59 58.1 1.15E-04 6.68E-03 0.4 1.50E-04 2835 0.43 155 1.03

1,1-DCE 1.59 64.6 1.15E-04 7.43E-03 0.4 1.50E-04 2835 0.42 155 1.03
1.59 150 1.15E-04 1.73E-02 0.4 1.44E-04 2835 0.41 149 1.07
1.59 107.3 1.15E-04 1.23E-02 0.4 1.47E-04 2835 0.42 152 1.05

PCE 1.59 209 1.15E-04 2.40E-02 0.4 1.41E-04 2835 0.40 145 1.10
1.59 359 1.15E-04 4.13E-02 0.4 1.32E-04 2835 0.38 137 1.16
1.59 284 1.15E-04 3.27E-02 0.4 1.36E-04 2835 0.39 141 1.13

VC 1.59 0.4 1.15E-04 4.60E-05 0.4 1.54E-04 2835 0.44 159 1.0002
1.59 56 1.15E-04 6.44E-03 0.4 1.50E-04 2835 0.43 155 1.03
1.59 28.2 1.15E-04 3.24E-03 0.4 1.52E-04 2835 0.43 157 1.01

1,1-DCA 1.59 40 1.15E-04 4.60E-03 0.4 1.51E-04 2835 0.43 156 1.02
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Figure 5-1 
SL-10 Monitoring Well Data Trichloroethene (TCE) 

Summary 1987 to 2002
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Figure 5-2 
SL-10 Monitoring Well Data cis-1,2-Dichloroethene (cis-1,2-DCE) 

Summary 1998 & 2002 Events
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Figure 5-3 
SL-10 Monitoring Well Data trans-1,2-Dichloroethene (trans-1,2-DCE)

Summary 1998 & 2002 Events
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Figure 5-4 
SL-10 Monitoring Well Data 1,1-Dichloroethene (1,1-DCE) 

Summary 1987 to 2002
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Figure 5-5 
SL-10 Monitoring Well 1,1-Dichloroethane (1,1-DCA) Data 

Summary 1987 to 2002
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Figure 5-6
Groundwater Monitoring Data MG-4 SL-10

Summary 1987 to 1998 Events
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Figure 5-7
Groundwater Monitoring Data MG-7 SL-10

Summary 1992 to 1998 Events
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Figure 5-8
SL-10 Monitoring Well MG-9

Summary 1992 thru 2002 Events
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Figure 5-9
SL-10 Monitoring Well MW-01D
Summary 1998 and 2002 Events
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Figure 5-10
SL-10 Groundwater Monitoring Data MW-02D

Summary 1998 and 2002 Events 
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Figure 5-11
SL-10 Monitoring Well MW-03S

Summary 1998 and 2002 Events 
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Source:  EPA 1998 
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6.0 RISK ASSESSMENT 
ESE prepared a BRA for the site in 1995.  The primary risk from groundwater contamination at 
the site was to the resident caretaker, who, at the time, was living in the ready building and using 
water from a well just east of the building.  In 1996, the county abandoned the well, and the 
ready building is no longer used as a residence.   

The groundwater contaminant plume at the site has been characterized and appears to be limited 
to the site property.   

The BRA was evaluated as part of the RI effort.  An update of the BRA was planned as part of 
the RI, and the updated BRA was to be included in this report.  It was discovered that the data 
that was used in preparing the BRA had not been validated following laboratory analysis.  It is 
the policy of CELRL that data that has not been validated cannot be used in the preparation of a 
risk assessment, thus the BRA will not be updated.   

The data collected by Plexus in 2002 and 2003 has been verified and will be validated.  An 
HHRA has been prepared using the groundwater data from the 2002 and 2003 RI samples.  The 
results of this HHRA are presented below.  Since only groundwater data is available, an 
ecological risk assessment is not possible.  A site-wide human health and ecological risk 
assessment may be prepared at some future time.   

6.1 INTRODUCTION 
An HHRA has been completed for the Nike SL-10 Launch Area groundwater plume.  The 
purpose of this assessment was to evaluate the chlorinated solvent plume associated with the 
missile assembly and test buildings underlying the SL-10 Launch Area to determine whether the 
plume would result in unacceptable risks to humans.  As described in earlier sections, the 
groundwater is not currently used for any purpose and off-site users are not impacted by the 
plume.  The site is currently owned and used by Madison County.  The Department of Public 
Works uses the site for equipment and materials storage.  The Sheriff’s Department uses a 
portion of the site as a firing range.  Although very unlikely, it was assumed for the purposes of 
the risk assessment that the owner and use of the property would change to residential in the 
future with the new owner using the groundwater as the water source for the residence.   

Past and recent sampling events have indicated that the groundwater contaminant plume consists 
of VOCs, namely TCE and PCE, which were historically used at the site for parts cleaning and 
degreasing.  Metals have also been detected in the groundwater but it is not clear if they are site-
related or naturally-occurring.  The risks associated with using the groundwater as a drinking 
water source and other indoor residential uses were evaluated (i.e., dermal contact while 
bathing/showering and inhalation of VOCs while showering).  In addition, the risks associated 
with the potential migration of VOCs into buildings were evaluated.  The risk assessment 
follows current USEPA guidelines for risk assessment and the appropriate IEPA guidance.   

6.1.1 Role of the Human Health Risk Assessment 
The HHRA serves multiple roles in the decision-making process, including these:   

 Describes the potential risks if no actions are taken (i.e., baseline conditions);  
 Assists in determining the need for a remedial action at the site; and  
 Establishes a basis for determining cleanup goals, if necessary.   
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The risks from exposure to contaminated groundwater associated with the potential future uses 
of the site are evaluated in the HHRA.  It is possible that the site could be developed in the future 
and used much more frequently.  Thus, this evaluation focuses on the risks to hypothetical future 
residents.  While other exposure scenarios are possible, the evaluated scenario represents high-
end exposures.  Other scenarios would result in lower exposure potential and lower risk.  Risks 
(cancer and noncancer) were estimated based on the assumption that the contaminated 
groundwater was the primary source of water for the hypothetical residents.  Given the presence 
of VOCs in the groundwater, the exposure and risks associated with vapors that could migrate 
into buildings was quantified.   

6.1.2 HHRA Organization 
This HHRA follows current USEPA and IEPA guidelines for risk assessment.  There are five 
major components of the HHRA process:   

 Hazard identification – Describes the available data, the data used in the risk assessment, the 
data usability and validation, and the guidelines for data reduction for risk assessment 
purposes.  It also outlines the data evaluation approach and identifies the chemicals of 
potential concern (COPCs) (Section 6.2).   

 Toxicity assessment – Presents the approach to evaluating the potential cancer risks and 
noncancer health effects and presents the toxicity factors that are used to evaluate the COPCs 
(Section 6.3).   

 Exposure assessment – Describes the exposure setting and local land and water uses.  
Presents a conceptual site model that describes the source of contamination, affected media, 
and exposure scenarios and their associated exposure pathways. Methods for estimating the 
exposure point concentrations (EPCs) are presented.  Exposure parameters and calculated 
exposure doses are also presented (Section 6.4).   

 Risk characterization – Integrates the toxicity assessment and the exposure assessment to 
characterize both potential cancer risk and noncancer health effects (Section 6.5).   

 Uncertainty analysis – Identifies the important uncertainties in the risk assessment process 
and describes the potential impact of these uncertainties on the overall estimate of risk 
(Section 6.6).   

6.2 HAZARD IDENTIFICATION 

The objective of the hazard identification is to present the data available to assess site risks, 
outline the approach used to summarize data, and identify COPCs.  The hazard identification 
process involves the following tasks:   

 Review of available data;  
 Evaluation of the data usability validation;  
 Establishment of guidelines for data reduction;  
 Evaluation of data for use in the risk assessment; and  
 Selection of COPCs.   

The following subsections describe each of these tasks in greater detail.   
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6.2.1 Review of Available Data 
Prior to the current RI, three investigations had been conducted at the site since 1988.  The first 
was conducted by Envirodyne Engineers, Inc. (EEI) in 1988.  It included a records review of 
four monitoring wells, the collection of samples from the monitoring wells and a water supply 
well, and the collection of surface soil samples from nine locations across the site.  SEC 
Donohue conducted a second investigation in 1992.  It included the collection of subsurface soil 
samples from seven locations and the installation of five new monitoring wells.  Samples were 
collected from four of the five new wells plus the four existing monitoring wells installed in 
1988 and the water supply well.  A third investigation was conducted in 1994 by the Applied 
Research and Development Laboratory (ARDL).  The primary objective of this investigation was 
to further define the extent and type of soil and groundwater contamination at the site and to 
determine whether contaminants had migrated from the site.  Soil and groundwater samples were 
collected from 40 borings installed on the site.  In addition, ARDL resampled the water supply 
well in 1994.   

In support of the RI, samples were collected from eight new wells and seven of the existing wells 
during November 2002.  Temporary wells were installed and sampled in May 2003 to better 
define the lateral and vertical extent of the VOC plume identified in previous studies.  The VOC 
data from the temporary wells was used to select locations for four additional wells, which were 
installed in August 2003.  The data from these wells was collected in September 2003.   

All the investigations performed at the site indicated contamination of groundwater from VOCs 
(TCE, PCE, and associated degradation by-products) and, to a lesser extent, metals.  Figure 1-3 
shows the locations of the monitoring wells.   

6.2.1.1 Data Used in the Risk Assessment 

Based on the results of the historic and recent groundwater sampling events and characterization 
activities, the data from the following monitoring wells sampled in 2002 and 2003 by Plexus was 
used to estimate risks in the HHRA from groundwater exposure: MG-2, MG-5, MG-9, MW-1D, 
MW-2D, MW-3S, MW-5S, MW-6S, MW-6D, MW-7S, MW-7D, MW-8S, MW-8D, MW-9, and 
MW-13.  These wells were selected because it was determined that they are directly within the 
plume and have the highest levels of VOCs.  Using data from wells within the plume is 
conservative but allows for the calculation of risks associated with the potential use of the 
groundwater by hypothetical future residents.  Figure 5-32 shows the approximate delineation of 
the plume along with VOC concentration contours and the location of wells used in the HHRA.   

The data collected by Plexus was used because it is the most recent and reflects the most up-to-
date levels of contamination.  While the older data can provide useful temporal trend 
information, it is not appropriate to use it to estimate risks to future users of the groundwater 
when more recent data is available.  In addition, the older data has never been validated 
following laboratory analysis and is therefore considered unusable for risk assessment purposes.   

6.2.2 Data Usability and Data Validation 
Data usability is defined as the process of ensuring that the quality of the data meets the intended 
uses.  Data usability involves assessing the analytical quality, sampling methodology, and field 
errors that may be inherent in the data.  Factors evaluated include the level of validation and data 
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quality indicators such as completeness, comparability, precision and accuracy, and analytical 
detection limits.   

A review of the groundwater data to be used in the HHRA indicated that a few compounds that 
were not positively detected in any sample had sample quantitation limits (SQLs) that were 
greater than human health benchmarks.  To ensure that chemicals with elevated SQLs are 
addressed, the potential impact to site risks from these compounds, which are identified in 
Section 6.2.5, is evaluated in the Uncertainty Analysis (Section 6.6).   

6.2.3 Guidelines for Data Reduction 
The following guidelines for data reduction were used to produce the data summary for the 
groundwater data.  These approaches are consistent with Risk Assessment Guidance for 
Superfund (RAGS), Volume 1, Human Health Evaluation (Part A) (USEPA 1989).   

 If a chemical was not positively identified in any sample, because it was reported as a non-
detect (indicated by a “U” qualifier), was present as a result of blank contamination, or was 
rejected by the data validator (indicated by an “R” qualifier), it was not addressed.   

 All chemical data with “J” qualifiers were assumed to be positive identifications.  “J” 
indicates that the numerical value is an estimated concentration (e.g., is reported below the 
minimum confident sample quantitation limit).   

 All “U” qualified data represent non-detected samples for the parameter evaluated.  A value 
of one-half the sample quantitation limit (SQL) was used for all non-detected samples in the 
calculation of exposure point concentrations (EPCs) (i.e., the 95% upper confidence limit of 
the mean).   

 If a sample duplicate was collected and analyzed, the average of the two reported 
concentrations was used for subsequent calculations unless there was greater than 30% 
difference in concentrations, in which case the higher of the two concentrations was used.  In 
the case of a detected sample and a non-detected duplicate, the detected concentration was 
carried through subsequent calculations.   

6.2.4 Data Evaluation 
The objectives of the data evaluation are to summarize the data for use in the risk assessment.  
The data summary is presented in tabular format and includes the following site-related data:   

 List of detected chemicals;  
 Frequency of detection;  
 Range of detected concentrations;  
 Range of SQLs; and  
 Arithmetic mean concentration.  

Table 6-1 lists chemicals that were detected in the groundwater, along with the summary 
information.  A total of 11 VOCs were detected:  1,1-DCA, 1,2-DCA, 1,1-DCE, cis-1,2-DCE, 
trans-1,2-DCE, PCE, toluene, 1,1,1-TCA, 1,1,2-TCA, TCE, and vinyl chloride.  Sixteen metals 
were also detected in the groundwater.   
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6.2.5 Selection of Chemicals of Potential Concern 
The COPC selection process was conducted to identify a subset of chemicals detected in 
groundwater underlying the SL-10 Launch Area that could pose a potential risk to exposed 
human receptors.  The criteria that were used to determine COPCs included:   

 Non-detection, and  
 A comparison of maximum concentrations to conservative health-based screening values.   

