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EXECUTIVE SUMMARY 

This Remedial Investigation (RI) and Risk Assessment (RA) Report was prepared for Site 19, Small Arms 

Range 910,  at t he D epartment of  t he Navy’s Naval S tation Great Lak es, G reat Lak es, I llinois, und er 

Contract Task Order  468.  The RI/RA Report was prepared in accordance with the Comprehensive Long-

Term Environmental Action Navy IV Contract Number N62467-04-D-0055 and Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) guidance for conducting RIs and 

Feasibility Studies (USEPA, 1988).  This investigation will provide data on s elect organic and inorganic 

chemical concentrations in soil and groundwater at Site 19.  

 

SITE 19 SUMMARY 

This report summarizes the environmental investigation of Site 19, Small Arms Range 910.  Site 19 is the 

location of a former Recruit Training Center (RTC) Rifle Range housed within Building 910.  The shooting 

range w as i n oper ation f or 55 y ears until t he de molition of  B uilding 9 10 i n 2000.   Volatile or ganic 

compound (VOC), polynuclear aromatic hydrocarbon (PAH), and metal (primarily lead) contamination was 

suspected in the soil and groundwater at the site due to the spent ammunition and the use of solvents for 

gun c leaning operations.  A former dry c leaning ope ration i s i n close p roximity t o S ite 19,  and  

contaminants from this operation may have migrated into the groundwater and soil of Site 19.  Site 19 is 

currently open space composed of both grassy area and a gravel driveway/parking area.   

 

Limited historical sampling has occurred at Site 19 and the surrounding area.  These investigations are 

summarized in Section 2 of this report.   

 

SUMMARY OF FIELD INVESTIGATION 

The overall goal of  this environmental investigation at Naval Station Great Lakes is to characterize the 

nature and extent of contamination at the site and to estimate human health risk for receptors exposed to 

groundwater, surface soil, and subsurface soil.   

 

The RI f ield program i nvolved c ollecting and  an alyzing g roundwater, s urface s oil, a nd subsurface soil 

samples.  Groundwater samples were collected from 2 m onitoring wells and analyzed for VOCs, PAHs, 

and Target A nalyte Li st (TAL) metals and c yanides.  Si xteen surface samples were c ollected an d 

analyzed f or V OCs, P AHs, and T AL m etals a nd c yanides.  Twenty-two subsurface s amples were 

collected by Direct Push Technology and the samples were analyzed for VOCs, PAHs, and TAL metals 

and cyanides.  .   
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CONCLUSIONS 

Based on the investigation and the risk assessment: 

 

• Very f ew V OCs w ere det ected at  S ite 19.   Low c oncentrations of V OCs were det ected i n S ite 19 

groundwater, subsurface soil, and surface soil, and VOCs were detected at concentrations that were 

less than the minimum screening criteria.  

 

• PAHs were present in groundwater, surface soil, and subsurface soil samples collected at  Site 19.   

Benzo(a)anthracene and Benzo(a)pyrene exceeded the minimum screening criteria most f requently 

of the detected PAHs and were found in the three media sampled.  PAH exceedances at Site 19 do 

not appear to be confined to any particular area of the site.     
 

• Several m etals w ere det ected i n surface soil a nd subsurface s oil (but not  groundwater) s amples 

collected at Site 19 at concentrations greater than minimum screening levels.  Lead concentrations 

exceeded the minimum screening level at most surface soil sampling locations except for 

NTC19SB15.  Exceedances of lead in subsurface soil at Site 19 do not appear to be confined to any 

particular area of the site.  In subsurface soil samples, lead was not detected as frequently in excess 

of the minimum screening level.  Lead was detected at 7 of the 18 subsurface sample locations.   

 

• Based on the human health risk assessment, the following contaminants were identified as chemicals 

of concern (COCs) based on non-cancer Hazard Quotients greater than 1.0 or cancer r isks greater 

than 1x10-6: arsenic and PAHs (benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

chrysene, and dibenzo(a,h)anthracene) in groundwater potentially used as drinking water and in soil.  

These are the primary COC risk drivers for total future residents.  Groundwater at the site is not used 

and is not expected to be used in the future as drinking water.  Naval Station Great Lakes is an active 

Navy facility and is expected to remain active for the foreseeable future.  I n accordance with Naval 

Station Great Lakes Instruction 11130.1 dated September 29, 2003, use of groundwater and surface 

water runoff within al l geographical areas of  the base, for any purpose, is strictly prohibited without 

prior w ritten approval. G roundwater u nderlying Naval S tation G reat L akes i s not u sed f or dr inking 
water and is not expected to be used in the future. Drinking water for the base and residents of the 

surrounding communities is supplied from municipal systems drawing water from Lake Michigan. 

 

• No chemicals in soil and groundwater were eliminated as chemicals of potential concern (COPCs) on 

the basis of comparisons to background concentrations.  Most PAHs selected as COPCs in exposed 
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surface soil were detected at maximum concentrations that did not exceed surface soil background 

data.  B ased on t his i nformation and I llinois Environmental P rotection A gency ( Illinois EPA) 

determination of  P AH bac kground ur ban c oncentrations, it is po ssible t hat t hese P AHs c ould be  

attributed t o background conditions an d i nclusion o f t hese c hemicals as  COPCs m ay r esult i n an 

overestimation of total risks for this site.  In addition, based on the Illinois EPA Summary of Selected 

Background C onditions f or I norganics i n S oil s tudy, it is pos sible t hat t he ar senic an d manganese 

concentrations c ould al so be at tributed t o bac kground.  The I llinois E PA T ACO r egulations t hat 

include the concentrations of PAH in background soil (Title 35, Part 742, Appendix A, Table H) and 

the concentrations of inorganics in background soil (Title 35, Part 742, Appendix A, Table G) are not 

Applicable n or R elevant and A ppropriate R egulations at  this site but  m erely a T o B e C onsidered 

(TBC) regulation. 

 

• The l ead r isk a ssessment r esults, ba sed o n t he Integrated E xposure Uptake B iokinetic (IEUBK) 

Model, estimate a 0. 136 percent chance t hat any  child will hav e a bl ood l ead v alue greater t han 

10 µg/dL, which is less than the United States Environmental Protection Agency (USEPA) acceptable 

target of 5 percent.  The Adult Lead Model results indicate that the central estimate blood lead levels 

for construction workers and maintenance/occupational workers and their fetuses were less than the 

established level of concern (10 µg/dL).  The model also shows the probabilities that receptor blood-

lead l evels would b e l ess t han U SEPA’s goal  of  l imiting ex posure to l ead so t hat no m ore t han 

5 percent of the exposed receptors have an e stimated blood-lead level greater than the established 

level of concern. 

 

RECOMMENDATIONS 

Based on  the results of  this RI/RA, no further investigation i s warranted and preparation of a F ocused 

Feasibility Study is recommended for this site.  Potential remedial alternatives would include, but not be 

limited to, No Action, Limited Action (Land Use Controls), and a Removal Action.  A Proposed Plan and 

Record of  D ecision should be p repared f or t he al ternative recommended by  t he F ocused F easibility 

Study.   
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1.0  INTRODUCTION 

This Remedial Investigation (RI) and Risk Assessment (RA) Report was prepared for Site 19, Small Arms 

Range 910 , at t he Department of  t he Navy’s Naval S tation Great Lak es, G reat Lak es, I llinois, under 

Contract Task Order  468.  The RI/RA Report was prepared in accordance with the Comprehensive Long-

Term Environmental Action Navy IV Contract Number N62467-04-D-0055 and Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) guidance for conducting RIs and 

Feasibility Studies (USEPA, 1988).  This investigation will provide data on s elect organic and inorganic 

chemical concentrations in soil and groundwater at Site 19.  

 

The N avy i mplemented t he i nvestigation of  t his s ite w ith a t eam of  r epresentatives f rom t he I llinois 

Environmental Protection Agency (Illinois EPA), Naval Facilities Engineering Command Midwest and i ts 

consultant Tetra Tech NUS, Inc. (TtNUS), and the Naval Station Great Lakes Environmental Department.  

This R I/RA Report s ummarizes t he December 2 008 environmental i nvestigation of  S ite 19 and t he 

subsequent human health risk assessment (HHRA) for the site.   

 

Figure 1-1 is an aerial view of Naval Station Great Lakes showing the location of Site 19, and Figure 1-2 

is a site map.  Site 19 is the location of a former Recruit Training Center (RTC) Rifle Range housed within 

Building 910.  The shooting range was in operation for 55 y ears unt il the demolition of  Building 910 in 

2000.  Volatile organic compound (VOC), polynuclear aromatic hydrocarbon (PAH), and metals (primarily 

lead) contamination was suspected in soil and groundwater at the site due to spent ammunition and the 

use of solvents for gun cleaning operations.  A former dry cleaning operation is in close proximity to Site 

19, and contaminants from this operation may have migrated to groundwater and soil at Site 19.  Results 

from field s creening 35 soil s amples, laboratory analysis of  the soil s amples, and  s ampling of  

groundwater from two new monitoring wells are included in this R/RA Report.  The soil and groundwater 

samples were analyzed for VOCs, PAHs, and metals. 

 

1.1 RI/RA APPROACH AND OBJECTIVES 

The overall goals of this RI/RA were to delineate the nature and extent of contamination and to identify 

potential risks associated with Site 19.  The chemical data for Site 19 (groundwater and soil) were used to 

delineate the nature and extent of contamination and to conduct a HHRA (see Section 6.0).  Exposure of 

ecological receptors to site contaminants is expected to be minor based on the industrial nature of the site 

and l ack of  suitable habi tat.  T herefore, i t i s not  nec essary t o evaluate pot ential r isks t o ec ological 

receptors at the site. 
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Naval S tation Great Lakes is a N avy installation located w ithin United S tates Environmental P rotection 

Agency (USEPA) Region 5 and the State of Illinois.  TtNUS has prepared this report on behalf of Naval 

Facilities Engineering Command Midwest and Naval Station Great Lakes to comply with USEPA Region 5 

and Illinois EPA requirements and guidance governing the performance of RIs and RAs.  In accordance 

with those requirements, project planning followed the USEPA Data Quality Objectives process (USEPA, 

2000) and the Unified Federal Policy Quality Assurance Project Plan/Sampling and Analysis Plan (UFP 

QAPP/SAP) process (IDQTF, 2005), which require the following:  

 

• Explicit statements of the problems to be solved.  

• Identification of the spatial and temporal boundaries related to the problem and the measurements to 

be made in solving the problem. 

• If applicable, quantitative specifications of the error tolerances for making decisions. 

 

The pr ocesses culminated in the specification of  decision rules designed t o s olve t he stated pr oblems 

documented in the Sampling and Analysis Plan (SAP) (TtNUS, 2008b). 

 

1.2 REPORT SCOPE AND ORGANIZATION 

This report documents the results from the RI/RA and contains the following sections: 

 

1.0 Introduction 

2.0 Site Background 

3.0 Site Investigation Activities 

4.0 Nature and Extent of Contamination 

5.0 Chemical Fate and Transport Analysis 

6.0 Human Health Risk Assessment 

7.0 Conclusions and Recommendations 

 

1.3 NAVAL STATION GREAT LAKES LOCATION AND DESCRIPTION 

Naval S tation Great La kes i s l ocated i n Lak e C ounty, I llinois, along t he shore of  Lak e M ichigan.  I t i s 

bounded on the north by the City of North Chicago, on the south by the Veterans Administration Hospital 

and S hore A cres G olf Course and Country C lub, o n the ea st by Lake Michigan, and on t he west by  

U.S. Route 41 (Skokie Highway).  
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1.4 REGIONAL ENVIRONMENTAL SETTING 

1.4.1 

Naval S tation G reat La kes covers 1, 632 acres in Lake County, I llinois.  Lak e County i s l ocated i n 

northeastern Illinois, north of the City of Chicago, and includes 24 miles of Lake Michigan shoreline.  Lake 

County ex tends f rom t he Wisconsin bo rder s outh t o C ook C ounty and f rom Lak e M ichigan w est t o 

McHenry County.  Lake County is divided into 18 townships, 52 incorporated cities and villages, and 18 

unincorporated cities and villages. 

Geography, Demography, and Land Use 

 

There are numerous lakeside communities in Lake County.  The United States Census Bureau estimates 

the county’s 2006 population to be 713,076.  During the 1950s and 1960s, population growth occurred 

primarily in the lakefront communities, but by  the 1980s and 19 90s, population growth continued north 

and west.  Currently, most of Lake County’s population lives in the 52 incorporated cities and villages. 

 

Current l and us es in Lak e C ounty include agricultural, i ndustrial, and residential.  Farmland and l ake 

resorts characterize the western portions of the county, and industrial, urban, and suburban areas follow 

the 24 miles of Lake Michigan shoreline on the east.  There are also three state parks in Lake County.  

 

Naval S tation G reat La kes adm inisters bas e ope rations a nd pr ovides f acilities and r elated s upport t o 

training activities ( including the U .S. N avy’s onl y boot  c amp) as  w ell as a variety of o ther military 

commands located on base.  A variety of land uses currently surround Naval Station Great Lakes.  Along 

the northern boundary of the base are the most highly urbanized and industrial areas.  Much of the land 

beyond t he northwestern site boundary c omprises uni ncorporated l ands of  Lake County and i s vacant 

except for s cattered r etail and r esidential properties.  Adjacent t o the w estern boundary ar e pr imarily 

industrial properties, and along the southern boundary is a mixture of public open space and residential 

land (TtNUS, 2008a). 

  

1.4.2 

The g ently r olling t opography of  La ke C ounty, I llinois, is t he r esult of  gl aciation.  T he m ost p rominent 

topographic features are glacial moraines and other unconsolidated glacial deposits that cover most of  

Naval Station Great Lakes.  The terrain of Naval Station Great Lakes consists of relatively flat glacial drift 

deposits bordered by steep lake-facing bluffs cut with vertical sloping ravines.  The unconsolidated glacial 

material that comprises the bluff faces and ravine walls is under continual erosion.   

Physiography and Topography 
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The topography of Lake County creates poorly defined drainage patterns consisting of swales that enter 

depressions and marshes.  Most of Naval Station Great Lakes is located on a plateau with elevations of 

640 to 660 feet above mean sea level.  The eastern portion of Naval Station Great Lakes and the Lake 

Michigan shoreline are at an elevation of approximately 600 feet above mean sea level.  

 

Intensive development has r eplaced most of  t he oak, hi ckory, maple, and other ha rdwood forests t hat 

originally covered the area.  N ative woodlands occur primarily on t he vertical sloped ravine of Pettibone 

Creek and on the bluffs facing Lake Michigan.  The forested areas of Naval Station Great Lakes include 

white and red oak, maple, European larch, white and scotch pine trees, and shrubs including raspberry 

and bl ackberry bu shes.  T he p rincipal m ammals i n t he Naval St ation Great L akes area i nclude 

groundhogs, raccoons, squirrels, opossum, rabbits, chipmunks, and deer (TtNUS, 2008a).  

 

1.4.3 

The c limate of  Lake C ounty, Illinois, is considered c ontinental.  C hanges i n t emperature, hum idity, 

cloudiness, and w ind direction occur f requently.  T he summer season i s warm w ith f ew p rolonged hot  

periods.  Although major droughts are infrequent, there are commonly long periods of dry weather during 

the gr owing season.  T he ar ea receives ap proximately 34 i nches of  rain per y ear, with 63 p ercent 

occurring between April and September.  T he average seasonal snowfall range is 37.2 to 41.1 inches.  

The average temperature is 58 degrees Fahrenheit; the winter months normally have temperatures below 

freezing. 

Climate 

 

1.4.4 

The soil of Lake County, Illinois, is classified into two groups, Morley-Beecher-Hennepin and Made Land 

soil.  Mo rley-Beecher-Hennepin soil consists primarily of loams and silt loams and is located on l evel to 

very s teep ravines.  T his soil i s c haracterized a s w ell to poo rly drained a nd h as l ow to moderate 

permeability.  Made Land includes areas of man-made cuts and fills covered by roads and buildings.  This 

fill material includes a variety of  soil and non-soil materials that have not  been characterized.  T he soil 

types t hat f orm t he pl ateau where Naval S tation Great L akes i s l ocated include Mo rley, A ptakisic, 

Wauconda, Beecher, and silt loams (TtNUS, 2008a).   

Soil 

 

1.4.5 

The geologic uni ts en countered at  Naval S tation G reat Lakes i nclude a eolian and  lacustrine de posits, 

glacial t ill, and bedrock.  B edrock consists of Silurian Niagran and A lexandrian dolomite, the lowermost 

geologic u nit enc ountered at  N aval S tation G reat Lakes.  T he beddi ng i s nearly h orizontal t o gent ly 

Regional Geology 
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eastward dipping in the vicinity of Naval Station Great Lakes.  The interface between the bedrock surface 

and overlying till consists of 1 to 15 feet of broken bedrock (dolomite), gravel, sand, and coarser material.  

This material appears to be debris ground from the bedrock by the advancing glaciers of the Wisconsin 

Stage of glaciation during the Late Pleistocene epoch.   

 

Unconsolidated glacial tills blanket Lake County.  Several glacial moraine systems are present within the 

county including the Valparaiso, Tinley, Zion City, and Lake Border systems.  Naval Station Great Lakes 

falls within both the Lake Border and Zion City moraine systems.  In the northern portions of Naval Station 

Great Lakes, the Zion City moraine is exposed at the ground surface and extends from North Chicago to 

Waukegan, Illinois.  These glacial moraine systems are composed of Wadsworth till, which constitutes the 

largest volume of surficial deposits overlying the bedrock.  The Wadsworth till ranges from approximately 

170 to 210 feet in thickness overlying the Silurian bedrock.  T his till is an unsorted mixture of sand, silt, 

and c lay i mbedded w ith pebbl es, c obbles, and b oulders.  I nterstices bet ween t he c oarser-grained 

sediments a re t ypically f illed with f ine clay-sized particles, resulting in l ow permeability.  Generally, the 

Wadsworth till is clayey, with thin and irregular lenses of sand or silty sand occurring over limited areas.  

The till has been further subdivided into clayey and sandy phases according to the size of the dominant 

particles.  B ecause clay comprises up to 70 per cent of the t ill at  Naval Station Great Lakes, the c layey 

phase dominates in the local area. 

 

An aeolian material, the Richland loess, covers the Wadsworth t ill and  ranges f rom 16  to 20 inches in 

thickness.  This aeolian material is much finer grained than the underlying Wadsworth t ill.  T hese wind-

blown m aterials of  t he Richland Lo ess m ake up t he c urrent s oil pr ofile of  Naval S tation G reat L akes.  

Deposits of silt, clay, and sand of the Equality Formation characterize the central and southern portions of 

Naval Station Great Lakes (TtNUS, 2008a).     

 

1.4.6 

Naval S tation G reat Lakes i s l ocated within both t he N orth B ranch Chicago River D rainage Basin and 

Lake Michigan North Drainage Basin.  The divide between the basins is along Green Bay Road, which 

runs north to south through the center of the base.  Overland flow from precipitation that does not infiltrate 

into t he gr ound f lows i nto t he S kokie River (located s outh of  N aval S tation G reat La kes) or P ettibone 

Creek.  The areas east of Green Bay Road drain into Lake Michigan through Pettibone Creek, and areas 

west of Green Bay Road drain into the Skokie River.  Site 19 is located in the Pettibone Creek watershed.   

Regional Hydrology  

 

Pettibone Creek is a small creek consisting of the North and South Branches, each with a minor tributary 

branch that f lows t hrough Naval S tation Great L akes and i nto L ake M ichigan.  Pettibone C reek flows 
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through well-defined ravines within Naval Station Great Lakes, and is characterized by moderately steep 

stream bed gradients and banks with 30 to 60 percent slopes.  The Pettibone Creek watershed, one of 

five Lak e M ichigan w atersheds i n L ake C ounty, I llinois, drains an ar ea of  4. 2 s quare m iles.  The 

hydrology of the watershed is well established. 

 

There i s v ery little f loodplain ar ea al ong P ettibone Creek because of  t he steeply s loped creek banks.  

During p recipitation ev ents, r unoff f rom ov erhead bridges and nearby s treets ad ds t o t he v olume o f 

Pettibone Creek.  The North Branch of the creek has a short time of concentration (TC), or time it takes for 

a uni t of  water to run the watercourse.  T he T C is short because the water source is pr imarily f rom an 

urban area that has low infiltration rates and fast runoff rates during storms.  As a result, Pettibone Creek 

is susceptible to flash floods characterized by high channel velocities and great erosive potential.   

   

The North Branch of Pettibone Creek, which ranges between 15 to 30 f eet wide and several inches to 

2 feet deep, is a perennial stream that originates from three storm sewers at 22nd Street, runs southeast 

from the North Chicago area, and merges with the South Branch of Pettibone Creek.  The North Branch, 

on Naval Station Great Lakes property, measures approximately 3,600 feet long before i t discharges to 

the Boat Basin.  An unnamed tributary flows into North Branch approximately 910 feet downstream of the 

origin of North Branch.    

 

The South Branch, which ranges from 10 to 20 feet wide and several inches to 2 feet deep, begins in a 

residential ar ea southwest o f N aval S tation Great Lakes. T he South B ranch, on N aval S tation Great 

Lakes p roperty, m easures app roximately 2, 600 f eet l ong bef ore i t m erges w ith the North B ranch 

approximately 950 f eet upstream of the Boat Basin.  An unnamed tributary f lows into the South Branch 

approximately 1,500 feet downstream from the origin of the South Branch.  

 
The Boat Basin is nearly 850 feet long and approximately 100 feet wide near the discharge of Pettibone 

Creek, w idens t o 225 f eet i n t he c enter of t he ba sin, and t hen decreases to 60 f eet wide where it 

discharges into Lake Michigan.  The water depth in the Boat Basin ranges from several inches to 5 feet. 

 
Surface water in Pettibone Creek flows eastward. The Illinois State Water Survey calculated the average 

flow of Pettibone Creek as less than 10 cubic feet per second (cfs) or 4,488 gallons per minute.  This can 

greatly increase during periods of precipitation (TtNUS, 2003b).    
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1.4.7 

Naval S tation G reat Lakes i s l ocated w ithin t he Great La kes B asin a quifer system f or gr oundwater 

storage.  There are three major regional aquifer systems within the s tate of  I llinois: the surficial aquifer 

system which ar e aq uifers of  al luvial and gl acial o rigin (found t hroughout t he G reat La kes B asin), the 

Silurian-Devonian aquifers (found in Wisconsin, Michigan, Illinois, Indiana, and Ohio), and the Cambrian-

Ordovician ( found in W isconsin, I llinois, and I ndiana).  The surficial aqui fer c onsists of  u nconsolidated 

glacial and alluvial deposits (mostly silt and pebbly clay) approximately 135 to 155 feet thick that overlie 

the limestone bedrock throughout much of the Great Lakes Basin.  With exception to the surficial aquifer, 

the Silurian-Devonian and Cambrian-Ordovician aquifers are capable of yielding substantial quantities of 

water (USGS, 2006).   

Regional Hydrogeology 

 

The silt an d pebbly clay i n t he surficial aqui fer h as i nsufficient permeability t o al low f ree groundwater 

movement.  W ater-bearing s and stringers d o ex ist i n t his a quifer but  t hese dep osits which w ould 

characteristically be c apable of  t ransporting groundwater are n either abun dant nor extensive to be 

considered favorable sources of groundwater (Illinois State Geological Survey, 1950). 
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2.0  SITE BACKGROUND 

In 1986,  an Initial As sessment St udy (IAS) conducted at  N aval S tation Great Lak es i dentified waste 

management ar eas, disposal s ites, and c ontaminated ar eas caused by  p ast ha zardous s ubstance 

storage, handling, o r disposal practices associated w ith Naval activities.  Each site was evaluated w ith 

respect to contamination characteristics, migration pathways, pollutant receptors, and potential threats to 

human heal th or the env ironment.  As par t of  t he IAS, t he N avy i dentified 1 4 pot ential areas w here 

hazardous materials may have been released to the environment at Naval Station Great Lakes.  Although 

it was not 1 of the 14 sites identified, the RTC Rifle Range (now known as Site 19) was named as a waste 

generation o peration within N aval Station Great La kes (Rogers, G olden, & H alpern, 19 86).  Following 

demolition of Building 910 in 2000, soil samples collected at the site had lead concentrations exceeding 

Illinois T iered A pproach t o C orrective A ction O bjectives ( TACO) values for c ommercial/industrial us es.  

Based on these results, the RTC Rifle Range was recommended for further investigation.  The following 

sections provide a historical overview and background for Site 19.   

 

2.1 SITE CHARACTERIZATION 

2.1.1 

Site 19 is the location of a former RTC Rifle Range housed within Building 910.  The site is bounded on 

the north by 4 th Avenue, on the east by Ohio Street, and on t he south and west by grass and concrete 

associated with other buildings (Figure 1-2).  Site 19 is currently open space composed of both a grassy 

area and gr avel driveway/parking ar ea.  A former dry cleaning o peration was l ocated app roximately 

50 feet southwest of Site 19. 

Location and Description 

 

2.1.2 

Site 19 was an indoor rifle range that operated between 1942 a nd 1997 and was demolished in 2000.  

Approximately 340,000 rounds of small arms ammunition (.22 caliber, .45 caliber, and 12 gauge) per year 

were delivered f rom the Mainside a rmory to the rifle range.  Spent ammunition was collected f rom the 

floor of the range and deposited into 22-gallon cans.  This waste spent ammunition was collected by the 

Defense R eutilization and M arketing O ffice on ce ev ery 2  t o 3  m onths.  It i s estimated t hat 1 9 million 

pounds of ammunition were generated by this facility, providing the potential for lead to have impacted 

site soil and groundwater.     

History 
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Chemicals used at the rifle range include CLP brand cleaner (20 cases per year, each case containing 

150 pint bot tles) an d standard i ssue bore c leaner #68 50-00-224-6663 ( 375 1 -gallon c ans per year).  

These chemicals are primarily composed of petroleum products and distillates (i.e., VOCs and PAHs) and 

were used on rags, with most of the chemical evaporating.  Rags were reused for as long as possible and 

then disposed of  in facility dumpsters along with the empty chemical cans or bottles  The use of  these 

chemicals provides the potential for VOCs and PAHs to have impacted site soil and groundwater. 

 

A dry cleaning facility was located just southwest of former Building 910.  Dry cleaning operations were 

active for over 50 years and ended in 2008.  A Resource Conservation and Recovery Act (RCRA) storage 

unit an d t anks were located at the n orthern end of t he d ry c leaning f acility approximately 80 f eet 

southwest of  S ite 19.   Soil c ontamination a ssociated w ith the dr y cleaning o peration has be en 

documented, and these contaminants (i.e., chlorinated VOCs and their byproducts) may be present in soil 

and g roundwater at Site 1 9.  Although t he qu antity of  s olvents used at  t he dr y c leaning f acility is 

unknown, it is known that no more then 1,200 gallons of spent tetrachloroethene (PCE) were stored at the 

dry cleaning facility at any given time. 

 

It was s uspected t hat t he former shooting and  dry cleaning ac tivities hav e impacted s ite s oil and 

groundwater. The purpose o f this RI/RA was to determine the risk to human health, i f any, associated 

with this contamination. 

 

2.2 SITE ENVIRONMENTAL SETTING 

2.2.1 

Site 19 covers approximately 0.67 acre in an area that is mainly open space consisting of both a grassy 

surface and gravel area used as a parking lot.     

Geography and Land Use 

 

2.2.2 

The topography of Site 19 is relatively flat with a gentle slope to the east towards Lake Michigan.  Site 19 

is on a plateau with elevations ranging from 640 to 660 feet above mean sea level.  

Physiography and Topography 

 

2.2.3 

The s oil types t hat f orm t he pl ateau where Site 1 9 is located i nclude M orley, A ptakisic, W auconda, 

Beecher, and silt loams.  Soil in this area is characterized as well drained to poorly drained with slow to 

moderate permeability (TtNUS, 2001). 

Soil 
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2.2.4 

General di scussions of threatened and endangered plants and ani mals that oc cur or  could potentially 

occur at Naval Station Great Lakes can be found in the Environmental Assessment for Implementation of 

an I ntegrated N atural R esources M anagement Plan at N aval Station Great L akes, I llinois (U.S. Navy, 

2001a).  

Ecology 

 

Site 1 9 is l ocated approximately 3, 600 f eet inland f rom t he Lake Michigan s horeline of  Naval S tation 

Great Lakes.  Recent bird surveys at Naval Station Great Lakes documented 34 species of breeding birds 

and 1 00 s pecies of  m igratory bi rds, i ncluding t he d owny woodpecker and cooper’s h awk (U.S. Navy, 

1995 and 2000).  Mammals likely or known to occur at Site 19 include the woodchuck, white-tailed deer, 

and raccoon.  Ecological receptors that occur at Site 19 consist of those typically found in urban areas, 

such as terrestrial invertebrates, mammals, and various songbirds.   

 

2.3 PREVIOUS SAMPLING EVENTS 

Limited sampling has occurred at Site 19 and t he surrounding area.  I n 1998, pr ior to the demolition of 

Building 9 10, t wo soil samples w ere collected adjacent t o t he bui lding and analyzed f or Toxicity 

Characteristic Leaching Procedure (TCLP) lead.  The TCLP lead concentration in the sample collected 

near the n ortheastern corner of  B uilding 910 was 18.3 m g/L, and t he c oncentration i n t he sample 

collected near the southern edge of Building 910 was 6.16 mg/L (TtNUS, 2008b).   

 

Soil samples were also collected in 2001 on Lake County property located east of  Building 910, two of  

which were near Site 19.  A sample collected slightly north and east of Site 19 had a lead concentration of 

94.7 mg/kg and also had several PAH detections that exceeded residential and commercial criteria based 

on I llinois E PA T ACO li mits.  A s ample c ollected s outheast of  S ite 19 h ad a l ead c oncentration of 

21.1 mg/kg and no TACO exceedances for PAHs (TtNUS, 2008b).  
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3.0  SITE INVESTIGATION ACTIVITIES 

RI field activities for Site 19 were conducted from December 1 to 10, 2008, and consisted of surface and 

subsurface soil sampling, installation of two temporary monitoring wells, groundwater sampling of these 

monitoring wells, and aquifer testing of the two temporary monitoring wells.  These field activities 

supported the collection of data to meet the following objectives: 

 

• To characterize the nature and extent of contamination at the site.  

• To estimate human health risk for receptors exposed to surface and subsurface soil and 

groundwater. 

• To provide water level and hydraulic conductivity data useful for determining groundwater flow 

direction and velocity. 

 

A summary of the field investigation sampling rationale is presented in Table 3-1, and summary of 

environmental sampling (surface soil, subsurface soil, and groundwater) activities is provided in Table 

3-2.  The following sections discuss deviations from the project SAP, field activities conducted, and 

site-specific geologic and hydrogeologic characteristics at Site 19 based on information collected as part 

of the RI.   

 

3.1 DEVIATIONS FROM THE SAP 

The following minor deviations from the SAP (TtNUS, 2008b) occurred during RI field activities at Site 19:  

 

• Soil boring locations were adjusted due to large mounds of dirt recently stockpiled on the site.  

Borings were kept as close as possible to their original locations and actual locations were surveyed. 

 

• Based on previous site information, lead contamination was expected to be detected 1 to 2 feet below 

ground surface (bgs) because the area was backfilled with topsoil, graded, and seeded after the 

demolition of the Small Arms Range 910 building.  However, the X-Ray Fluorescence (XRF) 

instrument indicated elevated lead readings at the surface rather than deeper (1 to 2 feet bgs).  

Because of this observation, surface soil samples were classified as “native” or “fill” to distinguish 

between samples consisting of topsoil (fill) or samples consisting of native soil.     

 

• Only two of the six proposed monitoring wells were successfully installed.  Two well locations were 

advanced up to 40 feet bgs (deeper than the planned 20 feet bgs) in attempts to accumulate 
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groundwater in the well boring.  Five additional (seven total) locations were attempted and were 

monitored for accumulated groundwater for at least 2 days after monitoring wells were installed.  

Because no water accumulated in these well points, they were abandoned and grouted. 

 

Task modification forms were completed for these deviations and are included in Appendix A.1. 

 

3.2 FIELD INVESTIGATION 

The following sections discuss the activities performed during the RI at Site 19, including sampling of 

surface soil (native and fill), subsurface soil, and groundwater; monitoring well installation; groundwater 

level measurements; aquifer testing; and investigation-derived waste (IDW) management.  The activities 

were conducted to meet the requirements of the SAP for Site 19 – Small Arms Range 910 Remedial 

Investigation at Naval Station Great Lakes, Illinois (TtNUS, 2008b).  A TtNUS geologist supervised drilling 

and well installation activities and reviewed the associated field documentation, included in Appendix A.  

A TtNUS Illinois-licensed Professional Geologist reviewed the drilling logs, well completion logs, and field 

documentation.  Field activities were conducted in accordance with TtNUS Standard Operating 

Procedures (SOPs) provided in the SAP (TtNUS, 2008b). 

   

3.2.1 

Surface and subsurface soil samples were collected to provide information on the horizontal and vertical 

extent of constituents, primarily lead, in the area where Building 910 was located.  A total of 20 soil 

borings (Table 3-2 and Figure 3-1) were advanced to 12 feet bgs using direct-push technology (DPT) 

methods. This technique involves pushing tools hydraulically into the ground to the desired depth and 

was used to collect both surface and subsurface soil samples at the 20 locations throughout Site 19.  The 

soil samples were collected in 1.5-inch inside diameter (ID) 4-foot-long acetate liners.  Soil cuttings 

generated during soil boring activities were placed in 55-gallon drums labeled as soil cuttings and 

handled as described in Section 3.2.10.   

Direct-Push Technology Drilling/Sampling 

 

3.2.2 

A summary of the soil samples collected and analyses performed during the Site 19 RI is presented in 

Table 3-2.  Upon sample retrieval, each soil core was screened by a TtNUS geologist for the presence of 

volatile organics with a photoionization detector (PID) (calibrated to 100 part per million isobutylene) and 

lead using an XRF, and visually classified for lithology, soil moisture, and other pertinent observations.  

Soil samples for laboratory analysis were collected at each location.  According to the SAP, surface soil 

samples were to be collected from 1 to 2 feet bgs based on information that approximately 1 foot of fill 

Surface and Subsurface Soil Sample Handling/Analysis 
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material had been placed over native soils.  Subsurface soil samples were to be collected at depth 

intervals greater than 3 feet at locations with maximum XRF lead readings.  Some XRF lead readings 

were greater at the surface (0 to 2 feet), and samples were collected at the surface (surface soil “fill”) as 

well as at locations that were observed to be native soil locations (surface soil “native”) (Table 3-2).  At a 

minimum 10 samples were collected in each, “fill” and “native”, to assist in the risk analysis.   

 

Soil boring logs were recorded in an Electronic Data Collection Application (eData) and are provided in 

Appendix A.2.  eData is a web-based software for the comprehensive planning, collection, management, 

and use of environmental data.  

 

The soil fractions to be analyzed for VOCs were collected first using EnCore samplers and placed in a 

cooler of ice maintained at 4 degrees Centigrade (°C).  The soil fractions to be analyzed for PAHs and 

metals were mixed, placed into the required containers, immediately sealed, and placed in a cooler at 

4oC.  The 4-foot-long clear acetate sleeves were cleaned of soil and disposed of as non-hazardous 

municipal trash on site.  Soil sample log sheets were also recorded in eData and are provided in 

Appendix A.3.   

 

The soil samples were shipped to Empirical Laboratories in Nashville, Tennessee, for chemical analysis 

(see Section 3.2.8 for additional information on sample handling, packaging, and shipping procedures).  

In general, sample fractions were containerized in the following sequence: VOCs, metals and PAHs, and 

grain size (Table 3-2).  Results of soil sample analyses are presented in Section 4, validated laboratory 

data memoranda are provided in Appendix B, and laboratory analytical summary sheets are provided in 

Appendix C.   

 

3.2.3 

Six monitoring wells were proposed to be installed at Site 19 during the RI with screened intervals 

between 5 and 15 feet bgs based on information from Site 7, which is approximately 2,200 feet north of 

Site 19 (TtNUS, 2003a).  However, after placing temporary wells at seven locations to depths up to 40 

feet bgs, only two were producing water after 2 days.  The well locations attempted are shown on Figure 

3-2.  At these two locations, NTC19MW01 and NT19MW02, temporary groundwater monitoring wells 

were installed, and a summary of the monitoring well construction information can be found in Table 3-3.  

At the other five locations, very dense clay was observed from approximately 5.5 feet bgs to the bottom of 

the well, between 30 and 40 feet bgs.   

Well Drilling and Installation 
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Hollow-stem auger techniques were used for monitoring well drilling operations.  The total depths of the 

two monitoring wells, NTC19MW01 and NTC19MW02, were 16 and 18 feet bgs, respectively.  The 

nominal diameter of the well borings was approximately 8 inches.  Each monitoring well was constructed 

of 2-inch, ID Schedule 40 polyvinyl chloride, flush-joint riser pipe, and 10-foot-long, flush-joint, factory-

slotted, polyvinyl chloride well screen and an end cap, as described in the SAP (TtNUS, 2008b).  Each 

section of casing and screen was National Sanitation Foundation approved and met American Society for 

Testing and Materials Standard A312-86a.  The well screens had a slot size of 0.01 inch (10 slot) and 

were supplied with a flush-joint end cap.  The locations of the five borings that did not produce 

groundwater and were abandoned are shown on Figure 3-2.   

 

After the riser pipe and screens were in place, the annulus of the boring was backfilled with 

U.S. Standard Sieve size of No. 10-20 clean silica sand from the bottom of the boring to a minimum of 

1 foot above the top of the well screen.  Four and a quarter-inch ID hollow-stem augers were used to hold 

the borehole open as the clean silica sand was placed around the well screen.  As the sand pack was 

installed, the augers were slowly retrieved to provide an adequate sand pack around the well.  A 

bentonite seal consisting of bentonite chips (minimum 2-foot thickness) was then installed above the sand 

pack and allowed to hydrate in accordance with the manufacturer's recommendations.  The depths of 

construction materials were constantly monitored during the installation of the monitoring wells by using a 

weighted stainless steel or plastic tape to make sure that no bridging of the sand pack or bentonite seal 

occurred during the installation process.  Grout was then poured into the remaining borehole annulus to 

ground level and then concrete was poured to complete the well.  Because these wells were installed as 

temporary wells, the surface around the well was finished with a concrete well pad and stick-up PVC pipe 

with a locked well plug.   

 

Environmental Field Services, a licensed Illinois driller, installed the two monitoring wells at the site.  A 

TtNUS geologist supervised the drilling and well installation activities, prepared the drilling logs and well 

completion logs, and reviewed the field documentation.  A TtNUS Illinois-licensed Professional Geologist 

reviewed the drilling logs, well completion logs, and field documentation.  Boring logs are provided in 

Appendix A.2, and well construction diagrams are provided in Appendix A.4.  Well permit records are 

provided in Appendix A.8. 

 

3.2.4 

After the two monitoring wells were installed, they were developed to remove fine materials (i.e., silts and 

clays) from the sand pack and the immediate area around the screened interval of the wells.  The 

monitoring wells were developed no sooner than 24 hours after well completion to allow for settling/curing 

Monitoring Well Development 
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of the grout.  NTC19MW01 was developed by using a whaler pump (a high-rate submersible pump).  

During pumping, the well screen was periodically surged and the saturated screen interval was swept to 

remove fine materials.  NTC19MW01 was pumped for 1 hour, and approximately 9.5 gallons of water was 

purged.  Because NTC19MW02 was not producing much water, a peristaltic pump was used to develop it 

at a lower rate.  After pumping approximately 1.5 gallons of water for 10 minutes, the well went dry.  

Development water was monitored for pH, temperature, turbidity, and specific conductance every 

5 minutes during pumping.  The development water was containerized in 55-gallon drums and labeled as 

IDW. 

 

The wells were considered developed after the water was visually clear or the well went dry. 

Measurements from monitoring well development were recorded on development sheets included in 

Appendix A.5. 

 

3.2.5 

One round of synoptic water level measurements was collected from the two wells at the site to 

determine static water potentiometric water surface elevations for shallow groundwater.  The five other 

proposed well locations did not produce water, and therefore, wells were not installed.   

Groundwater Level Measurements 

 

The synoptic measurements were collected within a 1-hour period of consistent weather conditions to 

minimize atmospheric/precipitation effects on groundwater levels.  Measurements were collected with a 

Solinst electronic water level indicator using the top of the well casing (i.e., riser pipe) as the reference 

point for determining the depth to water in each well.  Water level measurements were collected from a 

notch made at the top of each casing to make sure that future rounds of synoptic measurements are 

collected from a consistent point.  Water level measurements were recorded to the nearest 0.01 foot on 

groundwater sample log sheets included in Appendix A.6. 

 

3.2.6 

Two groundwater samples were collected at Site 19 occurred on December 8, 2008, and analyzed for 

VOCs, PAHs, and metals.  Table 3-2 provides a summary of the groundwater samples collected. 

Groundwater Sampling 

 

The monitoring wells were purged and sampled using standard purging techniques (low flow) in 

accordance with the SAP (TtNUS, 2008b).  Using a peristaltic pump and disposable polyethylene tubing, 

one to three screen casing volumes were purged from the NTC19MW01.  Prior to purging, the intake of 
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the sampling pump was placed at the approximate midpoint of the water column present in the well and 

at least 2 feet from the bottom of the well.       

 

At the start of purging NTC19MW01, pumping was conducted at a low rate to minimize drawdown.  Water 

quality parameters (pH, temperature, specific conductance, turbidity, and dissolved oxygen) were 

measured and recorded at 5- to 10-minute intervals (Appendix A.6) until the parameters stabilized for at 

least three consecutive readings and the minimum purge volume (one screen volume) was removed.  

Stabilization of the above parameters was defined as follows: 

 

• pH ± 0.2 standard unit  

• Temperature ± 10 percent 

• Turbidity less than 10 nephelometric turbidity units (NTUs) 

• Specific conductance ± 10 percent 

• Dissolved oxygen  ± 10 percent 

 

Because the turbidity remained greater than 10 NTUs but the other field parameters stabilized, a filtered 

sample for metals analysis was collected in addition to the unfiltered sample.  Purge water was 

containerized in 55-gallon drums and labeled as IDW. 

 

After the parameters stabilized and immediately prior to sampling, the temperature, pH, specific 

conductance, turbidity, and dissolved oxygen of the groundwater sample from NTC19MW01 were 

measured and recorded on a Groundwater Sample Log Sheet in eData.  The sample containers were 

filled by allowing the pump discharge to flow with minimal turbulence down the inside of the container.  

For the collection of filtered samples, an in-line, 0.45-micron, disposable particulate filter was used.   

 

Based on how quickly NTC19MW02 went dry during development and produced very little water within 

the next 24 hours, this well was not purged prior to sampling.  Instead, water quality parameters were 

measured after the sample containers were filled.  The sample from this well was collected within 

24 hours of the well being pumped dry during development.   

 

Groundwater Sample Log Sheets are provided in Appendix A.6.  The results of groundwater sample 

analyses are presented in Section 4, validated laboratory data memoranda are provided in Appendix B, 

and laboratory analytical summary sheets are provided in Appendix C.    
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3.2.7 

A slug test was performed in monitoring well NTC19MW01 to determine the hydraulic characteristics of 

the formation in the immediate vicinity of the well.  There was insufficient water to complete a slug test in 

NTC19MW02.  Prior to performing the slug test, the static water level was recorded along with the well 

construction details on a Hydraulic Conductivity Testing Data Sheet (see Appendix D).  A rising-head test 

was performed by inserting a solid plastic slug into the well to raise the water level, and water level and 

time data were collected until the static water level returned to equilibrium.  The solid slug was then 

removed and the rate of increase in the water level back to equilibrium (rising-head test) was measured.  

The change in water level was induced as quickly as possible because slug test data analysis methods 

assume an instantaneous change in head.  A falling-head test was not performed because the water level 

was within the screened interval (i.e., below the top of the well screen).  The well that was slug tested 

was developed prior to slug testing.   

Aquifer Testing 

 

Slug test data (water levels in feet of head and time) were collected using a Solinst levelogger with a 

pressure transducer and manually checked using an electronic water-level indicator.  Slug test data were 

used to calculate a horizontal hydraulic conductivity value for the aquifer in the immediate vicinity of the 

well.  The data were analyzed using the Bouwer-Rice Method (Bouwer and Rice, 1976) in the Windows-

based program AQTESOLV.  Slug test results are discussed in Section 3.5.3, and slug test calculations 

are provided in Appendix D. 

 

3.2.8 

This section of the RI identifies the general procedures used for storing and transferring collected 

samples.  The following subsections describe the precautions taken to make sure that sample integrity 

was maintained throughout the sample collection and shipping processes.   

Sample Handling, Packaging, and Shipping 

 

3.2.8.1 Sampling Handling 

Each sample was divided among three to four containers, with each container specific to the analysis of 

one or more analyte groups (fractions).  Sample collection followed a logical sequence to make sure that 

the more volatile components of samples were not lost or that losses were minimized during sample 

handling.  For example, samples for VOCs were collected first and containerized immediately after 

collection to prevent or minimize losses from volatilization.  For groundwater, the VOC sample vial was 

tilted and the water sample was allowed to slowly trickle down the side to minimize agitation and 

disturbance, again to prevent loss of VOCs.  Aqueous VOC samples were collected so that the vials did 
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not have air bubbles in them after containerization (no head space).  In general, sample fractions were 

containerized in the following sequence: VOCs, metals, PAHs, and grain size. 

 

Sample nomenclature was assigned in accordance with the SAP (TtNUS, 2008b).  Samples were 

shipped in coolers via air courier (e.g., Federal Express) to Empirical Laboratories in Nashville, 

Tennessee.  Samples were associated into sample delivery groups (SDGs) compiled in the chronological 

sequence in which the samples were received at the laboratory over a period of up to 4 days.  Additional 

details concerning various aspects of sample handling are provided below. 

 

3.2.8.2 Sample Preservation 

Preservation requirements for samples for each of the analytes of interest were provided in Worksheet 

#19 of the SAP (TtNUS, 2008b).  Sample bottles for aqueous samples contained the proper amounts and 

types of preservatives prior to being shipped to Naval Station Great Lakes.  The samples were promptly 

chilled with ice to 4 ± 2°C and packaged in an insulated cooler.  Each cooler included a temperature 

blank.  The samples and ice were sealed in heavy-duty plastic bags to prevent water leakage.   

 

3.2.8.3 Sample Labeling 

Sample labels were printed from eData during sample collection.  Before samples were packaged, the 

sample labels were checked to make sure that the information on the label was complete and correct.  

This information was also compared to the information on the sample collection log sheet and the chain-

of-custody form. 

 

3.2.8.4 Sample Packaging 

Each sample container was placed in a zip-lock bag to prevent cross-contamination or leakage.  The zip-

lock bag was then placed in a bubble-wrap sleeve to protect it from breakage.  Only shipping containers 

that met minimum packaging requirements of 49 Code of Federal Regulations 174 for safe shipment 

were used.  Ice was then placed around and between the samples in sufficient quantity to chill the 

samples to 4 ± 2°C during transport to the analytical laboratory. 

 

The completed field chain-of-custody forms were signed, placed in a sealed plastic envelope, and taped 

to the top inside cover of the shipping container.  Appendix A.9 includes copies of the completed chain-of-

custody forms.  The Field Operations Leader was responsible for completion of the following forms: 
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• Sample labels 

• Chain-of-custody forms 

• Custody seals for coolers 

• Shipping labels for coolers 

• Express mail air bills 

 

3.2.8.5 Sample Shipping 

Shipping containers (i.e., coolers) were sealed with nylon strapping tape, and custody seals were signed, 

dated, and affixed in a manner that would allow the receiver to identify tampering that may have occurred 

during transport to the laboratory. 

 

Shipments were made by Federal Express following completion of sample collection.  Copies of the air 

bills were retained by the Field Operations Leader and assigned to the chain-of-custody in eData for 

tracking purposes, if needed, and for communications with the laboratory.  

 

3.2.9 

The soil boring locations at Site 19 were surveyed for horizontal control by Graef, Anhalt, Schloemer & 

Associates, Inc. (Illinois licensed) in accordance with the SAP (TtNUS, 2008b).  The monitoring wells at 

Site 19 were also surveyed for horizontal and vertical control.  The soil boring and monitoring well 

locations were surveyed horizontally to the nearest 0.10 foot.  The top of riser (where notched) and 

ground surface elevations adjacent to the protective cover at each monitoring well location were surveyed 

to within 0.01-foot vertical accuracy.  The northing and easting coordinates are referenced to the Illinois 

State Plane Coordinate System, North American Datum 1988 and the vertical elevations are referenced 

to the North American Vertical Datum 1988. 

Surveying 

 

3.2.10 

During RI field activities, decontamination water, development water, purge water, and soil cuttings were 

containerized in 55-gallon drums and stored on site.  Other IDW such as disposable trowels, paper 

towels, and acetate sleeves were double-bagged and placed in Naval Station Great Lakes trash 

receptacles (dumpsters).  Following the investigation, composite soil and water samples from the drums 

were submitted for laboratory testing to characterize the waste for appropriate disposal.  Composite 

samples for both soil and purge/decontamination water were collected and analyzed for TCLP organics, 

inorganics, flash point, pH, reactive sulfide, reactive cyanide, phenolics, polychlorinated biphenyls and 

Investigation-Derived Waste  
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Naval Station Great Lakes required parameters.  Completed Waste Profiles were signed and are 

provided in Appendix E.  The IDW was handled in accordance with the SAP (TtNUS, 2008b).  The drums 

were picked up, transported, and disposed by Industrial Water Services of Chicago, Illinois; a Naval 

Station Great Lakes approved transportation and disposal company. 

 

3.2.11 

Abandonment of boreholes for temporary monitoring wells that did not produce groundwater occurred 

after it was determined that no water was accumulating in the borehole.  Environmental Field Services 

performed the borehole abandonment according to Illinois State regulations.  The temporary well points 

were removed and the boreholes were backfilled with bentonite chips and hydrated per the 

manufacturer’s recommendations.  Surface conditions were matched to the surrounding area. 

Borehole Abandonment  

 

3.3 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

TtNUS established a quality control (QC) program to monitor and assess the quality of field work and 

laboratory work performed during environmental investigation.  This program included various types of 

QC samples as indicated below.  The field quality control samples consisted of temperature blanks, field 

duplicates, matrix spike/matrix spike duplicate (MS/MSD), trip blanks, equipment rinsate blanks, and 

source water blanks.  Temperature blanks were included in each cooler submitted to the laboratory to 

monitor sample storage conditions prior to arrival at the laboratory.  One field duplicate sample was 

collected per 10 samples.  The purpose of the field duplicate sample was to examine the variability of the 

samples.  One trip blank was collected per shipment of VOC samples.  The purpose of the trip blank was 

to examine the potential for cross contamination of samples during shipping.  One equipment rinsate 

blank was collected for each type of non-dedicated soil sampling equipment used.  The common purpose 

of the equipment rinsate blank is to examine the effectiveness of the decontamination procedures.  One 

source water blank was collected per water source used for the purpose of evaluating contamination in 

water used for decontamination activities.  Matrix spikes (MS) are investigative samples analyzed to 

provide information about the effect of the sample matrix on the digestion and measurement 

methodology.  The MS for organic analysis are performed in duplicate.  MS and duplicate samples were 

collected at a frequency of 1 per 20 samples.  For inorganics; an MS and a sample duplicate was 

collected.  For organics, an MS and a matrix spike duplicate (MSD) was collected.  MS/MSDs and sample 

duplicates are not applicable for field analyses.  Each type of field QC sample had the same preservation, 

analysis, and reporting procedures as the related environmental samples with the exception of 

temperature blanks.  The log sheets for the quality assurance/quality control (QA/QC) samples are 

included in Appendix A.7.  Laboratory QC samples consisted of laboratory control samples, laboratory 
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duplicates, internal standards, laboratory method blanks, matrix spikes, matrix spike duplicates, post 

digestion spikes, and surrogates.  Empirical Laboratories conducted the laboratory QC in accordance 

with the SAP (TtNUS, 2008b).  TtNUS reviewed the laboratory quality control during the data validation 

and noncompliances were noted in the data validation memoranda in Appendix B. 