If the maximum detected or maximum estimated concentration for a chemical was less than its 
screening value, that chemical was eliminated from consideration as a COPC and was not 
evaluated further in the risk assessment.  In addition, any metals considered to be essential 
nutrients (e.g., calcium, potassium, magnesium, and sodium) were eliminated from consideration 
as COPCs.  All of the chemicals that exceeded their respective screening value were retained as 
COPCs and evaluated in the risk assessment.   

6.2.5.1 Comparison of Groundwater Concentrations to Screening Criteria for Water Ingestion 
and Other Residential Uses of Groundwater 

The COPC screening process for groundwater included a comparison of maximum 
concentrations to the State of Illinois TACO, Class I groundwater standard (Illinois Title 35, 
Subtitle G, Chapter 1, Subchapter f, Part 742, Appendix B, Table E).  This screening was used to 
determine the chemicals detected in groundwater that could pose a potential risk to exposed 
human receptors from drinking water ingestion, dermal contact, and inhalation of VOCs while 
showering pathways.  Table 6-2 presents the comparison of the maximum detected 
concentrations in groundwater to the IEPA criteria.  The maximum detected concentrations for 
the following chemicals exceeded the IEPA criteria and were evaluated as COPCs:  1,2-DCA, 
1,1-DCE, cis-1,2-DCE, 1,1,2-TCA, TCE, manganese, and thallium.   

As previously noted, a review of the SQLs indicated that for a number of non-detected 
compounds, the value of one-half the maximum SQL exceeded the IEPA criteria.  Table 6-3 
presents this comparison.  The chemicals with one-half the maximum SQL that exceeded the 
IEPA criteria are shaded (bromodichloromethane, chloroform, 1,2-dibromo-3-chloropropane, 
1,2-dibromomethane, antimony, and beryllium).  These compounds are not carried through the 
dose and risk calculations but are addressed in the Uncertainty Analysis (Section 6.6).   

6.2.5.2 Vapor Intrusion Pathway Screen 

The potential for the vapor intrusion of VOCs in groundwater to indoor air was evaluated 
following USEPA’s Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway 
from Groundwater and Soils (USEPA 2002a).  The guidance recommends a tiered approach that 
includes a primary screening, a secondary screening, and a site-specific assessment.  The primary 
screening determines whether chemicals of sufficient volatility and toxicity are present or 
reasonably suspected to be present.  As noted in Table 6-1, a number of chemicals of sufficient 
volatility and toxicity are present in the groundwater.  The secondary screening compares site-
specific measured and/or estimated concentrations to target concentrations.  This step is 
described below.  The final tier entails performing a site-specific assessment.   

The maximum detected groundwater concentrations were compared with target groundwater 
concentrations (see Table 6-4).  This comparison indicates that the following chemicals had 
concentrations that exceeded the target concentrations:  1,2-DCA, 1,1,2-TCA, and TCE.  
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Because of this finding, indoor air concentrations were modeled for these chemicals and 
compared with target indoor air concentrations.  Concentrations in indoor air were based on the 
average groundwater concentration and were estimated using the Johnson and Ettinger vapor 
intrusion screening model (USEPA 2003).  Site-specific information was input to the models for 
the following parameters (see Table 6-5):  average groundwater concentration, depth to 
groundwater, and soil type.  In the absence of site-specific information, default values 
recommended by the model were used.  Table 6-6 presents the parameters for which default 
values were used, along with the default values.   

The predicted indoor air concentrations, based on the application of the Johnson and Ettinger 
model, were compared with target indoor air concentrations (Table 6-7).  TCE was the only 
chemical with an estimated concentration that exceeded the target indoor air concentration.  
Thus, TCE is considered a COPC for this pathway.   

6.2.5.3 COPC Selection Results 

The chemicals that exceeded their screening criteria and were retained as COPCs are presented 
in Table 6-8.   

6.3 TOXICITY ASSESSMENT 
The primary purpose of the toxicity assessment is to identify the toxicity values for the COPCs 
used in the estimation of potential cancer risks and noncancer health effects.  It also provides a 
description of the terms that are used to estimate toxic effects (i.e., cancer and noncancer 
effects), along with the data sources.  A summary table presents the toxicity values for each of 
the COPCs.   

6.3.1 Cancer Effects 
For cancer effects, the toxicity values are expressed as cancer slope factors (CSFs) in units of 
milligrams of COPC per kilogram of body weight per day (mg/kg-day)-1.  USEPA has developed 
two types of CSFs:  oral CSFs (CSFo) and inhalation CSFs (CSFi), each of which relates to the 
route through which a receptor is exposed.  The cancer potency of a chemical is directly 
proportional to the CSF value; the higher the CSF, the more potent the chemical as a carcinogen.   

USEPA has also assigned each chemical a “weight-of-evidence”, which represents the 
chemical’s likelihood of being a human carcinogen (USEPA 1989).  Six weight-of-evidence 
categories exist:   

 A – Human carcinogen  
 B1 – Probable human carcinogen, limited human data available  
 B2 – Probable human carcinogen, sufficient evidence in animals and inadequate or no 

evidence in humans  
 C – Possible human carcinogen  
 D – Not classifiable as to human carcinogenicity  
 E – Evidence of noncarcinogenicity for humans  

COPCs in categories A through C are generally carried through the risk characterization step if 
CSFs have been developed.   
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6.3.2 Noncancer Effects 
Noncarcinogens refer to chemicals that cause toxic effects other than cancer.  Noncancer effects 
may include, for example, central nervous system damage, reproductive effects, and other 
systemic effects.  For noncancer effects, the toxicity values are expressed as reference doses 
(RfDs) in units of mg/kg-day.  The premise of a reference dose is that there is an exposure level 
below which deleterious noncancer effects are not expected to occur.  USEPA has developed two 
route-dependent RfDs:  oral RfDs (RfDo) and inhalation RfDs (RfDi).  An RfD value is inversely 
proportional to the toxic potency of a chemical.   

6.3.3 Sources of Toxicity Values 
When available, cancer slope factors and reference doses were obtained from the following 
sources in the order presented:   

 Integrated Risk Information System (IRIS) (USEPA 2005) 
 USEPA’s Provisional Peer Review Toxicity Values (PPRTVs) 
 National Center for Environmental Assessment (NCEA) values, as presented on the Region 9 

PRG Table 

6.3.4 Route-to-Route Extrapolation 
USEPA has derived oral and inhalation toxicity values for many contaminants.  In some cases, a 
COPC has an oral toxicity value (CSFo or RfDo) but does not have an inhalation value (CSFi or 
RfDi).  In these cases, the available oral toxicity value was used as a provisional value to 
estimate the inhalation exposure route.  The use of the toxicity value developed for one exposure 
to evaluate toxicity from another is known as route-to-route extrapolation.  No adjustments were 
made to the toxicity values when using route-to-route extrapolation (i.e., the same value was 
used for both routes).  This approach adds uncertainty to the derived provisional values because 
it fails to account for route-specific differences in chemical absorption, metabolism, and potential 
target tissues.   

6.3.5 Dermal Exposure 
Toxicity values have not been developed for the dermal absorption pathway.  Dermal toxicity 
values were derived from the oral toxicity values as described in USEPA dermal risk assessment 
guidance (USEPA 2004a).  In general, the oral CSFs and oral RfDs are expressed as 
administered doses (i.e., the amount of a chemical administered per unit time and weight).  
Conversely, exposures resulting from the dermal pathway are expressed as absorbed doses.  
Therefore, it is necessary to adjust the oral toxicity value to account for the COPC-specific 
absorption efficiency.   

The fraction of a COPC that is absorbed in the gastrointestinal tract (also know as ABSGI) is a 
critical factor when adjusting from an administered to an absorbed dose.  The ABSGI values used 
in this risk assessment were obtained from USEPA (2004a).  The oral CSFs and oral RfDs are 
adjusted to an absorbed dose using different methods.  The dermal CSF (CSFd) is derived by 
dividing the oral CSF by the ABSGI as shown below.   

GI

o
d

ABS
CSFCSF =  
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where:   

CSFd = Dermal cancer slope factor (mg/kg-day)-1 

CSFo = Oral cancer slope factor (mg/kg-day)-1 

ABSGI = Fraction of contaminant absorbed in the gastrointestinal tract (unitless) 
 
The dermal reference dose (RfDd) is derived by multiplying the oral RfD by the ABSGI as shown 
below:   

GIod ABS x RfD RfD =  

where:   

RfDd = Dermal reference dose (mg/kg-day). 

RfDo = Oral reference dose (mg/kg-day). 

ABSGI = Fraction of contaminant absorbed in the gastrointestinal tract (unitless) 

 
6.3.6 Toxicity Values Used in the Risk Assessment 

Table 6-9 presents the CSFs and RfDs, if available, as well as the source, the USEPA weight-of-
evidence category for each COPC, the route of administration, and the critical effect.   

6.4 EXPOSURE ASSESSMENT 
The objective of the exposure assessment is to estimate the nature, extent, and magnitude of 
potential exposure of human receptors to COPCs, considering the hypothetical future use of the 
Launch Area.  The exposure assessment involves several steps:   

 Evaluating the exposure setting.  This includes describing the local land and water uses and 
identifying the potentially exposed human populations.   

 Developing the conceptual site model (CSM).  This includes identifying the source of 
contamination, the release and transport mechanisms, the exposure media, the exposure 
routes, and the potentially exposed populations.   

 Calculating exposure point concentrations (EPCs) for each COPC for each exposure route.   
 Identifying the exposure models and parameters with which to calculate the exposure doses.   
 Calculating exposure doses.   

To provide a range of exposure estimates, the reasonable maximum exposure (RME) and the 
central tendency exposure (CTE) scenarios are presented (USEPA 1992).  The RME is a high-
end description of risk defined by USEPA guidance (1992) as:   

“… a plausible estimate of the individual risk for those persons at the upper end of the 
risk distribution.  The intent of this description is to convey an estimate of risk in the 
upper range of the distribution, but to avoid estimates which are beyond the true 
distribution.”   

The CTE is the central tendency (i.e., average) exposure, which uses average exposure 
parameters to calculate an average risk to an individual.  Both the RME and CTE are presented. 
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6.4.1 Exposure Setting 
The former Nike SL-10 Launch Area is located in Madison County, Illinois, about 3 miles north 
of the town of Marine.  The area immediately surrounding the site is flat and used for agricultural 
purposes.  Corn and soybeans have been grown in this area in the past.  The site itself is owned 
by Madison County and is used by both the Department of Public Works and the Sheriff’s 
Department.  Currently, there are no full-time employees or residents at the site (Plexus 2004).  
The total population within a 4-mile radius of the site is about 2,300 people.  The nearest 
residence is located 1,000 feet to the east.   

6.4.1.1 Local Land Uses 

The SL-10 Launch Area consists of approximately 20 acres and is surrounded by agricultural 
land.  The site is currently used by the Madison County Department of Public Works for 
equipment and materials storage and staging.  The Madison County Sheriff’s Department also 
uses the site as a firing range.  The site is not used on a regular basis.  Locked gates restrict site 
access.  The area around the site is sparsely populated and is predominantly used for agriculture.   

It is not anticipated that the land use will change.  However, it is possible that the owner and use 
of the site may change at some point in the future.  For this analysis, it is conservatively assumed 
that the site will be privately-owned and used as a residence at some point in the future.   

6.4.1.2 Local Water Uses 

The current use of the site by Madison County does not involve the use of groundwater for any 
purpose.  As described in previous sections of this report, the groundwater plume has been 
comprehensively characterized, and it appears that the plume is confined to the site property (i.e., 
off-site residents are not affected).  There are no permanent surface water bodies on the site.  
During precipitation events, the water either infiltrates the ground or is transported off-site via a 
series of drainage ditches.   

It is likely that the use of the groundwater will not change.  However, it is possible that the site 
and the underlying groundwater cause be used for residential purposes at some point in the 
future.   

6.4.1.3 Identification of Potentially Exposed Human Populations 

Based on the potential future uses of the site, the exposure setting, and the types of activities that 
may occur in the future, hypothetical future residents were conservatively identified for 
evaluation in this risk assessment.   

6.4.2 Conceptual Site Model 
A conceptual site model (CSM) describes the contaminant source, the release and transport 
mechanisms, the exposure media, the exposure routes, and the potentially exposed human 
population.  The primary objective of the CSM is to identify the complete and incomplete 
exposure pathways.  Each element is described in detail in the following sections.  Figure 6-1 
illustrates the site conceptual model for the Launch Area.   

6.4.2.1 Source of Contamination 

The likely source of the VOCs in the groundwater is past uses and disposal at the site.  
Chlorinated solvents (TCE and PCE) were historically used at Nike Missile sites nationwide, 
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including SL-10, for metal cleaning and degreasing.  These compounds and associated biological 
degradation by-products have been detected in the groundwater.   

6.4.2.2 Release and Transport Mechanisms 

The primary release and transport mechanism of COPCs is vertical and horizontal migration 
through the unsaturated and saturated zones and the consequent impact on groundwater.  The 
VOCs can volatilize and potentially migrate up through the vadose zone and into future 
buildings.   

6.4.2.3 Exposure Media and Routes of Exposure 

Individuals may ingest COPCs in groundwater in the future if the groundwater is used as a 
drinking water source.  They may also dermally contact and inhale COPCs while 
bathing/showering.  They may inhale VOCs that migrate into future buildings built above the 
groundwater plume.   

6.4.2.4 Exposed Population 

Hypothetical future residents were evaluated based on the potential future uses of the site.  While 
other exposure scenarios are possible, the evaluated scenario represents high-end exposures.  
Other scenarios will result in lower exposure potential and lower risk.  Risks (cancer and 
noncancer) are estimated based on the assumption that the contaminated groundwater is the 
primary source of water for the hypothetical residents.   

6.4.3 Exposure Point Concentrations 

EPCs are the COPC concentrations that a receptor may come in contact with at an area.  Separate 
EPCs are calculated for the groundwater exposure pathways (ingestion, dermal contact, and 
inhalation while showering) and the inhalation of indoor air pathway resulting from vapor 
intrusion of VOCs.  For the groundwater exposure pathways, the EPC in most cases is the 
one-sided 95% upper confidence limit (95% UCL) of the mean.  If the 95% UCL exceeded the 
maximum detected concentration, the maximum concentration was used as the EPC.  For the 
inhalation of indoor air, the indoor air EPCs were estimated using the Johnson and Ettinger 
model and are based on the average groundwater concentrations as recommended by the model 
(USEPA 2002a).   
 
USEPA’s ProUCL software program was used to calculate the UCLs in this risk assessment, as 
this program allows the user to calculate distribution-specific UCLs as well as UCLs for data that 
does not exhibit a specific distribution (USEPA 2004c).  The first step in computing the UCL of 
a population mean is to test for the data distribution.  ProUCL tests for normal, lognormal, and 
gamma distributions.  The following procedures can be used to test for data distribution:   

(1) Graphical test based on a Q-Q plot.   

(2) Lilliefors test (tests for normalilty or lognormality for data sets with samples sizes equal 
to or greater than 50).   

(3) Shapiro-Wilk W test (tests for normalilty or lognormality for data sets with samples sizes 
less than 50).   

(4) Anderson Darling test (tests for gamma distribution).   
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(5) Kolmogorov-Smirnov test (tests for gamma distribution).   

ProUCL recommends that the graphical Q-Q plot test always be accompanied by other, more 
powerful tests (i.e., Lilliefors, Shapiro-Wilk, Anderson Darling, and Kolmogorov-Smirnov tests).  
Because the sample size is less than 50 for the SL-10 Launch Area groundwater dataset, the 
Shapiro-Wilk test was run at a 0.05 level of significance in conjunction with the Q-Q plot to test 
for normality or lognormality.  The Anderson Darling and Kolmogorov-Smirnov tests were run 
to test for gamma distribution at a 0.05 level of significance.   

ProUCL calculates both parametric (for normal, lognormal, and gamma distributions) and non-
parametric UCLs and provides recommendations on which UCL to use, depending on 
distributional assumptions and the skewness (as represented by the standard deviation of the 
data).  The UCL calculation methods were selected based on the data characteristics presented in 
Table 6-10.   

For each groundwater pathway COPC, the UCL calculated based on the data distribution 
recommended by ProUCL was used.  A summary of the EPCs used in the risk assessment, along 
with the data distribution and UCL calculation method, is presented in Table 6-11.   

For the inhalation of indoor air pathway, the indoor air concentration for TCE was estimated 
using average groundwater concentrations.  The estimated indoor air concentration was 
calculated using the Johnson and Ettinger model as (described in Section 6.2.5.2) and is 
presented in Table 6-12.   

6.4.4 Identification of Exposure Equations and Parameters 
This section presents the equations and parameters that were used to estimate the chronic daily 
intakes (CDIs, or exposure doses) of COPCs through the applicable exposure pathways.  
Exposure doses depend on the magnitude, frequency, and duration of exposure.  They are 
estimated by combining the COPC concentration (i.e., the EPC) and the exposure parameters.  
The exposure doses are expressed as intakes in mg/kg-day.  Two types of doses are typically 
calculated in a risk assessment.  The cancer dose (lifetime average daily dose [LADD]) is 
averaged over a 70-year lifetime.  The noncancer average daily dose (ADD) is averaged over the 
actual exposure duration.   

To ensure that risk estimates are conservative and protective of human health, USEPA calculates 
intakes based on upper-end exposure factors (typically the upper 90th or 95th percentile), which 
are exposure factors termed the reasonable maximum exposure (RME) (USEPA, 1992).  To 
provide additional insight into the degree of uncertainty associated with the conservative risk 
estimates, average or (50th percentile) exposure factors were used where appropriate to derive a 
central tendency exposure (CTE) estimate.  USEPA-recommended exposure factors were used to 
develop the exposure parameters to evaluate the RME and CTE risks.  The following section 
presents the exposure parameters for hypothetical future residents.   

6.4.4.1 Future On-site Residents 

It is assumed that hypothetical future residents will use the aquifer as a potable water source.  
Therefore, the groundwater ingestion, inhalation of VOCs while showering (adult only), and 
dermal contact with groundwater while bathing/showering pathways were evaluated.  The future 
residents are also assumed to inhale COPCs present in indoor air as a result of vapor intrusion.   
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Default exposure factors were used for the hypothetical future residents.  When estimating the 
lifetime cancer risk, residential exposure was age-adjusted for the young child and adult because 
it was assumed that exposure occurs at the same location (USEPA 1989).  This was done for the 
drinking water ingestion and inhalation of indoor air from vapor intrusion exposure routes.  This 
approach could not be employed for the dermal contact with groundwater and the inhalation of 
VOCs while showering pathways because of the different mechanisms of exposure associated 
with each pathway.  That is, the child was assumed to contact water while bathing, while the 
adult was assumed to contact water while showering and at the same time inhaling volatilized 
COPCs.   

An exposure frequency of 350 days/year was used for both the RME and CTE (USEPA 2002b).  
An exposure duration (ED) of 30 years (24 years as an adult and 6 years as a child) was used for 
the RME (USEPA 2002b).  For the CTE, an ED of 15 years (9 years as an adult and 6 years as a 
child) was used.  The cancer averaging time is based on a 70-year lifetime (25,550 days) 
(USEPA 1989).  The non-cancer averaging time for the child and adult were 2,190 days and 
8,760 days, respectively, for the RME and 2,190 days and 3,285 days, respectively, for the CTE.  
The child and adult body weights were 15 kg and 70 kg, respectively (USEPA, 1989).  For the 
RME, the water ingestion rate (IRW) for the child and adult were 1 L/day and 2 L/day, 
respectively (USEPA 2002b).  For the CTE, the IRW for the child and adult were 0.5 L/day and 
1 L/day, respectively.  A value of 1.0 was used for the RME fraction ingested (FI), indicating 
that 100% of the drinking water ingested is from the site.  The FI was reduced to 50% for the 
CTE estimate.  For the inhalation of indoor air exposure, the air inhalation rate was 10 m3/day 
and 20 m3/day for the child and adult, respectively, for both the RME and CTE (USEPA 2002b).   

The dermal contact with groundwater while showering/bathing pathway was evaluated using 
USEPA’s most recent dermal risk assessment guidance (USEPA 2004a).  The exposed skin 
surface area was 6,600 cm2 and 18,000 cm2 for the child and adult, respectively (USEPA 2004a) 
and applied to both the RME and CTE.  For the RME, the event duration (tevent) was 1 hour/event 
and 0.58 hour/event for the child and adult, respectively.  For the CTE, tevent was 0.33 hour/event 
and 0.25 hour/event for the child and adult, respectively.  It was assumed that the event 
frequency (EV) is one event per day.  The dermal permeability coefficients were obtained from 
USEPA, (2004a).   

Inhalation of VOCs while showering was assessed quantitatively for the adult.  The Foster-
Chrostowski model (Foster and Chrostowski 1987) was used to estimate the air concentration of 
the VOCs.  The exposure time (ET) was 0.6 hr/day.  The inhalation rate (IRA) was 0.5 m3/hour.   

Tables 6-13 through 6-20 present the dose equations and exposure parameters for the future 
residents for all the pathways evaluated in the exposure assessment.  Tables 6-21 through 6-29 
present the calculated future resident exposure doses for the RME and CTE.   

6.5 RISK CHARACTERIZATION 
The objective of the risk characterization is to integrate the information developed in the 
exposure assessment and the toxicity assessment into an evaluation of the potential risks 
associated with exposure to COPCs.  Both cancer risks and noncancer health effects were 
evaluated.   
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6.5.1 Cancer Risk 
Potential cancer risks were calculated by multiplying the estimated LADD intake that is 
calculated for a COPC through an exposure route by the exposure route-specific CSF, as follows:   

Risk = LADD * CSF 

where: 

LADD = Lifetime average daily dose; intake averaged over a 70-year                           
lifetime as mg COPC/kg-body weight per day 

CSF = Chemical- and route-specific cancer slope factor (mg/kg-day)-1 
 

Cancer risks were summed across all relevant pathways for a given receptor and exposure 
scenario to yield a cumulative lifetime risk.  USEPA’s risk range is an increased risk of 
developing cancer, based on a plausible upper-bound estimate of risk of approximately 1 in 
10,000 (1E-04) to 1 in 1,000,000 (1E-06).  Risks that exceed this range typically require some 
type of remedial action, while risks within or below this risk range typically do not.   

6.5.2 Noncancer Health Effects 
Potential noncancer health effects were evaluated by the calculation of hazard quotients (HQs) 
and hazard indices (HIs).  An HQ is the ratio of the exposure duration estimated ADD through a 
given exposure route to the COPC- and route-specific RfD.  The HQ-RfD relationship is 
illustrated by the following equation:   

HQ = ADD/RfD 

where: 

HQ = Hazard quotient. 

ADD = Average daily dose; estimated daily intake averaged over the exposure 
duration (mg /kg-day) 

RfD = Reference dose (mg/kg-day) 

 
HQs were summed to calculate HIs for each scenario.  HIs were calculated for each exposure 
route, and a total HI was calculated based on exposure to all COPCs from all exposure routes for 
each receptor.  HIs of less than 1 indicate that adverse health effects associated with the exposure 
scenario are unlikely to occur and that remedial action is not warranted.  When the total HI was 
greater than 1, the HQs were segregated by COPC-specific target organ and summed to yield 
organ-specific HIs.   

6.5.3 Risk Results 

6.5.3.1 Cancer Risks 

Table 6-30 presents the RME cancer risks for the future residential scenario.  The table shows 
that the total risks to the child and adult both exceed the upper end of the USEPA risk range (1E-
04).  The total risk to the child is driven by the drinking water ingestion route, which contributes 
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about 90% of the total.  The inhalation of VOCs while showering route contributes about 87% of 
the total adult risk.  The risks from TCE contribute about 95% of the total child and adult risks.   

Table 6-31 presents the CTE cancer risks for the future residential scenario.  The table shows 
that the total risks to the child and adult both exceed the upper end of the USEPA risk range (1E-
04).  Like the RME, the total risk to the child is driven by the drinking water ingestion route, 
which contributes about 69% of the total.  The inhalation of VOCs while showering ingestion 
route contributes about 94% of the total adult risk.  The risks from TCE contribute over 95% of 
the total child and adult risks.   

6.5.3.2 Hazard Quotients 

Table 6-32 presents the RME HQs and HIs for the future residential scenario.  The total HIs for 
both the child and adult exceeds the USEPA noncancer benchmark of 1.  For the child, the 
drinking water ingestion route accounts for over 85% of the total HI.  The drinking water 
ingestion and inhalation of VOCs while showering routes account for 53% and 40% of the total 
adult HI, respectively.  The HIs from TCE contribute over 84% and 68% of the total child and 
adult HIs, respectively.  Table 6-32 also presents HIs segregated by COPC-specific target organ.  
The child and adult HIs for blood, central nervous system, and liver effects exceed the USEPA 
noncancer benchmark of 1.   

Table 6-33 presents the CTE HQs and HIs for the future residential scenario.  The total HI for 
both the child and adult exceeds the USEPA noncancer benchmark of 1.  For the child, the 
drinking water ingestion route accounts for over 74% of the total HI.  The inhalation of VOCs 
while showering route accounts for 68% of the total adult HI.  The HI from TCE contributes over 
86% and 57% of the total child and adult HIs, respectively.  Table 6-33 also presents HIs 
segregated by COPC-specific target organ.  With the exception of the blood effects for the child, 
the child and adult HIs for blood (adult), central nervous system, and liver effects exceed the 
USEPA noncancer benchmark of 1.   

6.6 UNCERTAINTY ANALYSIS 
The goal of an uncertainty analysis in a risk assessment is to offer the appropriate decision 
makers (i.e., risk managers) information about the key assumptions, their inherent uncertainty 
and variability, and the impact of this uncertainty and variability on the estimates of risk.  The 
uncertainty analysis should show that risks are relative and do not represent an absolute 
quantification.  This point is vital to the proper interpretation and understanding of the risks 
presented in this report.  The primary sources of uncertainty in this risk assessment include the 
following:   

 Selection of exposure scenarios – The future residential scenario was evaluated in this 
assessment.  Given the current and expected future land use, it is highly unlikely that the site 
will be residentially developed.  However, to estimate an upper bound on the risk level posed 
by the site, this scenario was evaluated, although the risks calculated for residential exposure 
are unlikely to ever occur.   