 

3.4 SITE-SPECIFIC GEOLOGY 

Geologic conditions at Site 19 were characterized as part of the RI.  Surface and subsurface materials at 

Site 19 were characterized based on acetate liner samples collected during the drilling of soil and well 

borings during the TtNUS field investigation.  The visual classifications were utilized to develop geologic 

cross-sections for the site.  Figure 3-3 presents the locations of the geologic cross sections based on 

select borings across Site 19.  Figures 3-4 and 3-5 show cross-sectional transects A-A’ and B-B’ 

respectively, that were developed from the soil boring data collected.   

 

The shallow subsurface lithology of Site 19 from about 1 to 4 feet to a depth of 40 feet bgs consists 

predominantly of brown silty clay grading to gray clay with occasional interbeds of gravel, sand, or silt.  

Typically, above the clay is fill material.  The southwestern portion of the site included predominately 

more sand (Figure 3-4 and 3-5 and Table 3-4).   

 

Laboratory sieve analysis of three sample locations from these deposits (Table 3-4) indicates that the 

Unified Soil Classification System description of these soils ranges from ML (sandy silt) to CL (silty clay).   

 

3.5 SITE-SPECIFIC HYDROGEOLOGY 

The hydrogeologic conditions at Site 19 were interpreted from data collected during the subsurface 

investigation activities at the site, including drilling, groundwater sampling, groundwater level 

measurements, and aquifer testing. 

 

3.5.1 

The shallow water table aquifer was characterized at Site 19.  A deeper (confined) aquifer is most likely 

present (based on previous studies at adjacent areas) but was not part of this investigation.  The top of 

the shallow aquifer ranges from approximately 5.5 to 7.5 feet bgs and is composed primarily of 

unconsolidated silty clays to clays and minor silts with discontinuous sand and gravel lenses interspersed 

throughout (see Figures 3-4 and 3-5).  Because many unsuccessful attempts were made to complete 

groundwater wells from borings that penetrated these units, it was determined that the water encountered 

in these lenses is perched water and is not found in sufficient quantity to sustain a permanent monitoring 

Hydrogeologic Framework 
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well.  In general, the water table within these heterogeneous deposits is shallow and was typically 

encountered at depths ranging from 5.5 to 7.5 feet bgs at the site. 

 

3.5.2 

Groundwater flow directions for the shallow water table aquifer were determined based on the synoptic 

water-level measurements collected on December 8, 2008 (see Table 3-3).  Water-level measurements 

were collected from NTC19MW01 and NTC19MW02 since they were the only wells to successfully 

produce enough water to do so.  NTC19MW03 through NTC19MW07 did not produce water therefore 

measurements were not obtained from these wells.  Groundwater elevations were determined based on 

the two depths to water measurements, then posted on site maps and evaluated.  Figure 3-6 presents the 

groundwater potentiometric surface for the shallow water table aquifer at the site.  Since only two water-

level readings were obtained it is difficult to make assumptions about groundwater flow direction.   

Groundwater Flow Directions  

 

3.5.3 

A rising-head slug test was conducted in one monitoring well at the site as described in Section 3.2.7.  

This slug test was performed to generate an estimate of horizontal hydraulic conductivity in the immediate 

vicinity of the well.  The slug test was performed in monitoring well NTC19MW01.  The results of the test 

evaluations are presented in Table 3-5.  The calculated horizontal hydraulic conductivity value in 

NTC19MW01 was 1.79 feet per day.  This value is within the typical range for silty sands and sand and 

gravel lenses in the literature (Fetter, 1980 and Freeze and Cherry, 1979).  Conversely, it is not 

representative of the predominantly clay formation at the remainder of the site.   

Aquifer Test Results 

 

A falling head slug test was not conducted at this well due to the static water level being within the 

screened interval.  

 

3.5.4 

The hydraulic gradient for the shallow groundwater at the site was calculated graphically from 

groundwater elevations found on Figure 3-6, based on the groundwater flow paths presented.   

Groundwater Velocities  

 

Only two of the seven wells onsite produced water.  The other wells were either dry or had only a few 

inches of water present.  It is assumed that ground water is present at the other well locations based on 

visual observation while advancing soil borings but the porosity of the clay was so low that it did not allow 

for water to easily move into the well.  The wells that produced water were located in the southwestern 

corner of the site where a sand lens allows one to determine hydraulic head in a well. 



TABLE 3-1

SAMPLING RATIONALE
SITE 19 - SMALL ARMS RANGE

NAVAL STATION GREAT LAKES, ILLINOIS

Sample Location Sampling Rationale

Surface Soil

Subsurface Soil

Groundwater

NTC19MW01 to NTC19MW02
Samples collected from these wells primarily to determine if lead is migrating into the 

groundwater.  Also collected VOC and PAH to deterimine if solvents from gun cleaning 
have traveled into the groundwater.

NTC19SB001 to NTC19SB20
Utilized PID to determine high concentrations of VOCs.  Utilized the XRF to determine 

high concentrations of lead.  Samples were collected for Metals, VOCs, and PAHs. 
Samples were split between surface soil native and surface soil fill.  

NTC19SB01 to NTC19SB20 (various)
Utilized PID to determine high concentrations of VOCs.  Utilized the XRF to determine 

high concentrations of lead.  Sample depth was biased to the higher readings.  Sampled 
were collected for Metals, VOCs, and PAHs.



TABLE 3-2

SAMPLING SUMMARY
SITE 19 - SMALL ARMS RANGE

NAVAL STATION GREAT LAKES, ILLINOIS

SURFACE-FILL
NTC19SB01-SO-0002 0-2 X X
NTC19SB03-SO-0001 0-1 X X
NTC19SB06-SO-0001 0-1 X X
NTC19SB07-SO-0001 0-1 X X
NTC19SB08-SO-0103 1-3 X X X X
NTC19SB09-SO-0002 0-2 X X X X
NTC19SB10-SO-0002 0-2 X X X X
NTC19SB11-SO-0002 0-2 X X X X
NTC19SB12-SO-0002 0-2 X X X X
NTC19SB17-SO-0002 0-2 X X X X
NTC19SB19-SO-0002 0-2 X X X X
NTC19SB20-SO-0002 0-2 X X X X
SURFACE-NATIVE
NTC19SB01-SO-0608 6-8 X X X X
NTC19SB02-SO-0204 2-4 X X X X
NTC19SB03-SO-0103 1-3 X X X X
NTC19SB04-SO-0204 2-4 X X X X
NTC19SB05-SO-0406 4-6 X X X X
NTC19SB06-SO-0204 2-4 X X X X
NTC19SB07-SO-0507 5-7 X X X X
NTC19SB13-SO-0103 1-3 X X X X
NTC19SB14-SO-0204 2-4 X X X X
NTC19SB15-SO-0103 1-3 X X X X
NTC19SB16-SO-0103 1-3 X X X X
NTC19SB18-SO-0204 2-4 X X X X
SUBSURFACE
NTC19SB03-SO-0810 8-10 X X X X
NTC19SB05-SO-0608 6-8 X X X X X
NTC19SB06-SO-0608 6-8 X X X X
NTC19SB08-SO-0406 4-6 X X X X
NTC19SB09-SO-0406 4-6 X X X X
NTC19SB10-SO-0507 5-7 X X X X
NTC19SB12-SO-0507 5-7 X X X X X
NTC19SB14-SO-0507 5-7 X X X X
NTC19SB15-SO-0406 4-6 X X X X
NTC19SB16-SO-0507 5-7 X X X X
NTC19SB17-SO-0406 4-6 X X X X
NTC19SB18-SO-0406 4-6 X X X X X
NTC19SB19-SO-0406 4-6 X X X X
NTC19SB20-SO-0406 4-6 X X X X
GROUNDWATER 
NTC19MW01-1208 X X X X
NTC19MW02-1208 X X X X

Field parameters include temperature, pH, specific conductance, turbidity, oxidation-reduction potential, and dissolved oxygen.

Notes:
bgs  - below ground surface
TCL - Target Compound List
VOCs - Volatile organic compounds
PAHs - Polynuclear aromatic hydrocarbons
TAL - Target Analyte List
TOC - Total organic carbon
PID - Photoionization detector
XRF - X-Ray Fluorescence Spectrometer

Field Parameters(3)Sample Name TAL Metals 
and CyanideTCL PAHsTCL VOCs Grain SizeXRF and PIDDepth (feet bgs)



TABLE 3-3

SUMMARY OF MONITORING WELL CONSTRUCTION AND WATER LEVEL DATA
SITE 19 - SMALL ARMS RANGE

NAVAL STATION GREAT LAKES, ILLINOIS

Top     
(feet bgs)

Bottom 
(feet bgs)

Depth to 
Water  (feet)

Water Level 
(feet above 

msl)
NTC19MW01 662.56 665.04 2.48 16.00 5.50 15.50 7.48 655.08
NTC19MW02 661.95 664.89 3.13 18.63 8.13 18.13 12.78 649.17

bgs: Below ground surface.
msl: Mean sea level.
Prior to installation of monitoring wells, exploratory direct push technology boring was performed to determine well depth and screen position.
Above measurements are taken from top of casing.
NA - Not available.

            12/2008
Monitoring Well 
Stick-Up Height

Screened Interval

Well ID
Ground Surface 

Elevation               
(feet above msl)

Top of Stick-Up 
Well Casing 

Elevation (feet 
above msl)

Bottom of 
Boring 

(feet bgs)



TABLE 3-4

SUMMARY OF SIEVE ANALYSIS RESULTS
SITE 19 - SMALL ARMS RANGE

NAVAL STATION GREAT LAKES, ILLINOIS

NTC19SB05-SO-0608 NTC19SB12-SO-0507 NTC19SB18-SO-0406
NO. 40 SIEVE (% passing)                  71
NO. 100 SIEVE (% passing)                 50
NO. 200 SIEVE (% passing)                 40 100 100
0.026 mm (% passing) 44 14
0.01 mm (% passing) 32 10
0.0074 mm (% passing) 28 8
0.0052 mm (% passing) 22 6
0.0043 mm (% passing) 22 4
0.0019 mm (% passing) 12 4
USCS SYMBOL SC CL CL
USCS CLASSIFICATION SAND with Clay CLAY CLAY

Fraction



TABLE 3-5

SUMMARY OF AQUIFER TEST RESULTS
SITE 19 - SMALL ARMS RANGE

NAVAL STATION GREAT LAKES, ILLINOIS

Well Test Screen 
Length (ft)

Saturated 
Thickness 

(ft)

K 
(ft/day)

K 
(ft/min)

K 
(cm/sec)

NTC19MW01 Rising-head 10 8.04 1.788 1.2E-3 6.3E-4

Well diameter was 2 inches (0.1667 foot) and wellbore diameter was 8.00 inches (0.667 foot).
Data analyzed using AQTESOLV for Windows using Bouwer-Rice solution (Bouwer, H., and Rice, R.C., 1976).
K = Horizontal hydraulic conductivity.



!(

!(

!(

!( !(

!( !(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
NTC19SB01

NTC19SB02

NTC19SB11

NTC19SB03

NTC19SB12
NTC19SB20

NTC19SB13

NTC19SB10

NTC19SB04
NTC19SB19

NTC19SB14

NTC19SB09

NTC19SB05

NTC19SB08
NTC19SB06

 NTC19SB07

NTC19SB16
NTC19SB17

NTC19SB18

1

2

DRAWN BY DATE

CHECKED BY DATE

COST/SCHEDULE AREA

SCALE

K. MOORE

G. STIEGEL 06/18/09

10/19/07

AS NOTED

CONTRACT NUMBER

APPROVED BY DATE

APPROVED BY DATE

FIGURE NO.

CTO 0468

RFD

___ ___

06/19/09

REV

0FIGURE 3-1

SOIL BORING SAMPLE LOCATIONS

SITE 19 - FORMER BUILDING 910

NAVAL STATION GREAT LAKES

GREAT LAKES, ILLINOIS

³

40 400
Feet

P:\GIS\GREAT_LAKES_NS\MXD\SITE19_SB-SAMPLES.MXD  06/18/09  JEE

Legend
!( Soil Boring

!( Storm Sewer Inlet Point

Electrical Cable Line

Heat Cool Line

Electrical Ductbank Line

Electrical Transformer Bank Point

Heat Cool Junction Site

Exterior Lighting Point

Storm Sewer Line

Water Line

Installation Area



!(

!(

!(

!( !(

!( !(

!( !(

!(

!(

!(

!(

!(

!U

!U

!U

!U

!U

!U

!U
NTC19MW07

NTC19MW06

NTC19MW05

NTC19MW04

NTC19MW03

NTC19MW02

NTC19MW01

DRAWN BY DATE

CHECKED BY DATE

COST/SCHEDULE AREA

SCALE

K. MOORE

G. STIEGEL 06/18/09

10/19/07

AS NOTED

CONTRACT NUMBER

APPROVED BY DATE

APPROVED BY DATE

FIGURE NO.

CTO 0468

RFD

___ ___

06/19/09

REV

0FIGURE 3-2

MONITORING WELL SAMPLE LOCATIONS

SITE 19 - FORMER BUILDING 910

NAVAL STATION GREAT LAKES

GREAT LAKES, ILLINOIS

³

40 400
Feet

P:\GIS\GREAT_LAKES_NS\MXD\SITE19_MW-SAMPLES.MXD 06/18/09  JEE

Legend
!U Monitoring Well

!U Abandoned Monitoring Well

!( Storm Sewer Inlet Point

Electrical Cable Line

Heat Cool Line

Electrical Ductbank Line

Electrical Transformer Bank Point

Heat Cool Junction Site

Exterior Lighting Point

Storm Sewer Line

Water Line

Installation Area



!(

!(

!(

!( !(

!( !(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(NTC19SB01

NTC19SB02

NTC19SB11

NTC19SB03

NTC19SB12
NTC19SB20

NTC19SB13

NTC19SB10

NTC19SB04
NTC19SB19

NTC19SB14

NTC19SB09

NTC19SB05

NTC19SB08
NTC19SB06

 NTC19SB07

NTC19SB16
NTC19SB17

NTC19SB18

B'

B

A'

A

DRAWN BY DATE

CHECKED BY DATE

COST/SCHEDULE AREA

SCALE

J. ENGLISH

G. STIEGEL 06/18/09

06/18/09

AS NOTED

CONTRACT NUMBER

APPROVED BY DATE

APPROVED BY DATE

FIGURE NO.

CTO 0468

RFD

___ ___

06/19/09

REV

0FIGURE 3-3

CROSS-SECTION LOCATION MAP

SITE 19 - FORMER BUILDING 910

NAVAL STATION GREAT LAKES

GREAT LAKES, ILLINOIS

³

40 400
Feet

P:\GIS\GREAT_LAKES_NS\MXD\SITE19_CROSS_SECTION.MXD  06/18/09  JEE

Legend
!( Soil Boring

!( Storm Sewer Inlet Point

Cross Section

Electrical Cable Line

Heat Cool Line

Electrical Ductbank Line

Electrical Transformer Bank Point

Heat Cool Junction Site

Exterior Lighting Point

Storm Sewer Line

Water Line

Installation Area







Naval Station Great Lakes 
Site 19 RI/RA 

Revision: 1 
Date: July 2010 

Section:  4.0 
Page: 1 of 10 

 

021008/P 4-1 CTO 468 

4.0  NATURE AND EXTENT OF CONTAMINATION 

This section presents and evaluates the results of  the RI sampling and anal ysis activities described i n 

Section 3.0.  Specifically, this section summarizes the nature and extent of contamination in groundwater, 

surface soil, and subsurface soil samples collected at  t he l ocations presented on F igures 3-1 and 3-2.  

The data quality assessment summary and analytical summary sheets f rom the subcontract l aboratory 

are pr esented in A ppendices B and C, r espectively.  The dat a packages r eceived f rom t he an alytical 

laboratory were validated, and the results of  t he data validation ar e summarized i n t he data validation 

memoranda presented in Appendix B. 

 

The q uality of t he chemical analytical dat a collected du ring t he Site 19 investigation ha s be en 

documented in the data validation memoranda.  The analytical data validation process was completed for 

laboratory data packages in accordance with the USEPA Region 5 Guidelines for Organic Data Validation 

(1993a) and USEPA Region 5 Guidelines for Inorganic Data Validation (1993b), with consideration given 

to t he U SEPA N ational F unctional G uidelines f or O rganic Data Review (2008b) a nd U SEPA N ational 

Functional G uidelines for Inorganic D ata Review (2004a).  Half of  t he samples c ollected w ere f ully 

validated, and the r emaining s amples r eceived a c ursory r eview for false po sitive and false neg ative 

results.  The parameters were reviewed using applicable sections of the aforementioned guidelines and 

the laboratory SOPs.  The data set compiled using these guidelines is considered acceptable for use in 

this RI.    

 

Contaminant sources at Site 19 are discussed in Section 4.1.  The nature and extent of contamination in 

environmental m edia (groundwater, surface s oil, and subsurface soil) are discussed, and detected 

concentrations ar e compared t o regulatory c riteria (Illinois EPA T ACO values, USEPA R egional 

Screening Le vels f or C hemical Contaminants, etc.), w here av ailable, i n S ections 4. 2, 4. 3, and 4.4.  A 

summary of the nature and extent of contamination at Site 19 is presented in Section 4.5.   

 

The discussion of the nature and extent of contamination at Site 19 is structured according to the RI and 

Feasibility Study guidance ( USEPA, 1988 ).  S ources of contamination are discussed f irst then 

environmental media sampled during the investigation are discussed in the following order: groundwater, 

subsurface s oil, and surface s oil.  Within ea ch of t hese m edia, analytical f ractions a re di scussed as 

follows: VOCs, PAHs, and metals. 
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4.1 SOURCES OF CONTAMINATION 

Site 19 is the location of a former indoor rifle range that was in operation for 55 years until the demolition 

of the building in 2000.  VOC, PAH, and inorganic (primarily lead) contamination is suspected in soil and 

groundwater at the site due to the spent ammunition and use of solvents for gun cleaning operations.  An 

active dry cleaning operation was located approximately 50 feet southwest of Site 19, was in operation for 

over 50 years, and a RCRA storage unit and tanks for the dry cleaner were located approximately 80 feet 

southwest of Site 19.  Contaminants from these facilities may have impacted the groundwater and soil of 

Site 19.   

 

4.2 GROUNDWATER CONTAMINATION ASSESSMENT 

This section discusses the Site 19 groundwater data collected for the R from two monitoring wells.  The 

Quality A ssurance P roject P lan (TtNUS, 2 008b) s pecified that the s amples be analyzed f or Target 

Compound List (TCL) VOCs, PAHs, and Target Analytes List (TAL) metals.   

 

Groundwater analytical results are grouped by fraction and discussed below. The analytical results were 

used to delineate the nature and extent of contamination and to support the HHRA.  Table 4-1 presents 

the anal ytical r esults f or t he two groundwater samples collected dur ing t he R I.  Descriptive s tatistics 

(e.g., frequencies of detection, ranges detected, locations of maximum detections, etc.) are presented in 

Table 4-2.  Additionally, the analytical results were compared to the following standards and criteria, and 

the r esults o f t hese c omparisons ar e s hown in Table 4 -2.  Monitoring w ell l ocations ar e s hown on  

Figure 4-1 with results for the chemical parameters that exceeded the following regulatory criteria:   

 

• Illinois EPA Tier 1 Groundwater Remediation Objectives (GROs) for Class 1 Groundwater 
(Illinois EPA, 2007) – Ingestion - Class I  T ACO T ier 1 G ROs ar e enforceable s tandards used t o 

evaluate chemical concentrations in groundwater or surface water that may be u sed as a domestic 

water supply. 

 

• Illinois EPA GROs for Chemicals Not Listed in TACO Class 1 (Illinois EPA, 2007) – Ingestion - 
Class I  Non-TACO T ier 1  GROs are standards developed by  the I llinois EPA Toxicity Assessment 

Unit (TAU) for chemicals not listed in TACO.  Although these are not enforceable, they are accepted 

for use in evaluating chemical concentrations in groundwater or surface water that may be used as a 

domestic water supply.   
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• USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites for 
Residential Tap Water Screening Levels (USEPA Oak Ridge National Laboratory (ORNL), 
2008) – ORNL Residential Tap Water Screening Levels (SLs) are risk-based concentrations derived 

by ORNL for evaluating chemicals in groundwater or surface water sources that may be us ed as a 

domestic water supply.  These SLs were derived from standardized equations that combine exposure 

information assumptions with USEPA toxicity data.  SLs are considered by USEPA to be pr otective 

for humans (including sensitive groups) over a lifetime; however, SLs are not always applicable to a 

particular site and do not address non-human health endpoints such as ecological impacts (USEPA, 

2008a).    

 

• USEPA Maximum Contaminant Levels (MCLs) (USEPA, 2006) – Primary MCLs are enforceable 

standards promulgated under the federal Safe Drinking Water Act and are designed for the protection 

of hum an health.  P rimary M CLs ar e based o n l aboratory or  e pidemiological s tudies a nd apply t o 

public water systems, defined as systems that provides water to the publ ic for human consumption 

and that has at least 15 service connections or regularly serves an average of 25 individuals daily at 

least 60 d ays per year.  P rimary MCLs are designed for the prevention of human health effects but 

also reflect the technical f easibility of r emoving a c ontaminant.  P rimary ( i.e., heal th-based) and 

secondary (i.e., aesthetic-based) MCLs are promulgated under the Safe Drinking Water Act.   

 

• USEPA Groundwater Screening Levels for Evaluating the Vapor Intrusion to Indoor Air 
(USEPA, 2002a) –  SLs for evaluating vapor i ntrusion t o i ndoor ai r that m ay adv ersely a ffect the 

indoor ai r q uality of  a bui lding ov erlying s ubsurface V OC contamination and ar e de signed f or t he 

protection of human health.  
 
4.2.1 

The following VOCs were detected in groundwater samples collected from Site 19 during the RI:  

VOCs 

 

• Acetone  

• Toluene  

 

VOC concentrations were less than Illinois TACO and non-TACO GROs, USEPA ORNL Residential Tap 

Water levels, and federal MCLs.  These VOCs were detected only at sampling location NTC19MW02.   
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4.2.2 

Sixteen PAHs were detected in groundwater at location NTC19MW02, and two PAHs were detected at 

location N TC19MW01.  Concentrations of  t he f ollowing P AHs exceeded the m inimum s creening value 

(USEPA ORNL Residential Tap Water): 

PAHs 

 

• Benzo(a)anthracene  

• Benzo(a)pyrene  

• Dibenzo(a,h)anthracene  

 

4.2.3 

Groundwater s amples were an alyzed for t otal and  di ssolved (filtered) metals.  N ine total inorganic 

constituents and six dissolved inorganic constituents were detected in RI groundwater samples from Site 

19.  None o f t hese constituents were detected at c oncentrations ex ceeding t he minimum screening 

criteria (USEPA ORNL Residential Tap Water).   

Metals 

 

4.3 SURFACE SOIL CONTAMINATION ASSESSMENT 

This section discusses the results of Site 19 surface soil samples collected during the RI.  Sixteen surface 

soil s amples (plus two duplicate s amples) w ere c ollected f rom 1 5 soil bo rings, N TC19SB01 t hrough 

NTC19SB20 (see Figure 4-2) at depths ranging from 0 to 2 feet bgs.  No samples were collected from soil 

borings NTC19SB02, NTC19SB04, NTC19SB05, NTC19SB14, or NTC19SB18.  Most of the surface soil 

samples were analyzed for TCL VOCs, PAHs, and TAL metals in accordance with the Quality Assurance 

Project Pl an ( TtNUS, 2 008b).  Samples f rom b orings NTC19SB01, N TC19SB03 (0 t o 1 f eet bgs ), 

NTC19SB06, and NTC19SB07 were not analyzed for VOCs or PAHs.     

 

Surface soil analytical results are grouped by fraction and discussed below.  The analytical results were 

used to delineate the nature and extent of contamination and to support the HHRA.  Table 4-3 presents 

the anal ytical r esults f or t he 16 surface s oil s amples c ollected during t he R I.  Descriptive s tatistics 

(e.g., frequencies of detection, ranges detected, locations of maximum detections, etc.) are presented in 

Table 4-4.  Additionally, the analytical results were compared to the following criteria, and the results of 

these comparisons are shown in Table 4-4.  Figure 4-2 shows the locations of the soil borings with results 

for the chemical parameters that exceeded the following criteria: 

 

• USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites for 
Residential and Industrial Receptors (USEPA Oak Ridge National Laboratory (ORNL), 2008a) – 
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Risk-based c oncentrations der ived by  ORNL f or ev aluating chemicals i n soil.  These SLs are for 

human r eceptors hypothetically e xposed t o c hemicals i n soil a ssuming a r esidential and i ndustrial 

land use scenario and assuming that the receptor is exposed as a r esult of  the dai ly ingestion of a 

small amount of soil.   
 

• USEPA Generic Soil Screening Levels for Migration from Soil to Groundwater (USEPA, 
2008a) – ORNL migration-to-groundwater Soil Screening Levels ( SSLs) are r isk- and M CL-based 

concentrations derived by  O RNL f or evaluating c hemicals i n soil t hat m ay i mpact g roundwater.  

These SSLs are derived from standardized equations that combine exposure information 

assumptions with USEPA toxicity data.  SSLs are considered by USEPA to be protective for humans 

(including sensitive groups) over a l ifetime; however, SSLs are not always applicable to a par ticular 

site and do not address non-human health endpoints such as ecological impacts.    

 

• USEPA Generic SSLs for Migration of Chemicals from Soils to Air – USEPA SSL s f or t he 

migration of chemicals from soil to air are used to identify chemicals detected in soil at concentrations 

that may impact ai r quality.  T he migration-to-air SSLs are calculated using default residential land 

use exposure f actors, i nfinite s ource models, and  c onservative def ault a ssumptions f or s ource 

delineation.  Therefore, these values are conservative and are designed to be protective of potential 

exposure at most sites.    
 

• Illinois EPA Tier 1 Soil Remediation Objectives (SROs) for Residential, Industrial, and 
Construction Worker Receptors Properties (Illinois EPA, 2007) – Ingestion and Inhalation - 
TACO Tier 1 SROs are risk-based criteria for evaluating chemical concentrations in soil.  TACO Tier 

1 SROs a re available for human receptors hypothetically exposed to chemicals i n soil assuming a 

residential l and u se s cenario and a ssuming t hat t he receptor i s ex posed as a r esult of  t he d aily 

ingestion of a s mall a mount of  soil.  In addi tion, TACO Tier 1  S ROs are a vailable f or a  hum an 

receptor hy pothetically ex posed t o c hemicals i n soil as suming r esidential a nd i ndustrial land u se 

scenarios and assuming that the receptor was exposed as a result of the daily inhalation of volatile 

organic vapors. 
 

• Illinois EPA Tier 1 SRO for Residential Properties for the Soil Component of the Groundwater 
Ingestion Exposure Route for Class I Groundwater (Illinois EPA, 2007) – Assuming a Dilution 
Attenuation Factor (DAF) of 20 – Illinois E PA S SLs f or t he m igration of c hemicals f rom s oil t o 

groundwater ar e u sed t o i dentify c hemicals det ected i n s oil at  c oncentrations t hat m ay i mpact 

groundwater quality.  The migration-to-groundwater SSLs are calculated using default residential land 

use exposure f actors, i nfinite s ource models, and  c onservative def ault a ssumptions f or s ource 
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delineation.  Therefore, these values are conservative and are designed to be protective of potential 

exposure at most sites.  SSLs assuming a DAF of 20 were used as conservative screening values in 

Section 4 text, tables, and figures.  

 

• Illinois EPA, Class I GROs for Chemicals Not Listed in TACO (May 1, 2007) for Residential, 
Industrial, and Construction Worker Receptors – Ingestion and Inhalation - Class I Non-TACO 

Tier 1 SROs ar e standards d eveloped by  t he I llinois E PA TAU f or c hemicals not  l isted i n T ACO.  

Although these are not enforceable, they are accepted for use in evaluating chemical concentrations 

in soil. 

 

• Illinois EPA, Objectives for Chemicals Not Listed in TACO Tier 1 Soil-to-Groundwater SSLs for 
the Migration of Chemicals from Soil to Groundwater Assuming a DAF of 20 – Non-TACO Tier 1 

soil-to-groundwater SSLs are standards developed by the Illinois EPA TAU for chemicals not listed in 

TACO.  A lthough t hese are not  enf orceable, t hey ar e ac cepted f or us e i n ev aluating chemical 

concentrations in soil that may impact groundwater quality.   

 

4.3.1 

The following VOCs were detected in surface soil samples collected from Site 19 during the RI:  

VOCs 

 

• 2-Butanone – 1.6 to 2.5 µg/kg in 2 of 12 samples 

• Acetone – 4.3 to 29 µg/kg in 6 of 12 samples 

 

None of  the VOCs were detected at  concentrations exceeding the minimum screening criteria (USEPA 

ORNL migration-to-groundwater risk-based SSL).  

 

4.3.2 

Seventeen P AHs were d etected i n s urface s oil s amples, and  c oncentrations of  t he f ollowing s even 

exceeded the minimum screening criteria (shown in parentheses): 

PAHs 

 

• Benzo(a)anthracene (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Benzo(a)pyrene (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Benzo(b)fluoranthene (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Chrysene (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Dibenzo(a,h)anthracene (USEPA ORNL Residential SSL) 
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• Indeno(1,2,3-CD)pyrene (USEPA ORNL Residential SSL) 

• Naphthalene (USEPA ORNL migration-to-groundwater risk-based SSL) 

 

PAH exceedances were detected in each sample except NTC19SB08, NTC19SB13, and NTC19SB15.   

 

4.3.3 

Twenty-one metals were detected in the surface soil of  S ite 19, and concentrations of  the following 12 

exceeded minimum screening criteria (shown in parentheses): 

Metals 

 

• Aluminum (Non-TACO residential migration-to-groundwater SRO) 

• Antimony (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Arsenic (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Barium (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Cadmium (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Chromium (TACO Residential migration-to-groundwater) 

• Cobalt (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Copper (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Iron (Non-TACO residential migration-to-groundwater) 

• Lead (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Manganese (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Mercury (USEPA ORNL migration-to-groundwater risk-based SSL) 

 

Each surface soil location had exceedances of metals. 

 

4.4 SUBSURFACE SOIL CONTAMINATION ASSESSMENT 

This section discusses the results of Site 19 subsurface soil samples collected during the RI.  Twenty-two 

subsurface soil samples (plus one duplicate sample) were collected f rom 18 soil bo rings, NTC19SB01 

through N TC19SB20 ( see Figure 4-3), at depths r anging f rom 2 t o 10 f eet bgs .  No s amples w ere 

collected from soil borings NTC19SB11 or NTC19SB13.  The subsurface soil samples were analyzed for 

TCL VOCs, PAHs, and T AL m etals i n ac cordance w ith t he Q uality A ssurance P roject P lan ( TtNUS, 

2008b).   

 

Subsurface soil anal ytical results a re grouped by  f raction and di scussed below.  The analytical r esults 

were used t o del ineate t he nat ure an d ex tent of  contamination and t o s upport t he HHRA.  Table 4 -5 
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presents t he anal ytical r esults f or t he 22 s ubsurface s oil s amples c ollected du ring t he R I.  D escriptive 

statistics (e.g., f requencies o f d etection, r anges detected, l ocations of m aximum det ections, et c.) a re 

presented in Table 4-6.  Additionally, the analytical results were compared to the following standards and 

criteria, and the results of these comparisons are shown in Table 4-6.  Figure 4-3 shows the locations of 

the soil borings with the results for chemical parameters that exceeded the criteria identified in Section 

4.3. 

 

4.4.1 

The following three VOCs were detected in subsurface soil samples collected from Site 19 during the RI:  

VOCs 

 

• 4-Methyl-2-pentanone  

• Acetone  

• Trichlorofluoromethane  

 

None of the VOCs w as detected at c oncentrations exceeding the minimum screening c riteria (USEPA 

ORNL migration-to-groundwater risk-based SSLs).  

 

4.4.2 

Thirteen P AHs were det ected i n subsurface s oil samples.  Two of t he 1 3 PAHs d etected ha d 

concentrations gr eater t han minimum s creening c riteria (USEPA ORNL migration-to-groundwater risk-

based SSL): 

PAHs 

 

• Benzo(a)anthracene  

• Benzo(a)pyrene  

 

Exceedances of  bot h of  t hese P AHs were det ected at  N TC19SB04, N TC19SB06, and NTC19SB18.  

Exceedances of only benzo(a)pyrene were detected at NTC19SB18, NTC19SB19, and NTC19SB20. 

 

4.4.3 

Nineteen metals were detected in t he subsurface soil of  S ite 19 .  Concentrations of t he following nine 

exceeded minimum screening criteria (shown in parentheses): 

Metals 
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• Aluminum (Non-TACO residential migration-to-groundwater) 

• Arsenic (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Cadmium (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Cobalt (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Iron (Non-TACO residential migration-to-groundwater) 

• Lead (USEPA ORNL migration-to-groundwater MCL-based SSL) 

• Manganese (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Mercury (USEPA ORNL migration-to-groundwater risk-based SSL) 

• Nickel (USEPA ORNL migration-to-groundwater risk-based SSL) 

 

Each sample had exceedances of metals.  Lead exceedances were detected at the following locations: 

 

• NTC19SB01 

• NTC19SB02 

• NTC19SB04 

• NTC19SB06 

• NTC19SB07 

• NTC19SB14 

• NTC19SB18 

 

4.5 SUMMARY 

The f ollowing br iefly s ummarizes t he nature and e xtent of  t he current c ontamination i n g roundwater, 

surface soil, and subsurface soil at Site 19: 

 

• Very few VOCs were detected at Site 19.  Low concentrations of VOCs were detected in Site 19 

groundwater, surface s oil, and subsurface soil, an d no VOCs were d etected at or  greater t han 

concentrations that exceed the minimum screening criteria.  

 

• PAHs were detected in groundwater, surface soil, and subsurface soil samples collected at 
Site 19.  Benzo(a)anthracene and benzo(a)pyrene concentrations exceeded the minimum screening 

criteria in the three media sampled and were t he most f requently detected PAH.  Exceedances of 

PAHs at Site 19 do not appear to be confined to any particular area of the site.     
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• Several metals were detected in surface soil and subsurface soil (but not groundwater) 
samples collected at Site 19 at concentrations greater than minimum screening levels.  Lead 

concentrations exceeded the minimum criteria screening level at most surface soil sampling locations 

except f or NTC19SB15.  Exceedances of  l ead i n s ubsurface soil at  S ite 19 do not  ap pear t o b e 

confined t o any par ticular area of  t he site.  In s ubsurface soil samples, l ead w as n ot det ected a s 

frequently in excess of  minimum c riteria s creening level.  Lead w as detected at  7 of  the 18  

subsurface soil samples.   
 



TABLE 4-1

SUMMARY OF DETECTED CONCENTRATIONS IN GROUNDWATER SAMPLES
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

PARAMETER

Volatile Organics (ug/L)
ACETONE 2200 USEPA ORNL Residential Tap Water 1.8 U 8.5
TOLUENE 230 USEPA ORNL Residential Tap Water 0.14 U 0.22
Polynuclear Aromatic Hydrocarbons (ug/L)
2-METHYLNAPHTHALENE 15 USEPA ORNL Residential Tap Water 0.0098 J 0.017
ACENAPHTHENE 220 USEPA ORNL Residential Tap Water 0.0058 U 0.02
ACENAPHTHYLENE 210 NON-TACO - Class I Groundwater 0.0048 U 0.016
ANTHRACENE 1100 USEPA ORNL Residential Tap Water 0.0096 U 0.026
BENZO(A)ANTHRACENE 0.029 USEPA ORNL Residential Tap Water 0.012 UJ 0.036 J
BENZO(A)PYRENE 0.0029 USEPA ORNL Residential Tap Water 0.0058 U 0.018
BENZO(B)FLUORANTHENE 0.029 USEPA ORNL Residential Tap Water 0.012 U 0.019
BENZO(G,H,I)PERYLENE 210 NON-TACO - Class I Groundwater 0.0067 U 0.013
BENZO(K)FLUORANTHENE 0.17 TACO - Class I Groundwater 0.0086 U 0.016
CHRYSENE 1.5 TACO - Class I Groundwater 0.01 U 0.035
DIBENZO(A,H)ANTHRACENE 0.0029 USEPA ORNL Residential Tap Water 0.0048 U 0.013
FLUORANTHENE 150 USEPA ORNL Residential Tap Water 0.012 U 0.03
FLUORENE 150 USEPA ORNL Residential Tap Water 0.0067 U 0.028
INDENO(1,2,3-CD)PYRENE 0.029 USEPA ORNL Residential Tap Water 0.0038 U 0.011
PHENANTHRENE 210 NON-TACO - Class I Groundwater 0.0091 0.038
PYRENE 110 USEPA ORNL Residential Tap Water 0.012 U 0.03
Inorganics (ug/L)
ALUMINUM 3500 NON-TACO - Class I Groundwater 138 272
ARSENIC* 0.045 USEPA ORNL Residential Tap Water 3 U 3 U
BARIUM 730 USEPA ORNL Residential Tap Water 52.9 167
CALCIUM NA NA 114000 J 88100 J
IRON 2600 USEPA ORNL Residential Tap Water 182 489
MAGNESIUM NA NA 48200 46200
MANGANESE 88 USEPA ORNL Residential Tap Water 37.6 39.6
POTASSIUM NA NA 9000 7860
SODIUM NA NA 68800 36900
ZINC 1100 USEPA ORNL Residential Tap Water 5 U 9.4
Filtered Inorganics (ug/L)
BARIUM 730 USEPA ORNL Residential Tap Water 52.4 161
CALCIUM NA NA 123000 J 93400 J
MAGNESIUM NA NA 48800 45900
MANGANESE 88 USEPA ORNL Residential Tap Water 34.5 31.8
POTASSIUM NA NA 8570 7240
SODIUM NA NA 65000 33600
Field Parameters
CONDUCTIVITY                  MS/CM NC NA 1.118 0.868
DISSOLVED OXYGEN              MG/L NC NA 4.85 6.77
OXIDATION REDUCTION POTENTIAL MV NC NA 152 240
PH                            S.U. NC NA 7.4 7.13
TEMPERATURE                   C NC NA 10.37 9.3
TURBIDITY                     NTU NC NA 15.7 7.71

NC = No criterion available.
NA = Not applicable

U= Not detected.  Value shown is detection limit.
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical no
Shaded cells indicate that the concentration is greater than the minimum screening criterion.

NTC19MW02MINIMUM CRITERIA NTC19MW01
MINIMUM 
CRITERIA 

VALUE



TABLE 4-2

SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA1 COMPARISONS FOR RI GROUNDWATER DATA
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Parameter Frequency of 
Detection

Location of 
Maximum Detect

Sample of Maximum 
Detect

Minimum  
Non-Detect

Maximum 
Non-

Detect

Average 
Positive Result

TACO - Class I 
Groundwater 

Criteria

Exceedances of 
TACO - Class I 
Groundwater 

Criteria

NON-TACO - Class 
I Groundwater 

Criteria

Exceedances of 
NON-TACO - 

Class I 
Groundwater 

Criteria

Exceedances of 
USEPA ORNL 

Residential Tap 
Water Criteria

USEPA 
MCLS 

Criteria

Exceedances of 
USEPA MCLS 

Criteria

Volatile Organics (ug/L)
ACETONE 1/2 8.5 8.5 NTC19MW02 NTC19MW021208 1.8 1.8 8.5 6300 0 NA 0 2200 N 0 NA 0
TOLUENE 1/2 0.22 0.22 NTC19MW02 NTC19MW021208 0.14 0.14 0.22 1000 0 NA 0 230 N 0 1000 0
Polynuclear Aromatic Hydrocarbons (ug/L)
2-METHYLNAPHTHALENE 2/2 0.0093 0.017 NTC19MW02 NTC19MW021208 0.013 NA 0 28 0 15 N 0 NA 0
ACENAPHTHENE 1/2 0.02 0.02 NTC19MW02 NTC19MW021208 0.0057 0.0058 0.02 420 0 NA 0 220 N 0 NA 0
ACENAPHTHYLENE 1/2 0.016 0.016 NTC19MW02 NTC19MW021208 0.0047 0.0048 0.016 NA 0 210 0 110 N 0 NA 0
ANTHRACENE 1/2 0.026 0.026 NTC19MW02 NTC19MW021208 0.0094 0.0096 0.026 2100 0 NA 0 1100 N 0 NA 0
BENZO(A)ANTHRACENE 1/2 0.036 J 0.036 J NTC19MW02 NTC19MW021208 0.012 0.012 0.036 0.13 0 NA 0 0.029 C 1 NA 0
BENZO(A)PYRENE 1/2 0.018 0.018 NTC19MW02 NTC19MW021208 0.0057 0.0058 0.018 0.2 0 NA 0 0.0029 C 1 0.2 0
BENZO(B)FLUORANTHENE 1/2 0.019 0.019 NTC19MW02 NTC19MW021208 0.011 0.012 0.019 0.18 0 NA 0 0.029 C 0 NA 0
BENZO(G,H,I)PERYLENE 1/2 0.013 0.013 NTC19MW02 NTC19MW021208 0.0066 0.0067 0.013 NA 0 210 0 110 N 0 NA 0
BENZO(K)FLUORANTHENE 1/2 0.016 0.016 NTC19MW02 NTC19MW021208 0.0085 0.0086 0.016 0.17 0 NA 0 0.29 C 0 NA 0
CHRYSENE 1/2 0.035 0.035 NTC19MW02 NTC19MW021208 0.01 0.01 0.035 1.5 0 NA 0 2.9 C 0 NA 0
DIBENZO(A,H)ANTHRACENE 1/2 0.013 0.013 NTC19MW02 NTC19MW021208 0.0047 0.0048 0.013 0.3 0 NA 0 0.0029 C 1 NA 0
FLUORANTHENE 1/2 0.03 0.03 NTC19MW02 NTC19MW021208 0.012 0.012 0.03 280 0 NA 0 150 N 0 NA 0
FLUORENE 1/2 0.028 0.028 NTC19MW02 NTC19MW021208 0.0066 0.0067 0.028 280 0 NA 0 150 N 0 NA 0
INDENO(1,2,3-CD)PYRENE 1/2 0.011 0.011 NTC19MW02 NTC19MW021208 0.0038 0.0038 0.011 0.43 0 NA 0 0.029 C 0 NA 0
PHENANTHRENE 2/2 0.0091 0.038 NTC19MW02 NTC19MW021208 0.0237 NA 0 210 0 110 N 0 NA 0
PYRENE 1/2 0.03 0.03 NTC19MW02 NTC19MW021208 0.012 0.012 0.03 210 0 NA 0 110 N 0 NA 0
Inorganics (ug/L)
ALUMINUM 2/2 134 272 NTC19MW02 NTC19MW021208 204 NA 0 3500 0 3700 N 0 NA 0
ARSENIC* 1/2 330% 330% NTC19MW01 NTC19MW011208-D 300% 300% 240% 50 0% NA 0% 0.045 C 100% 10 0%
BARIUM 2/2 51.8 167 NTC19MW02 NTC19MW021208 109.675 2000 0 NA 0 730 N 0 2000 0
CALCIUM 2/2 88100 J 116000 J NTC19MW01 NTC19MW011208-D 101550 NA 0 NA 0 NA 0 NA 0
IRON 2/2 182 489 NTC19MW02 NTC19MW021208 341 NA 0 5000 0 2600 N 0 NA 0
MAGNESIUM 2/2 46200 48900 NTC19MW01 NTC19MW011208-D 47375 NA 0 NA 0 NA 0 NA 0
MANGANESE 2/2 35.8 39.6 NTC19MW02 NTC19MW021208 38.15 150 0 NA 0 88 N 0 NA 0
POTASSIUM 2/2 7860 9120 NTC19MW01 NTC19MW011208-D 8460 NA 0 NA 0 NA 0 NA 0
SODIUM 2/2 36900 70300 NTC19MW01 NTC19MW011208-D 53225 NA 0 NA 0 NA 0 NA 0
ZINC 1/2 9.4 9.4 NTC19MW02 NTC19MW021208 5 5 9.4 5000 0 NA 0 1100 N 0 NA 0
Filtered Inorganics (ug/L)
BARIUM 2/2 48.9 161 NTC19MW02 NTC19MW021208 105.825 2000 0 NA 0 730 N 0 2000 0
CALCIUM 2/2 93400 J 123000 J NTC19MW01 NTC19MW011208 106700 NA 0 NA 0 NA 0 NA 0
MAGNESIUM 2/2 45900 48800 NTC19MW01 NTC19MW011208 46725 NA 0 NA 0 NA 0 NA 0
MANGANESE 2/2 30.9 34.5 NTC19MW01 NTC19MW011208 32.25 150 0 NA 0 88 N 0 NA 0
POTASSIUM 2/2 7240 8570 NTC19MW01 NTC19MW011208 7772.5 NA 0 NA 0 NA 0 NA 0
SODIUM 2/2 33600 65000 NTC19MW01 NTC19MW011208 48625 NA 0 NA 0 NA 0 NA 0
Field Parameters
CONDUCTIVITY   ms/cm 2/2 0.868 1.118 NTC19MW01 NTC19MW011208 0.993 NA 0 NA 0 NA 0 0
DISSOLVED OXYGEN    mg/L 2/2 4.85 6.77 NTC19MW02 NTC19MW021208 5.81 NA 0 NA 0 NA 0 0
OXIDATION REDUCTION POTENTIAL   m 2/2 152 240 NTC19MW02 NTC19MW021208 196 NA 0 NA 0 NA 0 0
PH      S.U. 2/2 7.13 7.4 NTC19MW01 NTC19MW011208 7.265 NA 0 NA 0 NA 0 0
TEMPERATURE       C 2/2 9.3 10.37 NTC19MW01 NTC19MW011208 9.835 NA 0 NA 0 NA 0 0
TURBIDITY         NTU 2/2 7.71 15.7 NTC19MW01 NTC19MW011208 11.705 NA 0 NA 0 NA 0 0

Associated Samples:
NTC19MW011208
NTC19MW011208-AVG
NTC19MW011208-D
NTC19MW021208

NA = Not applicable
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance.
C= Carcinogenic
N = Non-carcinogenic
Shaded cells indicate that the concentration is greater than the minimum screening criterion.
* Duplicate sample was detected at a concentration of 3.3 µg/L

Minimum 
Result

Maximum 
Result

USEPA ORNL 
Residential 
Tap Water 

Criteria



TABLE 4-3

SUMMARY OF DETECTED CONCENTRATIONS IN SURFACE  SOIL SAMPLES
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS
PAGE 1 OF 2

PARAMETER
top_depth
bottom_dep
Volatile Organics (ug/kg)
2-BUTANONE 1500 USEPA ORNL SSL Migration to GW Risk-Based 1.5 U 1.3 U 1.4 U 1.8 U 2.5 1.4 U 1.3
ACETONE 4400 USEPA ORNL SSL Migration to GW Risk-Based 2.1 UJ 1.9 U 15 16 29 2 UJ 5.2
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 900 USEPA ORNL SSL Migration to GW Risk-Based 2 U 1.9 U 2.1 2 U 53 5.8 2
ACENAPHTHENE 27000 USEPA ORNL SSL Migration to GW Risk-Based 1.4 U 1.4 U 1.6 1.4 U 240 78 1.5
ACENAPHTHYLENE 27000 USEPA ORNL SSL Migration to GW Risk-Based 1.4 1.3 U 1.3 U 1.3 U 74 12 1.4
ANTHRACENE 450000 USEPA ORNL SSL Migration to GW Risk-Based 0.94 U 0.91 U 3.6 2.1 590 250 0.97
BENZO(A)ANTHRACENE 14 USEPA ORNL SSL Migration to GW Risk-Based 19 2.3 27 7.5 1700 940 J 1.7
BENZO(A)PYRENE 4.6 USEPA ORNL SSL Migration to GW Risk-Based 21 4.2 26 9.6 1200 480 1.2
BENZO(B)FLUORANTHENE 47 USEPA ORNL SSL Migration to GW Risk-Based 18 1.7 U 23 6.7 1400 510 1.9
BENZO(G,H,I)PERYLENE 150000 USEPA ORNL SSL Migration to GW Risk-Based 13 1.7 U 14 7 670 250 1.8
BENZO(K)FLUORANTHENE 460 USEPA ORNL SSL Migration to GW Risk-Based 8.5 1.4 U 8.3 2.7 360 240 1.5
CHRYSENE 1400 USEPA ORNL SSL Migration to GW Risk-Based 19 2.4 28 6.2 1900 740 1.3
DIBENZO(A,H)ANTHRACENE 15 USEPA ORNL Residential Soil 1.8 U 1.7 U 1.8 U 1.8 U 160 1.8 U 1.9
FLUORANTHENE 210000 USEPA ORNL SSL Migration to GW Risk-Based 26 2.2 50 20 5100 1300 2
FLUORENE 33000 USEPA ORNL SSL Migration to GW Risk-Based 1.4 U 1.4 U 1.8 1.4 U 250 93 1.5
INDENO(1,2,3-CD)PYRENE 150 USEPA ORNL Residential Soil 9.5 1.7 U 8.8 4.4 590 230 1.9
NAPHTHALENE 0.55 USEPA ORNL SSL Migration to GW Risk-Based 2.7 U 2.6 U 2.7 U 2.8 U 62 7 2.8
PHENANTHRENE 150000 USEPA ORNL SSL Migration to GW Risk-Based 7 1.9 U 29 9.6 3200 1200 2
PYRENE 150000 USEPA ORNL SSL Migration to GW Risk-Based 29 2.4 44 15 3500 1100 1.9
Inorganics (mg/kg)
ALUMINUM 55000 USEPA ORNL SSL Migration to GW MCL-Based 14100 15300 15400 19300 8640 6750 8120 7420 17500 11900 14700
ANTIMONY 0.27 USEPA ORNL SSL Migration to GW MCL-Based 1.2 UJ 3.8 UJ 1.2 UJ 3.7 UJ 3.5 UJ 1.1 U 1.2 U 1.2 U 1.2 U 1.2 UR 1.2
ARSENIC 0.0013 USEPA ORNL SSL Migration to GW Risk-Based 12.9 8.5 14.2 8.1 5.7 13.1 16.4 32.2 8.1 6.4 13.7
BARIUM 82 USEPA ORNL SSL Migration to GW MCL-Based 103 100 91.4 188 52.2 37.7 65 90 138 50.5 53.5
BERYLLIUM 3.2 USEPA ORNL SSL Migration to GW MCL-Based 0.95 0.96 1 1.3 0.66 0.5 0.62 0.57 2 0.71 0.86
CADMIUM 0.38 USEPA ORNL SSL Migration to GW MCL-Based 0.43 J 0.54 0.52 J 0.92 J 0.33 0.43 0.44 0.51 0.71 0.24 U 0.38
CALCIUM NC NC 12900 J 21500 J 5210 J 7900 J 111000 J 45300 15100 7710 14100 58000 J 48000
CHROMIUM 230 TACO - Residential Soil Ingestion 23.1 24.3 23.7 27.6 13.5 15 18.4 14 23.4 20.8 23.8
COBALT 0.49 USEPA ORNL SSL Migration to GW MCL-Based 9.7 10.4 12.7 10.9 5 8.4 11.1 13.3 11.8 8.9 10.9
COPPER 46 USEPA ORNL SSL Migration to GW MCL-Based 23.1 28.2 23.3 36.2 17.6 30.9 29.2 29.4 32.1 21.5 30.2
IRON 640 USEPA ORNL SSL Migration to GW MCL-Based 31600 24900 34700 31700 14600 26000 32700 36800 27700 20800 33000
LEAD 14 USEPA ORNL SSL Migration to GW MCL-Based 80.9 J 480 J 33.4 J 133 J 89.1 J 20.2 48.3 64.2 49.2 147 J 21.9
MAGNESIUM 325000 TACO - Residential Soil Ingestion 9330 12000 5270 J 6430 62100 27300 10000 5450 5510 32900 31100
MANGANESE 57 USEPA ORNL SSL Migration to GW Risk-Based 954 J 746 J 896 1280 J 466 J 946 1350 1730 673 561 725
MERCURY 0.033 USEPA ORNL SSL Migration to GW Risk-Based 0.084 0.32 0.058 0.47 0.12 0.019 0.026 0.048 0.045 0.029 0.018
NICKEL 48 USEPA ORNL SSL Migration to GW Risk-Based 27.3 25.1 29.8 28.3 14 24.5 28.3 33.6 26.9 26.5 34.1
POTASSIUM NC NC 2190 2330 1970 J 2180 1650 1520 1420 1030 2720 2270 2350
SILVER 1.6 USEPA ORNL SSL Migration to GW Risk-Based 0.24 U 0.48 0.23 U 1 0.23 U 0.22 U 0.23 U 0.23 U 0.25 U 0.24 U 0.24
SODIUM NC NC 443 256 U 235 U 248 U 231 U 223 U 233 U 231 U 565 239 241
VANADIUM 18 USEPA ORNL Residential Soil Criteria 34 32.4 36.9 37.1 18.5 25.5 26.2 26.1 34.4 21.6 29.4
ZINC 680 USEPA ORNL SSL Migration to GW Risk-Based 128 J 190 J 125 J 250 J 119 J 89.8 113 115 209 76.7 95

NTC19SB01
0
2

NTC19SB03 NTC19SB03 NTC19SB06 NTC19SB11 NTC19SB12 NTC19NTC19SB07 NTC19SB08 NTC19SB09 NTC19SB10
0 1 0 0 1 0 0 0
1 3 1 1 3 2 2 2 2 3

0 1
MINIMUM 
CRITERIA 

VALUE
MINIMUM CRITERIA



TABLE 4-3

SUMMARY OF DETECTED CONCENTRATIONS IN SURFACE  SOIL SAMPLES
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS
PAGE 2 OF 2

PARAMETER
top_depth
bottom_dep
Volatile Organics (ug/kg)

U 2-BUTANONE 1.2 U 1.6 U 1.2 1.6 1.3 U 1.45 U 1.6 U 1.7 U 1.5 U
J ACETONE 4.3 J 12 14.5 17 1.9 U 2.05 U 2.2 U 2.5 U 2.2 U

Polynuclear Aromatic Hydrocarbons (ug/kg)
U 2-METHYLNAPHTHALENE 1.9 U 2.1 U 2 2 6.7 6.3 5.9 2 U 25
U ACENAPHTHENE 1.4 U 3.2 J 8.6 J 14 J 9.1 11.05 13 2.8 180
U ACENAPHTHYLENE 1.3 U 1.8 1.225 1.3 U 5 2.825 1.3 U 1.6 46
U ANTHRACENE 0.9 U 9.2 J 25.6 J 42 J 29 31 33 8.4 560
UJ BENZO(A)ANTHRACENE 1.6 U 36 J 83 J 130 J 120 115 J 110 J 47 1500
U BENZO(A)PYRENE 1.1 U 38 J 69 J 100 J 94 81 68 50 1200
U BENZO(B)FLUORANTHENE 1.7 U 41 J 90.5 J 140 J 89 76.5 64 37 1700
U BENZO(G,H,I)PERYLENE 3.4 20 J 40 J 60 J 50 43 36 24 940
U BENZO(K)FLUORANTHENE 1.4 U 11 J 25 J 39 J 33 31 29 13 460
U CHRYSENE 7.1 29 J 69.5 J 110 J 91 88 85 37 1200
U DIBENZO(A,H)ANTHRACENE 1.7 U 4.8 J 9.9 J 15 J 12 J 6.425 J 1.7 UJ 5 160
U FLUORANTHENE 1.9 U 72 J 196 J 320 J 200 170 140 74 3900
U FLUORENE 1.4 U 3.2 J 9.6 J 16 J 10 11.5 13 2.6 200
U INDENO(1,2,3-CD)PYRENE 1.7 U 18 J 35.5 J 53 J 48 40.5 33 20 730
U NAPHTHALENE 2.6 U 2.9 U 2.8 U 2.7 U 5.2 5.05 4.9 2.9 U 28 U
U PHENANTHRENE 4.2 40 J 130 J 220 J 130 125 120 41 2900
U PYRENE 4 61 J 155.5 J 250 J 160 140 120 65 3300

Inorganics (mg/kg)
ALUMINUM 8440 10500 9335 8170 6640 6890 7140 16800 10900

UR ANTIMONY 1.1 UR 1.2 U 1.2 U 1.1 UR 1.2 1.2 1.1 UR 1.2 U 1.2 U
ARSENIC 5.2 9.9 9 8.1 14.1 14 13.9 7.1 8.9
BARIUM 31.5 93.4 J 68.75 J 44.1 J 36.3 49.05 61.8 101 66.7
BERYLLIUM 0.55 0.72 0.625 0.53 0.49 0.68 0.87 1.1 0.69

J CADMIUM 0.22 U 0.81 0.575 J 0.34 J 0.43 0.435 J 0.44 J 0.25 0.49
J CALCIUM 63900 J 41000 53600 J 66200 J 78800 86850 J 94900 J 23300 19800

CHROMIUM 15 16.3 15.4 14.5 13 J 22.8 J 32.6 J 24.3 19.2
COBALT 7.3 8.7 7.9 7.1 7.3 8 8.7 10.5 10.3
COPPER 17.5 28.9 25.75 22.6 53.6 47.05 40.5 25.9 31.8
IRON 16300 29000 24200 19400 22300 24550 26800 25300 23700

J LEAD 9.5 J 62.7 J 48.45 J 34.2 J 236 J 161.2 J 86.4 J 25.7 74.9
MAGNESIUM 28800 23400 29750 36100 39700 38950 38200 12900 11500
MANGANESE 336 1820 J 1294 J 768 J 711 J 1000.5 J 1290 J 613 648
MERCURY 0.015 U 0.031 0.0265 0.022 0.034 0.0325 0.031 0.055 0.087
NICKEL 21.4 28.9 24.25 19.6 19.8 J 33.85 J 47.9 J 26.2 22.4
POTASSIUM 2160 1810 1775 1740 1390 1295 1200 2280 1370

U SILVER 0.22 U 0.24 U 0.235 U 0.23 U 0.22 U 0.22 U 0.22 U 0.24 U 0.44
U SODIUM 223 U 240 U 235 U 230 U 220 U 194 278 242 U 233 U

VANADIUM 17.8 25 22.75 20.5 18.6 17.5 16.4 31.8 28.5
ZINC 40 97.6 81.9 66.2 109 J 156.5 J 204 J 72.8 127

NC = No criterion available.
U= Not detected.  Value shown is detection limit.
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance.
Shaded cells indicate that the concentration is greater than the minimum screening criterion.