 Impact on risks from chemicals with elevated SQLs – As noted in Section 6.2.5.1, one-
half the maximum SQL for a number of non-detected compounds exceeded the IEPA 
screening criteria.  These chemicals are listed in the table below.  These compounds have 
never been used on site; thus, there is no reason to believe that they present in the 
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groundwater.  The data collected in support of previous investigations and the data collected 
by Plexus that was used to generate the site risks in this assessment support this assumption.  
However, the potential impact on site risks based on one-half the maximum SQL was 
evaluated.  The risks (cancer or noncancer) were estimated based on the USEPA Region 9 
PRGs for tap water using the risk-ratio approach (see equations below).  The PRGs are 
calculated based on two exposure pathways:  (1) ingestion of drinking water and (2) 
inhalation of volatiles based on all uses of household water (e.g., showering and dish 
washing).   

Risk Ratio Approach Equations 

PRG
SQLRisk x Target  Risk Cancer  Estimated =  

PRG
SQL Quotient x HazardTarget  Quotient  Hazard Estimated =  

where: 

Target Risk = 1E-06 

Target Hazard Quotient = 1.0 

SQL = One-half the maximum SQL (see table below) 

PRG = Tap water PRG (see table below) 
 

Chemical 

One-Half 
Maximum SQL 

(µg/L) 

Region 9 Tap 
Water PRG 

(µg/L) 

Estimated 
Cancer 

Risk 

Estimated 
Hazard 

Quotient 

Bromodichloromethane 1 0.18 ca 5.56E-06 --- 

Chloroform 1 0.17 ca 5.88E-06 --- 

1,2-dibromo-3-chloro-propane 2 0.048 ca 4.17E-05 --- 

1,2-dibromomethane 1 0.0056 ca 1.79E-04 --- 

Antimony 50 15 nc --- 3.33E+00 

Beryllium 5 73 nc --- 6.85E-02 
ca = cancer based 
nc = noncancer based 

 
For chemicals with a cancer-based PRG, the estimated cancer risks fall within the USEPA 
risk range with the exception of 1,2-dibromomethane, which was slightly greater than the 
upper end of the risk range (1E-04).  The potential risk from 1,2-dibromomethane, while 
elevated, is still less than the site risks from TCE, which are based on positively detected 
sample results.  Thus, the overall results and conclusions would not change even if these 
compounds were included in the risk assessment (i.e., risks exceed the upper end of the 
USEPA risk range).   

The same scenario exists for the noncancer evaluation. The estimated HQ for antimony is 
about three times greater than the USEPA noncancer benchmark of 1.  The HQ for beryllium 
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is about 15 times less than 1.  However, the HQs associated with the positively detected 
COPCs significantly exceed 1.  Thus, the overall results and conclusions would not change 
(i.e., HQs exceed the noncancer benchmark of 1).   

 Use of default values in Johnson and Ettinger model – Default values were used for soil 
type-specific and building parameters to calculate indoor air concentrations.  The impact on 
the risk estimates of using these values cannot be determined; it could either over- or under-
estimate model predictions.  However, because the contribution from indoor air to site risks 
is below that of other pathways, it is likely that this approach would not have a major impact 
on the risk estimates.   

 Selection of exposure assumptions – It is likely that the approach taken in selecting 
exposure assumptions would overestimate actual exposures and, therefore, overestimate the 
risk.  Overestimation is appropriate when performing risk assessments of this type, so that 
risk managers can be reasonably assured that the risks to the public are not underestimated.  
Much of the uncertainty involves the use of exposure factors relating to frequency of 
exposure, daily water ingestion rates, length of exposure, and so on.  These factors are 
designed to account for reasonable maximum exposure of individuals who might 
theoretically live at the site for many years.  It is likely that an actual individual would be less 
exposed than the hypothetical individuals evaluated in this risk assessment.   

 Use of cancer slope factors and reference doses – Both cancer risks and noncancer health 
effects were evaluated using standard USEPA toxicity criteria.  These criteria are developed 
using conservative approaches to ensure protection of public health and are unlikely to 
under-estimate cancer risks and noncancer health effects estimates.   

 Cancer slope factor for trichloroethene – As noted in Table 6-9, no USEPA carcinogenic 
classification or IRIS-based CSF for trichloroethene currently exists.  USEPA has withdrawn 
the carcinogen assessment summary from IRIS pending further review.  The impact of this 
factor on the risk estimates depends on what the USEPA decides is the most appropriate 
value and therefore cannot be determined now.   

 Use of oral toxicity values as inhalation toxicity values – No adjustments were made to the 
oral toxicity values extrapolating to the inhalation route (i.e., the same value was used for 
both routes).  This adds uncertainty to the derived provisional values by not accounting for 
route-specific differences in chemical absorption, metabolism, and potential target tissues.  
The impact of this approach on the risk estimates cannot be determined.   

In general, as with most risk assessments, the overall effect of the combination of exposure and 
toxicity assumptions would tend to overestimate actual risk.  However, given the significant 
exceedances of the USEPA cancer risk range and the USEPA noncancer benchmark, less 
conservative assumptions would not change the ultimate results of the analysis.   

200.1e
E05IL008105_03.10_0002_a

200.1e



 

6-17 

Figure 6-1 
 

Conceptual Site Model 
Nike SL-10 Launch Area Groundwater RI/FS/PP/ROD, RI Report 
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Table 6-1

Summary of the Chemicals Detected in Groundwater
Former Nike SL-10 Launch Area

Frequency Range of Range of Arithmetic Mean
of Detected Concentrations Sample Quantitation Limitsa Concentrationb

Chemical Detection (µg/L) (µg/L) (µg/L) Volatilec

Organics
1,1-Dichloroethane 10 / 15 3.30E-01 - 4.20E+01 1.00E+00 - 1.00E+00 5.80E+00 X
1,2-Dichloroethane 6 / 15 8.20E-01 - 8.30E+00 1.00E+00 - 1.00E+00 1.62E+00 X
1,1-Dichloroethene 11 / 15 4.50E-01 - 1.60E+02 1.00E+00 - 1.00E+00 2.84E+01 X
cis-1,2-Dichloroethene 10 / 15 7.50E-01 - 1.40E+02 1.00E+00 - 1.00E+00 2.16E+01 X
trans-1,2-Dichloroethene 6 / 15 1.40E+00 - 2.70E+01 1.00E+00 - 1.00E+00 6.39E+00 X
Tetrachloroethene 1 / 15 9.60E-01 - 9.60E-01 1.00E+00 - 2.00E+00 5.84E-01 X
Toluene 2 / 15 4.20E-01 - 7.50E-01 1.00E+00 - 2.00E+00 5.65E-01 X
1,1,1-Trichloroethane 4 / 15 3.90E-01 - 1.60E+00 1.00E+00 - 2.00E+00 6.15E-01 X
1,1,2-Trichloroethane 6 / 15 4.10E-01 - 7.00E+01 1.00E+00 - 1.00E+00 9.34E+00 X
Trichloroethene 10 / 15 5.20E-01 - 2.00E+02 1.00E+00 - 1.00E+00 4.67E+01 X
Vinyl chloride 5 / 15 5.50E-01 - 1.80E+00 1.00E+00 - 1.30E+00 6.79E-01 X
Inorganics
Aluminum 1 / 15 5.63E+01 - 5.63E+01 2.00E+02 - 2.00E+02 9.71E+01
Arsenic 10 / 15 2.40E+00 - 6.90E+00 1.20E+01 - 1.20E+01 4.57E+00
Barium 15 / 15 6.00E+01 - 1.31E+02 NA 9.41E+01
Cadmium 1 / 15 3.10E-01 - 3.10E-01 1.00E+01 - 1.00E+01 4.69E+00
Calcium 15 / 15 3.84E+04 - 8.41E+04 NA 6.47E+04
Copper 14 / 15 2.40E+00 - 8.20E+00 1.00E+01 - 1.00E+01 4.33E+00
Iron 9 / 15 4.96E+01 - 1.73E+03 1.00E+03 - 1.00E+03 6.18E+02
Magnesium 15 / 15 1.95E+04 - 3.50E+04 NA 2.85E+04
Manganese 15 / 15 1.60E+00 - 1.34E+03 NA 2.59E+02
Nickel 4 / 15 2.90E+00 - 1.28E+01 2.00E+01 - 2.00E+01 8.88E+00
Potassium 7 / 15 7.39E+02 - 2.73E+03 5.00E+03 - 5.00E+03 1.93E+03
Silver 3 / 15 9.90E-01 - 1.10E+00 2.00E+01 - 2.00E+01 8.21E+00
Sodium 15 / 15 3.39E+04 - 7.50E+04 NA 5.49E+04
Thallium 5 / 15 5.90E+00 - 6.90E+00 1.50E+01 - 1.50E+01 7.13E+00
Vanadium 6 / 15 7.40E-01 - 1.40E+00 2.00E+01 - 2.00E+01 6.38E+00
Zinc 1 / 15 1.45E+01 - 1.45E+01 1.00E+02 - 1.00E+02 4.76E+01

µg/L = micrograms per liter
a Based on nondetected samples.
b Nondetected samples were included at one-half the sample quantitation limit.
c Table 1, EPA, 2002a.
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Table 6-2

Former Nike SL-10 Launch Area

Maximum IEPA Ratio of
Detected Concentration Class Ia Maximum Detection

Chemical (µg/L) (µg/L) to IEPA Criteria
Organics
1,1-Dichloroethane 4.20E+01 7.00E+02 6.00E-02
1,2-Dichloroethane 8.30E+00 5.00E+00 1.66E+00
1,1-Dichloroethene 1.60E+02 7.00E+00 2.29E+01
cis-1,2-Dichloroethene 1.40E+02 7.00E+01 2.00E+00
trans-1,2-Dichloroethene 2.70E+01 1.00E+02 2.70E-01
Tetrachloroethene 9.60E-01 5.00E+00 1.92E-01
Toluene 7.50E-01 1.00E+03 7.50E-04
1,1,1-Trichloroethane 1.60E+00 2.00E+02 8.00E-03
1,1,2-Trichloroethane 7.00E+01 5.00E+00 1.40E+01
Trichloroethene 2.00E+02 5.00E+00 4.00E+01
Vinyl chloride 1.80E+00 2.00E+00 9.00E-01
Inorganics
Aluminum 5.63E+01 NA ---
Arsenic 6.90E+00 5.00E+01 1.38E-01
Barium 1.31E+02 2.00E+03 6.55E-02
Cadmium 3.10E-01 5.00E+00 6.20E-02
Calcium 8.41E+04 Essential Nutrient ---
Copper 8.20E+00 6.50E+02 1.26E-02
Iron 1.73E+03 5.00E+03 3.46E-01
Magnesium 3.50E+04 Essential Nutrient ---
Manganese 1.34E+03 1.50E+02 8.93E+00
Nickel 1.28E+01 1.00E+02 1.28E-01
Potassium 2.73E+03 Essential Nutrient ---
Silver 1.10E+00 5.00E+01 2.20E-02
Sodium 7.50E+04 Essential Nutrient ---
Thallium 6.90E+00 2.00E+00 3.45E+00
Vanadium 1.40E+00 4.90E+01 2.86E-02
Zinc 1.45E+01 5.00E+03 2.90E-03

µg/L = micrograms per liter.
NA = Not available.
a Illinois EPA Groundwater Remediation Objectives for Class I Groundwater, Section 742, Appendix B, Table E.

COPC Selection Process for Groundwater Ingestion - Comparison of the Maximum Detected Concentrations in 
Groundwater to the IEPA Class I Groundwater Remediation Objective 
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Table 6-3

Former Nike SL-10 Launch Area

One-Half Maximum IEPA Ratio of
Sample Quantitation Limit Class Ia One-Half Maximum SQL

Chemical (µg/L) (µg/L) to IEPA Criteria
Organics
Acetone 1.00E+01 7.00E+02 1.43E-02
Benzene 1.00E+00 5.00E+00 2.00E-01
Bromodichloromethane 1.00E+00 2.00E-01 5.00E+00
Bromoform 1.00E+00 1.00E+00 1.00E+00
Bromomethane 1.00E+00 9.80E+00 1.02E-01
2-Butanone 1.00E+01 NA ---
Carbon disulfide 1.00E+00 7.00E+02 1.43E-03
Carbon tetrachloride 1.00E+00 5.00E+00 2.00E-01
Chlorobenzene 1.00E+00 1.00E+02 1.00E-02
Chloroethane 1.00E+00 NA ---
Chloroform 1.00E+00 2.00E-01 5.00E+00
Chloromethane 1.00E+00 NA ---
Cyclohexane 1.00E+00 NA ---
Dibromochloromethane 1.00E+00 1.40E+02 7.14E-03
1,2-Dibromo-3-chloro-propane 2.00E+00 2.00E-01 1.00E+01
1,2-Dibromomethane 1.00E+00 5.00E-02 2.00E+01
1,2-Dichlorobenzene 1.00E+00 6.00E+02 1.67E-03
1,3-Dichlorobenzene 1.00E+00 NA ---
1,4-Dichlorobenzene 1.00E+00 7.50E+01 1.33E-02
Dichlorodifluoromethane 1.00E+00 NA ---
1,2-Dichloropropane 1.00E+00 5.00E+00 2.00E-01
cis-1,3-Dichloropropane 1.00E+00 NA ---
trans-1,3-Dichloropropane 1.00E+00 NA ---
Ethylbenzene 1.00E+00 7.00E+02 1.43E-03
2-Hexanone 1.00E+01 NA ---
Isopropylbenzene 1.00E+00 NA ---
Methyl acetate 5.00E+00 NA ---
Methylene chloride 1.00E+00 5.00E+00 2.00E-01
Methylcyclohexane 1.00E+00 NA ---
4-Methyl-2-pentanone 1.00E+01 NA ---
Methyl tert-butyl ether 5.00E+00 NA ---
Styrene 1.00E+00 1.00E+02 1.00E-02
1,1,2,2-Tetrachloroethane 1.00E+00 NA ---
1,2,4-Trichloro-benzene 1.00E+00 7.00E+01 1.43E-02
Trichlorofluoromethane 1.00E+00 NA ---
1,1,2-Trichloro-1,2,2-trifluoroethane 1.00E+00 NA ---
Xylenes, total 1.00E+00 1.00E+04 1.00E-04
Inorganics
Antimony 5.00E+01 6.00E+00 8.33E+00
Beryllium 5.00E+00 4.00E+00 1.25E+00
Chromium 1.00E+01 1.00E+02 1.00E-01
Cobalt 1.00E+01 1.00E+03 1.00E-02
Lead 5.00E+00 7.50E+00 6.67E-01
Mercury 2.50E-01 2.00E+00 1.25E-01
Selenium 5.00E+00 5.00E+01 1.00E-01

µg/L = micrograms per liter.
NA = Not available.
a Illinois EPA Groundwater Remediation Objectives for Class I Groundwater, Section 742, Appendix B, Table E.

COPC Selection Process for Groundwater Ingestion - Comparison of One-Half the Maximum Sample Quantitation Limits in 
Groundwater to the IEPA Class I Groundwater Remediation Objective 
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Table 6-4

Maximum Target Groundwater Ratio of
Detected Concentration Concentrationa Maximum Detection

Chemical (µg/L) (µg/L) to Target Concentration
Organics
1,1-Dichloroethane 4.20E+01 2.20E+03 N 0.019
1,2-Dichloroethane 8.30E+00 5.00E+00 C 1.7
1,1-Dichloroethene 1.60E+02 1.90E+02 N 0.84
cis-1,2-Dichloroethene 1.40E+02 2.10E+02 N 0.67
trans-1,2-Dichloroethene 2.70E+01 1.80E+02 N 0.15
Tetrachloroethene 9.60E-01 5.00E+00 C 0.19
Toluene 7.50E-01 1.50E+03 N 0.00050
1,1,1-Trichloroethane 1.60E+00 3.10E+03 N 0.00052
1,1,2-Trichloroethane 7.00E+01 5.00E+00 C 14
Trichloroethene 2.00E+02 5.00E+00 C 40
Vinyl chloride 1.80E+00 2.00E+00 C 0.90

C = Based on cancer effects, target cancer risk equals one-in-a-million (1E-06).
N = Based on noncancer effects, target hazard quotient equals 1.0.
µg/L = micrograms per liter.
a Table 2c, EPA, 2002a.

COPC Selection Process for Vapor Intrusion - Comparison of the Maximum Detected Concentrations in Groundwater to the 
Target Groundwater Concentrations
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TABLE 6-5 

SITE-SPECIFIC INPUT PARAMETERS – JOHNSON AND ETTINGER MODEL 

Parameter Site-Specific Value 

Groundwater concentration Average concentration; COPC-specific, See Table 6-1 

Depth below grade to groundwater Approximately 7 feet (213 cm); average value for 
monitoring wells located within the plume 

Vadose zone Soil Conservation 
Service (SCS) soil type 

Silt Loams 

Soil Conservation Service (SCS) 
soil type directly above water table 

Silt Loams 
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TABLE 6-6 

DEFAULT INPUT PARAMETERS – JOHNSON AND ETTINGER MODEL 

Parameter Default Value 

Average soil/groundwater temperature 10° C 

Depth below grade to bottom of enclosed space 
floor 

15 cm 

Vadose zone soil dry bulk density* 1.49 g/cm3 

Vadose zone soil total porosity* 0.439 (unitless) 

Vadose zone soil-water-filled porosity* 0.18 cm3/cm3 

Average vapor flow rate into building 5 L/min 
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Table 6-7

Former Nike SL-10 Launch Area

Average Estimated Indoor Target Indoor Ratio of
Groundwater Concentration Air Concentrationa Air Concentrationb Maximum

Chemical (µg/L) (µg/m3) (µg/m3) to Target Concentration
Organics
1,2-Dichloroethane 1.62E+00 6.30E-03 9.40E-02 C 0.067
1,1,2-Trichloroethane 9.34E+00 2.59E-02 1.50E-01 C 0.17
Trichloroethene 4.67E+01 1.10E+00 2.20E-02 C 50

a Estimated using the the Johnson and Ettinger Model (see Section 6.2.5.2)
b Table 2c, EPA, 2002a.
C = Target concentration based on cancer effects, target cancer risk equals one-in-a-million (1E-06).
µg/L = micrograms per liter.
µg/m3 = micrograms per cubic meter.

Comparison of the Estimated Indoor Air Concentrations from Groundwater to Target Indoor Air Concentrations
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TABLE 6-8 

SUMMARY OF THE CHEMICALS OF POTENTIAL CONCERN 

Chemicals of Potential Concern 

Drinking Water/Indoor Use 
Pathways Indoor Air Inhalation Pathway 

1,2-Dichloroethane Trichloroethene 

1,1-Dichloroethene  

cis-1,2-Dichloroethene  

1,1,2-Trichloroethane  

Trichloroethene  

Manganese  

Thallium  
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TABLE 6-9 

SUMMARY OF THE CANCER SLOPE FACTORS AND REFERENCE DOSES 

FORMER NIKE SL-10 LAUNCH AREA 

COPC 
Weight of 
Evidence 

CSFi 

(mg/kg-
day)-1 

CSFo 

(mg/kg-
day)-1 Source 

CSFd 

(mg/kg-
day)-1 

RfDi 
(mg/kg-

day) 

RfDo 
(mg/kg-

day) 
Route of 

Administration 
Critical Effect/
Target Organ Source 

RfDd 
(mg/kg-

day) ABSGI 

1,2-Dichloroethane B2 9.1E-02 9.1E-02 IRIS 9.1E-02 1.4E-03 2.0E-02 No information Liver toxicity NCEA 2.0E-02 1.0 

1,1-Dichloroethene C NTV NTV IRIS NTV 6.0E-02 5.0E-02 Drinking water Liver toxicity IRIS 5.0E-02 1.0 

cis-1,2-
Dichloroethene D NTV NTV IRIS NTV 1.0E-02* 1.0E-02 No information Blood effects PPRTV 1.0E-02 1.0 

1,1,2-Trichloroethane C 5.6E-02 5.7E-02 IRIS 5.7E-02 4.0E-03* 4.0E-03 Drinking water Blood effects IRIS 4.0E-03 1.0 

Trichloroethene NCL 4.0E-01 4.0E-01 NCEA 4.0E-01 1.0E-02 3.0E-04 No information CNS effects NCEA 3.0E-04 1.0 

Manganese D NE NTV IRIS NTV NE 2.4E-02 Oral CNS effects IRIS 9.6E-04 0.04 

Thallium (thallium 
chloride) D NE NTV IRIS NTV NE 8.0E-05 Oral Liver toxicity IRIS 8.0E-05 1.0 

Notes: 
* Oral reference dose was used as a provisional value. 
IRIS = Integrated Risk Information System (EPA, 2005). 
NCEA = National Center for Environmental Assessment (as presented on the EPA Region 9 PRG Table [EPA, 2004b]). 
NCL = not classified. 
NE = not evaluated for this pathway. 
NTV = no toxicity value available. 
PPRTV = EPA Provisional Peer Reviewed Toxicity Value. 
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TABLE 6-10 

SUMMARY OF THE UCL CALCULATION METHODS 

Data Distribution UCL Method Used 

Normal Student’s t statistic 

Lognormal1 H-statistic 
95 percent Chebyshev Minimum Variance Unbiased Estimate (MVUE) 
97.5 percent Chebyshev MVUE 
99 percent Chebyshev MVUE 
95 percent Chebyshev (Mean, Std) 
99 percent Chebyshev (Mean, Std) 

Gamma2 Approximate gamma  
Adjusted gamma 
95 percent based on Bootstrap-t 
Hall’s bootstrap 

Either Lognormal and 
Gamma 

Assumed gamma distribution.  See UCL calculation methods for gamma 
distribution. 

Either Normal, Lognormal, 
or Gamma3 

See UCL methods for normal, lognormal, and gamma distributions. 

Non-parametric4 95 percent Chebyshev (Mean, Std) 
97.5 percent Chebyshev (Mean, Std) 
99 percent Chebyshev (Mean, Std) 
95 percent Student’s t or Modified t-statistic 
Hall’s bootstrap 

1 = ProUCL recommends one of six methods based on the skewness and sample size of the data set.  
2 = ProUCL recommends one of four methods based on the skewness and sample size of the data set. 
3 = When ProUCL indicates that the distribution of a dataset may be either normal, lognormal, or gamma, 
the distribution and UCL calculation method recommended by ProUCL was used. 
4 = ProUCL recommends one of six methods based on the skewness and sample size of the data set.  
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Table 6-11

Summary of the Exposure Point Concentrations for COPCs in Groundwater
Former Nike SL-10 Launch Area

Maximum 95 % UCL Exposure Point
Detected Concentration Data Calculation of the Meana Concentration

COPC (µg/L) Distributiona Methoda (µg/L) (µg/L)
Organics
1,2-Dichloroethane 8.30E+00 Non-Parametric 95% Chebyshev (Mean, Sd) UCL 4.16E+00 4.16E+00
1,1-Dichloroethene 1.60E+02 Gamma Adjusted Gamma UCL 8.02E+01 8.02E+01
cis-1,2-Dichloroethene 1.40E+02 Gamma Adjusted Gamma UCL 6.13E+01 6.13E+01
1,1,2-Trichloroethane 7.00E+01 Non-Parametric 99% Chebyshev (Mean, Sd) UCL 6.26E+01 6.26E+01
Trichloroethene 2.00E+02 Non-Parametric 99% Chebyshev (Mean, Sd) UCL 2.41E+02 2.00E+02
Inorganics
Manganese 1.34E+03 Gamma Adjusted Gamma UCL 6.35E+02 6.35E+02
Thallium 6.90E+00 Non-Parametric Mod-t UCL (Adjusted for skewness) 7.38E+00 6.90E+00

µg/L = micrograms per liter.
a Based on ProUCL recommendation (see Table 6-10).

SL-10 Tables_101205\Table 6-11 6-29 12/13/2005

200.1e

E05IL008105_03.10_0002_a
200.1e



Table 6-12

Summary of the Estimated Indoor Air Concentrations
Former Nike SL-10 Launch Area

Average Estimateda

Groundwater Indoor Air
Concentration Concentration

COPC (µg/L) (µg/m3)
Organics
Trichloroethene 4.67E+01 1.10E+00

µg/L = micrograms per liter.
µg/m3 = micrograms per cubic meter.

a Estimated based on the average groundwater concentration using the the Johnson and Ettinger Model (see 
Section 6.2.5.2).
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TABLE 6-13 

AGE-ADJUSTED CANCER DOSE EQUATION FOR THE INGESTION OF 
GROUNDWATER PATHWAY 

FORMER NIKE SL-10 LAUNCH AREA 

AT
CF x EF x FI x IFW x CW

  day)-(mg/kg Dose IngestionWater adj=  

Where: RME CTE 

CW = COPC concentration in groundwater (µg/L). See Table 6-11 

IFWadj = Age-adjusted water ingestion factor (L-year/kg-day).  See Table 6-
14. 