9SB13 NTC19SB15 NTC19SB17 NTC19SB17 NTC19SB19 NTC19SB20NTC19SB16 NTC19SB16 NTC19SB16 NTC19SB17
1 1 01 1

3 3
0 00 01

2 2 2 23 3 3 2
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SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA COMPARISONS FOR RI SURFACE SOIL DATA
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Parameter
Frequency 

of 
Detection

Location of 
Maximum Detect

Sample of Maximum 
Detect

Minimum 
Non-Detect

Maximum  
Non-

Detect

Average 
Positive 
Result

ORNL 
Residential 
Soil Criteria

Exceedances 
of ORNL 

Residential 
Soil Criteria

ORNL 
Industrial 

Soil Criteria

Exceedances of 
ORNL Industrial 

Soil Criteria

ORNL 
Risk 

Based 
SSL

Exceedances 
of ORNL Risk 

Based SSL

ORNL 
MCL 

Based 
SSL

Exceedances 
of ORNL MCL 

Based SSL

ORNL 
Residential 
Soil Criteria 

for Inhalation

Exceedances of 
ORNL 

Residential Soil 
Criteria for 
Inhalation

ORNL 
Industrial 

Soil Criteria 
for 

Inhalation

Exceedances 
of ORNL 

Industrial Soil 
Criteria for 
Inhalation

ORNL SSLs 
for Inhalation 
Construction 

Worker 
Scenario

Volatile Organics (ug/kg)
2-BUTANONE 2/12 1.6 2.5 NTC19SB11 NTC19SB11-SO-0002 1.2 1.8 1.85 2800000 0 19000000 0 1500 0 NA 0 24000000 0 24000000 0 13000000
ACETONE 6/12 4.3 J 29 NTC19SB11 NTC19SB11-SO-0002 1.9 2.5 14.0 6100000 0 61000000 0 4400 0 NA 0 NA 0 NA 0 NA
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 6/12 2 53 NTC19SB11 NTC19SB11-SO-0002 1.9 2.1 15.7 31000 0 410000 0 900 0 NA 0 NA 0 NA 0 NA
ACENAPHTHENE 7/12 1.6 240 NTC19SB11 NTC19SB11-SO-0002 1.4 1.5 74.6 340000 0 3300000 0 27000 0 NA 0 NA 0 NA 0 NA
ACENAPHTHYLENE 7/12 1.4 74 NTC19SB11 NTC19SB11-SO-0002 1.3 1.4 19.9 340000 0 3300000 0 27000 0 NA 0 NA 0 NA 0 NA
ANTHRACENE 8/12 2.1 590 NTC19SB11 NTC19SB11-SO-0002 0.9 0.97 184 1700000 0 17000000 0 450000 0 NA 0 280000 0 NA 0 NA
BENZO(A)ANTHRACENE 10/12 2.3 1700 NTC19SB11 NTC19SB11-SO-0002 1.6 1.7 444 150 3 2100 0 14 8 NA 0 280000 0 NA 0 NA
BENZO(A)PYRENE 10/12 4.2 1200 NTC19SB19 NTC19SB20-SO-0002 1.1 1.2 314 15 8 210 3 4.6 9 310 3 NA 0 NA 0 280000
BENZO(B)FLUORANTHENE 9/12 6.7 1700 NTC19SB19 NTC19SB20-SO-0002 1.7 1.9 429 150 3 2100 0 47 5 NA 0 NA 0 NA 0 NA
BENZO(G,H,I)PERYLENE 10/12 3.4 940 NTC19SB19 NTC19SB20-SO-0002 1.7 1.8 200 170000 0 1700000 0 150000 0 NA 0 NA 0 NA 0 NA
BENZO(K)FLUORANTHENE 9/12 2.7 460 NTC19SB19 NTC19SB20-SO-0002 1.4 1.5 128 1500 0 21000 0 460 0 NA 0 NA 0 NA 0 NA
CHRYSENE 11/12 2.4 1900 NTC19SB11 NTC19SB11-SO-0002 1.3 1.3 372 15000 0 210000 0 1400 1 NA 0 NA 0 NA 0 NA
DIBENZO(A,H)ANTHRACENE 5/12 4.8 J 160 NTC19SB19 NTC19SB20-SO-0002 1.7 1.9 68.3 15 2 210 0 15 2 NA 0 NA 0 NA 0 NA
FLUORANTHENE 10/12 2.2 5100 NTC19SB11 NTC19SB11-SO-0002 1.9 2 1084 230000 0 2200000 0 210000 0 NA 0 NA 0 NA 0 NA
FLUORENE 7/12 1.8 250 NTC19SB11 NTC19SB11-SO-0002 1.4 1.5 81.2 230000 0 2200000 0 33000 0 NA 0 NA 0 NA 0 NA
INDENO(1,2,3-CD)PYRENE 9/12 4.4 730 NTC19SB19 NTC19SB20-SO-0002 1.7 1.9 185 150 3 2100 0 160 3 NA 0 NA 0 NA 0 NA
NAPHTHALENE 3/12 4.9 62 NTC19SB11 NTC19SB11-SO-0002 2.6 28 24.7 3900 0 20000 0 0.55 3 NA 0 5200 0 270000 0 52000
PHENANTHRENE 10/12 4.2 3200 NTC19SB11 NTC19SB11-SO-0002 1.9 2 765 170000 0 1700000 0 150000 0 NA 0 NA 0 NA 0 NA
PYRENE 11/12 2.4 3500 NTC19SB11 NTC19SB11-SO-0002 1.9 1.9 760 170000 0 1700000 0 150000 0 NA 0 NA 0 NA 0 NA
Inorganics (mg/kg)
ALUMINUM 16/16 6640 19300 NTC19SB06 NTC19SB06-SO-0001 11968 77000 13 99000 0 55000 0 NA 0 1100000 0 1100000 0 NA
ANTIMONY 1/13 1.2 1.2 NTC19SB17 NTC19SB17-SO-0002 1.1 3.8 0.93 3.1 0 41 0 0.66 1 0.27 1 0 NA 0 NA
ARSENIC 16/16 5.2 32.2 NTC19SB10 NTC19SB10-SO-0002 11.5 0.39 16 1.6 16 0.0013 16 0.29 16 1440 0 1440 0 58
BARIUM 16/16 31.5 188 NTC19SB06 NTC19SB06-SO-0001 80.4 1500 0 19000 0 300 0 82 7 110000 0 110000 0 170
BERYLLIUM 16/16 0.49 2 NTC19SB11 NTC19SB11-SO-0002 0.861 16 0 200 0 58 0 3.2 0 2570 0 2570 0 7.1
CADMIUM 14/16 0.25 0.92 J NTC19SB06 NTC19SB06-SO-0001 0.22 0.24 0.497 7 0 81 0 1.4 0 0.38 11 3430 0 3430 0 14
CALCIUM 16/16 5210 J 111000 J NTC19SB07 NTC19SB07-SO-0001 37136 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA
CHROMIUM 16/16 13 J 32.6 J NTC19SB17 NTC19SB17-SO-0002-D 20.3 280 0 1400 0 NA 0 NA 0 515 0 515 0 NA
COBALT 16/16 5 13.3 NTC19SB10 NTC19SB10-SO-0002 9.82 2.3 16 30 0 0.49 16 NA 0 2210 0 221 0 NA
COPPER 16/16 17.5 53.6 NTC19SB17 NTC19SB17-SO-0002 28.1 310 0 4100 0 51 0 46 1 NA 0 NA 0 NA
IRON 16/16 14600 36800 NTC19SB10 NTC19SB10-SO-0002 26784 5500 16 72000 0 640 16 NA 0 NA 0 NA 0 NA
LEAD 16/16 9.5 J 480 J NTC19SB03 NTC19SB03-SO-0001 92.9 400 1 80 6 NA 0 14 15 NA 0 NA 0 NA
MAGNESIUM 16/16 5270 J 62100 NTC19SB07 NTC19SB07-SO-0001 20581 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA
MANGANESE 16/16 336 1820 J NTC19SB16 NTC19SB16-SO-0103 889 180 16 2300 0 57 16 NA 0 11000 0 11000 0 18
MERCURY 15/16 0.018 0.47 NTC19SB06 NTC19SB06-SO-0001 0.015 0.015 0.0959 0.67 0 2.8 0 0.033 9 0.1 3 NA 0 2.9 0 110
NICKEL 16/16 14 47.9 J NTC19SB17 NTC19SB17-SO-0002-D 26.7 160 0 2000 0 48 0 NA 0 25700 0 NA 0 NA
POTASSIUM 16/16 1030 2720 NTC19SB11 NTC19SB11-SO-0002 1907 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA
SILVER 3/16 0.44 1 NTC19SB06 NTC19SB06-SO-0001 0.22 0.25 0.640 39 0 510 0 1.6 0 NA 0 NA 0 NA 0 NA
SODIUM 4/16 239 565 NTC19SB11 NTC19SB11-SO-0002 220 256 360 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA
VANADIUM 16/16 16.4 37.1 NTC19SB06 NTC19SB06-SO-0001 27.5 39 0 520 0 180 0 180 0 NA 0 NA 0 NA
ZINC 16/16 40 250 J NTC19SB06 NTC19SB06-SO-0001 124 2300 0 31000 0 680 0 NA 0 NA 0 NA 0 NA

Minimum 
Result

Maximum 
Result
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Parameter

Exceedances 
of ORNL SSLs 
for Inhalation 
Construction 

Worker 
Scenario

TACO - 
Residential 

Soil 
Ingestion(1)

Exceedances 
of TACO - 

Residential 
Soil 

Ingestion(1)

TACO - 
Residential 

Soil 
Inhalation(1)

Exceedances 
of TACO - 

Residential 
Soil 

Inhalation(1)

TACO - 
Industrial - 

Commercial 
Inhalation

Exceedances 
of TACO - 
Industrial - 

Commercial 
Inhalation

TACO - 
Industrial - 

Commercial 
Ingestion

Exceedances 
of TACO - 
Industrial - 

Commercial 
Ingestion

TACO - 
Residential 
Migration to 

Groundwater - 
Class 1 (Soil 

Comp)

Exceedances 
of TACO - 

Residential 
Migration to 

Groundwater - 
Class 1 (Soil 

Comp)

TACO - 
Construction 
Worker Soil 
Ingestion(2)

Exceedances 
of TACO - 

Construction 
Worker Soil 
Ingestion(2)

TACO - 
Construction 
Worker Soil 
Inhalation(2)

Exceedances 
of TACO - 

Construction 
Worker Soil 
Inhalation(2)

NON-TACO - 
Residential 

Soil 
Ingestion(3)

Exceedances 
of NON-TACO - 

Residential 
Soil 

Ingestion(3)

NON-TACO - 
Residential 

Soil 
Inhalation(3)

Exceedances 
of NON-TACO 
- Residential 

Soil 
Inhalation(3)

Volatile Organics (ug/kg)
2-BUTANONE 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 4700000 0 250000 0
ACETONE 0 7000000 0 10000000 0 10000000 0 NA 0 25000 0 NA 0 10000000 0 NA 0 NA 0
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
ACENAPHTHENE 0 470000 0 NA 0 NA 0 12000000 0 570000 0 12000000 0 NA 0 NA 0 NA 0
ACENAPHTHYLENE 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 230000 0 NA 0
ANTHRACENE 0 2300000 0 NA 0 61000000 0 NA 0 12000000 0 610000000 0 NA 0 NA 0 NA 0
BENZO(A)ANTHRACENE 0 900 3 NA 0 NA 0 8000 0 2000 0 170000 0 NA 0 NA 0 NA 0
BENZO(A)PYRENE 0 90 3 NA 0 NA 0 800 2 8000 0 17000 0 NA 0 NA 0 NA 0
BENZO(B)FLUORANTHENE 0 900 2 NA 0 NA 0 8000 0 5000 0 170000 0 NA 0 NA 0 NA 0
BENZO(G,H,I)PERYLENE 0 230000 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 230000 0 NA 0
BENZO(K)FLUORANTHENE 0 900 0 NA 0 NA 0 78000 0 49000 0 1700000 0 NA 0 NA 0 NA 0
CHRYSENE 0 8800 0 NA 0 NA 0 780000 0 160000 0 17000000 0 NA 0 NA 0 NA 0
DIBENZO(A,H)ANTHRACENE 0 90 2 NA 0 NA 0 800 0 2000 0 17000 0 NA 0 NA 0 NA 0
FLUORANTHENE 0 310000 0 NA 0 NA 0 8200000 0 4300000 0 8200000 0 NA 0 NA 0 NA 0
FLUORENE 0 310000 0 NA 0 NA 0 8200000 0 560000 0 8200000 0 NA 0 NA 0 NA 0
INDENO(1,2,3-CD)PYRENE 0 90 0 NA 0 NA 0 8000 0 69000 0 170000 0 NA 0 NA 0 NA 0
NAPHTHALENE 0 160000 0 170000 0 270000 0 41000000 0 12000 0 4100000 0 1800 0 NA 0 NA 0
PHENANTHRENE 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 230000 0 NA 0
PYRENE 0 230000 0 NA 0 NA 0 6100000 0 4200000 0 6100000 0 NA 0 NA 0 NA 0
Inorganics (mg/kg)
ALUMINUM 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 7800 0 10000 0
ANTIMONY 0 3.1 0 NA 0 NA 0 82 0 NA 0 8.2 0 NA 0 NA 0 NA 0
ARSENIC 0 11.3 7 75 0 1200 0 NA 0 NA 0 61 0 25000 0 NA 0 NA 0
BARIUM 0 550 0 69000 0 91000 0 14000 0 NA 0 1400 0 87000 0 NA 0 NA 0
BERYLLIUM 0 16 0 130 0 210 0 410 0 NA 0 41 0 4400 0 NA 0 NA 0
CADMIUM 0 7.8 0 180 0 280 0 200 0 NA 0 20 0 5900 0 NA 0 NA 0
CALCIUM 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
CHROMIUM 0 230 0 270 0 420 0 6100 0 NA 0 4100 0 690 0 NA 0 NA 0
COBALT 0 470 0 NA 0 NA 0 12000 0 NA 0 1200 0 NA 0 NA 0 NA 0
COPPER 0 290 0 NA 0 NA 0 8200 0 NA 0 820 0 NA 0 NA 0 NA 0
IRON 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 5500 0 NA 0
LEAD 0 400 1 NA 0 NA 0 800 0 NA 0 700 0 NA 0 NA 0 NA 0
MAGNESIUM 0 32500 0 NA 0 NA 0 NA 0 NA 0 730000 0 NA 0 NA 0 NA 0
MANGANESE 16 160 1 6900 0 9100 0 4100 0 NA 0 410 0 8700 0 NA 0 NA 0
MERCURY 0 2.3 0 1 0 1.6 0 61 0 NA 0 6.1 0 0.1 3 NA 0 NA 0
NICKEL 0 160 0 1300 0 2100 0 4100 0 NA 0 410 0 44000 0 NA 0 NA 0
POTASSIUM 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
SILVER 0 39 0 NA 0 NA 0 1000 0 NA 0 100 0 NA 0 NA 0 NA 0
SODIUM 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
VANADIUM 0 55 0 NA 0 NA 0 1400 0 NA 0 140 0 NA 0 NA 0 NA 0
ZINC 0 2300 0 NA 0 NA 0 61000 0 NA 0 6100 0 NA 0 NA 0 NA 0
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Parameter

NON-TACO - 
Industrial 

Commercial 
Soil Ingestion

Exceedances of 
NON-TACO - 

Industrial 
Commercial 

Soil Ingestion

NON-TACO - 
Industrial 

Commercial 
Soil Inhalation

Exceedances 
of NON-TACO - 

Industrial 
Commercial 

Soil Inhalation

NON-TACO - 
Construction 
Worker Soil 
Ingestion(4)

Exceedances 
of NON-TACO - 
Construction 
Worker Soil 
Ingestion(4)

NON-TACO - 
Construction 
Worker Soil 
Inhalation(4)

Exceedances 
of NON-TACO - 
Construction 
Worker Soil 
Inhalation(4)

NON-TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(3)

Exceedances of 
NON-TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(3)

Volatile Organics (ug/kg)
2-BUTANONE NA 0 NA 0 12000000 0 7100 0 17000 0
ACETONE NA 0 NA 0 NA 0 NA 0 NA 0
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE NA 0 NA 0 NA 0 NA 0 NA 0
ACENAPHTHENE NA 0 NA 0 NA 0 NA 0 NA 0
ACENAPHTHYLENE 6100000 0 NA 0 6100000 0 NA 0 85000 0
ANTHRACENE NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(A)ANTHRACENE NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(A)PYRENE NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(B)FLUORANTHENE NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(G,H,I)PERYLENE 6100000 0 NA 0 6100000 0 NA 0 27000000 0
BENZO(K)FLUORANTHENE NA 0 NA 0 NA 0 NA 0 NA 0
CHRYSENE NA 0 NA 0 NA 0 NA 0 NA 0
DIBENZO(A,H)ANTHRACENE NA 0 NA 0 NA 0 NA 0 NA 0
FLUORANTHENE NA 0 NA 0 NA 0 NA 0 NA 0
FLUORENE NA 0 NA 0 NA 0 NA 0 NA 0
INDENO(1,2,3-CD)PYRENE NA 0 NA 0 NA 0 NA 0 NA 0
NAPHTHALENE NA 0 NA 0 NA 0 NA 0 NA 0
PHENANTHRENE 6100000 0 NA 0 6100000 0 NA 0 200000 0
PYRENE NA 0 NA 0 NA 0 NA 0 NA 0
Inorganics (mg/kg)
ALUMINUM 100000 0 10000 0 41000 0 8700 0 NA 0
ANTIMONY NA 0 NA 0 NA 0 NA 0 NA 0
ARSENIC NA 0 NA 0 NA 0 NA 0 NA 0
BARIUM NA 0 NA 0 NA 0 NA 0 NA 0
BERYLLIUM NA 0 NA 0 NA 0 NA 0 NA 0
CADMIUM NA 0 NA 0 NA 0 NA 0 NA 0
CALCIUM NA 0 NA 0 NA 0 NA 0 NA 0
CHROMIUM NA 0 NA 0 NA 0 NA 0 NA 0
COBALT NA 0 NA 0 NA 0 NA 0 NA 0
COPPER NA 0 NA 0 NA 0 NA 0 NA 0
IRON 100000 0 NA 0 14000 0 NA 0 NA 0
LEAD NA 0 NA 0 NA 0 NA 0 NA 0
MAGNESIUM NA 0 NA 0 NA 0 NA 0 NA 0
MANGANESE NA 0 NA 0 NA 0 NA 0 NA 0
MERCURY NA 0 NA 0 NA 0 NA 0 NA 0
NICKEL NA 0 NA 0 NA 0 NA 0 NA 0
POTASSIUM NA 0 NA 0 NA 0 NA 0 NA 0
SILVER NA 0 NA 0 NA 0 NA 0 NA 0
SODIUM NA 0 NA 0 NA 0 NA 0 NA 0
VANADIUM NA 0 NA 0 NA 0 NA 0 NA 0
ZINC NA 0 NA 0 NA 0 NA 0 NA 0

Associated Samples:
NTC19SB01-SO-0002 NTC19SB07-SO-0001 NTC19SB16-SO-0103 NTC19SB17-SO-0002-AVG
NTC19SB03-SO-0001 NTC19SB08-SO-0103 NTC19SB16-SO-0103-AVG NTC19SB17-SO-0002-D
NTC19SB03-SO-0103 NTC19SB09-SO-0002 NTC19SB16-SO-0103-D NTC19SB19-SO-0002
NTC19SB06-SO-0001 NTC19SB10-SO-0002 NTC19SB17-SO-0002 NTC19SB20-SO-0002

NA = Not applicable
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance.
Shaded cells indicate that the concentration is greater than the minimum screening criterion.
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PARAMETER
top_depth
bottom_dep
Volatile Organics (ug/kg)
4-METHYL-2-PENTANONE 440 USEPA ORNL SSL Migration to GW Risk-Based 0.51 U 0.65 U 0.5 U 0.64 U 0.53 U 0.52 U 0.81 U 0.56 U 0.59 U 0.78 U 0.48 U 0.51 U
ACETONE 4400 USEPA ORNL SSL Migration to GW Risk-Based 2.4 J 2.2 UJ 1.7 UJ 2.2 UJ 5.8 J 2.3 J 2.8 UJ 1.9 UJ 3.2 2.7 U 2.6 1.8 U
TRICHLOROFLUOROMETHANE 840 USEPA ORNL SSL Migration to GW Risk-Based 0.83 U 1.1 U 0.81 UJ 1 U 0.87 U 0.85 U 1.3 U 0.92 U 3.9 1.3 U 0.79 U 0.84 U
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 900 USEPA ORNL SSL Migration to GW Risk-Based 2 U 2.1 U 1.9 U 2 U 1.8 U 1.9 U 2 U 5.2 1.8 U 2.2 1.9 U 1.9 U
ACENAPHTHYLENE 27000 USEPA ORNL SSL Migration to GW Risk-Based 1.4 U 1.4 U 1.3 U 1.7 1.2 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U
ANTHRACENE 450000 USEPA ORNL SSL Migration to GW Risk-Based 0.96 U 0.99 U 0.92 U 0.96 U 0.88 U 0.9 U 0.94 U 0.9 U 0.89 U 0.9 U 0.9 U 0.93 U
BENZO(A)ANTHRACENE 14 USEPA ORNL SSL Migration to GW Risk-Based 1.7 U 1.7 U 1.6 U 16 1.5 U 1.6 U 20 1.6 U 1.6 U 1.6 U 1.6 U 1.6 U
BENZO(A)PYRENE 4.6 USEPA ORNL SSL Migration to GW Risk-Based 1.2 U 1.2 U 1.1 U 18 1.1 U 1.1 U 20 1.1 U 1.1 U 1.1 U 1.1 U 1.2 U
BENZO(B)FLUORANTHENE 47 USEPA ORNL SSL Migration to GW Risk-Based 1.8 U 1.9 U 1.8 U 15 1.7 U 1.7 U 18 1.7 U 1.7 U 1.7 U 1.7 U 1.8 U
BENZO(G,H,I)PERYLENE 150000 USEPA ORNL SSL Migration to GW Risk-Based 3.7 2.2 5.6 11 5.8 4 11 3.7 5.4 6 5.8 5.2
BENZO(K)FLUORANTHENE 460 USEPA ORNL SSL Migration to GW Risk-Based 1.5 U 1.6 U 1.4 U 6.1 1.4 U 1.4 U 8.3 1.4 U 1.4 U 1.4 U 1.4 U 1.5 U
CHRYSENE 1400 USEPA ORNL SSL Migration to GW Risk-Based 1.3 U 2.4 1.2 U 17 1.2 U 1.2 U 18 1.2 U 1.2 U 1.2 U 6.7 1.2 U
FLUORANTHENE 210000 USEPA ORNL SSL Migration to GW Risk-Based 2 U 2.1 U 1.9 U 28 1.8 U 1.9 U 24 1.9 U 1.8 U 1.9 U 3.5 3
INDENO(1,2,3-CD)PYRENE 150 USEPA ORNL Residential Soil 1.8 U 1.9 U 1.8 U 6.5 1.7 U 1.7 U 7.3 1.7 U 1.7 U 1.7 U 1.7 U 1.8 U
PHENANTHRENE 150000 USEPA ORNL SSL Migration to GW Risk-Based 5.7 2.1 U 17 16 1.8 U 7.8 12 12 6.7 11 4.8 3.1
PYRENE 150000 USEPA ORNL SSL Migration to GW Risk-Based 4.5 1.9 U 1.8 U 27 5.8 1.7 U 24 5.3 6.8 4.6 4.6 6.3
Inorganics (mg/kg)
ALUMINUM 55000 USEPA ORNL SSL Migration to GW MCL-Based 14400 14700 9810 7110 4580 4740 8970 5670 5500 4910 4500 10200
ARSENIC 0.0013 USEPA ORNL SSL Migration to GW Risk-Based 13.7 9.3 11.8 20.7 25.1 4 13.4 9.7 7.3 4.4 9.5 6.2
BARIUM 82 USEPA ORNL SSL Migration to GW MCL-Based 66.5 81.9 45 65.1 67.4 10.9 55 13.4 20.3 28.5 21.6 38.4
BERYLLIUM 3.2 USEPA ORNL SSL Migration to GW MCL-Based 0.94 0.94 0.66 0.59 0.39 0.36 0.66 0.43 0.41 0.36 0.37 0.66
CADMIUM 0.38 USEPA ORNL SSL Migration to GW MCL-Based 0.24 J 0.37 J 0.22 U 0.33 J 0.22 U 0.22 U 0.43 J 0.28 J 0.38 0.22 U 0.22 U 0.26
CALCIUM NC NC 3010 J 2850 J 85000 J 12000 J 63600 J 62000 J 19200 J 65600 J 73500 78500 65100 81900
CHROMIUM 230 TACO - Residential Soil Ingestion 25.5 25.8 17.3 15.2 9 9.9 19.1 11.5 12.9 9.2 9.6 18.1
COBALT 0.49 USEPA ORNL SSL Migration to GW Risk-Based 18.8 22.1 9.8 9 6.7 5.2 8.9 6.5 6.6 6.9 5.4 9.2
COPPER 46 USEPA ORNL SSL Migration to GW MCL-Based 31.7 34.2 21 22.6 22.3 18.7 22 24.1 24.9 15.4 17.7 21.5
IRON 640 USEPA ORNL SSL Migration to GW MCL-Based 33100 31300 19500 34900 24300 12200 28900 24000 20800 15500 17400 20000
LEAD 14 USEPA ORNL SSL Migration to GW MCL-Based 16.5 J 17.7 J 10.4 J 37 J 12.8 J 8.5 J 54.8 J 13.6 J 15 8.1 10.1 11.6
MAGNESIUM 325000 TACO - Residential Soil Ingestion 6610 J 6440 J 40700 J 8020 J 33400 J 31500 J 12500 J 34400 J 40500 42100 34700 41200
MANGANESE 57 USEPA ORNL SSL Migration to GW Risk-Based 1040 1600 589 1150 802 435 941 534 660 724 520 524
MERCURY 0.033 USEPA ORNL SSL Migration to GW Risk-Based 0.026 0.032 0.017 0.049 0.016 0.013 U 0.041 0.014 U 0.013 U 0.015 U 0.014 U 0.014 U
NICKEL 48 USEPA ORNL SSL Migration to GW Risk-Based 40.8 48.8 25.6 25.7 17.5 14.9 25 20.2 19 18.3 16.5 25.8
POTASSIUM NC NC 2860 J 2950 J 2760 J 1370 J 1240 J 1310 J 1510 J 1550 J 1250 1250 1210 2660
SODIUM NC NC 241 U 249 U 223 U 243 U 218 U 222 U 233 U 216 U 224 U 241 220 U 224 U
VANADIUM 18 ORNL Residential Soil Criteria 28.2 27.9 19.8 26.5 14 12.7 29.8 16 17.3 13.9 13.7 20.7
ZINC 680 USEPA ORNL SSL Migration to GW Risk-Based 78.6 J 77.7 J 45.3 J 108 J 57.9 J 39.3 J 140 J 80.3 J 87.8 41.4 37.5 48.6

                     
            

NTC19SB09 NTC19SB10NTC19SB05 NTC19SB06 NTC19SB06 NTC19SB07NTC19SB05NTC19SB04

8 7 6 6 74 10 4 6 8 4
5 4 4 52 8 2 4 6 2 6
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6
8
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MINIMUM 
CRITERIA 

VALUE

NTC19SB01
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PARAMETER
top_depth
bottom_dep
Volatile Organics (ug/kg)
4-METHYL-2-PENTANONE 0.53 U 0.57 U 0.54 U 0.58 U 0.5 U 0.65 0.58 U 0.5 U 0.49 U 0.52 U
ACETONE 5.5 J 6.6 J 5.1 J 8 J 1.7 U 9.1 10 1.7 U 3 1.8 U
TRICHLOROFLUOROMETHANE 0.87 U 0.94 U 0.88 U 0.95 U 0.82 U 0.78 U 0.95 U 0.82 U 0.81 U 0.85 U
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 2 U 1.9 U 1.9 U 2.4 1.9 U 2.8 1.9 U 1.9 U 2 U 2 U
ACENAPHTHYLENE 1.4 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U
ANTHRACENE 0.97 U 0.93 U 0.93 U 0.92 U 0.91 U 0.9 U 4.2 0.93 U 0.94 U 0.95 U
BENZO(A)ANTHRACENE 1.7 UJ 1.6 UJ 1.6 UJ 1.6 U 1.6 U 1.6 U 15 1.6 U 1.6 U 1.7 U
BENZO(A)PYRENE 1.2 U 1.2 U 1.2 U 1.1 U 1.1 U 1.1 U 22 7.6 7.1 12
BENZO(B)FLUORANTHENE 1.8 U 1.8 U 1.8 U 1.8 U 1.7 U 1.7 U 15 1.8 U 1.8 U 1.8 U
BENZO(G,H,I)PERYLENE 1.8 U 2.5 2.6 8.6 J 5.4 4.8 9 2.9 1.7 U 1.7 U
BENZO(K)FLUORANTHENE 1.5 U 1.5 U 1.5 U 1.4 U 1.4 U 1.4 U 4.5 1.5 U 1.5 U 1.5 U
CHRYSENE 1.3 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 12 7.2 1.2 U 1.3 U
FLUORANTHENE 2 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 24 1.9 U 2 U 2 U
INDENO(1,2,3-CD)PYRENE 1.8 U 1.8 U 1.8 U 1.8 U 1.7 U 1.7 U 7.4 1.8 U 1.8 U 1.8 U
PHENANTHRENE 2 U 2.4 6.7 12 8.9 8.2 17 3 2 U 2 U
PYRENE 1.8 U 2 1.8 U 1.8 U 1.7 U 1.7 U 21 2.3 1.8 U 1.8 U
Inorganics (mg/kg)
ALUMINUM 11000 5820 10000 8610 5050 5780 10300 10600 10400 9250
ARSENIC 4.8 19.1 7.7 5.4 6.6 7.4 7.3 6.7 7.4 7.6
BARIUM 45.5 29.2 44.7 33.6 20.9 18.8 39.9 42.1 45.4 34.3
BERYLLIUM 0.67 0.43 0.66 0.57 0.39 0.41 0.67 0.71 0.7 0.59
CADMIUM 0.24 U 0.39 J 0.29 J 0.23 J 0.28 0.22 U 0.3 0.24 0.23 U 0.24 U
CALCIUM 119000 J 108000 J 85100 J 80300 J 73600 67000 76800 80700 81400 76600
CHROMIUM 20 11.1 17.6 15.5 10 10 17.6 18.6 18 16.3
COBALT 9.3 9.5 11.5 8.6 5.8 6 9.2 10.5 14.7 8.4
COPPER 17.1 25.2 20.5 18.7 21.3 23.6 21.7 21.2 21.6 19.6
IRON 18300 22800 20300 17400 16400 15300 20400 20400 20300 19100
LEAD 10.3 J 19.2 J 10.2 J 9.5 J 12 9.6 25 11.1 11.7 10.6
MAGNESIUM 32800 56300 41300 40400 38800 32600 39100 39800 38600 38700
MANGANESE 421 1220 841 566 675 481 569 604 718 592
MERCURY 0.02 0.043 0.018 0.016 U 0.015 U 0.013 0.029 0.018 0.021 0.014 U
NICKEL 23.3 22.7 33.6 22.6 17.6 17.2 24.5 27.5 31.8 23.5
POTASSIUM 2560 1510 2610 2380 1340 1410 2640 2700 2620 2150
SODIUM 239 U 230 U 228 U 230 U 221 U 249 226 U 228 U 235 U 238 U
VANADIUM 20 15.3 19.9 17.6 14.2 15.3 20.9 20.7 20.6 19.2
ZINC 38.6 57.7 48.3 48.9 54.1 41.3 53.6 50 52.7 39

NC = No criterion available.
U= Not detected.  Value shown is detection limit.
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance.
Shaded cells indicate that the concentration is greater than the minimum screening criterion.

NTC19SB15NTC19SB12 NTC19SB14 NTC19SB14

6 4 6 6 64 7 6 77
2 4 4 45 4 5 45 2

NTC19SB20NTC19SB19NTC19SB16 NTC19SB17 NTC19SB18 NTC19SB18
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Parameter Frequency 
of Detection

Location of 
Maximum Detect

Sample of Maximum 
Detect

Minimum 
Non-Detect

Maximum 
Non-

Detect

Average 
Positive 
Result

ORNL 
Residential 
Soil Criteria

Exceedances 
of ORNL 

Residential 
Soil Criteria

ORNL 
Industrial 

Soil 
Criteria

Exceedances 
of ORNL 

Industrial Soil 
Criteria

ORNL 
Risk 

Based 
SSL

Exceedances 
of ORNL Risk 

Based SSL

ORNL 
MCL 

Based 
SSL

Exceedances 
of ORNL MCL 

Based SSL

ORNL 
Residential 
Soil Criteria 

for 
Inhalation

Exceedances 
of ORNL 

Residential 
Soil Criteria 

for Inhalation

ORNL 
Industrial Soil 

Criteria for 
Inhalation

Exceedances 
of ORNL 

Industrial Soil 
Criteria for 
Inhalation

Volatile Organics (ug/kg)
4-METHYL-2-PENTANONE 1/22 0.65 0.65 NTC19SB17 NTC19SB17-SO-0406 0.48 0.81 0.650 530000 0 5200000 0 440 0 NA 0 2700000 0 2700000 0
ACETONE 12/22 2.3 J 12 NTC19SB15 NTC19SB15-SO-0406-D 1.7 2.8 5.47 6100000 0 61000000 0 4400 0 NA 0 NA 0 NA 0
TRICHLOROFLUOROMETHANE 1/22 3.9 3.9 NTC19SB07 NTC19SB07-SO-0507 0.78 1.3 3.90 80000 0 340000 0 840 0 NA 0 1100000 0 1600000 0
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 4/22 2.2 6.5 NTC19SB15 NTC19SB15-SO-0406-D 1.8 2.1 3.66 31000 0 410000 0 900 0 NA 0 NA 0 NA 0
ACENAPHTHYLENE 1/22 1.7 1.7 NTC19SB04 NTC19SB04-SO-0204 1.2 1.4 1.70 340000 0 3300000 0 27000 0 NA 0 NA 0 NA 0
ANTHRACENE 1/22 4.2 4.2 NTC19SB18 NTC19SB18-SO-0204 0.88 0.99 4.20 1700000 0 17000000 0 450000 0 NA 0 NA 0 NA 0
BENZO(A)ANTHRACENE 3/22 15 20 NTC19SB06 NTC19SB06-SO-0204 1.5 1.7 17.0 150 0 2100 0 14 3 NA 0 NA 0 NA 0
BENZO(A)PYRENE 6/22 7.1 22 NTC19SB18 NTC19SB18-SO-0204 1.1 1.2 14.5 15 3 210 0 4.6 6 310 0 NA 0 NA 0
BENZO(B)FLUORANTHENE 3/22 15 18 NTC19SB06 NTC19SB06-SO-0204 1.7 1.9 16.0 150 0 2100 0 47 0 NA 0 NA 0 NA 0

NTC19SB04 NTC19SB04-SO-0204
NTC19SB06 NTC19SB06-SO-0204

BENZO(K)FLUORANTHENE 3/22 4.5 8.3 NTC19SB06 NTC19SB06-SO-0204 1.4 1.6 6.30 1500 0 21000 0 460 0 NA 0 NA 0 NA 0
CHRYSENE 6/22 2.4 18 NTC19SB06 NTC19SB06-SO-0204 1.2 1.3 10.6 15000 0 210000 0 1400 0 NA 0 NA 0 NA 0
FLUORANTHENE 5/22 3 28 NTC19SB04 NTC19SB04-SO-0204 1.8 2.1 16.5 230000 0 2200000 0 210000 0 NA 0 NA 0 NA 0
INDENO(1,2,3-CD)PYRENE 3/22 6.5 7.4 NTC19SB18 NTC19SB18-SO-0204 1.7 1.9 7.07 150 0 2100 0 160 0 NA 0 NA 0 NA 0

NTC19SB03 NTC19SB03-SO-0810
NTC19SB18 NTC19SB18-SO-0204

PYRENE 12/22 2 27 NTC19SB04 NTC19SB04-SO-0204 1.7 1.9 9.52 170000 0 1700000 0 150000 0 NA 0 NA 0 NA 0
Inorganics (mg/kg)
ALUMINUM 22/22 4500 14700 NTC19SB02 NTC19SB02-SO-0204 8309 77000 0 99000 0 55000 0 NA 0 7090000 0 11000000 0
ARSENIC 22/22 4 25.1 NTC19SB05 NTC19SB05-SO-0406 9.77 0.39 22 1.6 22 0.0013 22 0.29 22 769 0 1440 0
BARIUM 22/22 10.9 81.9 NTC19SB02 NTC19SB02-SO-0204 39.6 1500 0 19000 0 300 0 82 0 709000 0 1100000 0

NTC19SB02 NTC19SB02-SO-0204
NTC19SB01 NTC19SB01-SO-0608

CADMIUM 13/22 0.23 J 0.43 J NTC19SB06 NTC19SB06-SO-0204 0.22 0.24 0.305 7 0 81 0 1.4 0 0.38 2 1840 0 3430 0
CALCIUM 22/22 2850 J 119000 J NTC19SB12 NTC19SB12-SO-0507 66344 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
CHROMIUM 22/22 9 25.8 NTC19SB02 NTC19SB02-SO-0204 15.4 280 0 1400 0 NA 0 NA 0 276 0 515 0
COBALT 22/22 5.2 22.1 NTC19SB02 NTC19SB02-SO-0204 9.50 2.3 22 30 0 0.49 22 NA 0 1180 0 2210 0
COPPER 22/22 15.4 34.2 NTC19SB02 NTC19SB02-SO-0204 22.2 310 0 4100 0 51 0 46 0 NA 0 NA 0
IRON 22/22 12200 34900 NTC19SB04 NTC19SB04-SO-0204 21534 5500 22 72000 0 640 22 NA 0 NA 0 NA 0
LEAD 22/22 8.1 54.8 J NTC19SB06 NTC19SB06-SO-0204 15.7 400 0 80 0 NA 0 14 7 NA 0 NA 0
MAGNESIUM 22/22 6440 J 56300 NTC19SB14 NTC19SB14-SO-0204 33178 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
MANGANESE 22/22 421 1600 NTC19SB02 NTC19SB02-SO-0204 736 180 22 2300 0 57 22 NA 0 70900 0 110000 0
MERCURY 13/22 0.013 0.049 NTC19SB04 NTC19SB04-SO-0204 0.013 0.016 0.03 0.67 0 2.8 0 0.033 3 0.1 0 2.9 0 2.9 0
NICKEL 22/22 14.9 48.8 NTC19SB02 NTC19SB02-SO-0204 24.7 160 0 2000 0 48 1 NA 0 NA 0 NA 0
POTASSIUM 22/22 1210 2950 J NTC19SB02 NTC19SB02-SO-0204 2005 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
SODIUM 2/22 241 249 NTC19SB17 NTC19SB17-SO-0406 216 249 245 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
VANADIUM 22/22 12.7 29.8 NTC19SB06 NTC19SB06-SO-0204 19.4 39 0 520 0 180 0 180 0 NA 0 NA 0
ZINC 22/22 37.5 140 J NTC19SB06 NTC19SB06-SO-0204 60.2 2300 0 31000 0 680 0 NA 0 NA 0 NA 0

Minimum 
Result

Maximum 
Result

NA 0NA 0 NA 01700000 0 150000 0170000 01.8 2.1 8.962.4 17PHENANTHRENE 17/22

0 NA 00 NA 0 NA0 1700000 0 1500001700001.7 1.8 5.44BENZO(G,H,I)PERYLENE 19/22 2.2 11

2570 01380 0200 0 58 0BERYLLIUM 16 00.3622/22 0.94 0.574 3.2 0
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Parameter

ORNL SSLs 
for Inhalation 
Construction 

Worker 
Scenario

Exceedances 
of ORNL SSLs 
for Inhalation 
Construction 

Worker 
Scenario

TACO - 
Residential 

Soil 
Ingestion(1)

Exceedances 
of TACO - 

Residential 
Soil 

Ingestion(1)

TACO - 
Residential 

Soil 
Inhalation(1)

Exceedances 
of TACO - 

Residential 
Soil 

Inhalation(1)

TACO - 
Industrial - 

Commercial 
Inhalation

Exceedances 
of TACO - 
Industrial - 

Commercial 
Inhalation

TACO - 
Industrial - 

Commercial 
Ingestion

Exceedances 
of TACO - 
Industrial - 

Commercial 
Ingestion

TACO - 
Residential 
Migration to 

Groundwater - 
Class 1 (Soil 

Comp)

Exceedances 
of TACO - 

Residential 
Migration to 

Groundwater - 
Class 1 (Soil 

Comp)

TACO - 
Construction 
Worker Soil 
Ingestion(2)

Exceedances of 
TACO - 

Construction 
Worker Soil 
Ingestion(2)

TACO - 
Construction 
Worker Soil 
Inhalation(2)

Exceedances 
of TACO - 

Construction 
Worker Soil 
Inhalation(2)

NON-TACO - 
Residential 

Soil 
Ingestion(3)

Exceedances 
of NON-TACO 
- Residential 

Soil 
Ingestion(3)

Volatile Organics (ug/kg)
4-METHYL-2-PENTANONE 2700000 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
ACETONE NA 0 70000000 0 100000000 0 100000000 0 NA 0 25000 0 NA 0 100000000 0 NA 0
TRICHLOROFLUOROMETHANE 310000 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 23000000 0
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
ACENAPHTHYLENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 2300000 0
ANTHRACENE NA 0 23000000 0 NA 0 610000000 0 NA 0 12000000 0 610000000 0 NA 0 NA 0
BENZO(A)ANTHRACENE NA 0 900 0 NA 0 NA 0 8000 0 2000 0 170000 0 NA 0 NA 0
BENZO(A)PYRENE 280000 0 90 0 NA 0 NA 0 800 0 8000 0 17000 0 NA 0 NA 0
BENZO(B)FLUORANTHENE NA 0 900 0 NA 0 NA 0 8000 0 5000 0 170000 0 NA 0 NA 0

BENZO(K)FLUORANTHENE NA 0 9000 0 NA 0 NA 0 78000 0 49000 0 1700000 0 NA 0 NA 0
CHRYSENE NA 0 88000 0 NA 0 NA 0 780000 0 160000 0 17000000 0 NA 0 NA 0
FLUORANTHENE NA 0 3100000 0 NA 0 NA 0 82000000 0 4300000 0 82000000 0 NA 0 NA 0
INDENO(1,2,3-CD)PYRENE NA 0 900 0 NA 0 NA 0 8000 0 69000 0 170000 0 NA 0 NA 0

PYRENE NA 0 2300000 0 NA 0 NA 0 61000000 0 4200000 0 61000000 0 NA 0 NA 0
Inorganics (mg/kg)
ALUMINUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 78000 0
ARSENIC 58 0 11.3 6 750 0 1200 0 NA 0 NA 0 61 0 25000 0 NA 0
BARIUM 1700 0 5500 0 690000 0 910000 0 140000 0 NA 0 14000 0 870000 0 NA 0

NA
NA

CADMIUM 140 0 78 0 1800 0 2800 0 2000 0 NA 0 200 0 59000 0 NA 0
CALCIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
CHROMIUM NA 0 230 0 270 0 420 0 6100 0 NA 0 4100 0 690 0 NA 0
COBALT NA 0 4700 0 NA 0 NA 0 120000 0 NA 0 12000 0 NA 0 NA 0
COPPER NA 0 2900 0 NA 0 NA 0 82000 0 NA 0 8200 0 NA 0 NA 0
IRON NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 55000 0
LEAD NA 0 400 0 NA 0 NA 0 800 0 NA 0 700 0 NA 0 NA 0
MAGNESIUM NA 0 325000 0 NA 0 NA 0 NA 0 NA 0 730000 0 NA 0 NA 0
MANGANESE 180 22 1600 0 69000 0 91000 0 41000 0 NA 0 4100 0 8700 0 NA 0
MERCURY 1100 0 23 0 10 0 540000 0 610 0 NA 0 61 0 0.1 0 NA 0
NICKEL NA 0 1600 0 13000 0 21000 0 41000 0 NA 0 4100 0 440000 0 NA 0
POTASSIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
SODIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
VANADIUM NA 0 550 0 NA 0 NA 0 14000 0 NA 0 1400 0 NA 0 NA 0
ZINC NA 0 23000 0 NA 0 NA 0 610000 0 NA 0 61000 0 NA 0 NA 0

NA 0 2300000 0NA 0 NA 0NA 0 NA 0NA 0 NA 0NA 0PHENANTHRENE

00 NA 0 23000000 NA 0 NA0 NA 0 NA0 2300000 0 NANABENZO(G,H,I)PERYLENE

44000 0 NA 00 410 02100 0 4100 0160 0 1300 071 0BERYLLIUM
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Parameter

NON-TACO - 
Residential 

Soil 
Inhalation(3)

Exceedances of 
NON-TACO - 

Residential Soil 
Inhalation(3)

NON-TACO - 
Industrial 

Commercial 
Soil Ingestion

Exceedances 
of NON-TACO - 

Industrial 
Commercial 

Soil Ingestion

NON-TACO - 
Industrial 

Commercial 
Soil 

Inhalation

Exceedances of 
NON-TACO - 

Industrial 
Commercial 

Soil Inhalation

NON-TACO - 
Construction 
Worker Soil 
Ingestion(4)

Exceedances 
of NON-TACO- 
Construction 
Worker Soil 
Ingestion(4)

NON-TACO - 
Construction 
Worker Soil 
Inhalation(4)

Exceedances of 
NON-TACO - 
Construction 
Worker Soil 
Inhalation(4)

NON-TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(3)

Exceedances 
of NON-TACO - 

Residential 
Migration to 

Groundwater - 
Class 1(3)

Volatile Organics (ug/kg)
4-METHYL-2-PENTANONE 3100000 0 NA 0 3100000 0 NA 0 340000 0 NA 0
ACETONE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
TRICHLOROFLUOROMETHANE 850000 0 NA 0 NA 0 140000000 0 88000 0 34000 0
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
ACENAPHTHYLENE NA 0 61000000 0 NA 0 61000000 0 NA 0 85000 0
ANTHRACENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(A)ANTHRACENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(A)PYRENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
BENZO(B)FLUORANTHENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0

BENZO(K)FLUORANTHENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
CHRYSENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
FLUORANTHENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
INDENO(1,2,3-CD)PYRENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0

PYRENE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
Inorganics (mg/kg)
ALUMINUM 1000000 0 1000000 0 1000000 0 410000 0 870000 0 NA 0
ARSENIC NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
BARIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0

NA
NA

CADMIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
CALCIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
CHROMIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
COBALT NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
COPPER NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
IRON NA 0 1000000 0 NA 0 140000 0 NA 0 NA 0
LEAD NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
MAGNESIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
MANGANESE NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
MERCURY NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
NICKEL NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
POTASSIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
SODIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
VANADIUM NA 0 NA 0 NA 0 NA 0 NA 0 NA 0
ZINC NA 0 NA 0 NA 0 NA 0 NA 0 NA 0

Associated Samples:
NTC19SB01-SO-0608 NTC19SB05-SO-0406 NTC19SB07-SO-0507 NTC19SB12-SO-0507
NTC19SB02-SO-0204 NTC19SB05-SO-0608 NTC19SB08-SO-0406 NTC19SB14-SO-0204
NTC19SB03-SO-0810 NTC19SB06-SO-0204 NTC19SB09-SO-0406 NTC19SB14-SO-0507
NTC19SB04-SO-0204 NTC19SB06-SO-0608 NTC19SB10-SO-0507 NTC19SB15-SO-0406

NA = Not applicable
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance.
Shaded cells indicate that the concentration is greater than the minimum screening criterion.