1.09 0.33 

FI = Fraction of water ingested from contaminated source (unitless). 1.0 0.5 

EF = Exposure frequency (days/year). 350 

CF = Conversion factor (mg/µg) 0.001 

AT = Carcinogenic averaging time (days). 25,550 
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TABLE 6-14 

CALCULATION OF THE AGE-ADJUSTED FACTORS 

FORMER NIKE SL-10 LAUNCH AREA 

a

aacc
adj BW

EDx IRW
BWc

ED x IRW
  day)-year/kg-(L IFW +=  

a

aacc3
adj BW

EDx IRA
BWc

ED x IRA  day)-year/kg-(m IFA +=  

Where: RME CTE 

IFWadj = Age-adjusted water ingestion factor (L-year/kg-day). 1.1 0.33 

IFAadj = Age-adjusted inhalation factor (m3-year/kg-day). 11 6.6 

IRWc = Child water ingestion rate (L/day). 1 0.5 

IRWa = Adult water ingestion rate (L/day). 2 1 

EDc = Child exposure duration (years). 6 6 

EDa = Adult exposure duration (years). 24 9 

BWc = Child body weight (kg). 15 15 

BWa = Adult body weight (kg). 70 70 

IRAc = Child inhalation rate (m3/day). 10 10 

IRAa = Adult inhalation rate (m3/day). 20 20 
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TABLE 6-15 

NONCANCER DOSE EQUATION FOR THE INGESTION OF GROUNDWATER 
PATHWAY 

FORMER NIKE SL-10 LAUNCH AREA 

AT x BW
CF x ED x EF x FI x IRW x CW  day)-(mg/kg Dose IngestionWater =  

Where: RME CTE 

CW = COPC concentration in groundwater (µg/L). See Table 6-11 

IRW = Child water ingestion rate (L/day). 1 0.5 

 = Adult water ingestion rate (L/day). 2 1 

FI = Fraction of water ingested from contaminated source (unitless). 1.0 0.5 

EF = Exposure frequency (days/year). 350 

ED = Child exposure duration (years). 6 6 

 = Adult exposure duration (years). 24 9 

CF = Conversion factor (mg/µg). 0.001 

BW = Child body weight (kg). 15 

 = Adult body weight (kg). 70 

AT = Child averaging time (days). 2,190 2,190 

 = Adult averaging time (days). 8,760 3,285 

 

200.1e
E05IL008105_03.10_0002_a

200.1e



 

6-34 

TABLE 6-16 

DOSE EQUATION FOR THE DERMAL CONTACT WITH GROUNDWATER WHILE 
BATHING PATHWAY (CHILD) 

FORMER NIKE SL-10 LAUNCH AREA 

ATxBW
EV x SA x ED x EF x DA  day)-(mg/kg Dose Absorbed Dermally event=  

Where: 
For organics: if tevent ≤ t* then, 

π
 τ eventevent

p
2

event
t x6 x CF2 x CF1 x CW x K x FA 2  event)-(mg/cm DA =  

For organics: if tevent > t* then, 

( ) 





















+

++
+

+
= 2

2

1
3312

B
BB

eventτ
B  1

t x CF2 x CF1 x CW x K x FA  DA event
pevent  

For inorganics: 
eventpevent t x CF2 x CF1 x CW x K  DA =  

Where: RME CTE 

DAevent = Absorbed dose per event (mg/cm2-event). Calculated; See Table 6-21 

CW = COPC concentration in groundwater (µg/L). See Table 6-11 

EF = Exposure frequency (days/year). 350 

ED = Child exposure duration (years). 6 

SA = Skin surface area available for contact (cm2). 6,600 

EV = Event frequency (event/day) 1 1 

BW = Child body weight (kg). 15 

ATc = Carcinogenic averaging time (days). 25,550 

ATnc = Noncancer averaging time (days). 2,190 

FA = Fraction absorbed (unitless); COPC-specific. See Table 6-21 

Kp = Dermal permeability coefficient (cm/hr); COPC-specific. See Table 6-21 

CF1 = Conversion factor (mg/µg). 0.001 

CF2 = Conversion factor (L/cm3). 0.001 

τevent = Lag time per event (hr/event); COPC-specific. See Table 6-21 

tevent = Event duration (hr/event). 1 0.33 

B = Ratio of the permeability coefficient of a COPC through the stratum 
corneum relative to its permeability coefficient across the viable epidermis 
(unitless); COPC-specific. 

See Table 6-21 

t* = Time to reach steady-state (hr), 2.4 τevent; COPC-specific. See Table 6-21 
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TABLE 6-17 

DOSE EQUATION FOR THE DERMAL CONTACT WITH GROUNDWATER WHILE 
SHOWERING PATHWAY (ADULT) 

FORMER NIKE SL-10 LAUNCH AREA 

ATxBW
EV x SA x ED x EF x DA  day)-(mg/kg Dose Absorbed Dermally event=  

Where: 
For organics: if tevent ≤ t* then, 

π
 τ eventevent

p
2

event
t x6 x CF2 x CF1 x CW x K x FA 2  event)-(mg/cm DA =  

For organics: if tevent > t* then, 

( ) 





















+

++
+

+
= 2

2

1
3312

B
BB

eventτ
B  1

t x CF2 x CF1 x CW x K x FA  DA event
pevent  

For inorganics: 
eventpevent t x CF2 x CF1 x CW x K  DA =  

Where: RME CTE 

DAevent = Absorbed dose per event (mg/cm2-event). Calculated; See Table 6-21 

CW = COPC concentration in groundwater (µg/L). See Table 6-11 

EF = Exposure frequency (days/year). 350 

ED = Adult exposure duration (years). 24 9 

SA = Skin surface area available for contact (cm2). 18,000 

EV = Event frequency (event/day) 1 1 

BW = Adult body weight (kg). 70 

ATc = Carcinogenic averaging time (days). 25,550 

ATnc = Noncancer averaging time (days). 8,760 3,285 

FA = Fraction absorbed (unitless); COPC-specific. See Table 6-21 

Kp = Dermal permeability coefficient (cm/hr); COPC-specific. See Table 6-21 

CF1 = Conversion factor (mg/µg). 0.001 

CF2 = Conversion factor (L/cm3). 0.001 

τevent = Lag time per event (hr/event); COPC-specific. See Table 6-21 

tevent = Event duration (hr/event). 0.58 0.25 

B = Ratio of the permeability coefficient of a COPC through the stratum 
corneum relative to its permeability coefficient across the viable epidermis 
(unitless); COPC-specific. 

See Table 6-21 

t* = Time to reach steady-state (hr), 2.4 τevent; COPC-specific. See Table 6-21 
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TABLE 6-18 

DOSE EQUATION FOR THE INHALATION OF VOCS WHILE SHOWERING 
PATHWAY (ADULT) 

FORMER NIKE SL-10 LAUNCH AREA 

ATxBW
CF x ET x IRA x ED x EF x CA  day)-(mg/kg Dose Inhalation =  

Where: 

1/BV x SD xFR  x FV x CW  )(µg/m CA 3 =  

Where: RME CTE 

CA = COPC concentration in air (µg/m3). Calculated 

CW = COPC concentration in groundwater (µg/L). See Table 6-11 

EF = Exposure frequency (days/year). 350 

ED = Adult exposure duration (years). 24 9 

IRA = Inhalation rate (m3/hour) 0.5 

ET = Exposure time (hours/day) 0.6 

CF = Conversion factor (mg/µg). 0.001 

BW = Adult body weight (kg). 70 

ATc = Carcinogenic averaging time (days). 25,550 

ATnc = Noncancer averaging time (days). 8,760 3,285 

FV = Fraction volatilization (unitless). 1 

FR = Flow rate (L/minute). 30 

SD = Shower duration (minutes). 35 

BV = Bathroom volume (m3). 12 
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TABLE 6-19 

AGE-ADJUSTED CANCER DOSE EQUATION FOR THE INHALATION OF INDOOR 
AIR PATHWAY 

FORMER NIKE SL-10 LAUNCH AREA 

AT
CF x EF x IFA x CA

  day)-(mg/kg Dose Inhalation adj=  

Where: RME CTE 

CA = COPC concentration in indoor air (µg/m3). See Table 6-12 

IFAadj = Age-adjusted inhalation factor (m3-year/kg-day).  See Table 6-14. 11 6.6 

EF = Exposure frequency (days/year). 350 

CF = Conversion factor (mg/µg). 0.001 

AT = Carcinogenic averaging time (days). 25,550 
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TABLE 6-20 

NONCANCER DOSE EQUATION FOR THE INHALATION OF INDOOR AIR 
PATHWAY 

FORMER NIKE SL-10 LAUNCH AREA  

AT x BW
CF x ED x EF x IRA x CA  day)-(mg/kg Dose Inhalation =  

Where: RME CTE 

CA = COPC concentration in indoor air (µg/m3). See Table 6-12 

IRA = Child inhalation rate (m3/day). 10 

 = Adult inhalation rate (m3/day). 20 

EF = Exposure frequency (days/year). 350 

ED = Child exposure duration (years). 6 6 

 = Adult exposure duration (years). 24 9 

CF = Conversion factor (mg/µg). 0.001 

BW = Child body weight (kg). 15 

 = Adult body weight (kg). 70 

AT = Child averaging time (days). 2,190 2,190 

 = Adult averaging time (days). 8,760 3,285 
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Table 6-21

Dermally Absorbed Dose per Event (DAevent) Calculationsa

Former Nike SL-10 Launch Area

DAevent (mg/cm2-event)
CWb FA Kp τevent B t* RME CTE

COPC (µg/L) (unitless) (cm/hr) (hr/event) (unitless) (hr) Child Adult Child Adult
Organics
1,2-Dichloroethane 4.16E+00 1.00E+00 4.20E-03 3.80E-01 0 0.92 3.07E-08 2.27E-08 1.71E-08 1.49E-08
1,1-Dichloroethene 8.02E+01 1.00E+00 1.20E-02 3.70E-01 0 0.89 1.68E-06 1.23E-06 9.30E-07 8.09E-07
cis-1,2-Dichloroethene c 6.13E+01 1.00E+00 7.70E-03 3.70E-01 0 0.89 8.21E-07 6.04E-07 4.56E-07 3.97E-07
1,1,2-Trichloroethane 6.26E+01 1.00E+00 6.40E-03 6.00E-01 0 1.43 8.58E-07 6.54E-07 4.93E-07 4.29E-07
Trichloroethene 2.00E+02 1.00E+00 1.20E-02 5.80E-01 0.1 1.39 5.05E-06 3.85E-06 2.90E-06 2.53E-06
Inorganics
Manganese 6.35E+02 NA 1.00E-03 NA NA NA 6.35E-07 3.68E-07 2.09E-07 1.59E-07
Thallium 6.90E+00 NA 1.00E-03 NA NA NA 6.90E-09 4.00E-09 2.28E-09 1.73E-09

a EPA, 2004a
b See Table 6-11.
c cis-1,2-Dichloroethene values not available.  trans-1,2-Dicholoroethene values were used as a surrogate for FA, Kp, τevent, B, and t*.

B = Ratio of the permeability coefficient of a COPC through the stratum corneum relative to its permeability coefficient across the viable epidermis.
FA = Fraction absorbed.
Kp = Dermal permeability coefficient.

NA = Not applicable.
τevent = Lag time per event.

t* = Time to reach steady-state.
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Table 6-22

Reasonable Maximum Exposure Cancer Doses for Future Residential Groundwater Exposure
Former Nike SL-10 Launch Area

Cancer Doses (mg/kg-day)
Groundwater Drinking Water Dermal Contact Inhalation of VOCs

EPC Ingestion While Bathing While Showering While Showering
COPC (µg/L) (Age-adjusted) (Child) (Adult) (Adult)

Organics
1,2-Dichloroethane 4.16E+00 6.18E-05 1.11E-06 1.92E-06 5.12E-04
1,1-Dichloroethene 8.02E+01 1.19E-03 6.06E-05 1.04E-04 9.89E-03
cis-1,2-Dichloroethene 6.13E+01 9.12E-04 2.97E-05 5.11E-05 7.56E-03
1,1,2-Trichloroethane 6.26E+01 9.31E-04 3.10E-05 5.52E-05 7.72E-03
Trichloroethene 2.00E+02 2.97E-03 1.83E-04 3.25E-04 2.47E-02
Inorganics
Manganese 6.35E+02 9.44E-03 2.30E-05 3.11E-05 ---
Thallium 6.90E+00 1.03E-04 2.50E-07 3.38E-07 ---
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Table 6-23

Reasonable Maximum Exposure Cancer Doses for Future Residential Indoor Air Exposure
Former Nike SL-10 Launch Area

Estimated Cancer Dose (mg/kg-day)
Indoor Air Indoor Air

Concentration Inhalation
COPC (µg/m3) (Age-adjusted)

Trichloroethene 1.10E+00 1.63E-04
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Table 6-24

Reasonable Maximum Exposure Noncancer Doses for Future Residential Groundwater Exposure
Former Nike SL-10 Launch Area

Noncancer Doses (mg/kg-day)
Groundwater Drinking Water Dermal Contact Inhalation of VOCs

EPC Ingestion While Bathing While Showering While Showering
COPC (µg/L) (Child) (Adult) (Child) (Adult) (Adult)

Organics
1,2-Dichloroethane 4.16E+00 2.66E-04 1.14E-04 1.30E-05 5.59E-06 1.49E-03
1,1-Dichloroethene 8.02E+01 5.13E-03 2.20E-03 7.07E-04 3.04E-04 2.89E-02
cis-1,2-Dichloroethene 6.13E+01 3.92E-03 1.68E-03 3.47E-04 1.49E-04 2.20E-02
1,1,2-Trichloroethane 6.26E+01 4.00E-03 1.72E-03 3.62E-04 1.61E-04 2.25E-02
Trichloroethene 2.00E+02 1.28E-02 5.48E-03 2.13E-03 9.49E-04 7.19E-02
Inorganics
Manganese 6.35E+02 4.06E-02 1.74E-02 2.68E-04 9.08E-05 ---
Thallium 6.90E+00 4.41E-04 1.89E-04 2.91E-06 9.87E-07 ---
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Table 6-25

Reasonable Maximum Exposure Noncancer Doses for Future Residential Indoor Air Exposure
Former Nike SL-10 Launch Area

Estimated Noncancer Dose (mg/kg-day)
Indoor Air Indoor Air

Concentration Inhalation
COPC (µg/m3) (Child) (Adult)

Trichloroethene 1.10E+00 7.03E-04 3.01E-04
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Table 6-26

Central Tendency Exposure Cancer Doses for Future Residential Groundwater Exposure
Former Nike SL-10 Launch Area