NA 0 200000 0NA 0 61000000 0NA 0 61000000 0

00 NA 0 61000000 0 NA 0 27000000NA 0 61000000BENZO(G,H,I)PERYLENE

NA 0 0NA 0 NA 0NA 0 NA 0

PHENANTHRENE

BERYLLIUM
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5.0  CHEMICAL FATE AND TRANSPORT ANALYSIS 

This section contains information on various aspects of contaminant fate and transport and the chemical 

properties affecting contaminant migration at Site 19.  Knowledge of a contaminant's potential to migrate 

and persist in an environmental medium is critical when evaluating the potential for a chemical to elicit an 

adverse h uman heal th or ecological ef fect.  Section 5. 1 c ontains a gene ral di scussion of  t he v arious 

chemical and physical properties of significant contaminants detected in site media.  Section 5.2 reviews 

the various contaminant transport pathways, and Section 5.3 presents a brief discussion of chemical fate 

and persistence in the environment.  

 

5.1 CHEMICAL AND PHYSICAL PROPERTIES IMPACTING FATE AND TRANSPORT 

Table 5 -1 presents the physical and chemical p roperties of  o rganic compounds.  Relative mobilities of 

inorganics, as a function of environmental conditions in soil, are provided in Table 5-2.  These properties 

can be us ed to determine the environmental mobility and f ate of site contaminants.  The properties of  

interest include the following: 

 

• Specific gravity 

• Vapor pressure  

• Water solubility 

• Octanol/water partition coefficient (Kow) 

• Organic carbon partition coefficient (Koc) 

• Henry’s Law constant 

• Bioconcentration factor (BCF) 

• Distribution Coefficient (Kd) 

• Mobility index (MI) 

 

Empirically d etermined l iterature v alues of  water s olubility, Kow, Koc, v apor p ressure, H enry’s L aw 

constant, BCF, and s pecific gr avity ar e pr esented in t ables at  t he end of  t his se ction, w hen av ailable.  

Calculated values, which were obtained using approximation methods are presented in tables at the end 

of this section when literature values are not available.  A discussion of the environmental significance of 

each of these parameters follows. 
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5.1.1 Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to 

the weight of the same volume of water at a given temperature.  Its primary use is to determine whether a 

chemical will hav e a t endency t o f loat or  s ink i n water.  I f present as  p ure c hemicals or at  v ery hi gh 

concentrations, chemicals with a specific gravity greater than 1 tend to sink and chemicals with a specific 

gravity less than 1 tend to float.  This parameter becomes important in discussions regarding the potential 

presence of free product in non-aqueous-phase liquids.   

 

5.1.2 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water.  

It i s of pr imary i mportance at  env ironmental i nterfaces such a s s urface soil/air and surface water/air.  

Volatilization is not as important when evaluating contaminated groundwater and subsurface soil that are 

not exposed to the atmosphere.  V apor pressures for ketones, monocyclic aromatics, and halogenated 

aliphatics (VOCs) are g enerally m any t imes hi gher t han v apor pr essures f or PAHs.  C hemicals with 

higher v apor pressures a re ex pected t o ent er t he a tmosphere m uch m ore r eadily t han c hemicals w ith 

lower vapor pressures.  Volatilization is a significant loss process for VOCs in surface water or surface 

soil but is not significant for inorganics. 

 
5.1.3 Water Solubility 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is proportional to 

its water solubility.  M ore soluble chemicals are more readily leached than less soluble chemicals.  T he 

water solubilities presented in Table 5-1 indicate that VOCs are usually several orders of magnitude more 

water soluble than PAHs. 

 

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, 

carbonates, etc.) and is also dependent on pH, Eh (redox potential), temperature, and other ionic species 

in solution (the Debye-Huckel theory).  The solubility products reported in the literature vary with the type 

of complex formed, but generally it can be noted that, for example, cadmium and copper complexes are 

more soluble than lead and nickel complexes. 

 

5.1.4 Octanol/Water Partition Coefficient 

Kow is a m easure of  t he equi librium par titioning o f c hemicals between oc tanol and water.  A  l inear 

relationship between Kow and the uptake of chemicals by fatty tissues of animal and human receptors (the 
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bioconcentration f actor) h as b een e stablished.  It i s also us eful i n c haracterizing t he sorption of  

compounds by soil where experimental values are not available.  PAHs are several orders of magnitude 

more likely to partition to fatty tissues than the more soluble VOCs.  Kow values are also used to estimate 

BCFs in aquatic organisms. 

 

5.1.5 Organic Carbon Partition Coefficient 

Koc values indicate t he t endency of  a c hemical t o adhere t o s oil par ticles c ontaining or ganic carbon.  

Chemicals with high Koc values generally have low water solubilities and vice versa.  This parameter may 

be used to infer the relative rates at  which the more mobile chemicals (ketones, monocyclic aromatics, 

and h alogenated al iphatics [VOCs]) are t ransported i n g roundwater.  Chemicals s uch as P AHs a re 

relatively i mmobile i n soil and  ar e preferentially bound t o soil.  T hese c ompounds ar e not s ubject t o 

groundwater t ransport to the extent that compounds with higher water solubilities are.  H owever, these 

immobile chemicals are easily transported by erosional processes when they are present in surface soil. 

 

5.1.6 Henry's Law Constant 

Both vapor pressure and water solubility are of use in determining volatilization rates from surface water 

bodies and from groundwater.  The ratio of these two parameters (the Henry's Law constant) is used to 

calculate the equilibrium chemical concentrations in the vapor (air) phase versus the liquid (water) phase 

for the di lute solutions commonly encountered in environmental settings.  In general, a chemical with a 

Henry's Law constant less than 1 x 10-5 atm-m3/mole, such as PAHs, should volatilize very l ittle and be 

present o nly i n m inute a mounts i n t he at mosphere or  soil ga s.  F or a chemical w ith a H enry's Law  

constant g reater t han 5 x 10 -3 atm-m3/mole, i ncluding ma ny o f t he hal ogenated al iphatics (VOCs), 

volatilization and diffusion in soil gas could be significant. 

 

5.1.7 Bioconcentration Factor 

The BCF represents the ratio of aquatic animal tissue concentration to water concentration.  The ratio is 

both contaminant and species specific.  When site-specific values are not measured, literature values are 

used or the BCF is derived from the Kow.  Many of the PAHs will bioconcentrate at concentrations three to 

five orders of magnitude greater than those concentrations found in water, but VOCs are not as readily 

bioconcentrated.   
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5.1.8 Distribution Coefficient 

Kd is a measure of the equilibrium distribution of a chemical or ion in soil/water systems.  The distribution 

of organic chemicals is a function of both the Koc and the amount of organic carbon in the soil.  For ions 

(e.g., metals), Kd is the ratio of the concentration adsorbed on soil surfaces to the concentration in water.  

Distribution coefficients for metals vary over several orders of magnitude because the Kd is dependent on 

the s ize an d c harge of t he i on a nd t he soil properties g overning ex change s ites on  s oil s urfaces.  

Coulomb's L aw p redicts t hat t he i on with t he s mallest hy drated r adius an d t he l argest c harge will be  

preferentially accumulated over ions with larger radii and smaller charges.  

 

5.1.9 Mobility Index 

The MI is a quantitative assessment of mobility that uses water solubility (S), vapor pressure (VP), and 

Koc.  It is defined as follows: 

 

MI = log ((S*VP)/Koc) 

 

A typical scale for evaluating MI is: 

 

  Relative MI   Mobility Description 

  > 5    extremely mobile 

  0 to 5    very mobile 

  -5 to 0    slightly mobile 

  -10 to -5   immobile 

  < -10    very immobile 

 

VOCs generally have MIs greater than 5 and are considered extremely mobile.  Lighter molecular weight 

PAHs, such as naphthalene, have MIs ranging from -5 to 0 and are considered slightly mobile, and the 

heavier molecular weight PAHs (e.g., benzo(a)pyrene) are classified as very immobile, having MIs less 

than -10.  The MIs for organic chemicals detected at Site 19 are presented in Table 5-1.     

 

5.2 CONTAMINANT TRANSPORT PATHWAYS 

This section presents a brief overview of contaminant fate and transport issues at Site 19.  Based on the 

evaluation of existing conditions at the s ite, the following potential contaminant transport pathways may 

exist at Site 19: 
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• Leaching of soil contaminants to groundwater 

• Migration of groundwater contaminants 

• Migration of chemicals in soil to ambient air 

• Erosion and runoff of contaminated particles from soil  

 

5.2.1 Leaching of Soil Contaminants to Groundwater 

VOCs, PAHs, and metals were detected i n soil at  S ite 19.  P AHs and metals generally adhere to soil 

particles and move by erosional processes.  V OCs are more l ikely to volatilize or  to leach and m igrate 

vertically to groundwater as a result of infiltration and/or precipitation.  The rate and extent of this leaching 

are influenced by  the depth of  the water table, amount of  p recipitation, rate of i nfiltration, physical and 

chemical properties of the soil, and physical and chemical properties of the contaminant. 

 

5.2.2 Migration of Groundwater Contaminants 

Contaminants can migrate in either a dissolved phase or as an immiscible liquid.  A contaminant that is 

present in water at a concentration greater than its solubility concentration will form an immiscible liquid.  

Based on the specific gravity of the contaminant, the immiscible liquid will either float or sink in water.  In 

the c ase of  chlorinated s olvents ( e.g., tetrachloroethene), t he c ontaminant w ill s ink i n groundwater 

because it has a higher specific gravity than water.  Subsurface transport of immiscible contaminants is 

governed by  a s et of  f actors di fferent f rom t hose of  di ssolved contaminants.  H owever, none of  t he 

chemicals detected in soil or groundwater at Site 19 were present at concentrations exceeding solubility 

levels.  Therefore, transport of chemicals at the site (if it occurs) is likely to occur in the dissolved phase.  

Contaminants in the dissolved phase may volatilize from groundwater to air, evaporate directly into air, or 

sorb from groundwater to solid surfaces. 

 

Chemical concentrations may be affected by one or more mechanisms during transport.  Volatilization or 

precipitation may phy sically t ransform the c hemicals o r t hey m ay be chemically t ransformed t hrough 

photolysis, h ydrolysis, or  ox idation/reduction.  C hemicals m ay al so b e bi ologically t ransformed by  

biodegradation.  Additionally, c ontaminants m ay a ccumulate i n one or  m ore m edia.  O f t he c hemicals 

detected at  S ite 19 , PAH s and metals are m ore l ikely t o ac cumulate i n en vironmental media t han t he 

VOCs. 

 

After a chemical is dissolved in groundwater, three general processes govern the migration of dissolved 

constituents: advection, dispersion, and retardation.  Advection is a process by which solutes are carried 

by gr oundwater movement.  Dispersion i s a m ixing of c ontaminated and un contaminated water dur ing 
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advection.  Retardation is a slowing of contaminant migration caused by the reaction of the solute with the 

aquifer soil. 

 

5.2.3 Migration of Chemicals in Soil to Ambient Air 

Chemicals in s oil can m igrate i nto a mbient ai r ei ther a s v apors or by ad hering t o pa rticulate matter 

(dusts).  C hemicals t hat h ave a significant v olatility ar e l ikely t o ent er ambient ai r a s v apors.  T hese 

chemicals are generally considered to be compounds with Henry’s Law Constants greater than 1.0x10-5 

and molecular weights less than 200.  Chemicals with lower Henry's Law Constants and higher molecular 

weights ar e m ore l ikely t o ent er am bient ai r on pa rticulate m atter c arried by  w inds, which m eans t hat 

VOCs will be more likely to migrate, and PAHs and metals are more likely to adhere to the soil and are 

therefore less likely to migrate. 

 

5.2.4 Erosion and Runoff of Contaminated Particles from Soil 

In addi tion t o V OCs, P AHs and metals w ere det ected in S ite 19 soil.  The f ate and t ransport 

characteristics of these chemicals are similar because they are not considered to be very mobile in the 

environment.  PAHs are generally large molecules with high Kocs and low solubilities.  When found in the 

soil, they do not migrate vertically to a great extent.  They are more likely to adhere to soil particles and 

be removed via surface runoff (e.g., in rainwater) and erosional processes. 

 

5.3 CHEMICAL PERSISTENCE 

The pe rsistence of v arious c lasses of  chemicals i s discussed i n t his section.  S everal t ransformation 

mechanisms af fect c hemical pe rsistence, s uch as  hy drolysis, bi odegradation, ph otolysis, and 

oxidation/reduction r eactions.  T he f ollowing g eneral c lasses of c ompounds det ected at Site 1 9 are 

discussed: 

 

• VOCs 

- Ketones 

- Monocyclic aromatics (e.g., toluene) 

- Halogenated aliphatics 

• PAHs 

• Metals 
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5.3.1 Ketones 

Three ketones, ac etone, 2-butanone (methyl et hyl k etone), and 4-methyl-2-pentanone (methyl i sobutyl 

ketone) were detected in soil and/or groundwater at Site 19.  Ketones are highly volatile and soluble, and 

these t wo c haracteristics dominate t he f ate of  t hese c ompounds i n t he env ironment.  H ydrolysis i s 

generally not a significant fate process for this class of chemicals, nor is bioconcentration expected to be 

significant. 

 

Acetone is completely miscible in water and is unlikely to adsorb to soil or sediment or bioaccumulate.  It 

has a hi gh v apor p ressure and,  onc e r eleased t o t he ai r, i s s ubject t o phot olysis a nd r eaction w ith 

hydroxyl radicals. 

 

2-Butanone may be r emoved from soil by di rect photolysis, volatilization, or  aerobic biodegradation.  It is 

also susceptible to leaching and may be found in groundwater.  If released to surface water, it has estimated 

volatilization half-lives of 19 hours (in rivers) to 197 hours (in lakes) and is also subject to direct photolysis.  

This compound does not significantly bioconcentrate, oxidize, hydrolyze, or adsorb to soil. 

 

4-Methyl-2-pentanone, unlike the other common ketone solvent acetone, has quite low solubility in water, 

making i t useful for liquid-liquid extraction.  I t has a similar polarity to ethyl acetate, but greater stability 

towards aqueous acid and base. 

 

5.3.2 Monocyclic Aromatics 

Monocyclic a romatic c ompounds a re not c onsidered t o be p ersistent i n t he env ironment, par ticularly 

compared to chemicals such as PAHs.  Monocyclic aromatics are subject to degradation via the actions 

of both soil and aquatic microorganisms.  T he biodegradation of  these compounds in the soil matrix is 

dependent on the abundance of microflora, macronutrient availability, soil reaction (pH), temperature, etc. 

 

Although these compounds are amenable to microbial degradation, it is not anticipated that degradation will 

occur at  an appr eciable r ate, a lthough m acronutrient av ailability i s not  k nown.  I n the e vent t hat these 

compounds discharge to surface water bodies, volatilization and biodegradation may occur relatively rapidly.  

For ex ample, a r eported first-order bi odegradation r ate c onstant f or benz ene i s 0. 11 day-1 in aquat ic 

systems ( Lyman et  al., 1982).  T his c orresponds t o an aquat ic hal f l ife of  a pproximately 6 days. O ther 

monocyclic aromatics are subject to similar degradation processes in aquatic environments (USEPA, 1982).  

 

http://en.wikipedia.org/wiki/Liquid-liquid_extraction�
http://en.wikipedia.org/wiki/Aqueous�
http://en.wikipedia.org/wiki/Acid�
http://en.wikipedia.org/wiki/Base_(chemistry)�
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Additional environmental d egradation pr ocesses s uch as  hy drolysis and phot olysis ar e c onsidered t o be 

insignificant f ate m echanisms f or m onocyclic ar omatics i n aquat ic s ystems ( USEPA, 1 982).  Ho wever, 

some m onocyclic ar omatics s uch as  t oluene hav e been s hown t o under go c lay-, m ineral-, and s oil-

catalyzed oxidation (Dragun, 1988).  

 

5.3.3 Halogenated Aliphatics 

Halogenated al iphatic hydrocarbons were detected i n s oil o r groundwater a t Si te 19.  In gen eral, 

halogenated aliphatic hydrocarbons are subject to abiotic dehydrohalogenation, which is an e limination 

reaction that results in the formation of an ethene from a saturated halogenated compound.  Hydrolysis, 

photolysis, and oxidation are generally not considered to be significant fate processes for the chlorinated 

ethanes.  Chlorinated aliphatics do not sorb strongly to most solids. 

 

Under certain conditions, volatilization is a significant fate process for these compounds, although  only at 

the air-soil or air-water interface.  Compounds  with low soil adsorption volatilize rapidly to the atmosphere 

from soil or surface water.  A dsorption to soil par ticles is not considered as an important fate for these 

types of compounds when compared to more hydrophobic compounds (e.g., PAHs).  BCFs indicate that 

these compounds should not bioaccumulate.   

 

5.3.4 PAHs 

PAHs have very l ow solubilities, vapor pressures, and Henry's Law constants and hi gh K ocs and K ows.  

The l ow molecular weight P AHs ( e.g., ac enaphthene, ant hracene, f luorene, phenant hrene, et c.) m ay 

volatilize f rom w ater, and the hi gh molecular weight PAHs ( e.g., benz o(a)pyrene, b enz(a)anthracene, 

chrysene, et c.) are less likely to volatilize.  PAHs i n s oil ar e m uch m ore l ikely t o bi nd t o soil and be  

transported v ia mass t ransport mechanisms than to go i nto solution or  volatilize.  PAHs are subject to 

degradation via aerobic bacteria but may be relatively persistent in the absence of microbial populations 

or macronutrients such as phosphorus and nitrogen.  

 

Bioconcentration of  P AHs in aquat ic or ganisms i s g reater f or t he hi gher m olecular w eight c ompounds 

than the lower molecular weight compounds.  PAHs can bioaccumulate from water, sediments, or lower 

organisms in the food chain. 

 

Landspreading ap plications h ave i ndicated t hat P AHs ar e hi ghly am enable t o m icrobial de gradation i n 

soil, with the rate of degradation influenced by temperature, pH, oxygen concentrations, initial chemical 
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concentrations, and moisture.  Photolysis, hydrolysis, and oxidation are not important fate processes for 

the degradation of PAHs in soil (ATSDR, 1995). 

 

PAHs are degraded in water by photo-oxidation, chemical oxidation, and bi odegradation.  P AHs do no t 

contain functional groups that are susceptible to hydrolytic action, and hydrolysis is considered to be an 

insignificant degr adation m echanism.  The r ate of  phot odegradation i s i nfluenced by w ater depth, 

turbidity, and t emperature.  B enzo(a)pyrene a nd c hrysene ar e r eported t o be r esistant t o 

photodegradation.  PAHs may also be oxidized by chlorination and ozonation and may be metabolized by 

microbes under oxygenated conditions (ATSDR, 1995). 

 

5.3.5 Metals 

Metals are highly persistent environmental contaminants; they do not biodegrade, photolyze, hydrolyze, 

etc.  The major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of 

the soil structure) and bioaccumulation. 

 

The mobility of metals i s influenced p rimarily by  their physical and chemical p roperties, i n combination 

with t he phy sical and chemical characteristics of  t he s oil m atrix.  F actors t hat as sist i n predicting t he 

mobility of  inorganic species are soil/pore water pH, soil/pore water Eh, and cation exchange capacity.  

The mobility of metals generally increases with decreasing soil pH and cation exchange capacity (Table 

5-2).   

 

5.4 CONTAMINANT FATE AND TRANSPORT  

This section focuses on s ome o f t he fate an d t ransport i ssues a ssociated w ith t he major types of  

contaminants detected at Site 19. 

 

5.4.1 VOCs 

VOCs are typically considered to be fairly soluble with a low capacity for retention by soil organic carbon; 

therefore, these are the organic compounds most frequently detected in groundwater and surface water.  

VOCs may migrate through the soil column as infiltrating p recipitation solubilizes them af ter t hey were 

released through a spill or subsurface waste burial.  Some fraction of these chemicals is retained by the 

soil, but most continues migrating downward to the water table.  In groundwater, VOCs migrate primarily 

laterally with the hydraulic gradient.  Again, some portion may be retained by the saturated soil.  
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Compounds such as toluene have specific gravities less than that of water.  Therefore, instead of going 

into solution, the majority of a release may remain as a discrete layer on top of the water table, with some 

going into solution at the water/contaminant interface. 

 

Compounds with specific gravities greater than that of water are often used in industrial applications such 

as degreasing.  If a spill of these solvents is large enough, they may also migrate as bulk liquids but will 

not stop at the water table (i.e., they will mix and sink into the aquifer). 

 

5.4.2 PAHs 

PAHs are generally considered to be fairly immobile in the environment; they are large molecules with 

high Kocs and l ow solubilities when c ompared t o V OCs.  T hese c ompounds generally d o not m igrate 

vertically through soil to a great extent.  I nstead, they are more l ikely to adhere to soil particles and be 

transported with the soil particles via surface runoff and erosional processes. 

 

5.4.3 Inorganics  

Because inorganics are naturally occurring, frequently incorporated into the soil matrix, and remain bound 

to particulate matter, they migrate from source areas via erosion.  There are some instances, however, 

where inorganics are found at such concentrations or in such forms (i.e., oxidation states) that they may 

migrate in solution.  F irst, it is possible that uncontrolled industrial activities could saturate the available 

exchange sites in soil in the immediate vicinity of the activity and result in an inorganic being mobilized.  

Secondly, inorganics are more mobile under acidic conditions, which are possibly present in 

environments where metal plating-type activities occurred.  F inally, i norganic solutions may be us ed in 

some industrial applications.  In these cases, it is possible for inorganics to migrate vertically through the 

soil column and reach groundwater.  

 

Inorganics are naturally occurring substances; therefore, it is not unusual that they were detected in soil 

and groundwater at Site 19.  B ecause inorganics tend to adhere to particulate matter (similar to PAHs), 

their release and migration patterns are similar to these chemicals. 

 



TABLE 5-1

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS
SITE 19

NAVAL STATION GREAT LAKES, ILLINOIS
PAGE 1 OF 2

Specific Gravity Vapor Pressure Solubility Kow = Octanol/Water Koc = Organic Carbon Henry's Law Constant Bioconcentration Factor Mobility Index
(@ 20/4°C)(1) (mm Hg @ 20°C)(1) (mg/L @ 20°C)(1) Partition Coefficient(1) Partition Coefficient(2) (atm-m3/mole)(1) (mg/L/mg/kg)(2) log((solubility*VP)/Koc)

KETONES
2-Butanone 0.8054 1.0E+2 (25°C) 2.75E+05 1.82E+00 4.44E+0(3) 4.66E-5 (25°C) 9.3E-1(4) 6.79E+00
Acetone 0.7899 2.66E+2 (25°C) Miscible 5.75E-01 7.08E+03 (5) 4.276E-5 (25°C) 3.81E-1(4) NA
2-Hexanone
4-Methyl-2-pentanone 0.7978 (20°C) 1.0E+1 (30°C) 1.91E+04 1.23E+01 5.30E+0(9) 1.49E-5 (25°C) 3.9E+0(6) 4.56E+00
MONOCYCLIC AROMATICS
Benzene 0.8765 9.5E+01(1) 1.75E+03 1.35E+02 5.89E+01 5.55E-03 3.70E+01 3.45E+00
Chlorobenzene 1.11 1.18E+01 4.72E+02 7.24E+02 2.19E+02 3.70E-03 3.10E+01 1.41E+00
Ethylbenzene 0.867 9.60E+00 1.69E+02 1.38E+03 3.63E+02 7.88E-03 4.70E+02 6.50E-01
Isopropylbenzene 0.862 4.50E+00 6.13E+01(2) 3.16E+03(1) 2.29E+03 1.15E-02(1) 2.70E+02 -9.19E-01
Toluene 0.8669 2.84E+01 5.26E+02 5.62E+02 1.82E+02 6.64E-03 1.48E+02 1.91E+00
1,2,4-Trichlorobenzene 1.459 4.60E-01 3.00E+02 1.02E+04 1.78E+03 1.42E-03 6.50E+02 -1.11E+00
1,4-Dichlorobenzene 1.29 1.20E+00 7.38E+01 1.00E+00 6.16E+02 2.43E-03(6) 2.3E+02(7) 0.0031611
1,3-Dichlorobenzene 1.2884 2.15E+00 1.33E+02 3.24E+03 7.21E+02 2.83E-03 3.20E+02 -4.02E-01
1,2-Dichlorobenzene 1.3059 1.36E+00 1.56E+02 2.40E+03 6.17E+02 1.50E-03 2.30E+02 -4.64E-01
HALOGENATED ALIPHATICS
Bromodichloromethane 2.38 5.45E+00 (25°C) 2.70E+03 2.16E+00 6.31E+01 7.83E-04 9.00E+00 2.37E+00
Bromoform 2.894 5.00E+00 3.10E+03 2.40E+00 8.70E+01 5.60E-04 3.20E+00 0.048164732
Bromomethane 1.73 (0/0°C) 1.824E+03 (25°C) 9.00E+02 1.10E+00 2.10E+00 6.24E-03 4.70E+00 5.89E+00
Carbon tetrachloride 1.594 1.13E+02 (25°C) 8.00E+02 5.37E+02 1.74E+02 (10) 2.93E-2 (25°C) 2.11E+02 2.72E+00
Chloroethane 0.92 (0/4°C) 1.00E+03 5.74E+03 1.54E+00 1.52E+00 8.48E-3 (25°C) 6.7E-01-8.6E-01 6.58E+00
Chloromethane 0.9159 4.30E+03 6.36E+03(1) 8.13E+00(1) 4.30E+00 8.82E-03(2) 3.2E+00(6) 6.80E+00
Chloroform 1.4832 1.60E+02 9.3E+3 (25°C) 9.33E+01 3.98E+01 (5) 3.39E-3 (25°C) 2.60E+01 4.57E+00
cis-1,2-Dichloroethene 1.2837 201(6) 3.50E+03 7.24E+01 3.55E+01 4.08E-03 8.1E+00(6) 4.30E+00
Chlorodibromomethane 1.405 1.36E+03 NA 3.55E+01 1.06E+03 9.20E+02 3.50E+01 NA
Methylene chloride 1.3266 4.29E+2 (25°C) 1.67E+4 (25°C) 1.78E+01 1.17E+01 (5) 3.19E-3 (25°C) 6.00E+00 5.79E+00
1,1,1-Trichloroethane 1.339 1.00E+02 4.40E+03 2.95E+02 1.10E+02 (10) 4.08E-3 (25°C) 8.10E+01 3.60E+00
1,1,2,2-Tetrachloroethane 1.60 (15/4°C) 6.50E+01 2.77E+02 2.45E+02 9.33E+01 3.45E-04 3.90E+01 2.29E+00
1,1,2-Trichloroethane 1.4397 2.50E+01 4.42E+02 1.12E+02 5.01E+01 9.13E-04 1.90E+01 2.34E+00
1,1,2-Trichlorotrifluoroethane 1.57 2.94E+02 insoluble 1.45E+03 9.14E+02 3.33E-01 < 100 NA
1,1-Dichloroethene 1.218 5.91E+2 (25°C) 2.1E+2 (25°C) 3.02E+01 5.89E+01 (10) 2.286E-2 (25°C) 5.30E+01 3.32E+00
1,2-Dibromo-3-chloropropane 2.093 5.80E-01 1.23E+03 1.82E+02 1.48E+02 1.47E-04 1.12E+01 0.019292313
1,2-Dibromoethane 2.18 1.10E+01 4.15E+03 8.60E+01 6.60E+01 8.20E-04 1.00E+01 0.070597588
1,2-Dichloroethane 1.2351 7.90E+01 8.52E+02 2.95E+01 1.74E+01 9.79E-04 8.10E+00 3.59E+00
1,2-Dichloropropane 1.159 5.00E+01 2.80E+02 9.33E+01 4.37E+01 2.80E-03 1.90E+01 2.51E+00
cis-1,3-Dichloropropene  1.224 @ 20 deg C 3.00E+01 2.70E+03 1.15E+02 2.30E+01 2.71x10-3 NA 0.213412392
trans-1,3-Dichloropropene 1.217 (at 20° C) 2.20E+01 2.80E+03 1.07E+02 2.60E+01 8.71x10-4 ~21 0.184214643
Dichlorodifluoromethane 
(difluorodichloromethane or freon 12) 1.49 4.33E+03 280 at 25oC 1.45E+02 5.80E+01 2.25E-01 range = 11-86 0.104893905
Styrene 0.906 6.12E+00 3.10E+02 8.71E+02 7.76E+02 2.75E-03 9.40E+01 3.88E-01
trans-1,2-Dichloroethene 1.2565 3.31E+02 6.30E+03 1.17E+22 5.25E+01 9.38E-03 4.80E+01 4.60E+00
Trichlorofluoromethane 1.494 8.03E+02 1.10E+03 3.39E+02 1.58E+02 2.39E+00 4.70E+01 3.75E+00
Tetrachloroethene 1.6227 1.9E+1 (25°C) 1.5E+2 (25°C) 3.39E+02 1.55E+02 (5) 2.685E-2 (25°C) 2.52E+02 1.26E+00
Trichloroethene 1.4624 7.10E+01 1.10E+03 5.13E+02 1.66E+02 1.03E-02 9.70E+01 2.67E+00
Vinyl chloride 0.9106 2.58E+03 1.1E+3 (25°C) 3.98E+00 1.86E+01 (5) 2.78E-2 (25°C) 5.70E+00 5.18E+00
Xylenes (Total) 0.86104-0.8801 1E+1 (27.3-32.1°C) 1.6E+2-1.75E+2(6) 5.89E+2-1.58E+3 3.63E+02-4.07E+02 4.184E-3-6.662E-3 (25°C) 7.5E+1-1.59E+2(10) 0.644-0.633

Chemical
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Specific Gravity Vapor Pressure Solubility Kow = Octanol/Water Koc = Organic Carbon Henry's Law Constant Bioconcentration Factor Mobility Index
(@ 20/4°C)(1) (mm Hg @ 20°C)(1) (mg/L @ 20°C)(1) Partition Coefficient(1) Partition Coefficient(2) (atm-m3/mole)(1) (mg/L/mg/kg)(2) log((solubility*VP)/Koc)Chemical

POLYNUCLEAR AROMATIC HYDROCARBONS (PAHs)
2-Methylnaphthalene 1.0058 1E+1 (105°C) 2.6E+1 (25°C) 7.24E+03 7.27E+2 (3) 4.99E-4 (25°C) 5.1E+2 (4) -4.47E-01
Acenaphthene 1.07 5.00E-03 4.24E+02 8.32E+03 7.08E+03 2.41E-04 (25°C) 1.10E+03 -3.52
Anthracene 1.283 (25/4°C) 1.95E-4 (25°C) 1.29E+0 (25°C) 2.82E+04 2.95E+04 (5) 8.6E-5 (25°C) 4.70E+03 -8.07E+00
Benzo(a)anthracene 1.274 5.00E-09 1E-2 (24°C) 4.07E+05 3.98E+05 (5) 6.60E-07 5.30E+04 -1.59E+01
Benzo(a)pyrene 1.351 5.00E-09 3.8E-3 (25°C) 9.55E+05 1.02E+06 (5) 4.9E-7 (25°C) 1.40E+05 -1.67E+01
Benzo(b)fluoranthene NA 5.00E-07 1.2E-3 (25°C) 3.72E+06 1.23E+06 (5) 1.20E-05 1.40E+05 -1.53E+01
Benzo(g,h,i)perylene 1.35 1.00E-10 2.6E-4 (25°C) 1.70E+07 1.60E+06 1.4E-7 (25°C) 3.50E+05 -1.98E+01
Benzo(k)fluoranthene NA 9.59E-11 5.5E-4 (25°C) 6.92E+06 1.23E+06 (5) 1.04E-03 1.40E+05 -1.94E+01
Chrysene 1.274 (20°C) 6.3E-9 (25°C) 6E-3 (25°C) 4.07E+05 3.98E+05 (5) 1.05E-6 (25°C) 5.30E+04 -1.60E+01
Dibenzo(a,h)anthracene 1.282 1.00E-10 5E-4 (25°C) 9.33E+05 3.80E+06 (5) 7.3E-8 (25°C) 6.90E+05 -1.99E+01
Fluoranthene 1.252 5.0E-6 (25°C) 2.65E-1 (25°C) 2.14E+05 1.07E+05 (5) 6.5E-6 (25°C) 1.20E+04 -1.09E+01
Fluorene 1.202 1.00E+01 1.98E+00 1.62E+04 1.38E+04 6.36E-05 3.80E+03 -2.84E+00
Indeno(1,2,3-cd)pyrene NA 1E-10 (25°C) 6.20E-02 4.57E+07 3.47E+06 (5) 6.95E-8 (25°C) 3.50E+05 -1.77E+01
Naphthalene 1.162 8.2E-2 (25°C) 3E+1 (25°C) 2.34E+03 2.00E+03 (5) 4.83E-4 (25°C) 4.20E+02 -2.91E+00
Phenanthrene 0.980 (4°C) 1E+0 (118.2°C) 8.16E-1 (21°C) 2.88E+04 1.40E+04 3.93E-5 (25°C) 4.70E+03 -4.23E+00
Pyrene 1.271 (23/4°C) 2.5E+0 (200°C) 1.6E-1 (26°C) 1.51E+05 1.05E+05 (5) 5.1E-6 (25°C) 1.20E+04 -5.42E+00
MISCELLANEOUS VOLATILE ORGANICS
Carbon Disulfide 1.2632 2.98E+02(1) 1.19E+03 1.00E+02 4.57E+01 3.03E-02 6.2E+00(6) 3.89E+00
Cyclohexane 0.7781(13) 9.69E+01 5.5E+01(13) 2.75E+03(13) 1.6E+02(14) 2.0E+-01(14) 8.9E+01(13) 1.52E+00
Methyl Cyclohexane 0.7694(13) 4.60E+01 1.4E+01(13) 4.07E+03(13) 2.68E+02(11) 4.3E-01(13) 1.2E+02(11) 3.81E-01
Methyl Acetate
Methyl tert butyl ether 0.7405 2.50E+02 5.10E+04 8.71E+00 1.12E+01 5.87E-04 3.10E+00 6.06E+00

NA - Not available.
1  USEPA, September 1992, Handbook of RCRA Groundwater Monitoring Constituents: Chemical and Physical Properties.
2  USEPA, December 1982, Aquatic Fate Process Data for Organic Priority Pollutants.
3  Lyman et al., 1990; Equation 4-5.
4  Lyman et al., 1990, Eq. 5-2.
5  USEPA, July 1996, Soil Screening Guidance.
6  Lyman et al., 1990; Equation 5-3, Handbook of Chemical Property Estimation Methods.
7  Chlordane data used.
8  Endosulfan II data used.
9  Mabey et al., 1982
10  Syracuse Research Corporation. Online Database: Interactive Physical Properties Database Demo.  http://www.syrres.com/esc/chemfate.htm.  Web site last updated October 17, 2001.
11  ORNL Risk Assessment Information System.
12  USEPA, August 1999.  Screening Level Ecological Risk Assessment Protocol for Hazardous Waster Combustion Facilities, Appendix C Media-to-Receptor Bioconcentration Factors (BCFs).
13  TOXNET (Hazardous Substance Data Bank). Http://toxnet.nlm.nih.gov, July 2006. 
14  USEPA Region 9 Preliminary Remediation Goal Tables (July 2006). 



TABLE 5-2

PHYSICAL AND CHEMICAL PROPERTIES OF INORGANIC CHEMICALS
SITE 19

NAVAL STATION GREAT LAKES, ILLINOIS

Molecular Specific Vapor Solubility Henry's Law Bioconcentration
Weight Gravity Pressure (25 C) (25 C) Constant (25 C) Factor

Chemical (g/mol) (1) (20/4 C) (1) (mm Hg) (1) (mg/L) (1) (atm-m3/mol) (1) (L/kg) (2)

Inorganics
Antimony 121.75 6.684 (25°C) 1 (886°C) insoluble NA NA
Barium 137.33 3.51 (20°C) 10 (1049°C) hydrolyzes NA NA
Cadmium 112.41 8.642 (UT) NA insoluble NA 7400
Calcium 40.08 1.55 (20°C) 254 Pa at 1112 K soluble NA 1
Chromium 51.996 7.2 (28°C) 1 (1616°C) insoluble NA 1
Lead 207.2 11.2960 (16°C) 1(970°C) insoluble NA 1700
Magnesium 24.30 1.738 361Pa@649°C highly soluble NA 1
Manganese 54.938 (4) 7.2 (4) NA decomposes (4) NA NA
Mercury 200.59 13.5939 100 (260°C) 0.056 1.14E-02 (UT) 3133 (3)

Nickel 58.69 8.9 (UT) 1 (1800°C) insoluble NA 110
Potassium 39.098 0.86( 20°C) 0.4416 at 945°K insoluble NA 1
Selenium 78.96 4.81 (20/4+1°C) NA NA NA 5700
Thallium 204.383 11.85 (UT) 1 (825°C) insoluble NA 130
Zinc 65.38 7.14 (UT) 1 (487°C) insoluble NA 970

1    USEPA, 1992
2    USEPA, Superfund Chemical Data Matrix, 1997.
3    Lyman, W., Reehl, W., and Rosenblatt, D., 1990
4    Clement Associates, Chemical, Physical, and Biological Properties of Compounds Present at Hazardous Waste Sites, September 1985.
5    The Condensed Chemical Dictionary, 1971.
UT  There is no reference temperature available.
NA  Not available.
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6.0  HUMAN HEALTH RISK ASSESSMENT 

This baseline HHRA was performed to characterize and quantify potential health r isks at Site 19 at  Naval 

Station Great Lakes, Great Lakes, I llinois.  The objective of  the RA was to determine whether detected 

concentrations of chemicals within the study area pose a significant threat to potential human receptors 

under c urrent and/ or f uture l and u se.  The RA for Site 19  is based on chemical data f or surface s oil, 

subsurface soil, and groundwater.  The pot ential risks t o h uman receptors are es timated based on the 

assumption that no actions are taken to control contaminant releases. 

 

Section 6. 1 provides an  ov erview of  t he RA process, and Sections 6. 2 t hrough 6. 5 out line t he 

methodology and results of t he H HRA.  Appendix F presents supporting m aterials f or t he H HRA.  A n 

analysis of the uncertainties is presented in Section 6.6.  Section 6.7 summarizes the HHRA for Site 19.  

Tables do cumenting t he HHRA w ere prepared f ollowing t he standard f ormat i n ac cordance with Risk 

Assessment Guidance for Superfund Part D (USEPA, 2001) and are presented in Appendix F.  

 

The RA conducted for this RI follows guidance documents from USEPA (1989, 1991, 1993c, 1996, 1997, 

2001, 2002b, 2002c, 2004b, and 2009), Navy (2001b and 2004) and state of Illinois (Illinois EPA, 2007).  

All m ethodologies us ed i n t his RA complied with s cientifically ac ceptable RA practices and USEPA 

guidance, including but not limited to the following documents:  

 

• USEPA, 1 989.  Risk A ssessment G uidance f or S uperfund:  V olume I , Human H ealth Evaluation 

Manual ( Part A ). EPA 5 40/1-89/002.  O ffice of Emergency and R emedial R esponse, Washington, 

D.C. 

 

• USEPA, 1 991.  Human Health E valuation M anual, S upplemental G uidance:  S tandard Default 

Exposure Factors. OSWER Directive 9285.6-03.  Washington, D.C. 

 

• USEPA, 1993c.  P reliminary Review Draft:  Superfund’s Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure.  OSWER, Washington, D.C. 

 

• USEPA, 1 996.  Soil S creening G uidance: T echnical B ackground D ocument. EPA/540/R-95/128. 

Office of Solid Waste and Emergency Response.  Washington, D.C. 

 

• USEPA, 1997.  Exposure Factors Handbook.  EPA/600/P-95/002Fa.  OSWER, Washington, D.C.  
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• Navy, 2001 b, Conducting Human H ealth R isk A ssessments und er t he E nvironmental Restoration 

Program.  Ser N453E/1U595168.  Washington, D.C.  

 

• USEPA, 200 1. R isk A ssessment G uidance f or S uperfund: V olume 1 - Human H ealth E valuation 

Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk Assessments). 

 

• USEPA, D ecember 2 002b. Supplemental G uidance f or D eveloping S oil S creening Lev els f or 

Superfund Sites.  OSWER 9355.4-24.  Washington, D.C. 

 

• USEPA, December 2002c.  Calculating Upper Confidence Limits for Exposure Point Concentrations 

at Hazardous Waste Sites.  OSWER 9285.6-10.  Washington, D.C. 

 

• USEPA, 2 004b. Risk A ssessment G uidance f or S uperfund, V olume I : H uman H ealth E valuation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final Guidance. 

 

• USEPA, 2 009. Risk A ssessment G uidance f or S uperfund, V olume I: H uman Health E valuation 

Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment), Final. 

 

• Navy, 2004. Navy Final Policy on the Use of Background Chemical Levels. 

 

• Illinois EPA, 2007.  TACO. Illinois Environmental Protection Agency, Bureau of Land, available online 

at http://www.epa.state.il.us/land/taco/. 

 

The qua ntitative r isk e stimates a re b ased on a n umber of  as sumptions a bout ex posure and t oxicity.  

Thus, the risk estimates may over- or underestimate the level of potential human health risks associated 

with a s ite.  The Uncertainty Analysis (Section 6.7) describes in qual itative and semi-quantitative terms 

the sources of uncertainty in the RA.  Section 6.8 presents the summary and conclusions of the RA. 

 
6.1   OVERVIEW OF RISK ASSESSMENT PROCESS 

A RA provides the framework for developing information necessary to determine the need for remediating 

and d eveloping pot ential remedial al ternatives f or a s ite.  A  b aseline HHRA c onsists o f f ive major 

components, as follows: 

 

http://www.epa.state.il.us/land/taco/�
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• Data evaluation and identification of chemicals of potential concern (COPCs) 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

• Characterization of uncertainty in the risk estimates 

 

To assess potential public health risks, four major aspects of chemical contamination and exposure must 

be considered: contaminants with toxic characteristics must be found in environmental media; 

contaminants must be released by either natural processes or by human action; potential exposure points 

must exist ei ther at  the source or  v ia migration pathways i f exposure occurs at  a r emote location other 

than the source; and human receptors must be present at  the point of  exposure.  R isk is a function of  

both toxicity and exposure.  If any one of the requirements listed above is absent for a specific site, the 

exposure route is regarded as incomplete, and no potential risks are considered for human receptors. 

 

The dat a ev aluation c omponent of  t he H HRA i s pr imarily c oncerned with s electing C OPCs and  

calculating exposure point concentrations (EPCs).  Current study area data are considered in developing 

a l ist of  C OPCs.  T he medium and area-specific data ar e analyzed and COPCs a re selected t hat ar e 

representative of the type of expected potential human health exposure.  The EPCs provide the chemical 

input f or e ach of  t he ex posure pat hways.  A  summary of t he data ev aluation p rocess i s contained i n 

Section 6.2. 

 

The s election of  C OPCs was ba sed on c hemical-specific c oncentrations, oc currence, di stribution, and 

toxicity.  C OPCs were s elected t o r epresent s ite contamination and t o pr ovide t he f ramework f or t he 

quantitative HHRA.  A discussion of COPC selection is included in Section 6.3. 

 

The exposure assessment identifies potential human exposure pathways.  Exposure routes are identified 

by medium ( i.e., soil and groundwater) bas ed on i nformation on s tudy ar ea chemical concentrations, 

chemical r elease m echanisms, hum an ac tivity patterns, an d ot her per tinent i nformation, t o dev elop a  

conceptual site model.  A discussion of the exposure assessment is contained in Section 6.4.  

 

The toxicity assessment presents the available human heal th criteria for al l the selected COPCs.  T his 

assessment i s c ontained i n S ection 6. 5.  Q uantitative t oxicity i ndices ar e p resented w here t hey ar e 

available.  A  di scussion of heal th ef fects and do se-response par ameters s uch as  Reference D oses 

(RfDs), Reference Concentrations (RfCs), Cancer Slope Factors (CSFs), and Unit Risks, is presented. 
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The risk characterization section (Section 6.6) describes how the estimated intakes are combined with the 

toxicity i nformation t o es timate r isks.  U ncertainties a ssociated w ith t he RA process a re di scussed 

qualitatively in Section 6.7.  Section 6.8 summarizes the HHRA for Site 19. 

 

6.2 DATA EVALUATION 

Information associated with data usability for Site 19 is provided in this section.  The HHRA presented in 

this report is based on the most recent analytical data collected at Site 19 during the most recent field 

activities which occurred from December 1 to 10, 2008. 

 

Data ut ilized i n t his RA include validated anal ytical r esults of  known an d s ufficient qual ity f or us e i n 

quantitative r isk calculations.  T he data used have been validated in accordance with USEPA Tier I I or 

higher v alidation l evels a nd det ermined t o be of  adequate qu ality f or us e i n t he RA.  Fixed-base 

laboratory analytical results for target analytes f rom the f ield investigation were used in the quant itative 

risk evaluation.  Unfiltered results for groundwater were used to assess risks associated with this medium.  

Field m easurements a nd dat a r egarded as  unr eliable ( i.e., qual ified as  " R" d uring t he dat a v alidation 

process) were not used in the quantitative RA.  Analytical data qualified as estimated (“J”, or “UJ”) were 

used, even though the reported concentrations or  sample-specific quantitation l imits may be somewhat 

imprecise.  T he u se of  estimated d ata add s t o t he un certainty associated w ith t he RA; ho wever, t he 

associated uncertainty is expected to be negligible compared to the other uncertainties inherent in the risk 

evaluation pr ocess (i.e., unc ertainties associated with l and u ses, ex posure s cenarios, toxicological 

criteria, etc.).  All compounds that were detected at least once were included in the summary tables for 

that m edium.  N on-detects were evaluated as on e-half t he sample q uantitation l imit ( SQL).  For a 

compound within a medium, if one-half of the SQL was greater than the maximum detected 

concentration, one-half of the SQL value was eliminated from the analysis (USEPA, 1989).  

 

Analytical r esults f or samples used i n this HHRA a re presented in Appendix F .  S ection 3.0 of  this R I 

Report di scusses s ample collection an d f ixed-based laboratory anal ysis by  standard USEPA m ethods.  

Geologic a nd w ell c onstruction l ogs f rom R I field activities are pr esented in A ppendix A.  Sample 

analytical results are presented in Section 4 of this report.   

 

6.3 SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

The selection of  C OPCs i s a  qu alitative s creening process u sed t o l imit t he number of c hemicals a nd 

exposure r outes qu antitatively ev aluated i n t he H HRA t o t hose site-related c onstituents t hat dom inate 
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overall potential risks.  Screening of site data against risk-based concentrations (RBCs) is used to focus 

the RA on meaningful chemicals and exposure routes. 

 

In general, a c hemical is selected as a COPC and retained for further quantitative risk evaluation in the 

HHRA i f t he m aximum d etection i n a s ampled m edium ex ceeds a conservative screening v alue(s).  

Chemicals el iminated f rom f urther ev aluation at  t his t ime ar e as sumed t o pr esent m inimal r isks t o 

potential human receptors.  

 

6.3.1 Derivation of Screening Criteria 

Several screening criteria were used to identify COPCs for Site 19.  Screening concentrations based on 

risk-based c leanup objectives dev eloped by  I llinois E PA ( 2007) and RBCs developed by  USEPA Oak 

Ridge National Laboratory (2008) were used, as well as other USEPA criteria.  The risk-based screening 

concentrations c orrespond t o a s ystemic ha zard quot ient (HQ) of 0. 1 f or non -carcinogens or an  

incremental lifetime cancer risk (ILCR) of 1x10-6 for carcinogens.  Note that the Illinois EPA and USEPA 

RSLs for non-carcinogens are based on a HQ of 1.0 but screening concentrations for this HHRA will be 

based on a  HQ of 0.1 so that addi tive non-carcinogenic r isks do not exceed 1.0.  T he screening levels 

used for each medium in the RA are briefly discussed below. 