Cancer Doses (mg/kg-day)
Groundwater Drinking Water Dermal Contact Inhalation of VOCs

EPC Ingestion While Bathing While Showering While Showering
COPC (µg/L) (Age-adjusted) (Child) (Adult) (Adult)

Organics
1,2-Dichloroethane 4.16E+00 9.35E-06 6.18E-07 4.72E-07 1.92E-04
1,1-Dichloroethene 8.02E+01 1.81E-04 3.36E-05 2.57E-05 3.71E-03
cis-1,2-Dichloroethene 6.13E+01 1.38E-04 1.65E-05 1.26E-05 2.83E-03
1,1,2-Trichloroethane 6.26E+01 1.41E-04 1.78E-05 1.36E-05 2.90E-03
Trichloroethene 2.00E+02 4.50E-04 1.05E-04 8.01E-05 9.25E-03
Inorganics
Manganese 6.35E+02 1.43E-03 7.58E-06 5.03E-06 ---
Thallium 6.90E+00 1.55E-05 8.23E-08 5.47E-08 ---
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Table 6-27

Central Tendency Exposure Cancer Doses for Future Residential Indoor Air Exposure
Former Nike SL-10 Launch Area

Estimated Cancer Dose (mg/kg-day)
Indoor Air Indoor Air

Concentration Inhalation
COPC (µg/m3) (Age-adjusted)

Trichloroethene 1.10E+00 9.89E-05

SL-10 Tables_101205\Table 6-27 6-45

200.1e
E05IL008105_03.10_0002_a

200.1e



Table 6-28

Central Tendency Exposure Noncancer Doses for Future Residential Groundwater Exposure
Former Nike SL-10 Launch Area

Noncancer Doses (mg/kg-day)
Groundwater Drinking Water Dermal Contact Inhalation of VOCs

EPC Ingestion While Bathing While Showering While Showering
COPC (µg/L) (Child) (Adult) (Child) (Adult) (Adult)

Organics
1,2-Dichloroethane 4.16E+00 6.64E-05 2.85E-05 7.21E-06 3.67E-06 1.49E-03
1,1-Dichloroethene 8.02E+01 1.28E-03 5.50E-04 3.92E-04 2.00E-04 2.89E-02
cis-1,2-Dichloroethene 6.13E+01 9.80E-04 4.20E-04 1.92E-04 9.78E-05 2.20E-02
1,1,2-Trichloroethane 6.26E+01 1.00E-03 4.29E-04 2.08E-04 1.06E-04 2.25E-02
Trichloroethene 2.00E+02 3.20E-03 1.37E-03 1.22E-03 6.23E-04 7.19E-02
Inorganics
Manganese 6.35E+02 1.01E-02 4.35E-03 8.84E-05 3.91E-05 ---
Thallium 6.90E+00 1.10E-04 4.73E-05 9.61E-07 4.25E-07 ---
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Table 6-29

Central Tendency Exposure Noncancer Doses for Future Residential Indoor Air Exposure
Former Nike SL-10 Launch Area

Estimated Noncancer Dose (mg/kg-day)
Indoor Air Indoor Air

Concentration Inhalation
COPC (µg/m3) (Child) (Adult)

Trichloroethene 1.10E+00 7.03E-04 3.01E-04
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Table 6-30

Summary of the Reasonable Maximum Exposure Cancer Risks for Future Residential Exposure
Former Nike SL-10 Launch Area

Cancer Risksa

Dermal Contact Inhalation of VOCs
Drinking Water Inhalation of While Bathing While Showering While Showering

COPC Ingestion Indoor Air (Child) (Adult) (Adult)
Organics
1,2-Dichloroethane 5.63E-06 NE 1.01E-07 1.74E-07 4.66E-05
1,1-Dichloroethene NC NE NC NC NC
cis-1,2-Dichloroethene NC NE NC NC NC
1,1,2-Trichloroethane 5.31E-05 NE 1.77E-06 3.15E-06 4.32E-04
Trichloroethene 1.19E-03 6.54E-05 7.31E-05 1.30E-04 9.86E-03
Inorganics
Manganese NC NE NC NC NE
Thallium NC NE NC NC NE

Total: 1.25E-03 6.54E-05 7.49E-05 1.33E-04 1.03E-02

Total Child Riskb: 1.39E-03
Total Adult Riskc: 1.18E-02

b Calculated by adding the drinking water, inhalation of indoor air, and dermal contact while bathing cancer risks.
c Calculated by adding the drinking water, inhalation of indoor air, dermal contact while showering, and inhalation of VOCs while showering cancer risks.

NC - Not classified as a carcinogen or no cancer slope factor available.
NE = Not evaluated for this pathway.

a The drinking water and inhalation of indoor air cancer risks were calculated using the age-adjusted approach that assumes exposure occurs  at the same location for a period of 
30 years (6 as a child, 24 as an adult).  This approach could not be used for the dermal contact and inhalation of VOCs while showering because of the different mechanisms of 
exposure associated with each pathway.
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Table 6-31

Summary of the Central Tendency Exposure Cancer Risks for Future Residential Exposure
Former Nike SL-10 Launch Area

Cancer Risksa

Dermal Contact Inhalation of VOCs
Drinking Water Inhalation of While Bathing While Showering While Showering

COPC Ingestion Indoor Air (Child) (Adult) (Adult)
Organics
1,2-Dichloroethane 8.51E-07 NE 5.62E-08 4.29E-08 1.75E-05
1,1-Dichloroethene NC NE NC NC NC
cis-1,2-Dichloroethene NC NE NC NC NC
1,1,2-Trichloroethane 8.03E-06 NE 1.02E-06 7.75E-07 1.62E-04
Trichloroethene 1.80E-04 3.96E-05 4.20E-05 3.20E-05 3.70E-03
Inorganics
Manganese NC NE NC NC NE
Thallium NC NE NC NC NE

Total: 1.89E-04 3.96E-05 4.31E-05 3.28E-05 3.88E-03

Total Child Riskb: 2.72E-04
Total Adult Riskc: 4.14E-03

b Calculated by adding the drinking water, inhalation of indoor air, and dermal contact while bathing cancer risks.
c Calculated by adding the drinking water, inhalation of indoor air, dermal contact while showering, and inhalation of VOCs while showering cancer risks.

NC - Not classified as a carcinogen or no cancer slope factor available.
NE = Not evaluated for this pathway.

a The drinking water and inhalation of indoor air cancer risks were calculated using the age-adjusted approach that assumes exposure occurs  at the same location for a period of 
30 years (6 as a child, 24 as an adult).  This approach could not be used for the dermal contact and inhalation of VOCs while showering because of the different mechanisms of 
exposure associated with each pathway.
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Table 6-32

Summary of the Reasonable Maximum Exposure Hazard Quotients for Future Residential Exposure
Former Nike SL-10 Launch Area

Hazard Quotients - Child
Drinking Water Inhalation of Dermal Contact

COPC Target Organ Ingestion Indoor Air While Bathing
Organics
1,2-Dichloroethane Liver 1.33E-02 NE 6.48E-04
1,1-Dichloroethene Liver 1.03E-01 NE 1.41E-02
cis-1,2-Dichloroethene Blood 3.92E-01 NE 3.47E-02
1,1,2-Trichloroethane Blood 1.00E+00 NE 9.05E-02
Trichloroethene CNS 4.26E+01 7.03E-02 7.10E+00
Inorganics
Manganese CNS 1.69E+00 NE 2.79E-01
Thallium Liver 5.51E+00 NE 3.64E-02

Total: 5.13E+01 7.03E-02 7.56E+00

Total HI: 5.90E+01
Total Blood HI: 1.52E+00

Total CNS HI: 5.18E+01
Total Liver HI: 5.68E+00

Hazard Quotients - Adult
Drinking Water Inhalation of Dermal Contact Inhalation of VOCs

COPC Target Organ Ingestion Indoor Air While Showering While Showering
Organics
1,2-Dichloroethane Liver 5.69E-03 NE 2.79E-04 1.07E+00
1,1-Dichloroethene Liver 4.40E-02 NE 6.08E-03 4.81E-01
cis-1,2-Dichloroethene Blood 1.68E-01 NE 1.49E-02 2.20E+00
1,1,2-Trichloroethane Blood 4.29E-01 NE 4.03E-02 5.63E+00
Trichloroethene CNS 1.83E+01 3.01E-02 3.16E+00 7.19E+00
Inorganics
Manganese CNS 7.25E-01 NE 9.46E-02 NE
Thallium Liver 2.36E+00 NE 1.23E-02 NE

Total: 2.20E+01 3.01E-02 3.33E+00 1.66E+01

Total HI: 4.19E+01
Total Blood HI: 8.49E+00

Total CNS HI: 2.95E+01
Total Liver HI: 3.98E+00

NE = Not evaluated for this pathway.

SL-10 Tables_101205\Table 6-32 6-50

200.1e
E05IL008105_03.10_0002_a

200.1e



Table 6-33

Summary of the Central Tendency Exposure Hazard Quotients for Future Residential Exposure
Former Nike SL-10 Launch Area

Hazard Quotients - Child
Drinking Water Inhalation of Dermal Contact

COPC Target Organ Ingestion Indoor Air While Bathing
Organics
1,2-Dichloroethane Liver 3.32E-03 NE 3.60E-04
1,1-Dichloroethene Liver 2.56E-02 NE 7.85E-03
cis-1,2-Dichloroethene Blood 9.80E-02 NE 1.92E-02
1,1,2-Trichloroethane Blood 2.50E-01 NE 5.20E-02
Trichloroethene CNS 1.07E+01 7.03E-02 4.08E+00
Inorganics
Manganese CNS 4.23E-01 NE 9.21E-02
Thallium Liver 1.38E+00 NE 1.20E-02

Total: 1.28E+01 7.03E-02 4.27E+00

Total HI: 1.72E+01
Total Blood HI: 4.19E-01

Total CNS HI: 1.53E+01
Total Liver HI: 1.43E+00

Hazard Quotients - Adult
Drinking Water Inhalation of Dermal Contact Inhalation of VOCs

COPC Target Organ Ingestion Indoor Air While Showering While Showering
Organics
1,2-Dichloroethane Liver 1.42E-03 NE 1.83E-04 1.07E+00
1,1-Dichloroethene Liver 1.10E-02 NE 3.99E-03 4.81E-01
cis-1,2-Dichloroethene Blood 4.20E-02 NE 9.78E-03 2.20E+00
1,1,2-Trichloroethane Blood 1.07E-01 NE 2.64E-02 5.63E+00
Trichloroethene CNS 4.57E+00 3.01E-02 2.08E+00 7.19E+00
Inorganics
Manganese CNS 1.81E-01 NE 4.08E-02 NE
Thallium Liver 5.91E-01 NE 5.32E-03 NE

Total: 5.50E+00 3.01E-02 2.16E+00 1.66E+01

Total HI: 2.43E+01
Total Blood HI: 8.02E+00

Total CNS HI: 1.41E+01
Total Liver HI: 2.16E+00

NE = Not evaluated for this pathway.
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7.0 SUMMARY AND CONCLUSIONS  
This section summarizes the various aspects of the RI activities and findings and presents 
significant conclusions.  Recommendations are offered based on the conclusions.   

7.1 SUMMARY 
A summary of the events undertaken in the field and the results of the analyses with respect to 
the presence, location, and migration of contaminants in the affected media are presented below.  
This RI was limited to an evaluation of the groundwater contaminant plume in the area of the 
missile assembly and test building at the Nike SL-10 Launch Area.  An HHRA was conducted 
using the data collected during the RI effort, and the results of the assessment are discussed 
below.   

7.1.1 Field Activities 
The Nike SL-10 Launch Area has been investigated as a potential source of groundwater 
contamination following the identification of a plume of chlorinated solvents in the groundwater.  
Dissolved metals also have been detected above Federal secondary drinking water standards and 
State standards.  The secondary drinking water standards are not enforceable and are used to 
evaluate taste and smell issues in drinking water.  Prior to the fieldwork at the Nike SL-10, 
Launch Area, Plexus prepared project plans to guide all aspects of the investigation.  These 
included a Work Plan, Field Sampling Plan (FSP), Quality Assurance Project Plan (QAPP), and 
Health and Safety Plan (HASP).  The fieldwork took place in October and November 2002, and 
May, August and September 2003 (Plexus 2002a, 2002b, 2003).   

The RI activities included the following:   

• Installation of eight groundwater monitoring wells in October/November 2002 
• Collection of groundwater depth readings and survey of wellheads in November 2002 
• Development/redevelopment and sampling of 15 wells in October/November 2002 
• Installation and sampling of 20 temporary groundwater monitoring points in May 2003 
• Abandonment of MG-4 in May 2003 
• Slug tests on MW-1D, MW-2D, and MW-9 in May 2003 
• Installation, development, and sampling of four wells in August/September 2003 
• Collection of two soil samples for TOC analysis in August 2003 
• Collection of groundwater depth readings in August 2003 
• Repair of well boxes and/or bollards on four existing wells in August 2003 
• Collection of groundwater depth readings and survey of wellheads in September 2003 
• Analysis of groundwater samples 

All environmental samples were analyzed according to USEPA SW-846 methods for target 
compound list (TCL) volatiles, and TAL metals.  STL, under contract to Plexus, performed all 
analyses according to LCG requirements.  The data was verified according to USEPA protocol 
and LCG requirements.  TOC samples were collected and analyzed from groundwater and soil.   