 

Screening Levels for Soil  

The following criteria were used to select COPCs for surface and subsurface soil: 

 

• Illinois EPA Tier 1 SROs for Residential Properties (Illinois EPA, 2007).  T hese include remediation 

objectives for the soil ingestion exposure route and the inhalation exposure route.  The lowest Tier I 

objective of the receptors (i.e., residential, industrial/commercial, or construction worker) listed in the 

Tier 1 Tables will be used for screening. 

 

• SROs for Chemicals Not Listed in TACO (Illinois EPA, January, 2009) 

 

• SROs for Residential Properties, Non-TACO Chemicals (Illinios EPA, January, 2009). 

 

• SROs for Industrial/Commercial Properties, Non-TACO Chemicals (Illinois EPA, January, 2009) 

 

• ORNL RSLs online at http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm.   

 

http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm�
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• USEPA G eneric Residential and I ndustrial SSLs for Inhalation of  Volatiles and Fugitive Dusts,  

USEPA S oil S creening G uidance online at  

http://www.epa.gov/superfund/health/conmedia/soil/pdfs/ssg_appa-c.pdf (USEPA, 2002b) 

 

• USEPA So il Sc reening Levels for the Construction Worker Scenario developed using methodology 

and e quations p resented i n t he S upplemental G uidance For Developing S oil Screening Le vels f or 

Superfund Sites (USEPA, 2002b) 

 

If t he maximum concentration of  a c onstituent exceeded any of  t hese c riteria, and i f t he constituent i s 

considered to be pr esent at concentrations greater than the concentrations of  chemicals in background 

soil, the chemical was selected as a COPC. 

 

The c omparison of s ite s oil dat a t o USEPA inhalation S SLs f or t ransfers f rom s oil t o ai r was used t o 

identify w hether a quantitative anal ysis of  t his exposure pathway was warranted.  I f t he maximum soil 

concentration of a chemical exceeded the Inhalation SSL, a quantitative evaluation of potential risks from 

inhalation was performed.  Otherwise, the risks associated with the inhalation pathway were considered 

insignificant, and the exposure pathway was eliminated from further evaluation. 

 

To ev aluate t he po tential f or c hemicals det ected i n s oil t o i mpact gr oundwater, m aximum c hemical 

concentrations were compared to SSLs for migration to groundwater.  The comparisons are presented in 

separate tables (from the direct contact COPC tables) and were used to select COPCs for soil.  Migration-

to-Groundwater SSLs were not used to select COPCs for quantitative r isk evaluation because 

quantitative RAs a re t ypically ba sed on di rect c ontact w ith s oil or  i nhalation of  v apors for VO Cs and 

particulates.  There is no methodology available for quantitative risk evaluation of indirect exposure based 

on m igration t o g roundwater; t herefore, i t i s not  appropriate t o s elect C OPCs f or qua ntitative r isk 

evaluation f or di rect ex posure o n t he basis of t he indirect soil-to-groundwater p athway.  T he s oil-to-

groundwater SSLs pr ovide an i ndication of  pot ential i mpacts of  c ontamination i n soil on  gr oundwater 

quality but are not indicators of quantitative risk. 

 

The migration from soil to groundwater comparisons were made using the following criteria: 

 

http://www.epa.gov/superfund/health/conmedia/soil/pdfs/ssg_appa-c.pdf�
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• Illinois EPA T ier 1  SROs for Residential P roperties f or t he S oil C omponent of  t he G roundwater 

Ingestion Exposure Route for Class I Groundwater (Illinois EPA, 2007). 

 

• USEPA Generic SSLs for Migration from Soil to Groundwater calculated online at http://www.epa.gov/ 

reg3hwmd/risk/human/rb-concentration_table/index.htm (USEPA, 2008a). 

 

Results of  the soil-to-groundwater comparisons are qualitatively discussed later i n t his RA in Se ctions 

6.3.4 and 6.7. 

 

COPCs were identified f or s urface a nd s ubsurface soil because of  t he di fferent a ssociated ex posure 

scenarios for potential human receptors,   Surface soil is defined as soil collected from 0 to 6 inches bgs.  

If an area was determined not to have been covered with post-demolition topsoil or gravel, samples were 

collected from 0 t o 6 i nches bgs.  O therwise, the samples were collected from the determined depth of 

pre-demolition gr ound s urface ( plus a n addi tional 6  i nches bel ow t he pr e-demolition gr ound s urface).  

Subsurface soil is defined as soil collected from depths greater than 6 inches bgs.  Future residents and 

construction w orkers were assumed t o be ex posed t o s urface soil and  s ubsurface soil.  Maintenance 

workers and trespassers were assumed to be exposed to surface soil only.  Exposure to subsurface soil 

for future residents was evaluated to account for the possibility that subsurface soil may be brought to the 

surface in a future excavation project. 

 

Screening Concentrations for Groundwater 

Direct exposure to groundwater at Site 19 is not expected to occur under current and/or future land uses 

because the facility and surrounding area are supplied by public water, the facility has a groundwater use 

restriction in place, and there are no drinking water wells located immediately downgradient of  the s ite.  

However, the residential groundwater scenario was evaluated based on the assumption that groundwater 

at the s ite will be used as a source of  domestic dr inking water in the future, and industrial exposure to 

groundwater was evaluated to account for the possibility that future construction workers may come into 

contact with groundwater during excavation or construction activities.  G roundwater screening levels for 

evaluating vapor intrusion to indoor air were evaluated to identify chemical concentrations in groundwater 

that may adversely affect the indoor air quality of a building overlying subsurface VOC contamination.  If 

concentrations of  a chemical(s) det ected i n g roundwater had exceeded the v apor i ntrusion s creening 

levels, risks for the chemical(s) would have been quantitatively evaluated using the Johnson and Ettinger 

Vapor Intrusion Model (USEPA, 2004b); however no VOC concentrations exceeded the screening levels. 

 

http://www.epa.gov/%20reg3hwmd/risk/human/rb-concentration_table/index.htm�
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Although site groundwater i s not  a source of dr inking w ater, t he following c riteria were conservatively 

used to select COPCs for groundwater: 

 

• Illinois EPA Tier GROs for Class 1 Groundwater (Illinois EPA, 2009) 

 

• ORNL R SLs for C hemical C ontaminants at S uperfund Sites o nline a t 

http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm  

 

• USEPA MCLs (USEPA, 2006) 

 

• Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils 

(USEPA, 2002). 

 

• USEPA G roundwater S creening Levels f or E valuating t he V apor I ntrusion t o Indoor A ir (USEPA, 

2002) 

 

• GROs for Chemicals Not Listed in TACO (Illinois EPA, 2009). 

 

If the maximum concentration of a constituent exceeded any of these criteria, the chemical was selected 

as a COPC and carried through to the quantitative RA.   

 

Surface Water and Sediment 

Potential r isks f rom exposure t o surface w ater an d sediment at  Site 19 were n ot evaluated be cause 

surface water bodies do not exist on the site. 

 

Essential Nutrients, Metals, and Chemicals Without Toxicity Criteria 

The essential nutrients calcium, magnesium, potassium, and sodium were not selected as human health 

COPCs for Site 19.  These inorganic chemicals are naturally abundant in environmental matrices and are 

only toxic at high doses.  In addition, because of the lack of toxicity criteria, risk-based COPC screening 

levels a re n ot av ailable f or s ome chemicals ( e.g., ben zo(g,h,i)perylene, et c.).  A ppropriate s urrogates 

were s elected f or s ome o f t hese c hemicals ba sed on s imilar c hemical structures and are not ed w hen 

used. 

 

http://www.epa.gov/reg3hwmd/ris/human/rb-concentration_table/index.htm�
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Determination of Site-Related Chemicals - Background Evaluation 

The procedures for the elimination of chemicals as COPCs on the basis of  background concentrations 

followed current U.S. Navy policy provided in the Navy Policy on the Use of Background Chemical Levels 

(U.S. Navy 2004).  A t t he pr esent t ime, f acility ba ckground c oncentrations for nat urally occurring o r 

anthropogenic chemicals have not been determined for Naval Station Great Lakes.  Therefore, maximum 

soil concentrations were compared to the concentrations of inorganic chemicals provided by Illinois EPA 

in Appendix A, Table G of TACO. 

 

Chemicals i n s ite m edia f ound at  concentrations i ndicative of  background concentrations were not 

considered to be site-related contaminants and were not retained as COPCs for the quantitative RA.  To 

determine whether inorganic and anthropogenic organic chemicals are present at concentrations greater 

than ba ckground, m aximum detected concentrations of  i norganic c hemicals in s oil were compared to 

background levels provided by Illinois EPA. 
 

Navy policy as it applies to RAs requires the following: 

 

1. A clear and concise understanding of chemicals released from a s ite, thus making sure the Navy is 

focusing on remediating the release. 

 

2. The use of background data in the screening-level RA. 

a. The comparison of site chemical levels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs based on screening criteria comparisons and 

background comparisons. Site-related COPCs are those chemicals with concentrations 

exceeding risk-based screening criteria and background concentrations.  To the extent possible, 

site-related COPCs are further evaluated quantitatively in the RA.  

 

3. The consideration of background in the RA. 

a. The calculation of risk estimates for site-related COPCs only. 

b. The f urther e valuation of non -site-related COPCs i n t he risk characterization s ection ( e.g., t he 

evaluation of  c hemicals d etected at  c oncentrations exceeding s creening c riteria but  l ess t han 

background concentrations).  The Navy considers this comparison to be consistent with USEPA’s 

Role of  B ackground i n t he CERCLA C leanup P rogram ( USEPA, 2002d).  The un certainty 

associated with elimination of chemicals on t he basis of background values will be discussed in 

the uncertainty section of the RA. 
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4. The s election of site c leanup remedial goal s at  concentrations not l ess t han ba ckground l evels.  

Additionally, cleanup l evels should n ot be d eveloped f or chemicals not i dentified a s c hemicals of  

concern (COCs).  A s defined in the Navy guidance, COCs are site-related COPCs found to be the 

risk drivers in the RA. 

 

Screening Concentrations for Lead  

Limited criteria are available to evaluate the potential risks associated with lead.  There are no risk-based 

concentrations for this chemical because the USEPA has not derived toxicity values for lead.  However, 

recommended s creening l evels available f or l ead i n s oil ar e u sed t o i ndicate t he n eed f or r esponse 

activities.  Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and 

the O ffice of S olid Waste and  Emergency Response ( OSWER) recommend 400 m g/kg a s t he l owest 

screening level for l ead-contaminated soil i n a residential setting where children a re f requently present 

(USEPA, 1994).  OPPTS identifies 2,000 to 5,000 mg/kg as an appropriate range for areas where contact 

with soil by children in a  residential setting i s l ess f requent.  The I llinois EPA groundwater s tandard of 

7.5 µg/L was used as the screening level for lead in groundwater. 

 

Constituents detected in environmental media at maximum concentrations greater than at least one of the 

screening concentrations were retained as COPCs for quantitative evaluation in the RA.  

 

A discussion of the chemicals identified as COPCs and the rationale for their selection are provided in the 

following sections. 

 

6.3.2 COPC Selection for Surface Soil 

This section presents the results of  the COPC selection process for surface soil.  Table 6-1 shows the 

results of the c omparison of m aximum det ected s urface soil c oncentrations t o screening criteria.  The 

following chemicals were retained as COPCs for surface soil: 

 

• Semivolatiles – benzo(a)pyrene (BAP) equivalents - The BaP equivalent concentration is the sum of 

the weighted potency factor of each compound in the mixture multiplied by the concentration of the 

compound i n the m ixture. T he carcinogenic r isks associated with ex posure t o B aP eq uivalents 

averaged over a l ifetime ar e calculated and c ompared t o screening l evels.  Total BaP equi valents 

were c alculated f or comparative p urposes.  T he c oncentrations of  e ach individual PA H were 

multiplied b y i ts Toxic Equivalent F actor ( TEF) t o y ield t he c oncentration of BaP toxic eq uivalents 
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represented by each PAH.  T he BaP approaches a re used because an  EPA derived cancer slope 

factor is available only for BaP.  Benzo(a)pyrene is one of the most potent of the PAHs and TEFs are 

quantitative indicators of the comparative potency of a P AH compound compared to the potency of 

BaP (Kosteki et al, 1993). 

• Inorganics – aluminum, arsenic, chromium, cobalt, iron, lead, and manganese  

 

These constituents were identified as COPCs in surface soil because maximum concentrations exceeded 

the USEPA ORNL RSLs and/or Illinois TACO risk-based screening levels for residential soil. 

 

Maximum c oncentrations were al so c ompared t o USEPA G eneric S SLs f or migration f rom s oil t o a ir 

(inhalation), when available.  As shown in Table 6-1, the maximum concentrations of all constituents were 

less than t he i nhalation S SLs for r esidential and i ndustrial exposures.  T herefore, p otential r isks f rom 

inhalation of chemicals detected in soil are expected to be minimal, and this pathway was not evaluated 

further in the RA.  The maximum concentrations of arsenic, barium, chromium, cobalt, manganese, and 

nickel exceeded the inhalation SSLs for the construction worker scenario; therefore, risks from inhalation 

of these metals on dusts/particulates were quantitatively evaluated for construction workers.  

 

Background Surface Soil Concentrations 

Maximum surface s oil concentrations were c ompared t o concentrations i n the ba ckground dat a s et 

established for use by the Illinois EPA, which are included in Table 6-1.  No contaminants in surface soil 

were excluded as COPCs based on background conditions. 

 

The media-specific data and data summaries for all chemicals analyzed are presented in Appendix C. 

 

6.3.3 COPC Selection for Subsurface Soil 

This section pr esents t he r esults of t he C OPC s election pr ocess f or subsurface s oil.  The C OPC 

screening process for subsurface soil and the results of the screening are presented in Table 6-2.  T he 

subsurface soil data set consists of samples collected from depths greater than 6 inches bgs during the 

field investigation.  The following chemicals were retained as COPCs for subsurface soil: 

 

• Semivolatiles – BAP equivalents 

• Inorganics – aluminum, arsenic, chromium, cobalt, iron, and manganese  
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These c onstituents w ere i dentified a s C OPCs i n subsurface s oil bec ause maximum c oncentrations 

exceeded USEPA ORNL RSLs and Illinois TACO risk-based screening levels for residential soil.  

 

The maximum concentrations were also compared to USEPA Generic SSLs for migration from soil to air 

(inhalation), when available.  As shown in Table 6-2, the maximum concentrations of all constituents were 

less t han t he i nhalation S SLs f or r esidential and i ndustrial exposures.  Therefore, p otential r isks f rom 

inhalation of chemicals detected in soil are expected to be minimal, and this pathway was not evaluated 

further i n t he RA.  T he maximum concentrations of aluminum, ar senic, chromium, c obalt, manganese, 

and ni ckel exceeded t he i nhalation SSLs for the c onstruction w orker s cenario; therefore, r isks f rom 

inhalation of these metals on dusts/particulates were quantitatively evaluated for construction workers. 

 

Background Subsurface Soil Concentrations 

Maximum subsurface soil concentrations were compared to concentrations i n t he background data set 

established for use by the Illinois EPA, which are included in Table 6-1.  No contaminants in subsurface 

soil were excluded as COPCs based on background conditions. 

 

6.3.4 Migration of Chemicals from Soil to Groundwater 

A quantitative evaluation of the migration of chemicals from soil to groundwater was not included in this 

RA.  However, soil data were compared to Illinois EPA Tier 1 SROs for Residential Properties for the Soil 

Component of the Groundwater Ingestion Exposure Route for Class I Groundwater and USEPA Generic 

SSLs f or m igration f rom s oil t o gr oundwater, calculated onl ine at  http://rais.ornl.gov/calc_start.shtml 

based o n m ethodology f rom t he USEPA’s S oil S creening G uidance ( USEPA, 199 6).  The s oil-to-

groundwater SSLs w ere n ot us ed t o select COPCs f or qu antitative r isk ev aluation b ut t o pr ovide an  

evaluation of the potential impact of chemicals detected in soil on groundwater.  Exceedances of the soil-

to-groundwater SSLs and a qualitative discussion of this pathway are included in the uncertainty section, 

Section 6.7 of this HHRA. 

 

6.3.5 COPC Selection for Groundwater 

A c omparison of  maximum detected gr oundwater c oncentrations to ORNL RSLs for i ngestion of  t ap 

water, USEPA MCLs, and I llinois EPA G ROs is presented in Table 6-3.  The following chemicals were 

retained as COPCs for groundwater: 
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• Semivolatiles – BAP equivalents  

• Inorganics - arsenic 

 

The COPCs exceeded the screening criteria based on USEPA ORNL residential t ap water criteria but 

were less than USEPA MCLs and Illinois EPA GROs. 

 

Vapor Intrusion Pathway from Groundwater to Soil 

Vapor intrusion is the migration of volatile chemicals from the subsurface into overlying buildings.  Volatile 

chemicals in buried wastes and/or contaminated groundwater can emit vapors that may migrate through 

subsurface s oil and i nto i ndoor ai r s paces of  overlying bui ldings (USEPA, 2 002a).  Because the 

concentrations of no volatiles exceeded vapor intrusion screening levels, the vapor intrusion pathway was 

not evaluated further in this RA. 

 

6.3.6 Summary 

Table 6-4 summarizes t he c hemicals r etained a s C OPCs f or surface soil, subsurface s oil, and 

groundwater at Site 19.  

 

6.4 EXPOSURE ASSESSMENT 

The ex posure assessment estimates the ex tent of  human c ontact w ith C OPCs by c haracterizing 

potentially exposed populations of individuals (i.e., receptors), identifying actual or potential pathways of 

exposure that are appropriate for each potential receptor, and estimating the extent of human exposure. 

 

An e xposure p athway i dentifies t he ex posure r outes f or pot entially c omplete pathways at the s ite and 

describes t he m echanism by w hich h uman r eceptors m ay come into c ontact with s ite-related C OPCs.  

Exposure pathways are dependent on both current and future land use.  An exposure pathway is defined 

by the following four elements (USEPA, 2005b): 

 

• A source material and mechanism of constituent release to the environment. 

• An environmental migration or transport medium (e.g., soil) for the COPCs. 

• A poi nt of  pot ential hum an c ontact w ith t he m edium of  i nterest ( e.g., pot ential ex posure t o t he 

contaminated soil).  

• An exposure route (e.g., ingestion, dermal contact) at the point of contact. 
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An exposure pathway is considered "complete" if all elements are present.  I f complete and s ignificant, 

these pathways are quantitatively evaluated in the RA.   

 

The potential for exposure at Site 19 is based on several factors including current and future land uses, 

human activity patterns, site access controls, chemical behavior in the environment, and the presence of 

human receptors.  B ased on t hese variables, exposure scenarios were developed that characterize the 

potential for human exposure under both current and future site conditions.  The future scenario accounts 

for potential or anticipated changes in land use and site characteristics that may alter exposure conditions 

at the site.  The exposure assessment assumes that, in general, chemical compositions for environmental 

media are identical under current and future site conditions. 

 

The exposure assessment presented in this section of the report describes the physical site setting and 

potential r eceptors of  c oncern, i dentifies the p otential c ontaminant m igration and ex posure pat hways, 

defines the contaminant c oncentrations at  t he poi nt of ex posure, and p resents the e quations u sed t o 

quantify exposure in terms of contaminant intake (dose).  Appendix F presents summary calculations of 

the c hemical-specific i ntakes f or al l receptors an d ex posure pathways and  also contains example 

calculations of the chemical intakes. 

 

6.4.1 Site Background, Land Use, and Site Access 

Naval S tation Great La kes i s l ocated i n Lak e C ounty, I llinois, al ong t he shore of  Lak e M ichigan.  I t i s 

bounded on the north by the City of North Chicago, on the south by the Veterans Administration Hospital 

and S hore A cres G olf Course and C ountry Club, on t he east b y Lak e M ichigan, a nd on the w est by 

U.S. Route 41 (Skokie Highway).  Current land uses in Lake County include agricultural, industrial, and 

residential.  Farmland and lake resorts characterize t he w estern por tions of t he c ounty, and i ndustrial, 

urban, and suburban areas follow the 24 miles of Lake Michigan shoreline on the east.  T here are also 

three state parks in Lake County.  

 

Naval S tation G reat La kes adm inisters ba se ope rations a nd pr ovides f acilities and r elated s upport t o 

training activities ( including the U .S. N avy’s onl y boot  c amp) as  w ell as a variety of o ther military 

commands located on base.  There are a variety of land uses that currently surround Naval Station Great 

Lakes.  A long t he northern bo undary of t he b ase are t he m ost hi ghly urbanized an d i ndustrial a reas.  

Much of the land beyond the northwestern site boundary comprises unincorporated lands of Lake County 

and is vacant except for scattered retail and residential properties.  Adjacent to the western boundary are 

primarily i ndustrial properties, and al ong the southern boundary i s a m ixture of  publ ic open space and 

residential land. 
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Site 19 is the location of a former RTC Rifle Range housed within Building 910.  VOC, PAH, and metals 

(primarily lead) contamination was suspected in soil and groundwater at the site due to spent ammunition 

and use of solvents for gun cleaning operations.  A former dry cleaning operation is in close proximity to 

Site 19, and contaminants from this operation may have migrated into groundwater and soil of Site 19. 

 

6.4.2 Conceptual Site Model 

The dev elopment of  a Conceptual Site M odel ( CSM) is an  es sential component of  t he exposure 

assessment.  The CSM integrates information regarding the physical characteristics of the site, exposed 

populations, sources of contamination, and contaminant mobility (fate and t ransport) to identify potential 

exposure r outes a nd receptors t o be evaluated i n t he RA.  A well-developed CSM w ill al low a b etter 

understanding of  the r isks at  a s ite and w ill aid r isk managers in identifying the potential need for both 

environmental sampling and remediation.  T he site-specific CSM for Site 19 is presented in this section 

and i llustrated on F igure 6-1.  T able 6-5 presents a s ummary of  t he ex posure p athways t hat were 

addressed q uantitatively f or e ach h uman receptor. T he CSM depi cts t he r elationships a mong t he 

following elements: 

 

• Site sources of contamination and potential COPCs 

• Contaminant release mechanisms 

• Transport pathways 

• Exposure routes/pathways 

• Potential receptors 

 

These elements of the CSM for Site 19 are discussed in the following sections.   

 

6.4.2.1 Site Sources of Contamination 

The most prominent topographic features at Naval Station Great Lakes are glacial moraines and other 

unconsolidated glacial deposits that cover most of  the base.  T he terrain of  Naval Station Great Lakes 

consists of relatively flat glacial drift deposits bordered by steep lake-facing bluffs cut with vertical sloping 

ravines t hat are un der c ontinual erosion.  T he t opography creates p oorly d efined drainage p atterns 

consisting of swales that enter depressions and marshes.  I ntensive development has replaced most of 

the oak, hickory, maple, and other hardwood forests that originally covered the area. 
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Site 19 was an indoor rifle range that operated between 1942 and 1997 and was demolished in 2000.  It 

is estimated that 19 million pounds of ammunition were generated by this facility, providing the potential 

for l ead to have impacted site soil and groundwater.  Chemicals used at  the R ifle Range include CLP 

brand c leaner and s tandard issue bore c leaner, primarily composed f rom pet roleum products a nd 

distillates (i.e.,VOCs and PAHs).  The use of these chemicals provides the potential for VOCs and PAHs 

to have impacted site soil and groundwater. 

 

A dry cleaning facility was located just southwest of former Building 910.  Dry cleaning operations were 

active f or over 50  y ears.  Soil c ontamination a ssociated w ith the dr y cleaning o peration has be en 

documented, and these contaminants (i.e., chlorinated VOCs and their byproducts) may be present in soil 

and groundwater at Site 19.  It is suspected that the shooting and dry cleaning activities have impacted 

Site 19 soil and groundwater. 

 

Site 19 i s c urrently open s pace composed of bot h a grassy area a nd g ravel dr iveway/parking area. 

Access to the site is not limited. 

 

Based on historical site data, the following parameters are among the site-related chemical contaminants 

known to be present in environmental media at Site 19: 

 

• VOCs 

• PAHs 

• Metals 

 

6.4.2.2 Contaminant Release Mechanisms and Migration Pathways 

Chemicals could be released from the source area by a variety of mechanisms including:   

 

• Transport of chemicals deposited on surface soil to subsurface soil and groundwater via infiltration, 

percolation, and migration within the shallow groundwater aquifer. 

 

• Migration of fugitive dusts and VOCs from surface and subsurface soil to ambient air if 

construction/excavation activities occur in the future. 

 

• Volatilization of V OCs f rom gr oundwater i nto t he i ndoor ai r of  future r esidential and commercial 

buildings. 
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Receptors may be ex posed ei ther di rectly or  i ndirectly t o c ontaminants i n environmental m edia v ia a 

variety of  m echanisms.  T he ex posure mechanisms c onsidered included recreation, w orking out doors, 

etc.  T hese exposure mechanisms generally act along one or more exposure routes such as ingestion, 

inhalation, or direct dermal contact. 

 

Figure 6-1 shows the Site 19 CSM , which illustrates these potential contaminant migration pathways. 

 

6.4.2.3 Exposure Mechanisms/Exposure Routes 

The potential for exposure to contamination at Site 19 is based on several factors, including current and 

future l and uses, h uman ac tivity pat terns, site a ccess c ontrols, an d contaminant beh avior i n t he 

environment.  Based on these variables, different scenarios were developed to characterize the potential 

for human exposure under current and future site conditions.  The future scenario accounts for potential 

changes in land use and site characteristics that may alter exposure and of COPCs in a given medium, in 

addition to exposures that may result from current uses of the site.   

 

The exposure assessment is based on the assumption that, in general, chemical compositions for various 

environmental media are identical under current and future site conditions.  The exposure routes through 

which receptors may be exposed are:  incidental ingestion and dermal contact with contaminated soil and 

inhalation of dust; inhalation of volatile contaminants in groundwater that may volatilize into future indoor 

air spaces; i ncidental i ngestion an d d ermal c ontact w ith contaminated groundwater; and inhalation of  

volatile contaminants in groundwater that may volatilize into construction trenches. 

 

6.4.2.4 Potential Receptors 

Site 19 covers approximately two-thirds of an acre in an area that is mainly open space consisting of both 

a grassy area and a gravel area used as a parking lot.  The site has been identified as having potential for 

exposure by trespassers.  The HHRA considered potential receptor exposure under residential, industrial 

(construction worker, maintenance worker, and occupation worker exposure) and trespasser/recreational 

user land use scenarios.  Based on current and potential future land use, the following potential receptors 

below and in Table 6-5 may be exposed to contaminated environmental media within the study area: 

 

• Maintenance Workers - Potential receptors under current or future land uses.  Maintenance workers 

include adult military or civilian personnel assigned to groundskeeping or similar activities at the site.  

This receptor could potentially be ex posed to COPCs in surface soil (0 to 1 foot bgs) by ingestion, 
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dermal contact, and  i nhalation of f ugitive du st an d v apors.  The ex posure pa rameters f or t he 

maintenance worker are presented in Tables 6-6 and 6-7. 

 

• Trespassers (Ages 7 to 16) - Potential r eceptor under f uture l and us es.  O lder children an d 

teenagers (civilians or family of military personnel living outside the site boundaries) trespassing on or 

near the site while exploring, playing, etc. were evaluated.  This receptor could potentially be exposed 

to COPCs in surface soil by ingestion, dermal contact, and inhalation of fugitive dust and vapors.  The 

exposure parameters for the trespassing teenager are presented in Tables 6-6 and 6-7. 

 

• Construction Workers - Potential r eceptors under f uture l and us es.  C onstruction workers a re 

assumed to be civilian personnel who may be involved in a short-term one-time construction project.  

Excavation and ground-intrusive activities may occur on the site in the future, and if these excavation 

projects occur, construction workers could potentially be exposed to surface and subsurface soil to an 

estimated de pth of  1 0 f eet bg s (conservative e stimate b ased on av ailable s ite i nformation) by 

ingestion and dermal contact, and to groundwater (estimated depth to groundwater at the site ranges 

from 4 t o 10 feet bgs ) by  dermal contact.  C onstruction workers may al so be  exposed by  inhaling 

dusts f rom soil or  v apors em itted f rom s oil o r g roundwater d uring excavation.  The e xposure 

parameters for the construction workers are presented in Tables 6-6 and 6-7. 

 

• Future Occupational Workers - Potential receptors under future land uses.  O ccupational workers 

were evaluated to account for the possibility that Naval S tation Great Lakes m ight be de veloped for 

commercial/industrial uses at some future time and t o provide information that may be necessary for 

risk management decisions.  Future occupational workers were assumed to be exposed to surface 

soil by  i ngestion, der mal contact, and inhalation of f ugitive dus t and v apors.  To ac count for t he 

possibility t hat f uture w orkers m ight w ork i nside bui ldings c onstructed on t he s ite and i nhale v apors 

emitted from groundwater that migrate through cracks in building foundations and walls, these receptors 

were also evaluated for inhalation of vapors inside buildings. The exposure parameters for the future 

occupational worker are shown in Tables 6-6 and 6-7. 

 

• Future Military Residents (Adults/Children) - Potential r eceptor under f uture l and uses.  Mi litary 

residents a re not  p otential r eceptors u nder c urrent land use b ecause t hey do not  l ive on t he site.  

They were evaluated pr imarily f or d ecision-making ( risk m anagement) purposes based o n t he 

assumption that the site could support military residential use in the future.  Future military residents 

were assumed to be exposed to surface soil by ingestion, dermal contact, and inhalation of fugitive 

dust and vapors and to groundwater by ingestion, dermal contact, and inhalation.  Risks to mi litary 
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residents were evaluated by reference to future c ivilian residents because r isks for these receptors 

are the same or slightly less than civilian residents. 

 

• Future Civilian Residents (Adults/Children) - Potential receptor under future land uses.  

Hypothetical future residents are not potential receptors under current land use but were evaluated to 

aid in r isk management decisions by  p roviding an indication of  potential r isks i f the facility were to 

close and be developed for residential use.  Future on-site residents were assumed to be exposed to 

surface s oil by i ngestion, der mal contact, and i nhalation of f ugitive du st and v apors and to 

groundwater by ingestion, dermal contact, and inhalation. The future residents were also evaluated 

for ex posure t o v apors f rom gr oundwater i nside hy pothetical f uture dw ellings.  The ex posure 

parameters for future civilian residents are shown in Tables 6-6 and 6-7. 

 

• Navy Recruits - Also considered as potential receptors at Site 19.  H owever, exposure for recruits 

was assumed to be negl igible because of  the physical characteristics of  the s ite ( i.e., covered with 

clean soil), because of the limited time (i.e., 12 weeks) recruits spend at Naval Station Great Lakes, 

and because of  t he l ack of i dle t ime a llocated to r ecruits du ring training.  T herefore, r isks to Navy 

recruits were not evaluated in the RA. 

 

6.4.3 Central Tendency Exposure versus Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the HHRA were based on the concept of a R easonable Maximum 

Exposure (RME) only, which is defined as "the maximum exposure that is reasonably expected to occur 

at a  site" ( USEPA, 1 989).  H owever, more r ecent RA guidance ( USEPA, 19 93) i ndicates t he n eed t o 

address an average case or Central Tendency Exposure (CTE). 

 

To provide a full characterization of potential exposure, both RME and CTE were evaluated in the RA for 

Site 19.  The available guidance (USEPA, 1993c) concerning the evaluation of CTE is limited; therefore, 

professional j udgment was used when def ining CTE c onditions f or a p articular receptor at  t he s ite.  

Exposure factors and assumptions for the CTE are presented and discussed in Section 6.4.5.    

 

6.4.4 Exposure Point Concentrations 

The EPC , w hich is calculated f or C OPCs onl y, i s a r easonable m aximum es timate of  t he c hemical 

concentration t hat i s l ikely t o be  contacted over t ime by  a receptor and i s used t o calculate es timated 

exposure intakes. 
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The following guidelines were used to calculate EPCs: 

 

• If a soil data set for an exposure unit (EU) contained fewer than 10 samples, the EPCs for the RME 

and CTE cases were defined as the maximum detected concentrations. 

 

• If a  soil data set for an E U contained 10 or  more samples, the 95 -percent upper confidence limits 

(UCLs) on the arithmetic mean, based on the distribution of the data set, were selected as the EPCs 

for t he R ME and C TE cases.  EP Cs were calculated f ollowing USEPA’s C alculating U pper 

Confidence L imits f or E xposure P oint C oncentrations at  Hazardous Waste S ites ( USEPA, 2 002c) 

using t he USEPA’s ProUCL s oftware and gui dance (USEPA, 2 007a).  The i ndividual c ases were 

examined by  a s tatistician w ho made a dec ision o n t he appr opriate v alue t o us e as  t he exposure 

concentration.  T ypically, r ecommendations m ade i n S ection 3 (Data E valuation) of  t he ProUCL 

guidance or methods specified in Gilbert were used by the statistician. 

 

• For groundwater, Section 742.225a of  T ACO i ndicates t hat contaminant c oncentrations o f di screte 

samples at each sample point should be evaluated.  Based on this guidance, r isks for groundwater 

were characterized by assuming exposure to the well with the maximum groundwater concentrations 

for each chemical.     

 

• As per USEPA guidance for the child and adult l ead models, the EPCs for lead were the average 

concentrations for each medium evaluated.  

 

Duplicate analytical results were not used for EPC calculations. Data values l ess t han sample-specific 

detection l imits were substituted w ith one-half t he d etection l imit.  Rejected values ( "R") flagged dur ing 

data v alidation) were eliminated f rom f urther c onsideration bec ause t hey were regarded as  

unreliable.  Estimated and biased values (flagged "J") were used at the reported value with the knowledge 

that some uncertainty is associated with the reported numerical result.  

 

The E PCs f or t he c hemicals i dentified as  C OPCs i n environmental m edia at  Site 19 are pr esented i n 

Table 6-8 and the RAGS Part D Tables in Appendix F.   

 

6.4.5 Intake Estimation Methods and Exposure Parameters 

To det ermine potential hu man heal th r isks a ssociated w ith Site 19, an es timate of  c hemical i ntake w as 

made i n ac cordance w ith current U SEPA guidance.  E xposure par ameters and ex posure c oncentrations 

were used t o der ive es timates of  c hemical i ntake f or eac h exposure r oute, pathway, and r eceptor.  T he 
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resulting c hemical i ntakes were integrated w ith t he toxicity f actors discussed i n S ection 6.5 t o develop 

quantitative r isk es timates for potential receptors at  the s ite.  Intakes for the identified potential receptor 

groups were calculated using current EPA RA guidance (USEPA, 1989, 2004b, and 2009) and presented 

in the RA spreadsheets (Appendix F). In accordance with current USEPA guidance, chemical intakes (and 

risks) were estimated f or both t he C TE and R ME conditions.  Values of  e xposure par ameters us ed t o 

quantify exposure for each receptor are presented in Tables 6-6 and 6-7 for the RME and CTE, respectively.   

 
The f ollowing s ections pr esent t he equ ations us ed to es timate c hemical i ntakes f or t he ex posure r outes 

identified f or quant itative ev aluation.  Example c alculations f or estimated i ntakes and c alculations of  

estimated intakes for all potential receptors are contained in Appendix F.   

 

6.4.5.1 Exposure to COPCs in Soil 

The HHRA assumed that trespassers (adolescents), construction workers, maintenance w orkers, 

occupational workers, and potential future residents (military and civilian; child and adult) may come into 

contact w ith chemicals de tected i n s oil (surface an d/or s ubsurface) at t he s ite.  Soil ex posure r outes 

evaluated w ere incidental i ngestion, dermal c ontact, and i nhalation.  A des cription o f the m ethods and  

assumptions used to quantify soil exposure follows.   

 

Dermal Contact with Soil 

Doses for dermal contact with soil were estimated using the following equation (USEPA, 2004b): 

 

ATxBW
CFxEDxEFxABSxAFxSAxCDEX =  

 

where: DEX = dermal dose (mg/kg-day) 

 C = chemical concentration in soil (mg/kg) 

 SA = skin surface area available for contact (cm2/day) 

 AF = soil-to-skin adherence factor (mg/cm2) 

ABS  = absorption factor (unitless) 

 EF = exposure frequency (days/year) 

 ED = exposure duration (years) 

 CF = conversion factor (1 x 10-6 kg/mg) 

 BW = body weight (kg) 



Naval Station Great Lakes 
Site 19 RI/RA 

Revision: 1 
Date: July 2010 

Section: 6.0 
Page 22 of 48 

 

021008/P 6-22 CTO 468 

 AT = averaging time (days) 

for non-carcinogens: ED x 8,760 hours 

    for carcinogens:  365 days/year x 70 years 

 

Exposed s kin s urface a reas av ailable f or de rmal c ontact were d etermined f or each r eceptor ba sed o n 

assumed human activities and clothing worn during exposure events.  U SEPA guidance (USEPA, 1997 

and 2004b) was used to develop the default assumptions concerning the amount of  skin surface area 

available for contact for a receptor.  The skin surface areas used in RA calculations and the rationale for 

the selection of the surface areas are as follows: 

 

• For adolescent trespassers, 25 percent of the total body surface area (aged 7 to 16) was assumed to 

be av ailable for contact with s oil.  T he R ME v alue (3,820 c m2) i s de rived f rom t he 95 th percentile 

surface ar ea d ata, and t he CTE v alue ( 3,100 cm2) i s derived f rom t he 50 th percentile dat a, as 

provided in Table 6-6 of the Exposure Factors Handbook (USEPA, 1997). 

 

• Maintenance workers, occupational workers, and construction/excavation workers were assumed to 

be exposed on the head, hands, and forearms assuming that they wear a s hort-sleeved shirt, long 

pants, and  shoes.  As recommended in R AGS Pa rt E ( USEPA, 2004b), t his s kin s urface a rea i s 

assumed to be 3,300 cm2 for the RME and CTE scenarios.  This value represents the average of the 

50th percentile areas of males and females more than 18 years old.  

 

• For future military and civilian adul t residents assumed to be ex posed to soil, the exposed surface 

area available f or c ontact w as t he v alue f or t he adul t s kin surface area f or ex posure t o s oil 

recommended in RAGS Part E (USEPA, 2004b), 5,700 cm2 for both RME and CTE.  This skin area 

assumes that head, hands, forearms, and lower legs of the adult are available for contact.  For child 

residents a ssumed t o be exposed t o s oil, t he ex posed surface ar ea available f or c ontact w as t he 

value for child skin surface area for exposure to soil recommended in RAGS Part E (USEPA, 2004b), 

2,800 cm2 for both RME and CTE.  This skin area assumes that head, hands, forearms, lower legs, 

and feet of the child are available for contact.   

 

Values of  s oil adher ence f actors a nd c hemical-specific dermal abs orption f actors p rovided i n R AGS 

Part E (USEPA, 2004b) were used to evaluate risks from exposure to soil.  The following soil adherence 

factors were used for the RME and CTE exposure scenarios: 
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• Maintenance and O ccupational W orkers – 0.2 m g/cm2 for t he R ME and 0. 02 m g/cm2 for t he C TE 

(Exhibit 3.5). 

• Construction Workers – 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE (Exhibit 3.3). 

• Adolescent Trespassers – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE (Exhibit 3.5). 

• Future Adult Residents – 0.07 mg/cm2 for the RME and 0.01 mg/cm2 for the CTE (Exhibit 3.5) 

• Future Child Residents – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE (Exhibit 3.5) 

 

For the constituents identified as COPCs in soil, the following absorption factors were used 

(USEPA, 2004b):  

 

• Arsenic – 0.03 

• Cadmium – 0.001 

• PAHs – 0.13 

• Other semivolatiles – 0.1 

• Other inorganics and volatile organics – not evaluated for dermal contact with soil (USEPA, 2004b) 

 

Exposure parameters for the dermal exposure route are summarized in Tables 6-6 and 6-7, for RME and 

CTE respectively. 

 

Incidental Ingestion of Soil 

Intakes associated with soil ingestion were estimated using the following equation (USEPA, 1989): 

 

ATxBW

CFxEDxEFxFIxIRxC
Intake =  

where:  

Intake = ingestion intake 

C  = chemical concentration in soil (mg/kg) 

 IR  = soil/sediment ingestion rate (mg/day) 

 FI  = fraction ingested from contaminated source (unitless) 

 EF  = exposure frequency (days/year) 

 ED  = exposure duration (years) 

 CF  = conversion factor (1 x 10-6 kg/mg) 

 BW  = body weight (kg) 



Naval Station Great Lakes 
Site 19 RI/RA 

Revision: 1 
Date: July 2010 

Section: 6.0 
Page 24 of 48 

 

021008/P 6-24 CTO 468 

 AT  = averaging time (days) 

for non-carcinogens:  365 days/year x ED 

    for carcinogens:  365 days/year x 70 years 

 

Exposure frequencies and durations for the incidental ingestion of soil are summarized in Tables 6-6 and 

6-7, f or R ME and C TE r espectively.  A def ault v alue of  1. 0 ( USEPA, 1989)  was used f or t he f raction 

ingested f rom t he contaminated s ource f or t he RME and  CTE s cenarios.  For t he RME s cenario, t he 

ingestion rate was set at  330 mg/day for the construction worker (USEPA, 2002b), 200  mg/day for the 

future c hild r esident, and  100 m g/day f or t he ot her pot ential r eceptors ( the m aintenance worker, 

occupational worker, future adult resident, and adolescent trespasser) (USEPA, 1993c).  Ingestion rates 

for the CTE are assumed to be one-half of the RME values.  

 

Exposure parameters for the soil ingestion route are summarized in Tables 6-6 and 6-7 for RME and CTE 

respectively. 

 

Inhalation of Air Containing Fugitive Dust/Volatiles Emitted from Soil 

As mentioned previously, a qualitative evaluation of exposure to fugitive dust/volatile emissions from soil 

(i.e., c omparison of m aximum s ite s oil c oncentrations t o USEPA Generic S SLs f or c hemical t ransfers 

from s oil t o air) u nder r esidential and  c onstruction w orker s cenarios w as u sed t o i dentify w hether a 

quantitative a nalysis of  t he i nhalation e xposure pathway was warranted.  No maximum s urface soil or 

subsurface soil c oncentration ex ceeded t he residential S SLs; t herefore, a q uantitative a nalysis of  t he 

inhalation exposure pathway was not  per formed for hypothetical f uture residents.  H owever, maximum 

detected concentrations of several metals in surface and subsurface soil exceeded construction worker 

SSLs.  Consequently, construction workers were evaluated for inhalation of fugitive dusts.  The amount of 

a chemical that a receptor takes in as a result of respiration was determined using the concentration of 

the contaminant in air.  Intakes of particulates were calculated using following equation (USEPA, 2009): 

 

(AT)
ED))(ET)(EF)((C  =  Intake ai

ai  

 

 where: Intakeai = intake of chemical "i" from air via inhalation (mg/kg/day) 

  Cai = concentration of chemical "i" in air (mg/m3) 

  ET  = exposure time 

  EF = exposure frequency 
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  ED  = exposure duration 

  AT = averaging time (days); 

    for non-carcinogens, AT = ED x 365 days/year x 24 hrs/day = ED x 8,760 hrs 

    for carcinogens, AT = 70 years x 365 days/year x 24 hrs/day = 613,200 hrs 

 

The concentrations of chemicals in air resulting from emissions from soil were developed following 

procedures presented in USEPA Soil Screening Guidance (USEPA, 2002b).  The chemical concentration in 

air was calculated as follows: 





 

VF
1

PEF
1CC soilair  

 where: 

  Ca = chemical concentration in air, mg/m3 

  Cs = chemical concentration in soil, mg/kg 

  PEF = particulate emission factor, m3/kg 

  VF = volatilization factor, m3/kg 

 

The particulate emissions factor (PEF) relates the concentration of a chemical in soil with the concentration 

of dust particles in air.  The PEF for construction workers (1.27 x 106 m3/kg) was calculated using the 

equations presented in the supplemental SSL guidance document (USEPA, 2002b).  A sample calculation 

for the PEF is presented in Appendix F.  It was not necessary to calculate VFs for inhalation from soil 

because only metals were identified as COPCs for this exposure scenario. 

 

6.4.5.2 Exposure to Groundwater 

Future residential, occupational worker, and construction worker scenarios were developed for exposure 

to groundwater primarily using current RA guidance (USEPA, 1989 and 2004b).  The applicable 

groundwater exposure frequencies, exposure durations, and body weights for residents and construction 

workers were identical to those previously identified for soil contact. 

 

Dermal Contact with Groundwater 

Dermal contact with groundwater was evaluated by methods and equations provided in RAGS Part E 

(USEPA, 2004b).  Direct contact with groundwater at Site 19 was assumed to be limited to exposure that 

would occur under hypothetical future residential and construction/excavation scenarios.  Hypothetical 

future on-site residential receptors are assumed to use groundwater for domestic purposes (i.e., bathing, 

showering, and dish washing) that can result in dermal exposure.  Short-term dermal exposure was 
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assumed to occur for the construction worker during excavation activities. Groundwater at Site 19 is not 

currently used as a source of potable water and based on expected uses, is not expected to be used for 

this purpose in the future.   

 

The following equation was used to assess exposures resulting from dermal contact with water (USEPA, 

2004b): 

 

DADwi  =  (DAevent)(EV)(ED)(EF)(A) /(BW)(AT) 

 

 where: 

  DADwi = dermally absorbed dose of chemical "i" from water (mg/kg/day) 

  DAevent = absorbed dose per event (mg/cm2-event) 

  EV = event frequency (events/day) 

  ED = exposure duration (year) 

  EF = exposure frequency (days/year) 

  A = skin surface area available for contact (cm2) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for non-carcinogens, AT = ED x 365 days/year; 

    for carcinogens, AT = 70 yrs x 365 days/year 

 

The ex posed s urface ar ea of  c onstruction workers i s ba sed on as sumed ac tivities and on t he 

assumptions out lined f or der mal c ontact w ith soil.  C urrent gu idance ( USEPA, 2004 b) w as used to 

develop t he following def ault as sumptions concerning t he amount of  s kin surface ar ea available f or 

contact for a receptor: 

 

• For construction workers assumed exposed to groundwater, the surface area for RME and CTE was 

assumed to be 3,300 c m2, t he v alue recommended for s oil c ontact in USEPA’s dermal g uidance 

(USEPA, 2004b).   

 

• Dermal intakes for residents were assumed total body exposure, 6,600 cm2 for children (0 to 6 years 

of age) and 18,000 cm2 for adults (USEPA, 2004b). 
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The a bsorbed do se per event ( DAevent) w as estimated using a non steady-state ap proach f or o rganic 

compounds and a traditional steady-state approach for inorganics.  For organics, the following equations 

apply: 
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 where: 

  tevent = duration of event (hours/event) 

  t* = time it takes to reach steady-state conditions (hours) 

  FA = fraction absorbed (dimensionless) 

  Kp = permeability coefficient from groundwater through skin (cm/ hours) 

  Cgw = concentration of chemical "i" in groundwater (mg/L) 

  Τ = lag time (hours) 

  π = constant (dimensionless; equal to 3.1416) 

  CF = conversion factor (1x10-3 L/cm3) 

  B = partitioning constant derived by Bunge Model (dimensionless) 

 

The es timated l ength of  t ime f or a s hower or  bat h i s 10 m inutes f or C TE and 15 m inutes f or R ME. 

Receptors are assumed to spend an additional 5 minutes in the bathroom following their shower or bath. 

Construction/excavation w orkers were assumed t o be ex posed to s hallow groundwater i n a t rench 

4 hours per day f or t he RME an d 2 hours per day f or C TE.  An ev ent f requency of  o ne pe r day  i s 

assumed for CTE and RME (i.e., residents were assumed to take one shower or bath per day).   

 

Values f or t he c hemical-specific p arameters ( t*, K p, T, and B ) were obtained f rom t he current de rmal 

guidance (USEPA, 2004b). 

 

The following steady-state equation was used to estimate DAevent for inorganics: 

 

DAevent = (Kp) (C
gw

) (tevent) 
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The recommended default value of 1x10-3 was used for the dermal permeability of inorganic constituents, 

unless a chemical-specific value was provided in USEPA guidance.  For most metals, dermal absorption 

is not a significant pathway because penetration through the skin is minimal. 

 

Ingestion of Groundwater 

Residents may be ex posed to groundwater via direct ingestion and intakes associated with ingestion of 

groundwater were evaluated using the following equation (USEPA, 1989): 

 

    
(BW)(AT)

)(EF)(ED))(IR(C  =  Intake wwi
wi  

 

where: 

  Intakewi = intake of chemical "i" from water (mg/kg/day)  

  Cwi = concentration of chemical "i" in water (mg/L)  

  IRw = ingestion rate for ground water (L/day) 

  EF = exposure frequency (days/year) 

  ED = exposure duration (year) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for non-carcinogens, AT = ED x 365 days/year; 

    for carcinogens, AT = 70 years x 365 days/year 

 

Water ingestion rates for the adult resident were specified as 1.4 l iters per day (CTE) and 2.0 liters per 

day (RME).  For the child resident, water ingestion rates were 0.66 liters per day (CTE) and 1.5 liters per 

day (RME).  The same exposure t imes, f requencies, and durations used to assess dermal exposure to 

water were used to estimate intakes for ingestion of water. 

 

Exposure parameters for exposure to groundwater are summarized in Tables 6-6 and 6-7, for RME and 

CTE respectively. 

 

Inhalation of Volatiles in Groundwater 

Groundwater exposure may also result in chemical intake through inhalation if the water resource is used 

as a do mestic water s upply or  i s ex posed du ring construction a ctivities, and  VOCs ar e pr esent i n t he 
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groundwater.  T his exposure route i s plausible f or r esidential receptors t hat m ay be ex posed while 

showering, b athing, w ashing di shes, et c. or  f or construction workers contacting s hallow g roundwater 

during excavation activities.  However, no VOCs were retained as COPCs at this site; therefore, i t was 

determined that a quantitative evaluation was not required because the potential risks associated with this 

pathway were regarded as minimal, and no further evaluation was performed. 

 

Inhalation of Volatiles via Vapor Intrusion from Groundwater into Indoor Air 

Volatilization of c hemicals f rom gr oundwater i nto i ndoor ai r m ay oc cur, t hereby ex posing i ndividuals 

inside buildings or dwellings.  However, no VOCs were retained as COPCs for vapor intrusion at this site; 

therefore, i t was determined that a quant itative evaluation was not required because the potential r isks 

associated with this pathway were regarded as minimal, and no further evaluation was performed. 

 

Exposure of Workers to Volatiles in a Construction/Utility Trench 

Construction workers may be exposed to COPCs that have volatilized from groundwater when excavation 

exposes t he s hallow groundwater t able.  However, no VOCs w ere retained as  COPCs a t t his s ite; 

therefore, i t was determined that a quant itative evaluation was not required because the potential r isks 

associated with this pathway were regarded as minimal, and no further evaluation was performed. 

 

6.4.5.3 Exposure to Lead 

Lead was identified as a COPC for surface soil at Site 19.  The equations and methodology presented in 

the previous section cannot be used to evaluate exposure to lead because of the absence of published 

dose-response par ameters.  E xposure t o l ead w as a ssessed us ing t he l atest v ersion of  U SEPA's 

Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead (USEPA, 2007b).  This model is designed 

to estimate blood levels of lead in children (under 7 years of age) based on either default or site-specific 

input values for air, drinking water, diet, dust, and soil exposure. 

 

Studies i ndicate t hat i nfants a nd y oung children are extremely s usceptible t o adv erse effects f rom 

exposure to l ead, and c onsiderable b ehavioral an d dev elopmental i mpairments hav e b een not ed i n 

children with elevated blood lead levels.  The threshold for toxic effects from this chemical is believed to 

be i n t he r ange of  10  to 15 µ g/dL.  B lood l ead l evels gr eater t han 10 µ g/dL ar e considered t o be a 

"concern." 

 

The IEUBK Model for lead was used to address exposure to lead in children where detected groundwater 

concentrations exceeded the Illinois EPA groundwater standard/federal Action Level (7.5 µg/L) 
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promulgated unde r t he S afe D rinking Water A ct or  where detected s oil c oncentrations ex ceeded t he 

OSWER soil screening level of 400  mg/kg for residential l and use (USEPA, 1994).  A verage chemical 

concentrations, as well as default values for some input parameters, were employed.   

 

Adult ex posure t o l ead i n soil was quantified by  t he adult l ead model pr ovided by  USEPA’s T echnical 

Review Workgroup for Lead (USEPA, 2003).  In this model, adult exposure to lead in soil is addressed by 

an evaluation of the relationship between site soil lead concentrations and blood lead concentrations in 

the dev eloping f etuses o f adul t w omen.  T he ad ult l ead m odel gene rates a s preadsheet f or eac h 

exposure scenario evaluated (i.e., workers and adult residents).  The spreadsheets calculate a range of 

95th percentile f etal bl ood l ead c oncentrations f rom c entral e stimates of  bl ood l ead concentrations i n 

pregnant adult w omen.  T he s preadsheets al so calculate 95th percentile blood l ead c oncentrations i n 

fetuses born to women exposed to lead in soil.  

 

No models are currently available to evaluate the periodic exposure of  adolescent t respassers to lead; 

therefore, gui dance p rovided in U SEPA’s Assessing I ntermittent or  V ariable Exposures t o Lead S ites 

(USEPA, 2003) was used to evaluate the periodic exposure expected for this receptor.  T his guidance 

uses such options a s t ime w eighting, v arying i ntensity of  exposure, a nd s easonal v ariability, in  

conjunction with the IEUBK Model and Adult Lead Model (ALM) models, to estimate exposure to lead in 

soil.  

 

6.5 TOXICITY ASSESSMENT 

Oral and inhalation R fDs and C SFs u sed in the H HRA for Site 19 were obtained f rom t he f ollowing 

primary literature sources (USEPA, 2003): 

 

• Integrated Risk Information System (IRIS) (online at http://www.epa.gov/iris/subst/index.html). 

 

• USEPA Provisional P eer R eviewed T oxicity V alues ( PPRTVs) – The O ffice of  R esearch a nd 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical S upport Center dev elops P PRTVs o n a  c hemical-specific ba sis w hen requested by the 

USEPA’s Superfund program. 

 

• Annual Health Effects Assessment S ummary T ables ( HEAST) ( USEPA, 1997 b) for c hronic and 

subchronic toxicity values. 
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• Other T oxicity V alues – These sources i nclude b ut ar e not l imited t o C alifornia E nvironmental 

Protection Agency (Cal EPA) toxicity values  

 

• The Risk Assessment Information System (RAIS) (online at  http://rais.ornl.gov/tox/toxvals.shtml) for 
subchronic toxicity values. 

 

Although RfDs and CSFs can be found in several toxicological sources, USEPA's IRIS online database is 

the pr eferred s ource f or t oxicity v alues.  ORNL R SLs were used as s ources o f t oxicity c riteria and 

guidance provided in RAGS-Part C (USEPA, 1991b) was used when evaluating subchronic risks for the 

construction worker.  RfDs and CSFs for the constituents selected as COPCs for Site 19 are presented in 

Tables 6-9 through 6-12. 

 

6.5.1 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature are typically expressed as administered doses; therefore, these values 

are considered i nappropriate f or estimating t he risks a ssociated with de rmal r outes of  ex posure.  Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

evaluation of estimated dermal exposure intakes is made.  

 

The adj ustment f rom a dministered t o abs orbed d ose was m ade u sing chemical-specific a bsorption 

efficiencies p ublished in a vailable gui dance (i.e., USEPA, 2 004 [the pr imary r eference], I RIS, AT SDR 

toxicological profiles, etc.) and the following equations: 

 

 

 where: ABSGI  =  absorption efficiency in the gastrointestinal tract 

 

Absorption ef ficiencies us ed i n the Site 19 R A reflect U SEPA’s c urrent d ermal as sessment gui dance 

(USEPA, 2004b). 

 

6.5.2 Toxicity Criteria for Chromium 

Toxicity criteria are available for two di fferent forms of chromium, the t rivalent state and the hexavalent 

state, of  which t he l atter is considered t o b e m ore toxic.  T he screening of  c hromium was c onducted 

assuming that 100 percent of the reported total chromium is hexavalent.  The uncertainty associated with 

RfD   =   (RfD )(ABS )dermal oral GI  

CSF   =   (CSF ) / (ABS )dermal oral GI  

http://rais.ornl.gov/tox/toxvals.shtml�
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the assumption that all chromium is hexavalent chromium will be discussed in the uncertainty section of 

the RA. 

 

6.5.3 Toxicity Criteria for Carcinogenic Effects of PAHs 

Limited toxicity values are available to evaluate the carcinogenic effects f rom exposure to PAHs.  The 

most ex tensively s tudied PAH is BaP, which is classified by USEPA as a pr obable human carcinogen.  

Although CSFs a re av ailable f or BaP, i nsufficient dat a ar e a vailable t o c alculate C SFs f or ot her 

carcinogenic PAHs.  T oxic ef fects f or t hese c hemicals w ere ev aluated us ing t he c oncept of  es timated 

orders of  potential potency, which relate the potency of  t he other potentially carcinogenic PAHs to the 

potency of benzo(a)pyrene, as presented in current USEPA guidance (USEPA, 1993d).  The equivalent 

oral and inhalation CSFs for these chemicals were derived by multiplying the CSFs for BaP by the orders 

of potential potency.  Inhalation unit risk values for non-BaP carcinogenic PAHs were obtained from the 

California EPA. 

 

USEPA currently incorporates the use of age-dependent adjustment factors (ADAFs) for carcinogens that 

act via a mutagenic mode of action.  Carcinogenic PAHs were evaluated following USEPA’s Guidelines 

for Carcinogen Risk Assessment (USEPA, 2005c) and Supplemental Guidance for Assessing 

Susceptibility from Early-Life Exposure to Carcinogens (USEPA, 2005d). 

 

6.6 RISK CHARACTERIZATION 

The baseline HHRA evaluated potential health risks associated with human exposure to chemicals present 

at Site 19.  Quantitative r isk es timates ar e bas ed o n t he c onservative as sumption that an  i ndividual i s 

exposed t o multiple C OPCs by  multiple ex posure pathways.  In ac cordance w ith U SEPA gui dance, 

chemical- and pathway-specific r isks were summed to provide estimates of total r isk for a gi ven receptor.  

Risk estimates were developed by integrating chemical intake levels with chemical-specific toxicity factors. 

Risk example calculations are provided in Appendix F. 

 

ILCR estimates were generated for each COPC using estimated exposure intakes and published CSFs, 

as follows: 

 

ILCR = Estimated Exposure Intake x CSF 
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An I LCR of  1x 10-6 indicates t hat t he ex posed r eceptor ha s a one -in-one-million c hance o f dev eloping 

cancer und er t he def ined ex posure scenario.  A lternatively, s uch a r isk m ay be i nterpreted a s 

representing one additional case of cancer in an exposed population of one million people. 

 

Non-carcinogenic risks are assessed using the concept of HQs and hazards indexes (HIs).  The HQ for a 

COPC is the ratio of the estimated intake to the RfD, as follows: 

 

HQ  =  (Estimated Exposure Intake)/(RfD) 

 

An HI for a given exposure route is generated by summing the individual HQs for all COPCs.  The HI is 

not a mathematical prediction of the severity of toxic effects and is therefore not a true risk. It is simply a 

numerical indicator of the possibility of the occurrence of non-carcinogenic (threshold) effects. 

 

6.6.1 Comparison of Quantitative Risk Estimates to Benchmarks 

To interpret the quantitative risks and to aid risk managers in determining the need f or remediation at a 

site, quantitative risk estimates were compared to typical benchmarks.  USEPA has defined the range of 

1x10-4 to 1x10-6 as the ILCR target range for hazardous waste facilities addressed under CERCLA.  The 

Illinois EPA goal for carcinogenic risks, as specified in TACO, is 1x10-6. 

 

An HI exceeding unity (1.0) indicates that there may be potential non-carcinogenic health risks associated 

with ex posure.  I f an  H I exceeds uni ty, t arget o rgan ef fects a ssociated w ith ex posure t o C OPCs a re 

segregated (and the H I i s calculated on a t arget organ/target ef fect basis).  O nly those chemicals that 

affect t he s ame t arget or gan(s) or exhibit s imilar c ritical ef fect(s) a re r egarded a s t ruly addi tive.  

Consequently, i t may be p ossible for a cumulative HI to exceed 1.0, but  no ad verse health effects are 

anticipated if the COPCs do not affect the same target organ or exhibit the same critical effect.  Individual 

target or gan HIs f or al l receptors are presented i n t he R AGS P art D  t ables (Table 9 s) pr esented i n 

Appendix F. 

 

6.6.2 Risk Assessment Results 

The baseline HHRA conducted for Site 19 evaluated the r isks potentially incurred by  site maintenance 

workers, occupational w orkers, c onstruction workers, adolescent trespassers, and hypothetical future 

residents.  Adolescent trespassers and maintenance workers were evaluated for exposure to COPCs in 

soil.  Construction workers, occupational workers, and residents were evaluated for exposure to soil and 

groundwater.  Both RME and CTE scenarios were evaluated.  Tables 6-13 and 6-14 contain a summary 
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of t he estimated r isks for Site 19 for the R ME a nd C TE, respectively.  Calculations of  t he detailed 

chemical-specific risks for Site 19 are included in Appendix F.  The following sections discuss the results 

of the risk characterization. 

 

6.6.2.1 Carcinogenic Risks - RME 

Quantitative estimates of carcinogenic effects are presented in the form of ILCRs.  The target risk range 

for carcinogenic effects, as defined by the USEPA, is between 1x10-4 and 1x10-6.  The Illinois EPA goal 

for carcinogenic risks, as specified in TACO, is 1x10-6.  Estimated ILCRs for Site 19 are discussed in the 

following subsections. The carcinogenic r isks calculated for the RME case are presented in Table 9s in 

Appendix F and summarized in Table 6-13.  

 

Carcinogenic Risks for Exposure to Surface Soil  - RME 

The ILCR for construction workers (8x10-7) was less than the target r isk goal of  1x10-6.  The ILCRs for 

maintenance workers (1x10-5), occupational workers (1x10-5), and adolescent trespassers (2x10-6) were 

within the USEPA target r isk r ange for c arcinogenic ef fects of 1x 10-4 and 1 x10-6 but greater t han the 

Illinois E PA goal  of  1x10-6.  The el evated r isks i n al l r eceptors a re d ue t o P AHs and ar senic i n 

groundwater and soil. 

 

The total ILCR for hypothetical future residents (adult + child) was 1x10-4, is within the USEPA target risk 

range f or c arcinogenic ef fects but greater t han the I llinois E PA g oal of  1x10-6.  The residential r isk i s 

primarily due to exposure to PAHs and arsenic by ingestion of surface soil. 

 

Carcinogenic Risks for Exposure to Subsurface Soil  - RME 

The ILCR for construction workers (6x10-7) was less than the target risk goal of 1x10-6.   

 

Carcinogenic Risks for Exposure to Groundwater  - RME 

The ILCR for construction workers (1x10-9) was less than the target risk goal of 1x10-6.   

 

The total residential ILCR (1x10-4) was within the USEPA target r isk range for carcinogenic effects but 

greater than the Illinois EPA goal of 1x10-6.  The residential risk is primarily due to exposure to PAHs and 

arsenic in groundwater. 

 

Chemical-specific risks are presented in the tables in Appendix F. 
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6.6.2.2 Non-Carcinogenic Effects - RME 

Quantitative estimates of non-carcinogenic (toxic) effects are presented in the form of HQs and HIs.  As 

discussed above, the r isk benchmark for HQs and HIs (calculated on a t arget organ-specific basis) is 1 

(USEPA, 1989).  Estimated HQs and HIs for Site 19 are discussed below, presented in Appendix F, and 

summarized in Table 6-13. 

 

Non-Carcinogenic Risks for Exposure to Surface Soil - RME 

The c umulative surface soil HIs for maintenance w orkers (HI = 0 .2), oc cupational w orkers (HI =  0 .2), 

adolescent t respassers (HI =  0. 03), an d f uture ad ult r esidents (HI =  0 .2) were l ess t han unity ( 1.0), 

indicating that adverse non-carcinogenic health effects are not anticipated for these receptors under the 

defined RME conditions. The cumulative HI for the future child resident (HI = 2) exceeded unity; however, 

the c umulative t arget organ H Is f or t he c hild resident w ere l ess than or  equal t o uni ty for exposure t o 

surface soil. 

 

The c umulative HI for construction w orkers (HI = 5)  ex ceeded uni ty.  T he m ajor c ontributor t o t he 

construction worker HI was manganese by inhalation of particulates (HQ = 4).   

 

Non-Carcinogenic Risks for Exposure to Subsurface Soil - RME 

The c umulative HI for construction w orkers (HI = 4)  ex ceeded uni ty.  T he m ajor c ontributor t o t he 

construction worker HI was manganese by inhalation of particulates (HQ = 3).   

 

Non-Carcinogenic Risks for Exposure to Groundwater - RME 

The cumulative groundwater HIs for construction workers (HI = 0.001), future child residents (HI = 0.4), 

and ad ult r esidents (HI =  0 .1) were less t han or equal  t o unity ( 1.0), indicating t hat a dverse non -

carcinogenic health effects are not  ant icipated for this receptor under the defined RME condition.  The 

groundwater risks were based on assumed exposure to maximum detected concentrations. 

 

6.6.3 CTE Evaluation 

As discussed previously, an evaluation of the potential risks associated with the CTE scenario is included 

to provide a measure of the central or average case exposure.  
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Carcinogenic Risks for Exposure to Surface Soil  - CTE 

The ILCRs for construction workers (4x10-7) and adolescent trespassers (2x10-7) were less than the target 

risk goal of 1x10-6.  The ILCRs for maintenance workers (2x10-6) and occupational workers (2x10-6) were 

within the U SEPA t arget risk range f or c arcinogenic ef fects of 1x 10-4 and 1 x10-6 but greater t han the 

Illinois EPA goal of 1x10-6. 

 

The total ILCR for hypothetical future residents (adult + child) was 5x10-6, within the USEPA target r isk 

range for carcinogenic effects but greater than the Illinois EPA goal of 1x10-6. 

 

Carcinogenic Risks for Exposure to Subsurface Soil  - CTE 

The ILCR for construction workers (3x10-7) was less than the target risk goal of 1x10-6.   

 

Carcinogenic Risks for Exposure to Groundwater  - CTE 

The ILCR for construction workers (5x10-10) was less than the target risk goal of 1x10-6.   

 

The t otal r esidential I LCR (1x10-5) was within t he U SEPA t arget r isk r ange f or c arcinogenic ef fects of 

1x10-4 and 1x10-6 but greater than the Illinois EPA goal of 1x10-6.  

 

Chemical-specific risks are presented in the tables in Appendix F. 

 

6.6.3.2 Non -Carcinogenic Effects - CTE 

Estimated HQs and HIs for the CTE scenario for Site 19 are discussed below, presented in Appendix F, 

and summarized in Table 6-14. 

 

Non-Carcinogenic Risks for Exposure to Surface Soil  - CTE 

The cumulative surface soil HIs for maintenance workers (HI = 0.07), occupational workers (HI = 0.07), 

adolescent trespassers (HI = 0.007), future child residents (HI = 0.7) and future adult residents (HI = 0.07) 

were less than unity (1.0), indicating that adverse non-carcinogenic health effects are not anticipated for 

these receptors under the defined CTE conditions. 

 

The c umulative HI for c onstruction workers ( HI =  2) ex ceeded uni ty.  T he m ajor c ontributor t o t he 

construction worker HI was manganese by inhalation of particulates. 
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Non-Carcinogenic Risks for Exposure to Subsurface Soil  - CTE 

The cumulative H I for c onstruction workers ( HI =  3) ex ceeded uni ty.  T he m ajor c ontributor t o t he 

construction worker HI was manganese by inhalation of particulates. 

 

Non-Carcinogenic Risks for Exposure to Groundwater - CTE 

The cumulative groundwater HIs for construction workers (HI = 0.0007), future child residents (HI = 0.09), 

and future adult residents (HI = 0.1) were less than or equal to unity (1.0), indicating that adverse non-

carcinogenic health effects are not anticipated for this receptor under the defined CTE conditions. 

 

6.6.4 Lead Assessment Results 

As discussed in the previous section, the IEUBK Model and ALM were used to evaluate potential health 

risks from lead to potential future residents, construction workers, and maintenance/occupational workers.  

The USEPA significance level for blood lead is 10 µg/dL, and USEPA has set a criterion of no more than 

a 5% chance that any child will have a blood lead value greater than 10 µg/dL (CDC, 1994; USEPA 1998, 

and 2005a).   

 

Child Lead Model Results 

The l ead RA results f rom t he I EUBK M odel a re pr esented i n t he out put dat a s ummary gr aph in 

Appendix F.  The estimated p ercent chance t hat a ny c hild will have a  bl ood l ead v alue greater t han 

10 µg/dL was c alculated t o be 0.136 percent, w hich i s less t han the U SEPA ac ceptable t arget of  

5 percent. 

 

Adult Lead Model Results 

ALM results indicate that the central estimate blood-lead levels for construction workers and 

maintenance/occupational workers and  t heir f etuses w ere l ess than the e stablished l evel of  c oncern 

(10 µg/dL) and the probabilities that receptor blood-lead levels would be less than the U.S. EPA’s goal of 

limiting exposure t o l ead so t hat no  more t han 5 percent of  t he exposed r eceptors have an estimated 

blood-lead level greater than the established level of concern.  T he estimated percent that the receptor 

will have a bl ood lead value greater than 10ug/DL was 1.1 percent and 1. 0 percent respectively.  The 

ALM results are presented in Appendix F.   
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6.7 UNCERTAINTY ANALYSIS 

The bas eline H HRA f or Site 19 was per formed i n ac cordance w ith c urrent U SEPA and I llinois E PA 

guidances.  H owever, there are varying degrees of uncertainty associated with the baseline HHRA.  This 

section presents a brief summary of uncertainties inherent in the RA and includes a discussion of how they 

may affect the quantitative risk estimates and conclusions of the risk analysis. 

 

6.7.1 General Uncertainty in Risk Assessment 

Uncertainty i n t he s election of  C OPCs i s r elated to t he c urrent s tatus of  t he pr edictive dat abases, 

grouping of  samples, and procedures used to i nclude or  exclude constituents as  COPCs.  U ncertainty 

associated with the exposure assessment includes the values used as input variables for a given intake 

route or scenario, assumptions made to determine EPCs, and predictions regarding future land use and 

population c haracteristics.  U ncertainty i n t he t oxicity as sessment i ncludes t he qual ity of  t he ex isting 

toxicity data needed to support dose-response relationships and weight of evidence used to determine 

the carcinogenicity of COPCs.  Uncertainty in risk characterization includes that associated with exposure 

to multiple chemicals and the cumulative uncertainty from combining conservative assumptions made in 

earlier steps of the RA process. 

 

Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the 

assumptions m ade t hroughout t he RA, i ncluding s election of  C OPCs an d s election of v alues f or 

dose-response r elationships.  To a ccount f or uncertainties i n t he dev elopment of  a RA, c onservative 

estimates must be made to make sure that the particular assumptions made are protective of sensitive 

subpopulations an d m aximum ex posed i ndividuals.  Therefore, t hroughout t he ent ire RA, as sumptions 

that c onsider s afety f actors a re m ade so t hat the f inal calculated r isks ar e ov erestimated, an d 

consequentially, very conservative. 

 

The major sources of uncertainty associated with this RA are discussed below. 

 

6.7.2 Uncertainty in Selection of COPCs 

A minor amount of uncertainty is associated with the selection of COPCs that may affect the numerical 

risk estimates presented in the RA.  The most significant issues related to uncertainty in COPC selection 

are the existing database (i.e., the use of validated or unvalidated sample results), inclusion of chemicals 

potentially attributable to background, screening levels used, exclusion of historical data from the RA, and 

absence of screening levels for a few chemicals detected in the site media.  A brief discussion of each of 

these issues is provided in the remainder of this section. 
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6.7.2.1 Existing Databases 

The data used in the RA were based on the most recent analytical data collected at Site 19 during RI field 

activities.  No historical data were used for RA purposes.  The analytical data were validated according to 

the methodologies specified in the Site 19 RI Work Plan.  The qualification of data during the formal data 

validation process is not expected to compromise the results of the HHRA.  A nalytical data qual ified as 

estimated were ut ilized, e ven t hough t he r eported c oncentrations or  sample-specific q uantitation l imits 

may be somewhat imprecise.  The use of estimated data adds to the uncertainty associated with the RA.  

However, t he as sociated uncertainty i s ex pected t o be negl igible c ompared to t he ot her uncertainties 

inherent in the risk evaluation process (i.e., uncertainties with land uses, exposure scenarios, 

toxicological c riteria, e tc.).  When d etermining ex posure concentrations v ia s tatistical procedures, 

chemicals no t det ected w ere conservatively as sumed t o be pr esent at  c oncentrations e qual to t he 

sample-specific quantification limits.  Analytical results for chemicals qualified “R," rejected, were not used 

in the risk assessment.  

 

6.7.2.2 Exclusion of Historical Data from the Risk Assessment 

Data collected from the most recent sampling events were used to evaluate potential r isks for Site 19.  

Data from historical soil and groundwater investigations were not used in this assessment.  Exclusion of 

historical d ata f rom t he RA may r esult i n unc ertainty i n COPC selection and i n t he ex posure 

concentrations used to quantify risks.  However, because the most recent data were used to assess risks, 

the uncertainty associated with the omission of historical data should be minimal, and conclusions of the 

RA were probably not affected by the exclusion of the historical data from the RA. 

 

6.7.2.3 Chemicals Potentially Attributable to Background 

No c hemicals i n soil a nd groundwater were el iminated as COPCs on t he basis of  comparisons t o 

background concentrations.  All of t he metals selected as COPCs based on comparison to risk-based 

screening criteria exceeded background concentrations.  However, most of the PAHs selected as COPCs 

in exposed s urface s oil were detected at  m aximum c oncentrations that di d not  ex ceed s urface s oil 

background dat a.  These PAH s present at  concentrations c onsistent w ith b ackground levels were 

included as COPCs in this medium.  

 

In addition, the Illinois EPA has conducted a recent study in association with the Electric Power Research 

Institute (EPRI) to determine background concentrations for some common PAHs in urban areas.  T ACO 

defines background concentrations as follows: 
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“Area Background means concentrations of  regulated substances that are consistently present in 

the environment in the vicinity of a site that are the result of natural conditions of human activities, 

and not the result solely of releases at the site.” 

 

Based on this study, the Illinois EPA “recommends that the lognormal 95th percentiles of the data set should 

be values used for comparison purposes.”  The 95th Background Carcinogenic PAH Percentile 

Concentrations ( µg/kg) f or t he M etropolitan S tatistical A rea ( MSA) f or benz o(a)anthracene, 

benzo(b)fluoranthene, BaP, dibenzo(a,h)anthracene, and ideno(1,2,3-c,d)pyrene were 1,800, 2,000, 2,100, 

420, and 1600 µg/kg, respectively.  All of the maximum PAH concentrations at Site 19 greater than COPC 

screening c riteria w ere less t han these bac kground c oncentrations ( 1,700, 1 ,700, 1 ,200, 160,  an d 

730 µg/kg, respectively) in surface soil.  B ased on t his information and I llinois EPA determination of  PAH 

background ur ban concentrations, it is pos sible t hat t hese P AHs c ould be  at tributed t o bac kground 

conditions and inclusion of these chemicals as COPCs may result in an overestimation of total risks for this 

site.  

 

Illinois EPA h as al so p ublished a S ummary of  S elected B ackground Conditions f or I norganics i n S oil 

which contains information about background conditions for inorganic chemicals in surface soil in Illinois.  

According t o I llinois E PA, bac kground c oncentrations f or t he M SA f or ar senic and m anganese ar e 

13 mg/kg and 636 mg/kg, respectively.  The range of detected concentrations at Site 19 for arsenic and 

manganese w ere 5.2 to 32.2 m g/kg and 363 to 1,820 m g/kg, r espectively, and t he average of  al l 

detections were 11.7 mg/kg with a standard dev iation of  6.5 mg/kg and 8 88.66 mg/kg w ith a s tandard 

deviation of 372 mg/kg, respectively.  Taking into account the range and standard deviation, it is possible 

that t he a rsenic and manganese concentrations could b e at tributed t o b ackground conditions and t he 

inclusion of these chemicals may result in an overestimation of total risks for this site. 

 

6.7.2.4 COPC Screening Levels 

The use of r isk-based screening levels for soil and groundwater based on c onservative residential land 

use scenarios corresponding to ILCRs of 1x10-6 and HIs of 0.1 should make certain that the s ignificant 

contributors to r isk f rom a site are ev aluated. The elimination of  c hemicals t hat ar e p resent at 

concentrations that correspond to ILCRs less than 1x10-6 and HIs less than 0.1 should not affect the final 

conclusions of the RA because these chemicals are not expected to cause a potential health concern at 

the concentrations detected.   
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6.7.2.5 Absence of COPC Screening Levels 

Because of the lack of toxicity criteria, risk-based screening levels are currently not available for several 

constituents detected at Site 19 (e.g., benzo(g,h,i)perylene, etc.). Therefore, screening levels available for 

surrogate chemicals were used as screening levels for these constituents.  The use of these surrogates 

may increase the uncertainty in the RA.  The direction of bias cannot be determined. 

 

6.7.3 Uncertainty in the Exposure Assessment 

Uncertainty i n t he ex posure a ssessment can arise because of  t he m ethods used t o c alculate E PCs, 

determination of  l and us e c onditions, selection of  r eceptors and  s cenarios, a nd s election of ex posure 

parameters.  Each of these is discussed below.  

 

6.7.3.1 Exposure Point Concentrations  

Uncertainty is associated with the use of the 95-percent UCL on the mean concentration as the EPC, as 

was done in the evaluation of the soil data.  As a result of using the 95-percent UCL, the estimations of 

potential risk are most l ikely t o be  overestimated because this i s a  representation of  t he upper l imit to 

which potential receptors would be exposed over the entire exposure period.  The maximum 

concentration i s al so u sed w hen t he UCL i s g reater t han t he m aximum concentration and i n t he 

groundwater data evaluation for the RME scenario.  The use of the maximum concentration as the EPC 

tends to overestimate potential risks because receptors are assumed to be exposed continuously to the 

maximum concentration for the entire exposure period, which is unlikely.  Uncertainty is also introduced 

when non-detected results are assigned a value of the quantification limit when calculating the EPC.  This 

may either overestimate or underestimate the risks to potential receptors. 

 

6.7.3.2 Land Use 

Uncertainty and c onservatism may be  introduced i nto t he RA when estimated risks ar e no t based on  

current land use patterns. The risks calculated in this HHRA are based on c urrent and projected future 

land u se at  Site 1 9.  Based on  t he site’s p roximity to a  p ublic access, t he site ha s b een i dentified a s 

having potential for exposure by trespassers.  For this reason, trespassers (adolescent) were evaluated in 

the RA.  Much of t he u ncertainty i n t his RA is r elated t o groundwater usage ( some elevated r isks 

calculated for Site 19 are partly due to exposure to groundwater).  The RA assumes that groundwater is 

used a s a source of do mestic dr inking w ater.  However, gr oundwater i s n ot c urrently us ed f or t his 

purpose, and it is unlikely that groundwater at the site would be used as a source of potable water in the 

future.  
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6.7.3.3 Exposure Parameters 

Each ex posure f actor s elected f or u se i n t he RA contains s ome as sociated unc ertainty.  G enerally, 

exposure factors a re based on s urveys of  physiological and l ifestyle profiles across the United S tates.  

The at tributes an d a ctivities studied i n t hese surveys generally have a b road di stribution.  T o av oid 

underestimation of exposure, USEPA guidelines (e.g., USEPA, 1991b) for the RME receptor were used, if 

applicable, which g enerally s pecify t he us e of  t he 9 5th percentile f or m ost p arameters.  T herefore, t he 

selected exposure factors for the RME receptor represent the upper bound of the observed or expected 

practices that are characteristic of  t he m ajority of  t he po pulation.  Because USEPA doe s not  pr ovide 

values for exposure factors for some receptors/pathways, professional judgment was used to determine 

some v alues.  W hen us ing pr ofessional j udgment, an ef fort w as m ade t o be  r easonably c onservative.  

However, the use of professional judgment adds uncertainty to the RA.      

 

Generally, uncertainty can be assessed for many assumptions made in determining factors for calculating 

exposures a nd i ntakes.  M any of  t hese pa rameters w ere det ermined f rom the statistical anal yses of 

human population c haracteristics.  Often, t he dat abase u sed t o s ummarize a pa rticular ex posure 

parameter (i.e., body weight) is qui te large.  C onsequently, the values chosen for such variables in the 

RME s cenario hav e l ow unc ertainty.  F or m any par ameters f or w hich l imited i nformation ex ists 

(e.g., dermal abs orption), greater un certainty ex ists.  F or ex ample, c urrent USEPA gui dance (USEPA, 

2004b) does not  pr ovide dermal ab sorption f actors for ex posure t o m ost m etals ( except a rsenic and 

cadmium) and VOCs in soil.  Therefore, risks for dermal contact with soil were not evaluated for metals 

other t han arsenic and c admium, or f or VOCs.  Consequently, r isks f rom exposure t o soil m ay b e 

underestimated by omitting metals and VOCs from the dermal RA.   

 

6.7.4 Migration of Soil to Groundwater Pathway 

Maximum c oncentrations in s urface s oil and subsurface s oil were c ompared t o t he USEPA SSL s 

assuming a DAF of 1 f or the protection of  groundwater.  T hese results are summarized in Tables 6-15 

and 6-16, for surface and subsurface soil, respectively.   

 

Migration from Surface Soil to Groundwater 

Maximum surface soil concentrations were compared to USEPA SSLs assuming a DAF o f 1 (USEPA, 

1996).  T he comparison shown i n Table 6 -15 i ndicates t hat some PAHs ( benzo(a)anthracene, BaP, 

benzo(b)fluoranthene, c hrysene, di benzo(a,h)anthracene, i deno(1,2,3-cd)pyrene, and na phthalene) an d 

metals (arsenic, barium, cadmium, chromium, cobalt, copper, iron, lead, manganese, and mercury) were 
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detected i n surface soil at c oncentrations t hat ex ceeded U SEPA Generic s oil-to-groundwater SSLs.  

These exceedances of SSLs may indicate the potential for chemicals to leach to groundwater and impact 

water quality.  However, most of the chemicals detected in surface soil at concentrations exceeding SSLs 

for m igration from soil t o g roundwater were not detected i n groundwater samples collected at  the site.  

The SSLs used are very conservative because a DAF of 1 assumes that no dilution or attenuation occurs 

as a chemical migrates from soil to groundwater.  It is also possible that the concentrations of PAHs and 

metals detected in surface soil may be due to naturally occurring background conditions. 

 

Migration from Subsurface Soil to Groundwater 

Maximum s ubsurface s oil c oncentrations were c ompared t o t he U SEPA S SLs assuming a D AF of  1 

(USEPA, 1996).  T he comparison shown in Table 6-16 indicates that some PAHs (benzo(a)anthracene 

and BaP) and metals (arsenic, cobalt, i ron, lead, manganese, and ni ckel) were detected in subsurface 

soil at concentrations that exceeded USEPA Generic soil-to-groundwater SSLs.  T hese exceedances of 

SSLs may indicate the potential for chemicals to leach to groundwater and impact water quality. However, 

most of chemicals detected in subsurface soil at concentrations exceeding SSLs for migration from soil to 

groundwater were not detected in groundwater samples collected at  the s ite.  T he SSLs used are very 

conservative because a DAF of 1 assumes that no dilution or attenuation occurs as a chemical migrates 

from s oil t o groundwater.  I t i s al so p ossible t hat t he c oncentrations of  P AHs and m etals det ected i n 

subsurface soil may be due to naturally occurring background conditions. 

 

Based on the above discussion and knowledge of site history, the potential exists for chemicals detected 

in surface a nd subsurface s oil t o ad versely i mpact env ironmental m edia d owngradient of S ite 19, 

however, i t i s unl ikely t hat t he c oncentrations of  constituents i n surface and  subsurface soil w ould 

adversely impact groundwater quality. 

 

6.7.5 Uncertainty in the Toxicological Evaluation 

Uncertainties as sociated with t he t oxicity as sessment ( determination o f R fDs a nd C SFs and u se o f 

available criteria) are presented in this section. 

 

6.7.5.1 Derivation of Toxicity Criteria 

Uncertainty as sociated w ith t he t oxicity as sessment i s as sociated w ith ha zard as sessment and do se-

response evaluations for the COPCs.  The hazard assessment deals with characterizing the nature and 

strength of  t he ev idence o f c ausation o r t he l ikelihood t hat a c hemical t hat i nduces adv erse effects i n 

animals will also induce adverse effects in humans.  Hazard assessment of carcinogenicity is evaluated 
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as a weight-of-evidence determination using USEPA methods.  Positive animal cancer test data suggest 

that hum ans c ontain t issue(s) t hat m ay m anifest a c arcinogenic r esponse; how ever, t he ani mal dat a 

cannot necessarily be used to predict t he target t issue i n humans.  I n t he hazard assessment of  non -

cancer ef fects, how ever, positive ani mal dat a of ten s uggest t he nat ure of  t he ef fects ( i.e., t he t arget 

tissues and type of effects) anticipated in humans. 

 

Uncertainty i n ha zard assessment arises f rom the nat ure and quality of the ani mal and h uman dat a. 

Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route; 

when the magnitude of the response is clearly dose related; when pharmacokinetic data indicate a similar 

fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals; 

and when the COC is structurally s imilar t o other c hemicals f or which t he t oxicity i s m ore c ompletely 

characterized.   

 

Uncertainty i n t he d ose-response ev aluation i ncludes det ermination of  a  C SF f or t he carcinogenic 

assessment and derivation of  a n RfD or  R fC f or the no n-carcinogenic a ssessment.  U ncertainty i s 

introduced f rom i nterspecies (animal-to-human) ex trapolation which, i n t he absence of  quantitative 

pharmacokinetic o r m echanistic d ata, is u sually ba sed on  c onsideration of  i nterspecies differences i n 

basal metabolic rate.  Uncertainty also results from intraspecies variation.  Most toxicity experiments are 

performed with ani mals t hat ar e v ery s imilar i n age and g enotype, s o i ntragroup bi ological variation i s 

minimal, but the human population of concern may reflect a great deal of heterogeneity including unusual 

sensitivity or  t olerance to the COPC.  E ven toxicity data f rom human occupational exposures reflect a 

bias because onl y t hose i ndividuals s ufficiently heal thy t o at tend w ork regularly ( the " healthy w orker 

effect") and those not unusually sensitive to the chemical are likely to be occupationally exposed.  Finally, 

uncertainty arises from the quality of the key study from which the quantitative estimate is derived and the 

database.  F or cancer ef fects, t he un certainty a ssociated with d ose-response f actors i s m itigated by  

assuming t he 95 -percent uppe r b ound f or t he CSF.  A nother source of  uncertainty i n c arcinogenic 

assessment is the method by which data from high doses in animal studies are extrapolated to the dose 

range expected for environmentally exposed humans.  The linearized multistage model, which is used in 

nearly al l quantitative estimations of  human r isk from ani mal dat a, i s ba sed on a n on-threshold 

assumption of  c arcinogenesis.  E vidence suggests, how ever, t hat epi genetic c arcinogens, as  w ell as  

many genotoxic carcinogens, have a t hreshold below which they are non-carcinogenic.  Therefore, the 

use of t he l inearized m ultistage m odel i s conservative f or c hemicals t hat ex hibit a t hreshold f or 

carcinogenicity. 

 

For non-cancer effects, additional uncertainty factors may be applied in the derivation of the RfD or RfC to 

mitigate po or qu ality of  t he k ey s tudy or gaps i n t he dat abase.  A dditional u ncertainty f or non -cancer 
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effects arises from the use of an effect level in the estimation of an RfD or RfC because this estimation is 

predicated on the assumption of a threshold below which adverse effects are not expected.  T herefore, 

an un certainty f actor i s usually a pplied t o es timate a no -effect l evel.  A dditional un certainty ar ises i n 

estimation of an RfD or RfC for chronic exposure from subchronic data.  U nless empirical data indicate 

that effects do not worsen with increasing duration of exposure, an additional uncertainty factor is applied 

to the no-effect level in the subchronic study.  Uncertainty in the derivation of RfDs is mitigated by the use 

of uncertainty and modifying factors that normally range between 3 and 10.  The resulting combination of 

uncertainty and modifying factors may reach 1,000 or more. 

 

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty.  This is particularly the 

case when chemical-specific gastrointestinal absorption rates are not available in the l iterature or when 

only qualitative statements regarding absorption are available. 

 

6.7.5.2 Uncertainty Associated with Evaluation of the Dermal Exposure Pathway  

According to RAGS Part E (USEPA, 2004b), risks from dermal absorption from soil are to be quantitatively 

evaluated f or ar senic, c admium, c hlordane, 2, 4-dichlorophenoxyacetic ac id, D DT, T CDD ( and ot her 

dioxins), P AHs, P CBs, p entachlorophenol, and SVOCs bec ause of  t he limited gu idance av ailable t o 

estimate dermal abs orption f actors for other c onstituents.  T herefore, t he der mal r oute o f exposure was 

evaluated quantitatively for these chemicals only.  Risks for dermal exposure to metals (other than arsenic 

and cadmium) and VOCs identified as COPCs for soil were not quantified in the RA; consequently, potential 

risks may be underestimated by excluding these constituents from the dermal RA calculations. 

 

Aqueous risks were calculated using a USEPA model presented in RAGS Part E (USEPA, 2004b), which, 

according to the guidance, tends to overestimate intakes and risks for dermal contact for some chemicals 

(e.g., PAHs, PCBs).  Because of the large uncertainties associated dermal contact with water, risks from 

dermal absorption of PAHs from groundwater were not evaluated in this HHRA.  This may underestimate 

the risk estimates for groundwater. Appendices A and B of RAGS Part E discuss the uncertainties in the 

permeability coefficients f or t hese chemicals and  l imitations of t he dermal ab sorption m odel when 

evaluating chemicals. 

 

6.7.5.3 Uncertainty Associated with Evaluation of Arsenic 

In addition, health RAs do not take into account the unique aspects of evaluating exposures to arsenic in 

soil.  For example, risks from ingestion of arsenic in soil are often based on toxicity factors derived from 

studies of  arsenic (soluble ar senate o r a rsenite) i n dr inking w ater.  However, t he t oxicity of  ar senic in 
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drinking water c annot be directly ex trapolated t o t oxicity of  ar senic i n soil because of  di fferences i n 

chemical f orm, bi oavailability, and ex cretion kinetics.  B ecause o f t he di fferences b etween s oil a rsenic 

and water arsenic, risks from arsenic in soil are lower than what would be calculated using default toxicity 

values for arsenic in drinking water (Valberg, 1997). 

 

6.7.6 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization results primarily from assumptions made regarding additivity of effects 

from exposure to multiple COPCs from various exposure routes.  High uncertainty exists when summing 

cancer risks f or several s ubstances ac ross di fferent ex posure pat hways. T his a ssumes t hat ea ch 

substance ha s a  s imilar ef fect an d/or m ode of a ction.  O ften compounds af fect di fferent organs, hav e 

different mechanisms of action, and differ in their fate in the body, so additivity may not be an appropriate 

assumption.  However, the assumption of additivity is made to provide a conservative estimate of risk. 

 

Finally, t he r isk characterization d oes not  c onsider ant agonistic or  synergistic ef fects.  Little or  no  

information i s av ailable t o det ermine t he pot ential f or a ntagonism or  s ynergism f or the C OPCs.  

Therefore, t he uncertainty r egarding antagonistic or s ynergistic e ffects i s ambiguous because potential 

human health risks may either be underestimated or overestimated.  

 

6.8   SUMMARY OF HUMAN HEALTH RISK ASSESSMENT 

This section and Tables 6-13 and 6-14 present a summary of the RA findings for Site 19.  Five potential 

receptor g roups were evaluated:  maintenance workers, occupational workers, adolescent trespassers, 

adult and child residents, and construction workers. 

 

6.8.1   Non-Carcinogenic Risks 

Pathway-specific RME and CTE HIs were less than or equal to 1.0 for trespassers, maintenance workers, 

occupational w orkers, an d f uture ad ult r esidents in the s tudy ar ea.  For this r eason, adv erse non -

carcinogenic health effects are not anticipated for these receptors at Site 19. 

 

RME HIs are greater than 1.0 for future child residents and future construction workers in the study area.  

However, the CTE HIs are less than or equal to 1.0 for these receptors. 

 
For future child residents, ingestion of soil and groundwater is the primary pathway of concern in the RME 

scenario.  Further examination of these results reveals that the organ-specific HIs for skin and CVS and 

individual HQs for arsenic were the risk drivers. 
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For f uture construction workers, i nhalation of  manganese o n particulates/dusts f rom s urface an d 

subsurface soil accounted for most of the non-carcinogenic risk. 

 

The exceedances of  1. 0 by  or gan-specific HIs and i ndividual c ontaminants i ndicate t hat a dverse non -

carcinogenic health effects are possible under the conditions established in the exposure assessment for 

future child residents. 
 
6.8.2   Carcinogenic Risks 

RME and C TE cancer r isk e stimates fo r construction w orkers, m aintenance w orkers, occupational 

workers, trespassers, future child residents, and future adults residents and the CTE cancer risk estimate 

for total future residential risk (child + adult) for Site 19 do not exceed the target USEPA cancer risk range 

(1x10-4 to 1x10-6).  However, RME and CTE cancer risk estimates for maintenance workers, occupational 

workers, f uture c hild r esidents, and f uture a dults residents and t he C TE cancer r isk es timate f or t otal 

future residents (child + adult) exceed the Illinois EPA risk goal (1x10-6). 

 

The total ( soil +  gr oundwater) s ite RME cancer risk estimates for t otal future r esidents (adult +  c hild), 

exceed the USEPA cancer r isk range (1x10-4 to 1x10-6) and I llinois EPA risk goal  (1x10-6).  T he major 

contributors to c ancer r isk at  Site 19 are arsenic a nd P AHs (benzo(a)anthracene, BaP, 

benzo(b)fluoranthene, chrysene, and dibenzo(a,h)anthracene).  

 

6.8.3  Human Health Risk Assessment Contaminants of Concern  

Based o n t he non -cancer and c ancer ev aluations, t he f ollowing c ontaminants w ith non -cancer HQs 

greater than 1.0 or with cancer risks greater than 1x10-6 in a scenario with total cancer risks greater than 

1x10-4 were identified as  C OCs: arsenic and P AHs ( benzo(a)anthracene, BaP, ben zo(b)fluoranthene, 

chrysene, an d di benzo(a,h)anthracene) in gr oundwater potentially used as  d rinking w ater; ar senic an d 

carcinogenic PAHs for residential exposure to surface soil; and inhalation of manganese in surface and 

subsurface soil by construction workers.  

 

No c hemicals in  s oil a nd groundwater were el iminated as COPCs on t he basis of  c omparisons t o 

background concentrations.  However, it is important to remember that most PAHs selected as COPCs in 

exposed surface s oil w ere detected at m aximum c oncentrations that d id not  exceed s urface soil 

background dat a.  Based on t his i nformation and Illinois E PA d etermination of P AH bac kground ur ban 

concentrations, it is possible that these PAHs could be attributed to background conditions and inclusion of 
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these chemicals as COPCs may result in an overestimation of total risks for this site.  In addition, based on 

the Illinois EPA Summary of  Selected Background Conditions for Inorganics in Soil study, it is  possible 

that the arsenic and manganese concentrations could also be attributed to background conditions and the 

inclusion of these chemicals may result in an overestimation of total risks for this site. 

 



FIGURE 6-1

HUMAN HEALTH CONCEPTUAL SITE MODEL
SITE 19 - SMALL ARMS RANGE  910

NAVAL STATION GREAT LAKES, ILLINOIS
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TABLE 6-1

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE SOIL - DIRECT CONTACT AND INHALATION
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Parameter Frequency 
of Detection Units

Location of 
Maximum 

Detect

Sample of Maximum 
Detect

Range of Non 
Detects

Background 
Concentration(4)

ORNL 
Residential 

Soil Criteria(5)

USEPA SSLs for 
Migration from 

Soil to Air - 
Residential(3a)

 USEPA 
Industrial SSLs 
for Inhalation(3b)

SSLs for 
Inhalation 

Construction 
Worker 

Scenario(6)

TACO - 
Residential 

Soil 
Ingestion(8)

TACO - 
Residential 

Soil 
Inhalation(8)

TACO - 
Industrial - 

Commercial 
Inhalation(8)

TACO - 
Construction 
Worker Soil 
Inhalation(8)

NON-TACO - 
Residential 

Soil 
Ingestion(9)

NON-TACO - 
Residential 

Soil 
Inhalation(9)

NON-TACO - 
Industrial/ 

Commercial/S
oil Inhalation(9)

NON-TACO - 
Construction 
Worker Soil 
Inhalation(9)

COPC 
Flag(7)

Rationale for 
Contaminant 
Deletion or 
Selection

Volatile Organics (ug/kg)
2-BUTANONE 2/12 1.6 2.5 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.2 - 1.8 NA 2800000 NA NA 1800000000 NA NA NA NA NA NA NA NA No BSL
ACETONE 6/12 4.3 J 29 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.9 - 2.5 NA 6100000 NA NA 11000000000 7000000 100000000 100000000 100000000 NA NA NA NA No BSL
Polynuclear Aromatic Hydrocarbons (ug/kg)
2-METHYLNAPHTHALENE 6/12 2 53 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.9 - 2.1 140 31000 NA NA NA NA NA NA NA NA NA NA NA No BSL
ACENAPHTHENE 7/12 1.6 240 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.4 - 1.5 130 340000 NA NA NA 470000 NA NA NA NA NA NA NA No BSL
ACENAPHTHYLENE(12) 7/12 1.4 74 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.3 - 1.4 70 340000 NA NA NA NA NA NA NA 230000 NA NA NA No BSL
ANTHRACENE 8/12 2.1 590 UG/KG NTC19SB11 NTC19SB11-SO-0002 0.9 - 0.97 400 1700000 NA NA NA 2300000 NA NA NA NA NA NA NA No BSL
BAP EQUIVALENTS 11/12 1.6641 1758.8 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.2 - 1.2 NA 15 NA NA NA NA NA NA NA NA NA NA NA Yes ASL
BENZO(A)ANTHRACENE 10/12 2.3 1700 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.6 - 1.7 1800 150 NA NA 2300000 900 NA NA NA NA NA NA NA Yes ASL
BENZO(A)PYRENE 10/12 4.2 1200 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.1 - 1.2 2100 15 NA NA 230000 90 NA NA NA NA NA NA NA Yes ASL
BENZO(B)FLUORANTHENE 9/12 6.7 1700 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.7 - 1.9 2100 150 NA NA 2300000 900 NA NA NA NA NA NA NA Yes ASL
BENZO(G,H,I)PERYLENE(13) 10/12 3.4 940 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.7 - 1.8 1700 170000 NA NA NA 230000 NA NA NA 230000 NA NA NA No BSL
BENZO(K)FLUORANTHENE 9/12 2.7 460 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.4 - 1.5 1700 1500 NA NA 2300000 9000 NA NA NA NA NA NA NA No BSL
CHRYSENE 11/12 2.4 1900 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.3 - 1.3 2700 15000 NA NA 23000000 88000 NA NA NA NA NA NA NA No BSL
DIBENZO(A,H)ANTHRACENE 5/12 4.8 J 160 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.7 - 1.9 420 15 NA NA 210000 90 NA NA NA NA NA NA NA Yes ASL
FLUORANTHENE 10/12 2.2 5100 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.9 - 2 4100 230000 NA NA NA 310000 NA NA NA NA NA NA NA No BSL
FLUORENE 7/12 1.8 250 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.4 - 1.5 180 230000 NA NA NA 310000 NA NA NA NA NA NA NA No BSL
INDENO(1,2,3-CD)PYRENE 9/12 4.4 730 UG/KG NTC19SB19 NTC19SB20-SO-0002 1.7 - 1.9 1600 150 NA NA 2300000 900 NA NA NA NA NA NA NA Yes ASL
NAPHTHALENE 3/12 4.9 62 UG/KG NTC19SB11 NTC19SB11-SO-0002 2.6 - 28 200 3600 17000 24000 7300000 160000 17000 27000 1800 NA NA NA NA No BSL
PHENANTHRENE(13) 10/12 4.2 3200 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.9 - 2 2500 170000 NA NA NA 230000 NA NA NA 230000 NA NA NA No BSL
PYRENE 11/12 2.4 3500 UG/KG NTC19SB11 NTC19SB11-SO-0002 1.9 - 1.9 3000 170000 NA NA NA 230000 NA NA NA NA NA NA NA No BSL
Inorganics (mg/kg)
ALUMINUM 16/16 6640 19300 MG/KG NTC19SB06 NTC19SB06-SO-0001 --- 9500 7700 NA NA 1800 NA NA NA NA 7800 100000 100000 87000 Yes ASL
ANTIMONY 1/13 1.2 1.2 MG/KG NTC19SB17 NTC19SB17-SO-0002 --- 4 3.1 NA NA NA 3.1 NA NA NA NA NA NA NA No BSL
ARSENIC 16/16 5.2 32.2 MG/KG NTC19SB10 NTC19SB10-SO-0002 --- 13 0.39 770 1400 5.3 13 750 1200 25000 NA NA NA NA Yes ASL
BARIUM 16/16 31.5 188 MG/KG NTC19SB06 NTC19SB06-SO-0001 --- 110 1500 71000 100000 180 550 69000 91000 87000 NA NA NA NA Yes(16) ASL
BERYLLIUM 16/16 0.49 2 MG/KG NTC19SB11 NTC19SB11-SO-0002 --- 0.59 16 1400 2600 7.1 16 1300 2100 44000 NA NA NA NA No BSL
CADMIUM 14/16 0.25 0.92 J MG/KG NTC19SB06 NTC19SB06-SO-0001 0.22 - 0.24 0.6 7 1800 3400 3.6 7.8 1800 2800 59000 NA NA NA NA No BSL
CALCIUM 16/16 5210 J 111000 J MG/KG NTC19SB07 NTC19SB07-SO-0001 --- 9300 NA NA NA NA NA NA NA NA NA NA NA NA No BSL
CHROMIUM 16/16 13 J 32.6 J MG/KG NTC19SB17 NTC19SB17-SO-0002-D --- 16.2 0.29 280 510 3 23 270 420 69 NA NA NA NA Yes ASL
COBALT 16/16 5 13.3 MG/KG NTC19SB10 NTC19SB10-SO-0002 --- 8.9 2.3 NA NA 2.1 470 NA NA NA NA NA NA NA Yes ASL
COPPER 16/16 17.5 53.6 MG/KG NTC19SB17 NTC19SB17-SO-0002 --- 19.6 310 NA NA NA 290 NA NA NA NA NA NA NA No BSL
IRON 16/16 14600 36800 MG/KG NTC19SB10 NTC19SB10-SO-0002 --- 15900 5500 NA NA NA NA NA NA NA 5500 NA NA NA Yes ASL
LEAD 16/16 9.5 J 480 J MG/KG NTC19SB03 NTC19SB03-SO-0001 --- 36 400 NA NA NA 400 NA NA NA NA NA NA NA Yes ASL
MAGNESIUM 16/16 5270 J 62100 MG/KG NTC19SB07 NTC19SB07-SO-0001 --- 4820 NA NA NA NA 325000 NA NA NA NA NA NA NA No BSL
MANGANESE 16/16 336 1820 J MG/KG NTC19SB16 NTC19SB16-SO-0103 --- 636 180 NA NA 18 160 6900 9100 870 NA NA NA NA Yes ASL
MERCURY 15/16 0.018 0.47 MG/KG NTC19SB06 NTC19SB06-SO-0001 0.015 - 0.015 0.06 0.56 1 1.4 10.7 2.3 1 1.6 NA(15) NA NA NA NA No ASL
NICKEL(14) 16/16 14 47.9 J MG/KG NTC19SB17 NTC19SB17-SO-0002-D --- 18 150 14000 26000 32 160 13000 21000 440000 NA NA NA NA Yes(16) BSL
POTASSIUM 16/16 1030 2720 MG/KG NTC19SB11 NTC19SB11-SO-0002 --- 1268 NA NA NA NA NA NA NA NA NA NA NA NA No BSL
SILVER 3/16 0.44 1 MG/KG NTC19SB06 NTC19SB06-SO-0001 0.22 - 0.25 0.55 39 NA NA NA 39 NA NA NA NA NA NA NA No BSL
SODIUM 4/16 239 565 MG/KG NTC19SB11 NTC19SB11-SO-0002 220 - 256 130 NA NA NA NA NA NA NA NA NA NA NA NA No BSL
VANADIUM 16/16 16.4 37.1 MG/KG NTC19SB06 NTC19SB06-SO-0001 --- 25.2 39 NA NA NA 55 NA NA NA NA NA NA NA No BSL
ZINC 16/16 40 250 J MG/KG NTC19SB06 NTC19SB06-SO-0001 --- 95 2300 NA NA NA 2300 NA NA NA NA NA NA NA No BSL

Associated Samples: Footnotes:
NTC19SB01-SO-0002 1 - Sample and duplicate are counted as two separate samples when determining the minimum and maximum detected concentrations.
NTC19SB03-SO-0001 2 - The maximum detected concentration is used for screening purposes
NTC19SB03-SO-0103 3a - Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites; USEPA, OSWER 9355.4-24, December 2002.  Appendix A Exhibit A-1
NTC19SB06-SO-0001 3b - Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites; USEPA, OSWER 9355.4-24, December 2002.  Appendix A Exhibit A-2
NTC19SB11-SO-0002 4 - Background data used - Illinois EPA background concentration (Illinois EPA, Appendix A, Table G of TACO)
NTC19SB12-SO-0002 5 - USEPA ORNL Screening Level.  The noncarcinogenic values (denoted with a "N" flag) are the ORNL value divided by 10 to correspond to a target hazard quotient
NTC19SB13-SO-0103      of 0.1.  Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)  (USEPA Region IX, October 2004, Updated December 28, 2004).
NTC19SB15-SO-0103 6 - Soil Screening Levels for Migration from Soil to Air for Construction Worker Scenario were calculated by Tetra Tech, NUS using methodology and equations presented in the Supplemental Guidance For Developing Soil Screening Levels for Superfund Sites, OSWER 93355.4-24, December 2002.
NTC19SB07-SO-0001 7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
NTC19SB08-SO-0103 8 - Section 742 Table A, Tier 1, Soil Remediation Objectives - Residential/Industrial/Commercial (Ingestion or Inhalation)(Online, 2009)
NTC19SB09-SO-0002 9 - Soil Remediation Objectives for Residential/Industrial/Commercial roperties, Non-TACO Chemicals (2009)
NTC19SB10-SO-0002 10 - Ten percent of the noncarcinogenic value is less than the carcinogenic value, therefore the noncarcinogenic value is presented.
NTC19SB16-SO-0103 11 - Values are for hexavalent chromium.
NTC19SB16-SO-0103-AVG 12 - Acenaphthene is used as a surrogate for acenaphthylene
NTC19SB16-SO-0103-D 13 - Pyrene is used as a surrogate for benzo(ghi)perylene and phenanthrene
NTC19SB17-SO-0002 14 - Nickle criteria based on nickle soluble salts
NTC19SB17-SO-0002-AVG 15 - TACO table footnote indicates that elemental Hg " Inhalation remediation objective only applies at sites where elemental mercury is a contaminant of concern."  Site 19 is a former gun range and elemental mercury is not a contaminant of concern at this site.
NTC19SB17-SO-0002-D 16 - COPC flag for construction worker inhalation scenario only
NTC19SB19-SO-0002 BAP equivalent criteria based on BaP
NTC19SB20-SO-0002 Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the 

chemical was retained as a COPC.