The slug test data was analyzed by AQTESOLV® software (Duffield 1999) for time versus 
displacement using the Bouwer and Rice unconfined aquifer solution (Bouwer and Rice 1976).  
Calculated values for K were 4.52 x 10-3 cm/sec, 6.99 x 10–3 cm/sec and 1.74 x 10-3 cm/sec.   
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Plexus conducted a PA at the Nike SL-10 Launch and Control Areas in the spring of 2003 and 
issued the final report in September 2004 (Plexus 2004).   

7.1.2 Nature and Extent 

The source area of the VOCs detected appears to be the missile assembly and test building.  The 
activity that generated the contamination is unknown.  The highest concentrations of VOCs 
detected in the groundwater at the SL-10 Launch Area are associated with the area south of the 
missile assembly and test building.  The likely source of the VOCs is the use of solvents in 
missile maintenance activities outside the missile assembly and test building during the late 
1950s and 1960s.  The groundwater monitoring wells installed in this area have detected a 
chlorinated solvent plume that is elongated, starting at the missile assembly and test building and 
stretching to the southwest.  A second plume (or continuation of the first plume) is present north 
of the missile assembly and test building.  The dominant groundwater flow direction at the site is 
to the southwest.  The plume has been detected 300 feet southwest of the missile assembly and 
test building at well MW-13.   

The contamination north of the missile assembly and test building has only been detected in 
MW-7D, MG-8, and temporary wells, but appears to be related to the former acid fueling station 
and possibly some 1,1-DCE detected near the acid storage shed.  This contamination may be part 
of the plume originating at the missile assembly and test building, or it may be a separate plume.  
The extent of these plumes has been established, and unless future monitoring results indicate 
otherwise, more monitoring points are not recommended.   

Near the missile assembly and test building, the VOCs are detected in shallow wells screened 
from 10 to 15 feet bgs.  Concentrations of VOCs above their MCLs have not been detected in 
shallow wells installed to the southwest, south, and southeast of the missile assembly and test 
building.  A possible explanation for this distribution would be that as the VOC-containing 
liquids were released at or near the surface, they moved through the thin vadose zone and 
contaminated the groundwater in the overlying clay/silt unit; because of the relatively tight 
nature of the overlying clay/silt, they did not move with the groundwater laterally but continued 
to move downward.  The VOCs percolated through the overlying clay/silt and into the sandy silt.  
The relatively coarse nature of the sandy silt unit allowed the VOCs to spread out laterally and 
move with the groundwater.  A plume has developed in the sandy silt unit that is elongated in the 
direction of groundwater flow.  Beneath the sandy silt is the relatively impermeable underlying 
clay/silt unit.  For the most part, this material appears to keep the VOCs from moving any deeper 
below the surface.  The underlying clay/silt does not appear to transmit water easily and is acting 
as a barrier to VOC migration.   

DNAPL has not been detected in the groundwater at the site.  Dissolved VOCs have not been 
detected at concentrations near 1% of their solubility in water, which would indicate a DNAPL 
source in the groundwater.  The rate of flux of chlorinated solvents from soil into groundwater is 
unknown.   

Manganese has been detected in groundwater across the site above the secondary drinking water 
standard of 50 µg/L and the State standard of 150 µg/L.  Because of the reducing conditions at 
the site and the ubiquitous presence of manganese, the manganese appears to be naturally 
occurring in the groundwater.  Thallium was detected in several of the groundwater samples 
collected south of the missile assembly and test building above the MCL and State standard of 2 
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µg/L.  Thallium was not detected in the groundwater at the site in previous studies.  If the 
thallium is related to Army activities on the site, its source is unknown.   

Several metals were detected in unfiltered monitoring well samples collected by EEI (1988), and 
ARDL (1994).  SEC Donohue (1992) ran unfiltered samples for lead, which was detected over 
the MCL in several wells.  ARDL collected a set of filtered samples and did not detect these 
metals.  These metals do not appear to be present in the dissolved phase in the groundwater.   

Groundwater samples collected for previous studies were analyzed for SVOCs, pesticides, 
petroleum hydrocarbons, and PCBs.  Three samples that were analyzed for SVOCs were 
reported to contain bis(2-ethylhexyl)phthalate above the MCL and State standard of 6 µg/L.  
These detections were from grab samples collected near the ready building and not in the VOC 
plume area.  As discussed in Section 5.4.3, the sample collected from well MGR-1 was split:  the 
ARDL result for bis(2-ethylhexyl)phthalate was 140 ug/L, and the MRL result was 2 ug/L (the 
MRL reported concentration was below the detection limit and therefore estimated [“J” 
flagged])(USACE, 1996a).  The remaining sample concentrations above the MCL were 9 ug/L 
and 80 ug/L.  Occurrences of bis(2-ethylhexyl)phthalate are frequently attributed to laboratory 
contamination.  The source of bis(2-ethylhexyl)phthalate at the site is unknown.  A few other 
compounds were detected at levels below MCLs or State standards.  The analytical results of 
previous groundwater investigations are tabulated in Appendix B.   

7.1.3 Fate and Transport of Contaminants 

The chlorinated solvents detected in the groundwater near the missile assembly and test building 
have been in the groundwater since the late 1960s, when the Army discontinued operations at 
Nike SL-10.  The plume originates at the south side of the missile assembly and test building and 
stretches 300 feet to the southwest.  An additional plume (or plumes) appears to be present to the 
north of the missile assembly and test building, but this plume has only been detected in one 
permanent well (MW-7D) and possibly in well MG-8 in previous studies.  Chlorinated solvents 
were detected in temporary wells installed north of the missile assembly and test building.  All 
the VOC groundwater contamination above MCLs appear to be within the site property.   

Using the available data, a trend analysis was performed.  The results show that the levels of 
chlorinated solvents in the groundwater at the site in general are decreasing over time; in some 
cases very quickly.  A dual-phase groundwater/vapor extraction pilot test performed at the site in 
1998 may have affected the VOC concentrations.   

A review of the existing data for evidence of natural attenuation of the solvent plume was also 
completed.  The review found evidence that natural attenuation of chlorinated solvents in the 
groundwater is occurring, although slowly.   

The velocities of groundwater contaminants moving in the sandy silt unit and overlying silt-clay 
unit at the site were calculated.  Contaminant movement in the silt-clay was retarded by the 
matrix and groundwater velocity was calculated at less than 15 feet/year.  For the sandy silt unit 
the calculated retardation rates were low; for all the contaminants, the velocities were over 100 
feet/year.  The fact that the plume is only 300 feet long after migrating from the surface and 
being in place for 35 years shows that other natural attenuation factors are slowing its movement  
and degrading it.  Adsorption, advection, dispersion and diffusion are all slowing the transport of 
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VOCs in the plume.  If left alone, this plume will ultimately degrade to levels below the MCLs 
and State standards.   

7.1.4 Risk Assessment 

A BRA was previously prepared for the site (ESE 1995).  An update of this BRA was part of the 
scope of this project.  However, the data used in the original BRA was not validated and it is 
CELRL practice to use only validated data in the preparation of risk assessments.  Therefore, 
CELRL, in discussions with the IEPA decided that it would not be useful to update the 1995 
BRA.  Currently, only a limited verified data set exists for the site.   

An HHRA has been prepared for the plume at the Launch Area using the groundwater data 
collected during RI activities.  Since only groundwater data is available, an ecological risk 
assessment is not planned.  Plexus completed a PA for the Launch and Control Areas in 
September 2004.  There is an ongoing effort to complete a site-wide SI for the Launch and 
Control Areas of Nike SL-10.  If the data generated by the SI warrants, it may be necessary to 
prepare a site-wide human health and ecological risk assessment in the future.  The 1995 BRA 
will not be updated.   

The VOC plume associated with the missile assembly and test building contains chlorinated 
solvents in excess of MCLs and State standards.  Groundwater at the site is not currently in use, 
and the plume over the MCLs appears to be contained within the property.  The closest potential 
users of the groundwater are roughly 900 feet from the site across gradient.  The owner of the 
site, Madison County, is currently using the property as a storage/staging area for the Department 
of Public Works and as a target range for the Sheriff’s Department.  Considering the isolated 
location of the property, these uses are likely to continue.   

The HHRA evaluated a future resident scenario.  The scenario included calculating the risk to a 
future resident adult and child living on the site and using groundwater from the site for drinking 
and bathing/showering.  Following USEPA procedure, the calculations were performed for the 
RME and CTE scenarios.   

The HHRA findings for the RME scenario for carcinogens are as follows:   

 The total risks to the child and adult both exceed the upper end of the USEPA risk range 
(1E-04).   

 The total risk to the child is driven by the drinking water ingestion route, which contributes 
about 90% of the total.   

 The inhalation of VOCs while showering route contributes about 87% of the total adult 
risk.   

 The risks from TCE contribute about 95% of the total child and adult risks.   

The results of the CTE scenario for carcinogens are as follows:   

 The total risks to the child and adult both exceed the upper end of the USEPA risk range 
(1E-04).   

 As with the RME, the total risk to the child is driven by the drinking water ingestion route, 
which contributes about 69% of the total.   

 The inhalation of VOCs while showering ingestion route contributes about 94% of the 
total adult risk.   

 The risks from TCE contribute over 95% of the total child and adult risks.   
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HIs were calculated for non-carcinogenic COPCs for the RME scenario.  The results of the 
calculations are as follows:   

 The total HI for both the child and adult exceeds the USEPA noncancer benchmark of 1.   
 For the child, the drinking water ingestion route accounts for over 85% of the total HI.   
 The drinking water ingestion and inhalation of VOCs while showering routes account for 

53% and 40% of the total adult HI, respectively.   
 The HI from TCE contributes over 84% and 68% of the total child and adult HIs, 

respectively.   
 The child and adult HIs for blood, central nervous system, and liver effects exceed the 

USEPA noncancer benchmark of 1.   

HIs were calculated for non-carcinogenic COPCs for the CTE scenario.  The following are the 
results of these calculations:   

 The total HI for both the child and adult exceeds the USEPA noncancer benchmark of 1.   
 For the child, the drinking water ingestion route accounts for over 74% of the total HI.   
 The inhalation of VOCs while showering route accounts for 68% of the total adult HI.   
 The HI from TCE contributes over 86% and 57% of the total child and adult HIs, 

respectively.   
 With the exception of the blood effects for the child, the child and adult HIs for blood 

(adult), central nervous system, and liver effects exceed the USEPA noncancer benchmark 
of 1.   

7.2 CONCLUSIONS 
The work completed for this RI Report was designed to characterize the nature and extent of 
potential environmental contamination and associated risks to human health and the environment 
at the Nike SL-10 Launch Area.   

The chlorinated solvent plume at the Nike SL-10 Launch Area appears to be stagnant or 
shrinking.  The groundwater in the plume is impacted above the MCLs and State standards.  
There does not appear to be DNAPL associated with the plume.  The source of the plume is at or 
adjacent to the missile assembly and test building.  Groundwater contaminated with chlorinated 
solvents has been detected north of the missile assembly and test building in temporary and 
permanent wells.  This contamination may have originated at the missile assembly and test 
building or at the acid fueling station and acid storage shed area.  All of the VOC contamination 
detected in groundwater appears to be contained on the site.   

Metals have been detected in groundwater samples.  Total metals and unfiltered sample results 
show several metals over the MCLs or State standards.  Dissolved metals, filtered samples, and 
samples collected using low flow techniques were reported to contain manganese over the 
secondary drinking water standard and the State standard across the site.  It is suspected that the 
manganese is present at background levels.  Thallium has been detected in several wells south of 
the missile assembly and test building over its MCL and State standard.  The source of this 
thallium is unknown.   

The HHRA concluded that there is no risk to current site uses, visitors, or neighbors from the 
groundwater contaminant plume as it has been characterized.  Applying a scenario in which a 
resident lives at the site and uses groundwater from the area of the plume for drinking and 
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bathing/showering, a risk exceeding the USEPA cancer and noncancer benchmarks would exist 
for both the RME and CTE.  Currently, there are no on-site receptors for the groundwater 
pathway.   

7.2.1 Data Limitations and Recommendations for Future Work 
The uncertainties associated with the procedures leading to the summary and conclusions 
presented above have been discussed previously.  The identification of uncertainties is important 
to the interpretation of study findings in order to evaluate the magnitude of conservatism and 
identify significant data gaps.   

The data collected by Plexus was verified and appears to be accurate and useful for the purposes 
of this investigation.  No data gaps were identified during the course of the RI activities.  Some 
form of remediation of the chlorinated solvents over the MCLs and State standards may be 
necessary if the groundwater at the Nike SL-10 Launch Area is to be used as potable water.   

Collection of background data for metals in groundwater is necessary to determine if the 
detections of manganese and thallium represent background conditions or are site-related.  
Planning for remediation of metals contamination in groundwater should wait until background 
groundwater metals concentrations are developed for the site and risk to human health from the 
metals present in the groundwater is evaluated.   

The draft Feasibility Study (FS) for the site (USACE 1996b) should be updated and remedial, 
options should be evaluated.  

7.2.2 Recommended Remedial Action Objectives 
The groundwater at the site should be cleaned up to the MCLs and State standards for VOCs.  
The form of the cleanup will be evaluated in the FS.  The cleanup levels will have to be 
confirmed by monitoring.   
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