Minimum 
Result(1)

Maximum 
Result(1,2)



TABLE 6-2

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL - DIRECT CONTACT AND INHALATION
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

CAS #

Parameter Frequency of 
Detection

ORNL Residential 
Soil Criteria (5)

USEPA SSLs for 
Migration from 

Soil to Air - 
Residential(6a)

USEPA 
Industrial SSLs 

for 
Inhalation(6b)

SSLs for 
Inhalation 

Construction 
Worker 

Scenario(7)

TACO - 
Residential 

Soil 
Ingestion(8)

TACO - 
Residential 

Soil 
Inhalation(8)

TACO - 
Industrial - 

Commercial 
Inhalation (9)

TACO - 
Construction 
Worker Soil 
Inhalation(9)

Non-TACO - 
Residential 

Soil 
Ingestion(10)

Non-TACO - 
Residential 

Soil 
Inhalation(10)

Non-TACO - 
Industrial/Commercial/S

oil Inhalation (11)

Non-TACO - 
Construction 
Worker Soil 
Inhalation(11)

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 

Selection (12)

Volatile Organics (µg/kg)
108-10-1 4-METHYL-2-PENTANONE (Methyl  1/22 0.65 0.65 530000 N NA NA 1100000000 NA NA NA NA NA 310000 310000 34000 No BSL
67-64-1 ACETONE 12/22 2.3 J 12 6100000 N NA NA 11000000000 7000000 100000000 100000000 100000000 NA NA NA NA No BSL
75-69-4 TRICHLOROFLUOROMETHANE 1/22 3.9 3.9 79000 N NA NA 250000000 NA NA NA NA NA NA NA NA No BSL

Polynuclear Aromatic Hydrocarbons (µg/kg)
91-57-6 2-METHYLNAPHTHALENE 4/22 2.2 6.5 31000 N NA NA NA NA NA NA NA NA NA NA NA No BSL

208-96-8 ACENAPHTHYLENE(13) 1/22 1.7 1.7 340000 N NA NA NA NA NA NA NA 230000 NA NA NA No BSL
120-12-7 ANTHRACENE 1/22 4.2 4.2 1700000 N NA NA NA 2300000 NA NA NA NA NA NA NA No BSL
CALC055 BAP EQUIVALENTS 8/22 1.6637 26.7 15 C NA NA NA NA NA NA NA NA NA NA NA Yes ASL
56-55-3 BENZO(A)ANTHRACENE 3/22 15 20 150 C NA NA 2300000 900 NA NA NA NA NA NA NA No BSL
50-32-8 BENZO(A)PYRENE 6/22 7.1 22 15 C NA NA 230000 90 NA NA NA NA NA NA NA Yes ASL

205-99-2 BENZO(B)FLUORANTHENE 3/22 15 18 150 C NA NA 2300000 900 NA NA NA NA NA NA NA No BSL
191-24-2 BENZO(G,H,I)PERYLENE 19/ 2.2 11 170000 N NA NA NA 230000 NA NA NA 230000 NA NA NA No
207-08-9 BENZO(K)FLUORANTHENE 3/22 4.5 8.3 1500 C NA NA 2300000 9000 NA NA NA NA NA NA NA No BSL
218-01-9 CHRYSENE 6/22 2.4 18 15000 C NA NA 23000000 880000 NA NA NA NA NA NA NA No BSL
206-44-0 FLUORANTHENE 5/22 3 28 230000 N NA NA NA 310000 NA NA NA NA NA NA NA No BSL
193-39-5 INDENO(1,2,3-CD)PYRENE 3/22 6.5 7.4 150 C NA NA 2300000 900 NA NA NA NA NA NA NA No BSL
85-01-8 PHENANTHRENE(14) / 2.4 17 170000 N NA NA NA 230000 NA NA NA 230000 NA NA NA No

129-00-0 PYRENE 12/22 2 27 170000 N NA NA NA 230000 NA NA NA NA NA NA NA No BSL
Inorganics (mg/kg)

7429-90-5 ALUMINUM 22/22 4500 14700 7700 N NA NA 1800 NA NA NA NA 7800 100000 100000 87000 Yes ASL
7440-38-2 ARSENIC 22/22 4 25.1 0.39 C 770 1440 5.3 13 750 1200 25000 NA NA NA NA Yes ASL
7440-39-3 BARIUM 22/22 10.9 81.9 1500 N 71000 100000 180 550 69000 91000 87000 NA NA NA NA No BSL
7440-41-7 BERYLLIUM 22/22 0.36 0.94 16 N 1400 2600 7.1 16 1300 2100 44000 NA NA NA NA No BSL
7440-43-9 CADMIUM 13/22 0.23 J 0.43 J 7 N 1800 3400 3.6 7.8 1800 2800 59000 NA NA NA NA No BSL
7440-70-2 CALCIUM 22/22 2850 J 119000 J NA N NA NA NA NA NA NA NA NA NA NA NA No BSL
7440-47-3 CHROMIUM 22/22 9 25.8 0.29 N 280 510 3 23 270 420 69 NA NA NA NA Yes ASL
7440-48-4 COBALT 22/22 5.2 22.1 2.3 N NA NA 2.1 470 NA NA NA NA NA NA NA Yes ASL
7440-50-8 COPPER 22/22 15.4 34.2 310 N NA NA NA 290 NA NA NA NA NA NA NA No BSL
7439-89-6 IRON 22/22 12200 34900 5500 N NA NA NA NA NA NA NA 5500 NA NA NA Yes ASL
7439-92-1 LEAD 22/22 8.1 54.8 J 400 N NA NA NA 400 NA NA NA NA NA NA NA No BSL
7439-95-4 MAGNESIUM 22/22 6440 J 56300 NA N NA NA NA 325000 NA NA NA NA NA NA NA No BSL
7439-96-5 MANGANESE 22/22 421 1600 180 N NA NA 18 160 6900 9100 870 NA NA NA NA Yes ASL
7439-97-6 MERCURY 13/22 0.013 0.049 0.56 N 1 1.4 10.7 2.3 1 1.6 NA(16) NA NA NA NA No BSL
7440-02-0 NICKEL(15) 22/22 14.9 48.8 150 N 14000 26000 32 160 13000 21000 440000 NA NA NA NA Yes(17) BSL
7440-09-7 POTASSIUM 22/22 1210 2950 J NA N NA NA NA NA NA NA NA NA NA NA NA No BSL
7440-23-5 SODIUM 2/22 241 249 NA N NA NA NA NA NA NA NA NA NA NA NA No BSL
7440-62-2 VANADIUM 22/22 12.7 29.8 39 N NA NA NA 55 NA NA NA NA NA NA NA No BSL
7440-66-6 ZINC 22/22 37.5 140 J 2300 N NA NA NA 2300 NA NA NA NA NA NA NA No BSL

Associated Samples: Footnotes: Definitions:
NTC19SB12-SO-0507 NTC19SB01-SO-0608 1 - Sample and duplicate are counted as two separate samples when determining  minimum and maximum detected concentrations. C = Carcinogen
NTC19SB14-SO-0204 NTC19SB02-SO-0204 2 -  The maximum detected concentration is used for screening purposes. COPC = Chemical of potential concern
NTC19SB14-SO-0507 NTC19SB03-SO-0810 3 - Values presented are sample-specific quantitation limits. J = Estimated value
NTC19SB15-SO-0406 NTC19SB04-SO-0204 4 -  If the maximum concentration of a chemical is less than the Illinois EPA background concentration (illinois EPA, Appendix A, Table G of TACO), that chemical is not selected as a COPC. N = Non-carcinogen
NTC19SB18-SO-0204 NTC19SB05-SO-0406 5 - USEPA ORNL Screening Level.  The non-carcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to correspond to a target hazard quotient NA = Not applicable.
NTC19SB18-SO-0406 NTC19SB05-SO-0608      of 0.1.  Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)  (USEPA, 2008).
NTC19SB19-SO-0406 NTC19SB06-SO-0204 6a - Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites; USEPA, OSWER 9355.4-24, December 2002.  Appendix A – Exhibit A-1 Rationale Codes:
NTC19SB20-SO-0406 NTC19SB06-SO-0608 6b - Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites; USEPA, OSWER 9355.4-24, December 2002.  Appendix A – Exhibit A-2 For Selection as a COPC:
NTC19SB15-SO-0406-D NTC19SB07-SO-0507 7 - Soil Screening Levels for Migration from Soil to Air for Construction Worker Scenario were calculated by Tetra Tech, NUS using methodology and equations presented in the Supplemental Guida                  ASL = Above COPC screening level
NTC19SB16-SO-0507 NTC19SB08-SO-0406 8 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(online , 2009).
NTC19SB17-SO-0406 NTC19SB09-SO-0406 9 - Section 742 Table B, Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties (Ingestion or Inhalation) (online , 2009). For Elimination as a COPC:

NTC19SB10-SO-0507 10 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (2007).      BSL = Below COPC screening level
11 - Soil Remediation Objectives for Indusrial/Commercial Properties, Non-TACO Chemicals ( 2007).      NUT = Essential nutrient
12 -The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and background levels for metals.
13 - Acenaphthene is used as a surrogate for acenaphthylene.
14 - Pyrene is used as a surrogate for benzo(ghi)perylene and phenanthrene.
15 - Nickle criteria are based on nickle soluble salts
16 - TACO table footnote indicates that elemental Hg " Inhalation remediation objective only applies at sites where elemental mercury is a contaminant of concern."  Site 19 is a former gun range and elemental mercury is not a contaminant of concern at this site.
17 - COPC flag for construction worker inhalation scenario only
BAP equivalent criteria based on BaP
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the 
chemical was retained as a COPC.

Minimum 
Result(1)

Maximum 
Result(1,2)



TABLE 6-3

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

CAS # Parameter Frequency of 
Detection Units

Location of 
Maximum 

Concentration

Sample with Maximum 
Concentration

Range of Non-
detects (3)

USEPA ORNL 
Residential Tap 
Water Criteria (4)

USEPA MCL 
(5)

TACO - Class I 
Groundwater 

Criteria (6)

Non-TACO - Class 
I Groundwater 

Criteria (7)

Concentration 
Used for Vapor 

Intrusion 
Screening (8)

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection (9)

Volatile Organics (µg/L)
67-64-1 ACETONE 1/2 8.5 8.5 UG/L NTC19MW02 NTC19MW021208 1.8 - 1.8 2200 N NA 6300 NA 220000 No BSL
108-88-3 TOLUENE 1/2 0.22 0.22 UG/L NTC19MW02 NTC19MW021208 0.14 - 0.14 230 N 1000 1000 NA 1500 No BSL

Polynuclear Aromatic Hydrocarbons (µg/L)
91-57-6 2-METHYLNAPHTHALENE 2/2 0.0093 0.017 UG/L NTC19MW02 NTC19MW021208  --- 15 N NA NA 28 NA No BSL
83-32-9 ACENAPHTHENE 1/2 0.02 0.02 UG/L NTC19MW02 NTC19MW021208 0.0057 - 0.0058 220 N NA 420 NA NA No BSL
208-96-8 ACENAPHTHYLENE (10) 1/2 0.016 0.016 UG/L NTC19MW02 NTC19MW021208 0.0047 - 0.0048 220 N NA NA 210 NA No BSL
120-12-7 ANTHRACENE 1/2 0.026 0.026 UG/L NTC19MW02 NTC19MW021208 0.0094 - 0.0096 1100 N NA 2100 NA NA No BSL
CALC055 BAP EQUIVALENTS 1/2 0.037795 0.037795 UG/L NTC19MW02 NTC19MW021208 0.0057 - 0.0058 0.0029 C 0.2 0.2 NA NA Yes ASL
56-55-3 BENZO(A)ANTHRACENE 1/2 0.036 J 0.036 J UG/L NTC19MW02 NTC19MW021208 0.012 - 0.012 0.029 C NA 0.13 NA NA Yes ASL
50-32-8 BENZO(A)PYRENE 1/2 0.018 0.018 UG/L NTC19MW02 NTC19MW021208 0.0057 - 0.0058 0.0029 C 0.2 0.2 NA NA Yes ASL
205-99-2 BENZO(B)FLUORANTHENE 1/2 0.019 0.019 UG/L NTC19MW02 NTC19MW021208 0.011 - 0.012 0.029 C NA 0.18 NA NA No BSL
191-24-2 BENZO(G,H,I)PERYLENE 1/2 0.013 0.013 UG/L NTC19MW02 NTC19MW021208 0.0066 - 0.0067 110 N NA NA 210 NA No BSL
207-08-9 BENZO(K)FLUORANTHENE (11) 1/2 0.016 0.016 UG/L NTC19MW02 NTC19MW021208 0.0085 - 0.0086 0.29 C NA 0.17 NA NA No BSL
218-01-9 CHRYSENE 1/2 0.035 0.035 UG/L NTC19MW02 NTC19MW021208 0.01 - 0.01 2.9 C NA 1.5 NA NA No BSL
53-70-3 DIBENZO(A,H)ANTHRACENE 1/2 0.013 0.013 UG/L NTC19MW02 NTC19MW021208 0.0047 - 0.0048 0.0029 C NA 0.3 NA NA Yes ASL
206-44-0 FLUORANTHENE 1/2 0.03 0.03 UG/L NTC19MW02 NTC19MW021208 0.012 - 0.012 150 N NA 280 NA NA No BSL
86-73-7 FLUORENE 1/2 0.028 0.028 UG/L NTC19MW02 NTC19MW021208 0.0066 - 0.0067 150 N NA 280 NA NA No BSL
193-39-5 INDENO(1,2,3-CD)PYRENE 1/2 0.011 0.011 UG/L NTC19MW02 NTC19MW021208 0.0038 - 0.0038 0.029 C NA 0.43 NA NA No BSL
85-01-8 PHENANTHRENE (11) 2/2 0.0091 0.038 UG/L NTC19MW02 NTC19MW021208  --- 110 N NA NA 210 NA No BSL
129-00-0 PYRENE 1/2 0.03 0.03 UG/L NTC19MW02 NTC19MW021208 0.012 - 0.012 110 N NA 210 NA NA No BSL

Inorganics (µg/L)
7429-90-5 ALUMINUM 2/2 134 272 UG/L NTC19MW02 NTC19MW021208  --- 3700 N NA NA 3500 NA No BSL
7440-38-2 ARSENIC 1/2 3.3 3.3 UG/L NTC19MW01 NTC19MW011208-D 3 - 3 0.045 C 10 50 NA NA Yes ASL
7440-39-3 BARIUM 2/2 51.8 167 UG/L NTC19MW02 NTC19MW021208  --- 730 N 2000 2000 NA NA No BSL
7440-70-2 CALCIUM 2/2 88100 J 116000 J UG/L NTC19MW01 NTC19MW011208-D  --- NA NA NA NA NA No BSL
7439-89-6 IRON 2/2 182 489 UG/L NTC19MW02 NTC19MW021208  --- 2600 N NA NA 5000 NA No BSL
7439-95-4 MAGNESIUM 2/2 46200 48900 UG/L NTC19MW01 NTC19MW011208-D  --- NA NA NA NA NA No BSL
7439-96-5 MANGANESE 2/2 35.8 39.6 UG/L NTC19MW02 NTC19MW021208  --- 88 N NA 150 NA NA No BSL
7440-09-7 POTASSIUM 2/2 7860 9120 UG/L NTC19MW01 NTC19MW011208-D  --- NA NA NA NA NA No BSL
7440-23-5 SODIUM 2/2 36900 70300 UG/L NTC19MW01 NTC19MW011208-D  --- NA NA NA NA NA No BSL
7440-66-6 ZINC 1/2 9.4 9.4 UG/L NTC19MW02 NTC19MW021208 5 - 5 1100 N NA 5000 NA NA No BSL

Footnotes: Definitions: Associated Samples:
1 - Sample and duplicate are counted as two separate samples when determining minimum and maximum detected concentrations. C = Carcinogen NTC19MW011208
2 -  The maximum detected concentration is used for screening purposes. COPC = Chemical of potential concern NTC19MW011208-D
3 - Values presented are sample-specific quantitation limits. J = Estimated value NTC19MW021208
4 - USEPA ORNL Tap Water Screening Level.  The non-carcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to correspond to a target hazard quotient N = Non-carcinogen
     of 0.1.  Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)  (USEPA, 2008). NA = Not applicable/not available.
5 - Federal Maximum Contaminant Level (USEPA,  2006).
6 - Illinois EPA Remediation Objectives for Class 1 Groundwater (online 2009). Rationale Codes:
7 - Groundwater Remediation Objectives for Chemicals Not Listed in TACO (Illinois EPA, May 1, 2007). For Selection as a COPC:
8 - Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (USEPA,  2002).      ASL = Above COPC screening level
     Values are from Table 2c and correspond to a target cancer risk level of 1E-6 or hazard index =1 and an attenuation factor of 0.001.
9 -The chemical is selected as a COPC if the maximum detected concentration exceeds the drinking water or vapor intrusion screening level. For Elimination as a COPC:
10 - Acenaphthene is used as a surrogate for acenaphthylene.      BSL = Below COPC screening level
11 - Pyrene is used as a surrogate for benzo(ghi)perylene and phenanthrene.      NUT = Essential nutrient

Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the 
chemical was retained as a COPC.

Minimum 
Result(1)

Maximum 
Result(1,2)



TABLE 6-4

CHEMICALS RETAINED AS COPCs
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Groundwater

PAHs/Semivolatile Organic Compounds
BENZO(A)ANTHRACENE X X
BENZO(A)PYRENE X X X
BENZO(B)FLUORANTHENE X
DIBENZO(A,H)ANTHRACENE X X
INDENO(1,2,3-CD)PYRENE X
Inorganics
ALUMINUM X X X
ARSENIC X X X X X
BARIUM X
CHROMIUM X X X X
COBALT X X X X
IRON X X
LEAD X
MANGANESE X X X X
NICKEL X X

Notes:
X - Indicates chemical was retained as a COPC.
*Construction worker scenario (discussed in detail in Sections 6.3.2 and 6.3.3)

Surface Soil Subsurface Soil

Direct Contact Soil to Air*Chemical Direct Contact Soil to Air* Direct Contact



  

TABLE 6-5 
 

HUMAN HEALTH RISK ASSESSMENT 
EXPOSURE ROUTES FOR QUANTITATIVE EVALUATION 

SITE 19 – SMALL ARMS RANGE 910 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 
  

Receptor Exposure Routes 
Maintenance Workers  
(current and future land use) 

• Surface Soil  - Dermal Contact  
• Surface Soil  - Incidental Ingestion 
• Inhalation of Vapor/Dust (from soil) 

Adolescent Trespassers 
(current and future land use) 

• Surface Soil  - Dermal Contact  
• Surface Soil  - Incidental Ingestion 
• Inhalation of Vapor/Dust (from soil) 

Construction Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Inhalation of Vapor/Dust (from soil) 
• Groundwater  - Dermal Contact (during excavation) 
• Groundwater Inhalation of  Volatile O rganics in a 

Trench (during excavation) 
Occupational Workers 
(future land use) 

• Surface Soil  - Dermal Contact  
• Surface Soil  - Incidental Ingestion 
• Inhalation of Vapor/Dust (from soil) 
• Inhalation of Indoor Vapor (from groundwater) 

On-Base Military Residents 
(Adult/Children) (future land use) 

• Surface Soil - Dermal Contact 
• Surface Soil - Incidental Ingestion 
• Inhalation of Vapor/Dust (from soil) 
• Groundwater  - Dermal Contact 
• Groundwater - Ingestion 
• Inhalation of Indoor Vapor (from groundwater) 

On Site Civilian Residents 
(Adult/Children) (future land use) 

• Surface Soil - Dermal Contact 
• Surface Soil - Incidental Ingestion 
• Inhalation of Vapor/Dust (from soil) 
• Groundwater - Dermal Contact 
• Groundwater - Ingestion 
• Inhalation of Indoor Vapor (from groundwater) 

 



TABLE 6-6

SUMMARY OF EXPOSURE INPUT PARAMETERS
REASONABLE MAXIMUM EXPOSURES

SITE 19  - SMALL ARMS RANGE 910
NAVAL STATION GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure Parameter Maintenance 
Worker

Adolescent 
Trespasser Construction Worker Occupational 

Worker
On-Site Adult 

Resident
On-Site Child 

Resident
All Exposures

Csoil (mg/kg) Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Cgw (µg/L) NA NA Maximum  Maximum  Maximum  Maximum  
EF (days/year) 250(3) 26(4) 30(2) 250(4) 350(5) 350(5)

ED (years) 25(3) 10(6) 1(4) 25(3) 24(5) 6(5)

BW (kg) 70(5) 42(7) 70(5) 70(5) 70(5) 15(5)

ATn (days) 9,125(9) 3,650(9) 42(8) 9,125(9) 8,760(9) 2,190(9)

ATc (days) 25,550(9) 25,550(9) 25,550(9) 25,550(9) 25,550(9) 25,550(9)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 100(5) 100(5) 330(10) 100(5) 100(5) 200(5)

FI (unitless) 1(5) 1(5) 1(5) 1(5) 1(5) 1(5)

SA (cm2/day) 3,300(11) 3,280(7) 3,300(11) 3,300(11) 5,700(11) 2,800(11)

AF (mg/cm2) 0.2(11) 0.2(11) 0.3(11) 0.2(11) 0.07(11) 0.2(11)

ABS (unitless) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(10) calculated(10) calculated(10) calculated(10) calculated(10) calculated(10)

InhR (m3/hour) 2.5(10) 1.9(7) 2.5(7) 2.5(10) 20 m3/day(10) 10 m3/day(7)

ET (hours/day) 8(10) 2(4) 8(12) 8(10) 24(10) 24(7)

PEF (m3/kg) 1.36E+9(10) 1.36E+9(10) 1.27 x 106(10) 1.36E+9(10) 1.36E+9(10) 1.36E+9(10)

VF (m3/kg) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10)

Ingestion/Dermal Contact with Groundwater 
IRgw (L/day) NA NA NA NA 2(5) 1.5(7)

ET (hours/day) and tevent 

(hours/event)
NA NA 4(4) NA 0.33(4) 0.33(4)

EV (events/day) NA NA 1(4) NA 1(4) 1(4)

A (cm2/day) NA NA 3,300(11) NA 18,000(11) 6,600(11)

Kp (cm/hour) NA NA chemical-specific(11) NA chemical-specific(11) chemical-specific(11)



TABLE 6-6

SUMMARY OF EXPOSURE INPUT PARAMETERS
REASONABLE MAXIMUM EXPOSURES

SITE 19  - SMALL ARMS RANGE 910
NAVAL STATION GREAT LAKES, ILLINOIS

PAGE 2 OF 2

Exposure Parameter Maintenance 
Worker

Adolescent 
Trespasser Construction Worker Occupational 

Worker
On-Site Adult 

Resident
On-Site Child 

Resident
t* (hours), τ (hour), and B 
(unitless) NA NA chemical-specific(11) NA chemical-specific(11) chemical-specific(11)

Inhalation of Volatile Emissions while Showering
Cair (mg/m3) NA NA NA NA Calculated(13) Calculated(13)

InhR (m3/hour) NA NA NA NA 0.6(9) 0.6(9)

ET (hours/day) NA NA NA NA 0.33(4) 0.33(4)

Inhalation of Volatile Emissions from Groundwater by Vapor Intrusion and in a Trench (Construction Workers)
Cair (mg/m3) NA NA calculated(14) calculated(15) calculated(15) calculated(15)

InhR (m3/hour) NA NA 2.5(7) 2.5(10) 0.833(10) 0.42(7)

ET (hours/day) NA NA 4(4) 8(10) 24(10) 24(7)

A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate
B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil Exposure concentration for soil τ             Lag time
Cgw Exposure concentration for groundwater t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - USEPA, 2002. 8 - Illinois EPA, 2003. 15 - USEPA, 2004
2 - Illinois EPA, 2004. 9 - USEPA, 1989
3 - USEPA, 1991 10 - USEPA, 2002 Note: The exposure factors for future civilian and military 
4- Professional judgment. 11 - USEPA, 2004   residents are the same, except for exposure duration (ED) for 
5 - USEPA, 1993 12 - Assume an 8-hour work shift.   adult military residents.  Exposure duration for adult military 
6 - Adolescents ages 7 to 16 years old. 13 - Foster, S.A. and P.C. Chrostowski, 1987   residents was assumed to be the typical enlistment times of 6 
7 - USEPA, 1997 14 - VDEQ, 2004   years for the RME and CTE.



TABLE 6-7

SUMMARY OF EXPOSURE INPUT PARAMETERS
CENTRAL TENDENCY EXPOSURES
SITE 19  - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS
PAGE 1 OF 2

Exposure Parameter Maintenance 
Worker

Adolescent 
Trespasser Construction Worker Occupational 

Worker
On-Site Adult 

Resident
On-Site Child 

Resident
All Exposures

Csoil (mg/kg) Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Maximum or                
95% UCL(1)

Cgw (µg/L) NA NA Maximum  Maximum  Maximum  Maximum  
EF (days/year) 219(3) 13(4) 30(2) 219(4) 234(3) 234(3)

ED (years) 9(3) 10(5) 1(4) 9(3) 7(3) 2(3)

BW (kg) 70(3) 42(6) 70(3) 70(3) 70(3) 15(3)

ATn (days) 3,285(8) 3,650(8) 42(7) 3,285(8) 2,555(8) 730(8)

ATc (days) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 50(9) 50(9) 165(9) 50(9) 50(9) 100(9)

FI (unitless) 1(3) 1(3) 1(3) 1(3) 1(3) 1(3)

SA (cm2/day) 3,300(10) 3,100(6) 3,300(10) 3,300(10) 5,700(10) 2,800(10)

AF (mg/cm2) 0.02(10) 0.04(10) 0.1(10) 0.02(10) 0.01(10) 0.04(10)

ABS (unitless) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11)

InhR (m3/hour) 1.5(6) 1.2(6) 1.5(6) 1.5(6) 20 m3/day(11) 10 m3/day(6)

ET (hours/day) 4(9) 1(9) 4(9) 4(9) 24(11) 24(6)

PEF (m3/kg) 1.36E+9(11) 1.36E+9(11) 1.27 x 106(11) 1.36E+9(11) 1.36E+9(11) 1.36E+9(11)

VF (m3/kg) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11)

Ingestion/Dermal Contact with Groundwater 
IRgw (L/day) NA NA NA NA 1.4(3) 0.66(6)

ET (hours/day) and tevent 

(hours/event)
NA NA 2(8) NA 0.25(4) 0.25(4)

EV (events/day) NA NA 1(4) NA 1(4) 1(4)

A (cm2/day) NA NA 3,300(10) NA 18,000(10) 6,600(10)

Kp (cm/hour) NA NA chemical-specific(10) NA chemical-specific(10) chemical-specific(10)



TABLE 6-7

SUMMARY OF EXPOSURE INPUT PARAMETERS
CENTRAL TENDENCY EXPOSURES
SITE 19  - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS
PAGE 2 OF 2

Exposure Parameter Maintenance 
Worker

Adolescent 
Trespasser Construction Worker Occupational 

Worker
On-Site Adult 

Resident
On-Site Child 

Resident
t* (hours), τ (hour), and B 
(unitless) NA NA chemical-specific(10) NA chemical-specific(10) chemical-specific(10)

Inhalation of Volatile Emissions while Showering
Cair (mg/m3) NA NA NA NA Calculated(12) Calculated(12)

InhR (m3/hour) NA NA NA NA 0.6(8) 0.6(8)

ET (hours/day) NA NA NA NA 0.25(4) 0.25(4)

Inhalation of Volatile Emissions from Groundwater by Vapor Intrusion and in a Trench (Construction Workers)
Cair (mg/m3) NA NA calculated(13) calculated(14) calculated(14) calculated(14)

InhR (m3/hour) NA NA 1.5(6) 1.5(5) 0.833(11) 0.42(6)

ET (hours/day) NA NA 2(9) 8(11) 24(11) 24(11)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate
B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil Exposure concentration for soil τ             Lag time
Cgw Exposure concentration for groundwater t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - USEPA, 2002 7 - Illinois EPA,  2003. 13 - VDEQ 2004 14 - USEPA, 2004
2 - Illinois EPA, 2004. 8 - USEPA, 1989 Note: The exposure factors for future civilian and military 
3 - USEPA, 1993 9 - CTE is assumed to be 1/2 the RME value.   residents are the same, except for exposure duration (ED) for 
4 - Professional judgment. 10 - USEPA, 2004   adult military residents.  Exposure duration for adult military 
5 - Adolescents ages 7 to 16 years old. 11 - USEPA, 2002   residents was assumed to be the typical enlistment times of 6 
6 - USEPA, 1997 12 - Foster, S.A. and P.C. Chrostowski, 1987   years for the RME and CTE.



TABLE 6-8

EXPOSURE POINT CONCENTRATIONS FOR COPCs
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Surface Soil(1) Subsurface Soil(1) Groundwater (µg/L)(2) 

(mg/kg) (mg/kg) Maximum (RME and CTE scenarios)
Semivolatile Organic Compounds
BENZO(A)PYRENE EQUIVALENTS 1 0.02 0.038
Inorganics
ALUMINUM 13800 9460
ARSENIC 14.4 12 3.3
BARIUM 98.1
CHROMIUM 22.2 17.5
COBALT 10.8 11.1
IRON 29600 23800
LEAD 92.9(3)

MANGANESE 1050 845
NICKEL 29 27.7

Blank spaces indicate that the chemical was not selected as a COPC for the specified medium.

1 - UCLs calculated using USEPA's ProUCL software, unless otherwise noted. See RAGS Part D Table 3s in Appendix F-1
     for details concerning the UCLs. The 95-percent UCL on the mean (95-percent UCL) used as EPC.
2 - Maximum concentrations are used for the RME and CTE scenarios.
3 - As per IEUBK and ALM guidance, the arithmetic average concentration is used as the EPC for lead.

Chemical of Potential Concern



TABLE 6-9

NON-CANCER TOXICITY DATA - ORAL/DERMAL
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal(2) Primary Combined RfD:Target Organ(s)
of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal(1) Value Units Organ(s) Factors Source Date
Semivolatile Organic Compounds
BENZO(A)ANTHRACENE NA NA NA NA NA NA NA NA NA NA
BENZO(A)PYRENE NA NA NA NA NA NA NA NA NA NA
BENZO(B)FLUORANTHENE NA NA NA NA NA NA NA NA NA NA
DIBENZO(A,H)ANTHRACENE NA NA NA NA NA NA NA NA NA NA
INDENO(1,2,3-CD)PYRENE NA NA NA NA NA NA NA NA NA NA
Inorganics
ALUMINUM Chronic 1.0E+00 mg/kg/day 1 1.0E+00 mg/kg/day CNS 100 NCEA 10/23/2006
ARSENIC Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 4/2009
BARIUM Chronic 2.0E-01 mg/kg/day 0.07 1.4E-02 mg/kg/day Kidney 3/1 IRIS 4/2009

CHROMIUM Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day Fetotoxicity, GS, 
Bone 300/3 IRIS 2/2/2009

COBALT Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Blood NA ORNL 9/12/2008
IRON Chronic 7.0E-01 mg/kg/day 1 7.0E-01 mg/kg/day GS 1.5 NCEA 9/11/2006
LEAD NA NA NA NA NA NA NA NA NA NA
MANGANESE Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 4/2009
MERCURY(3) Chronic 3.0E-04 mg/kg/day 0.07 2.1E-05 mg/kg/day Autoimmune 1000/1 IRIS 2/2/2009

Notes: Definitions:
1 - USEPA, July 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance CNS = Central nervous system

        for Dermal Risk Assessment) Final. EPA/540/R/99/005. CVS = Cardiovascular system

2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. GS = Gastrointestinal System

3 - Values are for mercuric chloride. HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System

NA = Not applicable

NCEA = USEPA National Center for Environmental Assessment

ORNL = Oak Ridge National Laboratory Regional Screening Level Tables, September 2008



TABLE 6-10

NON-CANCER TOXICITY DATA - INHALATION
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Chemical Chronic/ Inhalation RfC Extrapolated RfD(1) Primary Combined RfC : Target Organ(s)
of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)
Semivolatile Organic Compounds
BENZO(A)ANTHRACENE NA NA NA NA NA NA NA NA NA
BENZO(A)PYRENE NA NA NA NA NA NA NA NA NA
BENZO(B)FLUORANTHENE NA NA NA NA NA NA NA NA NA
DIBENZO(A,H)ANTHRACENE NA NA NA NA NA NA NA NA NA
INDENO(1,2,3-CD)PYRENE NA NA NA NA NA NA NA NA NA
Inorganics
ALUMINUM Chronic 5.0E-03 mg/m3 1.4E-03 (mg/kg/day) CNS 300 NCEA 10/23/2006
ARSENIC NA 3.00E-05 mg/m3 8.6E-06 (mg/kg/day) CNS, GI, heart NA CA EPA 2000
BARIUM Chronic 5.0E-04 mg/m3 1.4E-04 (mg/kg/day) Fetus 1000/1 HEAST 7/1997
CHROMIUM Chronic 1.0E-04 mg/m3 NA (mg/kg/day) Respiratory 300/1 IRIS 4/2009
COBALT Chronic 6.0E-06 mg/m3 NA (mg/kg/day) Respiratory NA ORNL 9/12/2008
IRON NA NA NA NA NA NA NA NA NA
LEAD NA NA NA NA NA NA NA NA NA
MANGANESE Chronic 3.00E-04 mg/m3 8.6E-05 (mg/kg/day) CNS 1000/1 IRIS 4/2009
MERCURY NA NA NA NA NA NA NA NA NA

Notes: Definitions:
1  - Extrapolated RfD = RfC *20m3/day / 70 kg IRIS = Integrated Risk Information System

CNS = Central Nervous System
HEAST= Health Effects Assessment Summary Tables
NA = Not Applicable
NCEA = USEPA National Center for Environmental Assessment
ORNL = Oak Ridge National Laboratory Screening Level Tables, September 2008



TABLE 6-11

CANCER TOXICITY DATA - ORAL/DERMAL
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF
of Potential  Efficiency for Dermal(2) Cancer Guideline  

Concern Value Units for Dermal(1) Value Units Description Source Date
Semivolatile Organic Compounds
BENZO(A)ANTHRACENE 7.3E-01 (mg/kg/day)-1 1 7.3E-01 (mg/kg/day)-1 B2 USEPA(1) 7/1993
BENZO(A)PYRENE 7.3E+00 (mg/kg/day)-1 1 7.3E+00 (mg/kg/day)-1 B2 IRIS 4/2009
BENZO(B)FLUORANTHENE 7.3E-01 (mg/kg/day)-1 1 7.3E-01 (mg/kg/day)-1 B2 USEPA(1) 7/1993
DIBENZO(A,H)ANTHRACENE 7.3E+00 (mg/kg/day)-1 1 7.3E+00 (mg/kg/day)-1 B2 USEPA(1) 7/1993
INDENO(1,2,3-CD)PYRENE 7.3E-01 (mg/kg/day)-1 1 7.3E-01 (mg/kg/day)-1 B2 USEPA(1) 7/1993
Inorganics
ALUMINUM NA NA NA NA NA NA NA NA
ARSENIC 1.5E+00 (mg/kg/day)-1 1 1.5E+00 (mg/kg/day)-1 A IRIS 4/2009
BARIUM NA NA NA NA NA D IRIS 4/2009

CHROMIUM NA NA NA NA NA D/Not classifiable as to human 
carcinogenicity IRIS 2/2/2009

COBALT NA NA NA NA NA NA NA NA
IRON
LEAD NA NA NA NA NA NA NA NA
MANGANESE NA NA NA NA NA D IRIS 4/2009
MERCURY NA NA NA NA NA C/Possible Human Carcinogen IRIS 4/2009

Notes: EPA Group:
     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.
     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 
              inadequate or no evidence in humans.
     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.

     E - Evidence of non-carcinogenicity.

Definitions:

IRIS = Integrated Risk Information System.

NA = Not available.

NCEA = National Center for Environmental Assessment, value from ORNL Regional Screening Level tables.

USEPA(1) = USEPA, 1993d

1 - USEPA, 2004

2 - Adjusted dermal cancer slope factor = oral cancer slope 
factor/oral absorption efficiency for dermal



TABLE 6-12

CANCER TOXICITY DATA - INHALATION
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

Chemical Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF
of Potential Slope Factor(1) Cancer Guideline  

Concern Value Units Value Units Description Source Date
Semivolatile Organic Compounds (2)
BENZO(A)ANTHRACENE 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 B2 CAEPA 4/2009
BENZO(A)PYRENE 1.1E-03 (ug/m3)-1 3.9E+00 (mg/kg/day)-1 B2 CAEPA 4/2009
BENZO(B)FLUORANTHENE 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 B2 CAEPA 4/2009
DIBENZO(A,H)ANTHRACENE 1.2E-03 (ug/m3)-1 4.1E+00 (mg/kg/day)-1 B2 CAEPA 4/2009
INDENO(1,2,3-CD)PYRENE 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 B2 CAEPA 4/2009
Inorganics
ALUMINUM NA NA NA NA NA NA NA
ARSENIC 4.3E+00 (mg/m3)-1 NA NA A IRIS 4/2009
BARIUM NA NA NA NA NA NA NA
CHROMIUM 1.2E-02 (ug/m3)-1 NA NA A/Known human carcinogen IRIS 4/2009
COBALT 9.0E-03 (ug/m3)-1 NA NA NA ORNL 9/12/2008
IRON NA NA NA NA NA NA NA
LEAD NA NA NA NA D IRIS 4/2009
MANGANESE NA NA NA NA NA NA NA
MERCURY NA NA NA NA C/Possible Human Carcinogen IRIS 4/2009

1 - Inhalation CSF = Unit Risk * 70 kg / 20m3/day.      A - Human carcinogen.
     B1 - Probable human carcinogen - indicates that limited human data are available.

Definitions:      B2 - Probable human carcinogen - indicates sufficient evidence in animals and 
IRIS = Integrated Risk Information System.               inadequate or no evidence in humans .
HEAST= Health Effects Assessment Summary Tables      C - Possible human carcinogen.
ORNL = Oak Ridge National Laboratory Regional Screening Level tables, September 2008      D - Not classifiable as a human carcinogen.

     E - Evidence of non-carcinogenicity.

Unit Risk



TABLE 6-13

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME)
SITE 19 - FORMER SMALL ARMS RANGE BUILDING 910

NAVAL STATON GRAT LAKES, ILLINOIS
PAGE 1 OF 2

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Construction/Excavation Surface Soil Ingestion 2.E-07 - - - - - - 0.5 - -

Worker Dermal Contact 3.E-08 - - - - - - 0.01 - -
Inhalation 6.E-07 - - - - - - 5 Manganese
Total 8.E-07 - - - - - - 5 Manganese

Subsurface Soil Ingestion 1.E-07 - - - - - - 0.4 - -
Dermal Contact 9.E-09 - - - - - - 0.01 - -
Inhalation 5.E-07 - - - - - - 4 Manganese
Total 6.E-07 - - - - - - 5 Manganese

Groundwater Ingestion NA - - - - - - NA - -
Dermal Contact 1.E-09 - - - - - - 0.001 - -
Total 1.E-09 - - - - - - 0.001 - -

Total Surface Soil 8.E-07 - - - - - - 5 - -
Total Subsurface Soil 6.E-07 - - - - - - 5 - -

Total Groundwater 1.E-09 - - - - - - 0.001 - -
Total Across the Entire Site 1.E-06 - - - - - - 10 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Maintenance Worker Surface Soil Ingestion 1.E-05 - - - - cPAHs, Arsenic 0.2 - -

Dermal Contact 4.E-06 - - - - cPAHs 0.009 - -
Total 1.E-05 - - - - cPAHs, Arsenic 0.2 - -

Total Surface Soil 1.E-05 - - - - - - 0.2 - -
Total Across the Entire Site 1.E-05 - - - - - - 0.2 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Occupational Worker Surface Soil Ingestion 1.E-05 - - - - cPAHs, Arsenic 0.2 - -

Dermal Contact 4.E-06 - - - - cPAHs 0.009 - -
Total 1.E-05 - - - - cPAHs, Arsenic 0.2 - -

Total Surface Soil 1.E-05 - - - - - - 0.2 - -
Total Across the Entire Site 1.E-05 - - - - - - 0.2 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Adolescent Trespasser Surface Soil Ingestion 1.E-06 - - - - - - 0.03 - -

Dermal Contact 6.E-07 - - - - - - 0.002 - -
Total 2.E-06 - - - - - - 0.03 - -

Total Surface Soil 2.E-06 - - - - - - 0.03 - -
Total Across the Entire Site 2.E-06 - - - - - - 0.03 - -



TABLE 6-13

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME)
SITE 19 - FORMER SMALL ARMS RANGE BUILDING 910

NAVAL STATON GRAT LAKES, ILLINOIS
PAGE 2 OF 2

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Future Child Resident Surface Soil Ingestion 7.E-05 - - cPAHs, Arsenic - - 2 - -

Dermal Contact 2.E-05 - - cPAHs Arsenic 0.05 - -
Total 8.E-05 - - cPAHs, Arsenic - - 2 - -

Groundwater Ingestion 5.E-05 - - Arsenic cPAHs 1.1 - -
Dermal Contact 6.E-08 - - - - - - 0.002 - -
Total 5.E-05 - - Arsenic cPAHs 1.1 - -

Total Surface Soil 8.E-05 - - - - - - 2 - -
Total Groundwater 5.E-05 - - - - - - 1.1 - -

Total Across the Entire Site 1.E-04 - - - - - - 3 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Future Adult Resident Surface Soil Ingestion 2.E-05 - - - - cPAHs, Arsenic 0.2 - -

Dermal Contact 4.E-06 - - - - cPAHs 0.008 - -
Total 2.E-05 - - - - cPAHs, Arsenic 0.2 - -

Groundwater Ingestion 5.E-05 - - Arsenic cPAHs 0.3 - -
Dermal Contact 1.E-07 - - - - - - 0.0009 - -
Total 5.E-05 - - Arsenic cPAHs 0.3 - -

Total Surface Soil 2.E-05 - - - - - - 0.2 - -
Total Groundwater 5.E-05 - - - - - - 0.3 - -

Total Across the Entire Site 7.E-05 - - - - - - 0.5 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Total Residential Risks Surface Soil Ingestion 8.E-05 - - cPAHs, Arsenic - - NA - -

Dermal Contact 2.E-05 - - cPAHs Arsenic NA - -
Total 1.E-04 - - cPAHs, Arsenic - - NA - -

Groundwater Ingestion 1.E-04 - - cPAHs, Arsenic - - NA - -
Dermal Contact 2.E-07 - - - - - - NA - -
Total 1.E-04 - - cPAHs, Arsenic - - NA - -

Total Surface Soil 1.E-04 - - - - - - NA - -
Total Groundwater 1.E-04 - - - - - - NA - -

Total Across the Entire Site 2.E-04 - - - - - - NA - -

cPAHs = Carcinogenic PAHs
NA = Not applicable



TABLE 6-14

SUMMARY OF CANCER RISKS AND HAZARD INDICES - CENTRAL TENDENCY EXPOSURE (CTE)
SITE 19 - SMALL ARMS RANGE BUILDING 910

NAVAL STAIOTN GREAT LAKES, ILLINOIS
PAGE 1 OF 2

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Construction/Excavation Surface Soil Ingestion 8.E-08 - - - - - - 0.3 - -

Worker Dermal Contact 9.E-09 - - - - - - 0.005 - -
Inhalation 3.E-07 - - - - - - 2 Manganese
Total 4.E-07 - - - - - - 3 Manganese

Subsurface Soil Ingestion 5.E-08 - - - - - - 0.2 - -
Dermal Contact 3.E-09 - - - - - - 0.004 - -
Inhalation 3.E-07 - - - - - - 2 Manganese
Total 3.E-07 - - - - - - 2 Manganese

Groundwater Ingestion NA - - - - - - NA - -
Dermal Contact 5.E-10 - - - - - - 0.0007 - -
Total 5.E-10 - - - - - - 0.0007 - -

Total Surface Soil 4.E-07 - - - - - - 3 - -
Total Subsurface Soil 3.E-07 - - - - - - 2 - -

Total Groundwater 5.E-10 - - - - - - 0.0007 - -
Total Across the Entire Site 7.E-07 - - - - - - 5 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Maintenance Worker Surface Soil Ingestion 2.E-06 - - - - - - 0.07 - -

Dermal Contact 1.E-07 - - - - - - 0.0008 - -
Total 2.E-06 - - - - - - 0.07 - -

Total Surface Soil 2.E-06 - - - - - - 0.07 - -
Total Across the Entire Site 2.E-06 - - - - - - 0.07 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Occupational Worker Surface Soil Ingestion 2.E-06 - - - - - - 0.07 - -

Dermal Contact 1.E-07 - - - - - - 0.0008 - -
Total 2.E-06 - - - - - - 0.07 - -

Total Surface Soil 2.E-06 - - - - - - 0.07 - -
Total Across the Entire Site 2.E-06 - - - - - - 0.07 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Adolescent Trespasser Surface Soil Ingestion 2.E-07 - - - - - - 0.007 - -

Dermal Contact 2.E-08 - - - - - - 0.0002 - -
Total 2.E-07 - - - - - - 0.007 - -

Total Surface Soil 2.E-07 - - - - - - 0.007 - -
Total Across the Entire Site 2.E-07 - - - - - - 0.007 - -



TABLE 6-14

SUMMARY OF CANCER RISKS AND HAZARD INDICES - CENTRAL TENDENCY EXPOSURE (CTE)
SITE 19 - SMALL ARMS RANGE BUILDING 910

NAVAL STAIOTN GREAT LAKES, ILLINOIS
PAGE 2 OF 2

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Future Child Resident Surface Soil Ingestion 4.E-06 - - - - Arsenic 0.7 - -

Dermal Contact 2.E-07 - - - - - - 0.007 - -
Total 4.E-06 - - - - Arsenic 0.7 - -

Groundwater Ingestion 4.E-06 - - - - Arsenic 0.09 - -
Dermal Contact 1.E-08 - - - - - - 0.0002 - -
Total 4.E-06 - - - - Arsenic 0.09 - -

Total Surface Soil 4.E-06 - - - - - - 0.7 - -
Total Groundwater 4.E-06 - - - - - - 0.09 - -

Total Across the Entire Site 8.E-06 - - - - - - 0.8 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Future Adult Resident Surface Soil Ingestion 1.E-06 - - - - - - 0.07 - -

Dermal Contact 8.E-08 - - - - - - 0.0008 - -
Total 1.E-06 - - - - - - 0.07 - -

Groundwater Ingestion 7.E-06 - - - - Arsenic 0.14 - -
Dermal Contact 2.E-08 - - - - - - 0.0005 - -
Total 7.E-06 - - - - Arsenic 0.14 - -

Total Surface Soil 1.E-06 - - - - - - 0.07 - -
Total Groundwater 7.E-06 - - - - - - 0.14 - -

Total Across the Entire Site 8.E-06 - - - - - - 0.2 - -

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1

> 1E-4 > 1E-5 and ≤ 1E-4 > 1E-6 and ≤ 1E-5 (HI)
Total Residential Risks Surface Soil Ingestion 5.E-06 - - - - cPAHs, Arsenic NA - -

Dermal Contact 3.E-07 - - - - - - NA - -
Total 5.E-06 - - - - cPAHs, Arsenic NA - -

Groundwater Ingestion 1.E-05 - - - - Arsenic NA - -
Dermal Contact 3.E-08 - - - - - - NA - -
Total 1.E-05 - - - - Arsenic NA - -

Total Surface Soil 5.E-06 - - - - - - NA - -
Total Groundwater 1.E-05 - - - - - - NA - -

Total Across the Entire Site 2.E-05 - - - - - - NA - -

cPAHs = Carcinogenic PAHs



TABLE 6-15

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE SOIL - MIGRATION TO GROUNDWATER
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

CAS # Parameter
Frequency 

of 
Detection

Units Sample of Maximum 
Detect

Range of Non-
detects(3)

Background 
Concentration(4)

ORNL Risk-Based 
Migration to GW 

SSL(5)

ORNL MCL 
Based 

Migration to 
GW SSL(5)

TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(6)

NON-TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(7)

Above 
SSL

Volatile Organics (ug/kg)
78-93-3 2-BUTANONE 2/12 1.6 2.5 UG/KG NTC19SB11-SO-0002 1.2 - 1.8 NA 1500 N NA NA 17000 No
67-64-1 ACETONE 6/12 4.3 J 29 UG/KG NTC19SB11-SO-0002 1.9 - 2.5 NA 4400 N NA 25000 NA No

Polynuclear Aromatic Hydrocarbons (ug/kg)
91-57-6 2-METHYLNAPHTHALENE 6/12 2 53 UG/KG NTC19SB11-SO-0002 1.9 - 2.1 140 900 N NA NA NA No
83-32-9 ACENAPHTHENE 7/12 1.6 240 UG/KG NTC19SB11-SO-0002 1.4 - 1.5 130 27000 N NA 570000 NA No

208-96-8 ACENAPHTHYLENE 7/12 1.4 74 UG/KG NTC19SB11-SO-0002 1.3 - 1.4 70 27000 N NA NA 85000 No
120-12-7 ANTHRACENE 8/12 2.1 590 UG/KG NTC19SB11-SO-0002 0.9 - 0.97 400 450000 N NA 12000000 NA No
CALC055 BAP EQUIVALENTS 11/12 1.6641 1758.8 UG/KG NTC19SB20-SO-0002 1.2 - 1.2 NA 4.6 C 310 8000 NA Yes
56-55-3 BENZO(A)ANTHRACENE 10/12 2.3 1700 UG/KG NTC19SB11-SO-0002 1.6 - 1.7 1800 14 C NA 2000 NA Yes
50-32-8 BENZO(A)PYRENE 10/12 4.2 1200 UG/KG NTC19SB11-SO-0002 1.1 - 1.2 2100 4.6 C 310 8000 NA Yes

205-99-2 BENZO(B)FLUORANTHENE 9/12 6.7 1700 UG/KG NTC19SB20-SO-0002 1.7 - 1.9 2100 47 C NA 5000 NA Yes
191-24-2 BENZO(G,H,I)PERYLENE 10/12 3.4 940 UG/KG NTC19SB20-SO-0002 1.7 - 1.8 1700 150000 N NA NA 27000000 No
207-08-9 BENZO(K)FLUORANTHENE 9/12 2.7 460 UG/KG NTC19SB20-SO-0002 1.4 - 1.5 1700 460 C NA 49000 NA No
218-01-9 CHRYSENE 11/12 2.4 1900 UG/KG NTC19SB11-SO-0002 1.3 - 1.3 2700 1400 C NA 160000 NA Yes
53-70-3 DIBENZO(A,H)ANTHRACENE 5/12 4.8 J 160 UG/KG NTC19SB20-SO-0002 1.7 - 1.9 420 15 C NA 2000 NA Yes

206-44-0 FLUORANTHENE 10/12 2.2 5100 UG/KG NTC19SB11-SO-0002 1.9 - 2 4100 210000 N NA 4300000 NA No
86-73-7 FLUORENE 7/12 1.8 250 UG/KG NTC19SB11-SO-0002 1.4 - 1.5 180 33000 N NA 560000 NA No

193-39-5 INDENO(1,2,3-CD)PYRENE 9/12 4.4 730 UG/KG NTC19SB20-SO-0002 1.7 - 1.9 1600 160 C NA 69000 NA Yes
91-20-3 NAPHTHALENE 3/12 4.9 62 UG/KG NTC19SB11-SO-0002 2.6 - 28 200 0.55 C NA 12000 NA Yes
85-01-8 PHENANTHRENE 10/12 4.2 3200 UG/KG NTC19SB11-SO-0002 1.9 - 2 2500 150000 N NA NA 200000 No

129-00-0 PYRENE 11/12 2.4 3500 UG/KG NTC19SB11-SO-0002 1.9 - 1.9 3000 150000 N NA 4200000 NA No
Inorganics (mg/kg)

7429-90-5 ALUMINUM 16/16 6640 19300 MG/KG NTC19SB06-SO-0001  --- 9500 55000 N NA NA NA No
7440-36-0 ANTIMONY 1/13 1.2 1.2 MG/KG NTC19SB17-SO-0002 --- 4 0.66 N 0.27 NA NA Yes
7440-38-2 ARSENIC 16/16 5.2 32.2 MG/KG NTC19SB10-SO-0002  --- 13 0.0013 C 0.29 30 NA Yes
7440-39-3 BARIUM 16/16 31.5 188 MG/KG NTC19SB06-SO-0001  --- 110 300 N 82 1800 NA Yes
7440-41-7 BERYLLIUM 16/16 0.49 2 MG/KG NTC19SB11-SO-0002  --- 0.59 58 N 3.2 1000 NA No
7440-43-9 CADMIUM 14/16 0.25 0.92 J MG/KG NTC19SB06-SO-0001 0.22 - 0.24 0.6 1.4 N 0.38 59 NA Yes
7440-70-2 CALCIUM 16/16 5210 J 111000 J MG/KG NTC19SB07-SO-0001  --- 9300 NA NA NA NA No
7440-47-3 CHROMIUM 16/16 13 J 32.6 J MG/KG NTC19SB17-SO-0002-D  --- 16.2 NA C NA 32 NA Yes
7440-48-4 COBALT 16/16 5 13.3 MG/KG NTC19SB10-SO-0002  --- 8.9 0.49 N NA NA NA Yes
7440-50-8 COPPER 16/16 17.5 53.6 MG/KG NTC19SB17-SO-0002  --- 19.6 51 N 46 330000 NA Yes
7439-89-6 IRON 16/16 14600 36800 MG/KG NTC19SB10-SO-0002  --- 15900 640 N NA NA NA Yes
7439-92-1 LEAD 16/16 9.5 J 480 J MG/KG NTC19SB03-SO-0001  --- 36 NA 14 107 NA Yes
7439-95-4 MAGNESIUM 16/16 5270 J 62100 MG/KG NTC19SB07-SO-0001  --- 4820 NA NA NA NA No
7439-96-5 MANGANESE 16/16 336 1820 J MG/KG NTC19SB16-SO-0103  --- 636 57 N NA NA NA Yes
7439-97-6 MERCURY 15/16 0.018 0.47 MG/KG NTC19SB06-SO-0001 0.015 0.06 0.033 N 0.1 6.4 NA Yes
7440-02-0 NICKEL 16/16 14 47.9 J MG/KG NTC19SB17-SO-0002-D  --- 18 48 N NA 700 NA No
7440-09-7 POTASSIUM 16/16 1030 2720 MG/KG NTC19SB11-SO-0002  --- 1268 NA NA NA NA No
7440-22-4 SILVER 3/16 0.44 1 MG/KG NTC19SB06-SO-0001 0.22 - 0.25 0.55 1.6 N NA 39 NA No
7440-23-5 SODIUM 4/16 239 565 MG/KG NTC19SB11-SO-0002 220 - 256 130 NA NA NA NA No
7440-62-2 VANADIUM 16/16 16.4 37.1 MG/KG NTC19SB06-SO-0001  --- 25.2 180 N 180 980 NA No
7440-66-6 ZINC 16/16 40 250 J MG/KG NTC19SB06-SO-0001  --- 95 680 N NA 16000 NA No

Associated Samples: Footnotes: Definitions:
NTC19SB01-SO-0002 1 - Sample and duplicate are counted as two separate samples when determining minimum and maximum detected concentrations. C = Carcinogen
NTC19SB03-SO-0001 2 - Values presented are sample-specific quantitation limits. COPC = Chemical of potentia  
NTC19SB03-SO-0103 3 -  The maximum detected concentration is used for screening purposes. J = Estimated value
NTC19SB06-SO-0001 4 -  If the maximum concentration of a chemical is less than the Illinois EPA background concentration (illinois EPA, Appendix A, Table G of TACO), N = Non-carcinogen
NTC19SB11-SO-0002       that chemical was not selected as a COPC. NA = Not applicable/not avail
NTC19SB12-SO-0002 5 - USEPA ORNL Soil Screening Level for the Potection of Groundwater (USEPA,  2008)
NTC19SB13-SO-0103 6 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (online, 2009).
NTC19SB15-SO-0103 7 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals ( 2007)
NTC19SB07-SO-0001 Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.
NTC19SB08-SO-0103
NTC19SB09-SO-0002
NTC19SB10-SO-0002
NTC19SB16-SO-0103
NTC19SB16-SO-0103-D
NTC19SB17-SO-0002
NTC19SB17-SO-0002-D
NTC19SB19-SO-0002
NTC19SB20-SO-0002

Minimum 
Result(1)

Maximum 
Result(1,2)



TABLE 6-16

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL - MIGRATION TO GROUNDWATER
SITE 19 - SMALL ARMS RANGE 910

NAVAL STATION GREAT LAKES, ILLINOIS

CAS #

Parameter
Frequency 

of 
Detection

Units Sample of Maximum 
Detect

Range of Non-
detects(3)

Background 
Concentration(4)

ORNL Risk-Based 
Migration to GW 

SSL(5)

ORNL MCL 
Based 

Migration to 
GW SSL(5)

TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(6)

NON-TACO - 
Residential 
Migration to 

Groundwater - 
Class 1(7)

Above 
SSL

Volatile Organics (ug/kg)
108-10-1 4-METHYL-2-PENTANONE 1/22 0.65 0.65 UG/KG NTC19SB17-SO-0406 0.48 - 0.81 NA 440 N NA NA NA No
67-64-1 ACETONE 12/22 2.3 J 12 UG/KG NTC19SB15-SO-0406-D 1.7 - 2.8 NA 4400 N NA 25000 NA No
75-69-4 TRICHLOROFLUOROMETHANE 1/22 3.9 3.9 UG/KG NTC19SB07-SO-0507 0.78 - 1.3 NA 840 N NA NA 34000 No

Polynuclear Aromatic Hydrocarbons (ug/kg)
91-57-6 2-METHYLNAPHTHALENE 4/22 2.2 6.5 UG/KG NTC19SB15-SO-0406-D 1.8 - 2.1 NA 900 N NA NA NA No

208-96-8 ACENAPHTHYLENE 1/22 1.7 1.7 UG/KG NTC19SB04-SO-0204 1.2 - 1.4 NA 27000 N NA NA 85000 No
120-12-7 ANTHRACENE 1/22 4.2 4.2 UG/KG NTC19SB18-SO-0204 0.88 - 0.99 NA 450000 N NA 12000000 NA No
CALC055 BAP EQUIVALENT-HALFND 8/22 1.6637 26.697 UG/KG NTC19SB18-SO-0204 1.1 - 1.2 NA 4.6 C 310 8000 NA Yes
56-55-3 BENZO(A)ANTHRACENE 3/22 15 20 UG/KG NTC19SB06-SO-0204 1.5 - 1.7 NA 14 C NA 2000 NA Yes
50-32-8 BENZO(A)PYRENE 6/22 7.1 22 UG/KG NTC19SB18-SO-0204 1.1 - 1.2 NA 4.6 C 310 8000 NA Yes

205-99-2 BENZO(B)FLUORANTHENE 3/22 15 18 UG/KG NTC19SB06-SO-0204 1.7 - 1.9 NA 47 C NA 5000 NA No
191-24-2 BENZO(G,H,I)PERYLENE 19/ 2.2 11 UG/KG NTC19SB06-SO-0204 1.7 - 1.8 NA 150000 N NA NA 27000000 No
207-08-9 BENZO(K)FLUORANTHENE 3/22 4.5 8.3 UG/KG NTC19SB06-SO-0204 1.4 - 1.6 NA 460 C NA 49000 NA No
218-01-9 CHRYSENE 6/22 2.4 18 UG/KG NTC19SB06-SO-0204 1.2 - 1.3 NA 1400 C NA 160000 NA No
206-44-0 FLUORANTHENE 5/22 3 28 UG/KG NTC19SB04-SO-0204 1.8 - 2.1 NA 210000 N NA 4300000 NA No
193-39-5 INDENO(1,2,3-CD)PYRENE 3/22 6.5 7.4 UG/KG NTC19SB18-SO-0204 1.7 - 1.9 NA 160 C NA 69000 NA No
85-01-8 PHENANTHRENE / 2.4 17 UG/KG NTC19SB18-SO-0204 1.8 - 2.1 NA 150000 N NA NA 200000 No

129-00-0 PYRENE 12/22 2 27 UG/KG NTC19SB04-SO-0204 1.7 - 1.9 NA 150000 N NA 4200000 NA No
Inorganics (mg/kg)

7429-90-5 ALUMINUM 22/22 4500 14700 MG/KG NTC19SB02-SO-0204  --- 9500 55000 N NA NA NA No
7440-38-2 ARSENIC 22/22 4 25.1 MG/KG NTC19SB05-SO-0406  --- 13 0.0013 C 0.29 30 NA Yes
7440-39-3 BARIUM 22/22 10.9 81.9 MG/KG NTC19SB02-SO-0204  --- 110 300 N 82 1800 NA No
7440-41-7 BERYLLIUM 22/22 0.36 0.94 MG/KG NTC19SB01-SO-0608  --- 0.59 58 N 3.2 1000 NA No
7440-43-9 CADMIUM 13/22 0.23 J 0.43 J MG/KG NTC19SB06-SO-0204 0.22 - 0.24 0.6 1.4 N 0.38 59 NA Yes
7440-70-2 CALCIUM 22/22 2850 J 119000 J MG/KG NTC19SB12-SO-0507  --- 9300 NA N NA NA NA No
7440-47-3 CHROMIUM 22/22 9 25.8 MG/KG NTC19SB02-SO-0204  --- 16.2 NA N NA 32 NA No
7440-48-4 COBALT 22/22 5.2 22.1 MG/KG NTC19SB02-SO-0204  --- 8.9 0.49 N NA NA NA Yes
7440-50-8 COPPER 22/22 15.4 34.2 MG/KG NTC19SB02-SO-0204  --- 19.6 51 N 46 330000 NA No
7439-89-6 IRON 22/22 12200 34900 MG/KG NTC19SB04-SO-0204  --- 15900 640 N NA NA NA Yes
7439-92-1 LEAD 22/22 8.1 54.8 J MG/KG NTC19SB06-SO-0204  --- 36 NA N 14 107 NA Yes
7439-95-4 MAGNESIUM 22/22 6440 J 56300 MG/KG NTC19SB14-SO-0204  --- 4820 NA N NA NA NA No
7439-96-5 MANGANESE 22/22 421 1600 MG/KG NTC19SB02-SO-0204  --- 636 57 N NA NA NA Yes
7439-97-6 MERCURY 13/22 0.013 0.049 MG/KG NTC19SB04-SO-0204 0.013 - 0.016 0.06 0.033 N 0.1 6.4 NA Yes
7440-02-0 NICKEL 22/22 14.9 48.8 MG/KG NTC19SB02-SO-0204  --- 18 48 N NA 700 NA Yes
7440-09-7 POTASSIUM 22/22 1210 2950 J MG/KG NTC19SB02-SO-0204  --- 1268 NA N NA NA NA No
7440-23-5 SODIUM 2/22 241 249 MG/KG NTC19SB17-SO-0406 216 - 249 130 NA N NA NA NA No
7440-62-2 VANADIUM 22/22 12.7 29.8 MG/KG NTC19SB06-SO-0204  --- 25.2 180 N 180 980 NA No
7440-66-6 ZINC 22/22 37.5 140 J MG/KG NTC19SB06-SO-0204  --- 95 680 N NA 16000 NA No

Footnotes: Definitions:
1 - Sample and duplicate are counted as two separate samples when determining the minimum and maximum detected concentrations. C = Carcinogen
2 - Values presented are sample-specific quantitation limits. COPC = Chemical of potential concern
3 -  The maximum detected concentration is used for screening purposes. J = Estimated value
4 -  If the maximum concentration of a chemical is less than the Illinois EPA background concentration (Illinois EPA, Appendix A, Table G of TACO), N = Non-carcinogen
      that chemical was not selected as a COPC. NA = Not applicable/not available.
5 - USEPA ORNL Soil Screening Level for the Potection of Groundwater (USEPA, 2008)
6 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (online, 2009).
7 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (2007)
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.

Associated Samples:
NTC19SB12-SO-0507 NTC19SB19-SO-0406 NTC19SB01-SO-0608 NTC19SB06-SO-0204
NTC19SB14-SO-0204 NTC19SB20-SO-0406 NTC19SB02-SO-0204 NTC19SB06-SO-0608
NTC19SB14-SO-0507 NTC19SB15-SO-0406-AVG NTC19SB03-SO-0810 NTC19SB07-SO-0507
NTC19SB15-SO-0406 NTC19SB15-SO-0406-D NTC19SB04-SO-0204 NTC19SB08-SO-0406
NTC19SB18-SO-0204 NTC19SB16-SO-0507 NTC19SB05-SO-0406 NTC19SB09-SO-0406
NTC19SB18-SO-0406 NTC19SB17-SO-0406 NTC19SB05-SO-0608 NTC19SB10-SO-0507

Minimum 
Result(1)

Maximum 
Result(1,2)
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7.0  CONCLUSIONS AND RECOMMENDATIONS  

This s ection pr ovides a summary of  the c onclusions dr awn from the R I/RA and r ecommendations for 

future activities at the site. 

 

7.1 CONCLUSIONS 

This section br iefly summarizes t he conclusions bas ed o n RI activities i ncluding t he r esults o f 

groundwater, subsurface soil, and surface soil sampling and the HHRA. 

 

Site 1 9 was a  former indoor shooting r ange that was i n operation f or 5 5 y ears until t he demolition of 

Building 910 in 2000.  Approximately 340,000 rounds of small arms ammunition per year were delivered 

to t he rifle range.  Spent ammunition w as c ollected f rom t he f loor of  t he range an d de posited i nto a 

22-gallon c an.  I t i s e stimated t hat 19 m illion pounds of  am munition were generated by  t his f acility, 

providing the potential for lead to have impacted the s ite soil and groundwater.  Chemicals used at the 

rifle range include C LP brand c leaner ( 20 c ases per year, ea ch case containing 1 50 pi nt bottles) an d 

standard issue bore c leaner #68 50-00-224-6663 ( 375 1 -gallon c ans per year).  T he u se of  t hese 

chemicals provides the potential for VOCs and PAHs to have impacted the site soil and groundwater.  In 

addition, a  dry c leaning f acility w as l ocated j ust s outhwest of  t he f ormer rifle range.  Dry c leaning 

operations were active for over 50 years.  Soil contamination associated with the dry cleaning operation 

has been do cumented, a nd t hese contaminants (i.e., c hlorinated V OCs an d t heir by products) m ay b e 

present i n s oil and g roundwater at Site 19.   A lthough t he qu antity of  s olvent used at  t he dry c leaning 

facility i s un known, i t i s k nown t hat no  m ore t hen 1 ,200 gal lons of s pent P CE w ere s tored at  t he dr y 

cleaning facility at any given time.   

 

The conclusions of the Site 19 RI/RA are as follows: 

 

• Very f ew V OCs w ere det ected at  S ite 19.   Low c oncentrations of V OCs were det ected i n S ite 19 

groundwater, subsurface soil, and surface soil, and VOCs were detected at concentrations that were 

less than the minimum screening criteria.  

 

• PAHs were present in groundwater, subsurface soil, and surface soil samples collected at  Site 19.   

Benzo(a)anthracene a nd BAP exceeded t he m inimum s creening c riteria m ost f requently of  the 

detected PAHs and were found in the three media sampled.  PAH exceedances at  S ite 19 do not 

appear to be confined to any particular area of the site.     
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• Several m etals w ere det ected i n surface soil a nd subsurface s oil (but not  groundwater) s amples 

collected at Site 19 at concentrations greater than minimum screening levels.  Lead concentrations 

exceeded the minimum screening level at most surface soil sampling locations except for 

NTC19SB15.  Exceedances of lead in subsurface soil at Site 19 do not appear to be confined to any 

particular area of the site.  In subsurface soil samples, lead was not detected as frequently in excess 

of the minimum screening level.  Lead was detected at 7 of the 18 subsurface sample locations.   

 

• Based on  t he HHRA, t he f ollowing contaminants were i dentified as  COCs b ased on  no n-cancer 

Hazard Q uotients g reater t han 1. 0 or c ancer r isks g reater than 1x 10-6: arsenic an d PAHs 

(benzo(a)anthracene, BAP, ben zo(b)fluoranthene, c hrysene, and di benzo(a,h)anthracene) i n 

groundwater potentially used as drinking water and in soil.  T hese are the primary COC risk drivers 

for total future residents.  Groundwater at the site is not used and is not expected to be used in the 

future as d rinking w ater.  N aval S tation G reat La kes i s an active N avy f acility and i s ex pected t o 

remain active for the foreseeable future.  I n accordance with Naval Station Great Lakes Instruction 

11130.1 dat ed S eptember 29,  2 003, us e of  g roundwater and s urface w ater r unoff within al l 

geographical areas of the base, for any purpose, is strictly prohibited without prior written approval.  

Groundwater underlying Naval Station Great Lakes is not used for drinking water and is not expected 

to be used in the future. Drinking water for the base and residents of the surrounding communities is 

supplied from municipal systems drawing water from Lake Michigan.  

 

• No chemicals in soil were e liminated as COPCs/COCs on the basis of comparisons to background 

concentrations.  Most PAHs s elected as  C OPCs/COCs in ex posed s urface s oil w ere detected at  

maximum c oncentrations that di d not  exceed s urface soil ba ckground dat a as s hown i n t he t able 

below.  B ased o n t his i nformation a nd I llinois E PA det ermination of  P AH b ackground ur ban 

concentrations, i s po ssible t hat t hese P AHs c ould be attributed t o b ackground conditions an d 

inclusion of these chemicals as COPCs/COCs may result in an overestimation of total r isks for this 

site.  I n add ition, bas ed on t he I llinois E PA S ummary of  S elected B ackground C onditions f or 

Inorganics in Soil study, it is possible that the arsenic and manganese concentrations could also be 

attributed to background as shown in the table below.  The Illinois EPA TACO regulations that include 

the c oncentrations of P AH i n ba ckground soil ( Title 35,  P art 7 42, A ppendix A , T able H ) and t he 

concentrations of  i norganics i n b ackground soil ( Title 35,  P art 7 42, A ppendix A , T able G) ar e not 

Applicable n or R elevant and A ppropriate R egulations at  t his site but  m erely a T o B e C onsidered 

(TBC) regulation. 
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COPCs/COCs Surface Soil 
Average*/Maximum 

Illinois EPA 
Background 

Soil 

Subsurface Soil 
Average*/Maximum 

Illinois EPA 
Background 

Soil 
Inorganics (mg/kg)     
Arsenic 11.5/32.2 13 9.77/25.1 13 
Manganese 889/1820 636 736/1600 636 
Polynuclear Aromatic Hydrocarbons (µg/kg)    
Benzo(a)anthracene 444/1700 1800 17/20 NA 
Benzo(a)pyrene 314/1200 2100 14.5/22 NA 
Benzo(b)fluoranthene 429/1700 2100 16/18 NA 
Chrysene 372/1900 2700 10.6/18 NA 
Dibenzo(a,h)anthracene 68.3/160 420 N/A NA 

 
* Average is the average of the samples collected with positive results (not including non-detects). 

 

• The lead risk assessment results, based on the IEUBK Model, estimate a 0.136 percent chance that 

any c hild w ill hav e a blood l ead v alue greater t han 10 µg/dL, w hich is less t han the U SEPA 

acceptable target of 5 percent.  The Adult Lead Model results indicate that the central estimate blood 

lead l evels f or c onstruction w orkers an d m aintenance/occupational w orkers and t heir f etuses w ere 

less than the es tablished level of  concern (10 µg/dL).  T he model also shows the probabilities that 

receptor blood-lead levels would be less than USEPA’s goal of l imiting exposure to lead so that no 

more than 5 percent of  the exposed receptors have an es timated blood-lead level greater than the 

established level of concern. 

 

7.2 RECOMMENDATIONS 

Based on the results o f this RI/RA, no further investigation i s warranted and preparation of a F ocused 

Feasibility Study is recommended for this site.  Potential remedial alternatives would include, but not be 

limited to, No Action, Limited Action (Land Use Controls), and a Removal Action.  A Proposed Plan and 

Record of  D ecision should be p repared for the alternative recommended by  t he F ocused F easibility 

Study.   
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 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB01 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe/HSA Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB01 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

100

100

CL-ML

SP

CL-ML

 

brown

 

brown

 

brown

 

dark brown

 

-NA-

 

light brown

DMP

DMP

MST

CLAY with silt

SAND - well graded

CLAY

and little coarse sand

with some sand and little gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=182 1.5'=32 2.5'=32 3.5'=45 4.5'=27 5.5'-6.5'=ND 7.5'=14 8.5'=13 9.5'=15 10.5'=16 11.5'=13



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB02 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB02 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

SP

CL

 

dark brown
 

brown
 

brown

 

-NA-
 

-NA-
 

light brown

DRY

DMP

MST

Organic CLAY

SAND - well graded

CLAY with sand Little coarse sand

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=107 1.5'=12 2.5'=21 3.5'=102 4.5'-6.5’=ND 7.5’=22 8.5-11.5'=ND



 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB03 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/05/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: DPT Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB03 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1

2

3

4

5

6

7

8

9

10

75

87

100

100

100

100

100

100

100

100

OL

SP
CL

 

dark brown

 brown
 

brown

 

-NA-

 -NA-
 

light brown

DMP

DMP
WET

Organic CLAY

SAND - well graded
CLAY with little coarse sand and trace gravel

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



 

  

End of Boring: 30 feet bgs
Notes: Temporary well point installed but after a couple of days it did not produce any water so it was abandoned. XRF Lead Readings (ppm): 0.5’=92 1.5’=175 2.5’=ND 3.5’=68
4.5’=113 5.5’-7.5'=ND 8.5’-22 9.5’=ND 10.5’=17 11.5’=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB04 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB04 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

GP

CL-ML

SM

CL

 

dark brown

 light tan
 

dark orange

 

brown

 

dark brown

 

-NA-

 -NA-
 

brown

 

light brown

 

light brown

DMP

DRY

DMP

DMP

MST

Organic CLAY

SANDY GRAVEL with minor clay

SILTY CLAY

SAND with silt

CLAY

with little sand

little coarse grained sands

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=88 1.5'=19 2.5'=33 3.5'-4.5'=ND 5.5'=14 6.5'-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB05 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB05 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

SW

CL

GW

SP-SC

CL

 

dark brown

 

brown

 

brown

 

light tan
 

brown

 

grey

 

-NA-

 

-Select-

 

dark orange

 

-NA-
 

light brown

 

-NA-

DMP

DRY

DMP

DRY

MST

WET

Organic CLAY

SAND - poorly graded

CLAY with sand

GRAVEL - poorly graded

SAND with clay

CLAY

little sand and trace gravel. some brick frags

with somee sand

increasing clay with depth

little coarse grained sands

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=123 1.5'=119 2.5'=26 3.5-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB06 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): Yes (NTC19-MW01)

RI Field Investigation - Boring ID: NTC19SB06 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

CL

SP

SW

 

dark brown

 

brown

 

dark orange

 

grey

 

brown

 

dark orange

 

brown

 

-NA-

DRY

DMP

MST

WET

Organic CLAY

CLAY

SAND - well graded

SAND - poorly graded

little sand

little sand

trace gravel

trace gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=102 1.5'=815 2.5'=25 3.5'=34 4.5'-5.5'=ND 6.5'=24 7.5'-8.5'=ND 9.5'=16 10.5'-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB07 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB07 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

SM

SM

SM

 

dark brown

 

brown

 

brown

 

brown

 

dark orange

 

dark orange

DRY

DMP

WET

SILT with sand and clay

SAND with silt and clay

SAND with silt

trace gravel

little gravel

little gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings(ppm): 0.5'=59 1.5'=120 2.5'=157 3.5'=102 4.5'=48 5.5-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB08 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB08 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

CL-ML

SP-SM

CL-ML

 

dark brown

 

brown

 

grey

 

brown

 

dark orange

 

-NA-

DMP

DMP

WET

SILTY CLAY

SAND with silt

CLAY with silt

little fine gravels

trace gravel

trace sand

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=95 1.5'=172 2.5'=82 3.5-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB09 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): Yes (NTC19-MW02)

RI Field Investigation - Boring ID: NTC19SB09 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

CL-ML

SC-SM

SM

SM

CL-ML

 

dark brown

 

dark brown

 

brown

 

grey

 

grey

 

brown

 

brown

 

-NA-

 

-NA-

 

-NA-

DMP

DMP

MST

WET

WET

SILTY CLAY

SILTY CLAY

SILTY SAND

SILTY SAND

SILTY CLAY

little coarse sand

little coarse sand

little gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=79 1.5'=23 2.5-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB10 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB10 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

SM

CL-ML

 

dark brown
 

brown

 

brown

 

brown
 

-NA-

 

grey

DRY

DMP

MST

Organic CLAY

SILTY SAND

SILTY CLAY

little fine gravel

with little gravel and clay increading in depth

with little coarse sand and gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=29 1.5'=42 2.5'=16 3.5'=40 4.5'=20 5.5-6.5'=ND 7.5'=16 8.5'-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB11 Start Date: 12/02/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/02/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB11 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

SM

CL-ML

CL-ML

 

black

 

dark brown
 

dark brown

 

grey

 

dark brown

 

black
 

light brown

 

-NA-

DRY

DMP

DMP

WET

Organic CLAY

SILTY SAND

SILTY CLAY

SILTY CLAY

little gravelly black asphalt like material

silty clay with increasing clay with depth.

little gravel throughout

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=29 1.5'=40 2.5-9.5'=ND 10.5'=16 11.5'=ND



 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB12 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/06/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB12 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1

2

3

4

5

6

7

8

9

10

75

87

100

100

100

100

100

100

100

100

OL

GW
CL-ML

CL-ML

CL-ML

 

dark brown

 light tan
 

brown

 

brown

 

grey

 

brown

 -Select-
 

-Select-

 

grey

 

-NA-

DMP

DRY
DMP

MST

WET

Organic CLAY

GRAVEL with minor fine sand and silt
CLAY with sand and silt

CLAY with silt

CLAY with silt

some silt little gravel

little coarse sand and fine gravel

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



 

  

30 0

End of Boring: 31 feet bgs
Notes: Installed temporary well point but after setting for about 2 days it did not produce water so it was abandoned in place. XRF readings (ppm): 0.5'=78ppm 1.5'=29ppm 2.5'-
11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB13 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/03/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB13 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

GW
CL-ML

CL

 

dark brown

 light tan
 

brown

 

brown

 

brown

 -NA-
 

grey

 

grey

DMP

DRY
DMP

MST

Organic CLAY

GRAVEL
SILTY CLAY

CLAY with silt

some silt and little sand and gravel

with little sand and fine gravel

little coarse grain sands and fine gravels

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=99ppm 1.5'-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB14 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/03/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB14 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

GW

SP

CL-ML

 

dark brown

 

light tan
 

brown

 

brown

 

brown

 

-NA-
 

-NA-

 

grey

DMP

DRY

DMP

MST

Organic CLAY

GRAVEL

SAND - well graded

SILTY CLAY

with some silt and little sand and gravel

little sand

little gravel

little coarse sand and trace gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=111 1.5'-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB15 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/03/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB15 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL
  

SP

CL-ML

 dark brown
    

 

light brown
 

brown

 brown
  

 

-NA-
 

grey

WET
  

DMP

MST

Organic CLAY

SAND - well graded

CLAY with silt

some silt and little sand
  

little fine gravel

little sand and gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings(ppm): 0.5'=80 1.5-6.5'=ND 7.5'=18 8.5'-11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB16 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/03/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB16 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

SP

SC-SM

 

dark brown

 

brown

 

grey

 

brown

 

dark orange

 

light red

DMP

DMP

WET

Organic CLAY

SAND - well graded

CLAY with sand and silt

1-1.3 brick/gravel layer

with some little gravel

little gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Lead Readings (ppm): 0.5'=44 1.5'=38 2.5'=196 3.5'=14 4.5'=ND 5.5'=54 6.5'=27 7.5'-11.5'=ND



 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB17 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/05/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB17 
Analytical 
Results - 

Screening

D
epth (ft 
b gs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1

2

3

4

5

6

7

8

9

10

75

87

100

100

100

100

100

100

100

100

OL

SC-SM

CL-ML

 

dark brown
 

brown

 

grey

 

-NA-
 

-NA-

 

-NA-

DMP

DMP

WET

Organic CLAY

SAND with silt and clay

SILTY CLAY

with some silt and little fine gravels and coarse sands

little gravel

little gravel and coarse sand aprox 36.5-37.5' bgs a few thin layers of 
sandy clay with silt

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



 

  

30

31

32

33

34

35

36

37

38

39

11

12

13

14

15

100

100

100

100

100

0

0

0

0

0

0

0

0

0

0

End of Boring: 40 feet bgs
Notes: Temporary well point installed but after a couple of days it did not produce any water so it was abandoned. XRF Lead Readings (ppm): 0.5'=31 1.5'=613 2.5'=22 3.5'-7.5'=
8.5'=19 9.5-11.5'=ND



 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB18 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/06/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB18 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1

2

3

4

5

6

7

8

75

87

100

100

100

100

100

100

OL

GW

OL

CL-ML

 

dark brown
 

light tan

 

dark brown
 

brown

 

-NA-
 

-NA-

 

-NA-
 

grey

DMP

DRY

MST

MST

Organic CLAY

GRAVEL

Organic CLAY

SILTY CLAY

with some silt and little sand and gravel

with some sand

with little sand and gravel

with little coarse sand and fine gravel

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



 

  

End of Boring: 30 feet bgs
Notes: Temporary well point installed but after a couple of days it did not produce any water so it was abandoned. XRF Lead Readings (ppm): 0.5'=22 1.5'=67 2.5-5.5'=ND 6.5'=
8.5'=ND 9.5'=19 10.5'=16 11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB19 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/03/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB19 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

87

100

OL

SP

CL-ML

 

dark brown

 

brown

 

brown

 

-NA-

 

-NA-

 

grey

DMP

DMP

MST

Organic CLAY

SAND - well graded

SILTY CLAY

little gravel and sand (1in of gravel at 1.5')

some fine gravel

little coarse sand and gravel

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: XRF Readings (ppm): 0.5'=31 1.5-9.5'=ND 10.5'=13 11.5'=ND



 

  

 Tetra Tech NUS, Inc. BORING LOG  
Project Name: GREAT LAKES NTC - RI Field Investigation - Round 1 - 
Site 19 Boring ID: NTC19SB20 Start Date: 12/03/2008

Project Number: 112G00936 Geologist: Shannon Hill End of Boring Date: 12/03/2008

Drilling Company: Environmental Field Services, Inc. Lead Driller: Jeremy Boeche Background PID Screening: 0.0 ppm

Drilling Rig: Geoprobe Drilling Method: Direct-Push Technology Convert To Well? (Well ID): No (N/A)

RI Field Investigation - Boring ID: NTC19SB20 
Analytical 
Results - 

Screening

D
epth (ft 
bgs)*

Run Lithology P
ID

 - 
sam

pleNo. 

%
 R

ecvy

USCS Primary Color Secondary Color 

M
oisture

Primary Description Secondary Descriptors 

0

1

2

3

4

5

6

7

8

9

10

11

1

2

3

75

100

100

OL

CL-ML

SM

CL-ML

 

dark brown

 

brown

 

brown

 

grey

 

-NA-

 

grey

 

-NA-

 

-NA-

DMP

DMP

MST

MST

Organic CLAY

SILTY CLAY

SAND with silt

SILTY CLAY

little gravel and coarse sand

little fine gravel and coarse sand

little coarse sand

little gravel and coarse sand

0

0

0

0

0

0

0

0

0

0

0

0

End of Boring: 12 feet bgs
Notes: Temporary well point installed but after a couple of days it did not produce any water so it was abandoned. XRF Lead Readings (ppm): 0.5'=22 1.5-11.5'=ND



APPENDIX A.3 
 

SOIL SAMPLE LOG SHEETS 



Start Report 

 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB01-SO-0608

Sample Location ID NTC19SB01

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 08:20 DPT
6.5=ND 
7.5'=14

2 brown
Native Surface 
Soil

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 08:20
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 08:20
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 08:20
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB01-SO-0002

Sample Location ID NTC19SB01

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 08:10
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-4

SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB02-SO-0204

Sample Location ID NTC19SB02

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 08:54 DPT
Lead: 
2.5'=21ppm, 
3.5'=102ppm

2 brown
Native surface 
soil

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 08:52
SW-846 
6010B

TAL 
Metals 

4°C 1
Glass - 
Clear

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 08:52
SW-846 
8270C

PAHs 4°C 1
Glass - 
Clear

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 08:52
SW-846 
8260B

TCL VOCs None 3 EnCore
5 gram 
EnCore

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB03-SO-0103

Sample Location ID NTC19SB03

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 09:00 DPT
Lead: 1.5'=12, 
2.5'=21

2 brown
Native Surface 
Soil

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 09:00
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 09:00
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 09:00
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB03-SO-0810

Sample Location ID NTC19SB03

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 09:10 DPT
Lead: 8.5'=22, 
9.5'=ND

2 brown

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 09:10
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 09:10
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 09:10
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB03-SO-0001

Sample Location ID NTC19SB03

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 12/4/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 08:50
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Clear

4 oz. wide-
mouth 
w/Teflon 
cap

Surface 
soil (not 
native)

ED00000091-
4

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB04-SO-0204

Sample Location ID NTC19SB04

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 14:48 DPT
Lead: 2.5'=33, 
3.5'=ND

2 dark orange
Native Surface 
Soil

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 09:45
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 09:45
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 09:45
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB05-SO-0406

Sample Location ID NTC19SB05

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 10:20 DPT
Lead: 2.5'=26, 
3.5'=11.5

2 brown
Native Surface 
Soil

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 10:20
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 10:20
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 10:20
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB05-SO-0608

Sample Location ID NTC19SB05

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/2/08 10:30 DPT ND 2 brown Subsurface Soil

 
Analysis Records 

C
o

lle
cte

d

D
a
te

T
im

e

A
n

a
ly

sis /
 

M
e
th

o
d

D
e
scrip

tio
n

 
o

f A
n

a
ly

sis

P
re

se
rv

a
tiv

e

C
o

u
n

t

T
y
p

e

R
e
q

u
ire

m
e
n

ts

C
o

m
m

e
n

ts

C
h

a
in

#

12/2/08 10:30
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 10:30
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 10:30
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 10:30
ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB06-SO-0204

Sample Location ID NTC19SB06

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 11:30 DPT
XRF: 1.5'= 
815, 2.5'= 25, 
3.5'=34

2 brown
Native Surface 
Soil
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12/2/08 11:30
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 11:30
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 11:30
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB06-SO-0608

Sample Location ID NTC19SB06

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 11:40 DPT
XRF: 6.5'=24, 
7.5'= ND

2 dark orange
Subsurface Soil 
Sample
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12/2/08 11:40
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 11:40
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 11:40
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB06-SO-0001

Sample Location ID NTC19SB06

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 12/4/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09
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12/2/08 11:10 DPT
XRF: 0.5'=102, 
1.5'=815

1 dark brown
Surface Soil 
(non native)
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12/2/08 11:10
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Clear

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-4

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB07-SO-0507

Sample Location ID NTC19SB07

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09
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12/2/08 13:11 DPT XRF: ND 2 brown
Subsurface Soil 
Sample
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12/2/08 13:11
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 13:11
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 13:11
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB07-SO-0001

Sample Location ID NTC19SB07

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 12/4/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 13:00 DPT
XRF: 0.5'= 59. 
1.5'= 120

1 dark brown
Surface Soil 
(non native)
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12/2/08 13:00
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Clear

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-4

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB08-SO-0103

Sample Location ID NTC19SB08

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 13:40 DPT
XRF: 1.5'= 
172, 2.5'= 82

2 brown
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12/2/08 13:40
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 13:40
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 13:40
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB08-SO-0406

Sample Location ID NTC19SB08

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 13:45 DPT XRF: ND 2 brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/2/08 13:45
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 13:45
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 13:45
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB09-SO-0002

Sample Location ID NTC19SB09

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 14:10 DPT
XRF: 0.5'= 79, 
1.5'= 23

2 dark brown
Surface Soil 
(non native)
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12/2/08 14:10
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 14:10
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 14:10
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB09-SO-0406

Sample Location ID NTC19SB09

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 14:20 DPT XRF: ND 2 brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/2/08 14:20
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 14:20
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 14:20
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB10-SO-0002

Sample Location ID NTC19SB10

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 15:02 DPT
XRF: 0.5'= 29, 
1.5'= 42

2 brown
Surface Sample 
(non native)

 
Analysis Records 
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12/2/08 15:02
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 15:02
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 15:02
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB10-SO-0507

Sample Location ID NTC19SB10

Sampled By Shannon Hill

Concentration Not known

Created By John Wright

Created Date 11/25/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/2/08 15:08 DPT XRF: ND 2 brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/2/08 15:08
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 15:08
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 15:08
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB11-SO-0002

Sample Location ID NTC19SB11

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09
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12/2/08 15:47 DPT
XRF: 0.5'= 29, 
1.5'= 40

2 brown
Surface Soil 
Sample (non 
native)
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12/2/08 15:47
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-1

12/2/08 15:47
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

12/2/08 15:47
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-1

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB12-SO-0002

Sample Location ID NTC19SB12

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 08:32 DPT
XRF: 0.5'= 78, 
1.5'= 29

2 brown
Surface Soil 
(non native)
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12/3/08 08:32
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 08:32
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 08:32
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB12-SO-0507

Sample Location ID NTC19SB12

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 08:40 DPT XRF: ND 2 brown
Subsurface Soil 
Sample
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12/3/08 08:40
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 08:40
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 08:40
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 08:40
ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB13-SO-0103

Sample Location ID NTC19SB13

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 09:08 DPT XRF: ND 2 brown
Native Surface 
Soil
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12/3/08 09:08
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 09:08
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 09:08
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB14-SO-0204

Sample Location ID NTC19SB14

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09
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12/3/08 10:00 DPT XRF: ND 2 brown
Native Surface 
Soil
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12/3/08 10:00
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 10:00
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 10:00
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap 

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB14-SO-0507

Sample Location ID NTC19SB14

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 10:05 DPT XRF: ND 2 brown
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12/3/08 10:05
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 10:05
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 10:05
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB15-SO-0103

Sample Location ID NTC19SB15

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 

D
a
te

T
im

e

M
e
th

o
d

M
o

n
ito

r 
(p

p
m

)

D
e
p

th
 (ft)

C
o

lo
r

D
e
scrip

tio
n

12/3/08 10:23 DPT XRF: ND 2 brown
Native Surface 
Soil
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12/3/08 10:23
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 10:23
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 10:23
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB15-SO-0406

Sample Location ID NTC19SB15

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 10:47 DPT XRF: ND 2 grey
Subsurface Soil 
Sample

 
Analysis Records 
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12/3/08 10:27
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 10:27
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 10:27
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB16-SO-0103

Sample Location ID NTC19SB16

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 11:01 DPT
XRF: 1.5'= 38, 
2.5'= 196

2 brown
Native Soil 
Sample

 
Analysis Records 
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12/3/08 11:01
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 11:01
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 11:01
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB16-SO-0507

Sample Location ID NTC19SB16

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 11:06 DPT
XRF: 5.5'= 54, 
6.5'= 27

2 brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/3/08 11:06
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 11:06
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 11:06
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB17-SO-0002

Sample Location ID NTC19SB17

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 11:39 DPT
XRF: 0.5'= 31, 
1.5'= 613

2 brown
Surface Soil 
(non native)

 
Analysis Records 
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12/3/08 11:39
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 11:39
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 11:39
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB17-SO-0406

Sample Location ID NTC19SB17

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 11:44 DPT XRF: ND 2 grey-brown
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12/3/08 11:44
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 11:44
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 11:44
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB18-SO-0204

Sample Location ID NTC19SB18

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 13:16 DPT XRF: ND 2 brown
Native Surface 
Soil
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12/3/08 13:16
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 13:16
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 13:16
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB18-SO-0406

Sample Location ID NTC19SB18

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 13:20 DPT XRF: ND 2 grey-brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/3/08 13:20
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 13:20
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 13:20
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 13:20
ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB19-SO-0002

Sample Location ID NTC19SB19

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 13:50 DPT
XRF: 0.5'= 31, 
1.5'= ND

2 dark brown
Surface Soil 
(non native)
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12/3/08 13:50
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 13:50
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 13:50
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB19-SO-0406

Sample Location ID NTC19SB19

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 13:53 DPT XRF: ND 2 brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/3/08 13:53
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 13:53
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 13:53
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB20-SO-0002

Sample Location ID NTC19SB20

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 14:30 DPT
XRF: 0.5'= 
22ppm

2 dark brown
Surface Soil 
(non native)
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12/3/08 14:30
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 14:30
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 14:30
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



 

 Tetra Tech NUS, Inc. SOIL SEDIMENT SAMPLING LOG 
RI Field Investigation - GREAT LAKES NTC 
 
Project Information 

Facility Name GREAT LAKES NTC

TtNUS Project # 112G00936

Task/Contract # 0468

WBS Code #

QA Sample Type

Status Complete

Sample ID # NTC19SB20-SO-0406

Sample Location ID NTC19SB20

Sampled By Shannon Hill

Concentration Not known

Created By Shannon Hill

Created Date 11/26/08

Modified By Shannon Hill

Modified Date 12/15/08

Printed By John Wright

Printed Date 1/9/09

 
Sample Collection Records 
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12/3/08 14:40 DPT XRF: ND 2 brown
Subsurface Soil 
Sample

 
Analysis Records 
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12/3/08 14:40
SW-846 
8260B

TCL VOCs 4°C 3 EnCore
5 gram 
EnCore

ED00000091-2

12/3/08 14:40
SW-846 
6010B

TAL Metals 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

12/3/08 14:40
SW-846 
8270C

PAHs 4°C 1
Glass - 
Amber

4 oz. wide-
mouth 
w/Teflon 
cap

ED00000091-2

ASTM 
D422

Grain Size None 1
Glass - 
Amber

8 oz. wide-
mouth 
w/Teflon 
cap

 
General Observations and Notes 

No Notes
- End of Report - 



APPENDIX A.4  
 

MONITORING WELL CONSTRUCTION SHEETS AND SURVEY  







APPENDIX A.5  
 

MONITORING WELL DEVELOPMENT SHEETS  







APPENDIX A.6  
 

GROUNDWATER SAMPLE LOG SHEETS 



Tetra Tech NUS, Inc.

Event: RI Field Investigation

Site Name Site 19 GREAT LAKES NTC

GROUNDWATER SAMPLE LOG SHEET

Site Name: Site 19 ‐ GREAT LAKES NTC

Project No: 112G00936.0000.0230 (ED00000091)

Sample ID: NTC19‐MW01‐1208 Sampler: Shannon Hill/Charlie Warino

Well ID: NTC19‐MW01 Well Type: Monitoring Well

QC Duplicate ID: NTC19FD120808‐01 MS/MSD: Yes‐MS/MSD

9.96

0

Well Information
Well Diameter (in) 2 Static Water Level (ft‐BTOR)

Top of Screen (ft BTOR) 5 5 H&S PID Monitor Reading (ppm) 0

Low flow ‐ peristaltic
Low flow ‐ peristaltic

Date Time
Level (ft‐

BTOR)

Rate 

(mL/min)
Color Odor pH (S.U.)

S.C. 

(mS/cm)

DO 

(mg/L)

Turbidity 

(NTUs)
Temp (C)

ORP 

(mV)

Salinity 

(%)
Other

Top of Screen (ft‐BTOR) 5.5 H&S PID Monitor Reading (ppm)

Bottom of Screen (ft‐BTOR) 15.5 Purge Method

Total Depth of Well (ft‐BTOR) 15.5 Sample Method

Equipment
QED: MP20‐1513 Water Quality Meter Hach: 0604C016375 Turbidity Meter H05002712 Pump Control Box

Purge Information

BTOR) (mL/min) (mS/cm) (mg/L) (NTUs) (mV) (%)
12/8/08 16:52 9.96  200  Slightly Turbid  None  NA  NA  NA  NA  NA  NA  NA  NA 

12/8/08 16:59 10.21  200  Slightly Turbid  None  7.43  1.158  5.97  NA  12.29  149  NA  NA 

12/8/08 17:05 10.21  200  Slightly Turbid  None  7.38  1.123  6.25  NA  11.43  150  NA  NA 

12/8/08 17:10 10.20  200  Clear  None  7.34  1.124  6.08  NA  11.14  151  NA  NA 

12/8/08 17:15 10.21  200  Clear  None  7.31  1.130  5.92  47.4  12.02  153  NA  NA 

12/8/08 17:20 10.21  200  Clear  None  7.35  1.115  5.81  24.8  11.83  152  NA  NA 

12/8/08 17:25 10.21  200  Clear  None  7.36  1.118  5.73  21.8  11.71  154  NA  NA 

12/8/08 17:30 10.21  200  Clear  None  7.45  1.117  5.54  17.2  11.18  149  NA  NA 

12/8/08 17:36 10.21  200  Clear  None  7.37  1.120  5.38  16.4  11.15  153  NA  NA 

12/8/08 17:40 10.21  200  Clear  None  7.45  1.107  5.33  14.0  10.66  150  NA  NA 

12/8/08 17:45 10.21  200  Clear  None  7.44  1.118  5.20  13.4  10.85  150  NA  NA 

12/8/08 17:50 10.21  190  Clear  None  7.39  1.117  5.11  16.3  10.56  151  NA  NA 

12/8/08 17:55 10.21  190  Clear  None  7.40  1.118  4.85  15.7  10.37  152  NA  NA 

Start 

Purge

End 

Purge

Duration 

(min)

Total Vol 

(L)
Color Odor pH (S.U.)

S.C. 

(mS/cm)

DO 

(mg/L)

Turbidity 

(NTUs)
Temp (C)

ORP 

(mV)
Salinity Other

16:52 17:55 63 12 5 Clear None 7 40 1 118 4 85 15 7 10 37 152 NA NA

Final Purge / Sample Data

16:52 17:55 63 12.5 Clear  None  7.40  1.118  4.85  15.7  10.37  152  NA  NA 

Collected Date Time Preserv. # Type Vol COC Notes

12/8/08 17:59 4°C/HCL 3 Glass ‐ Clear 40ml vials MS/MSD

12/8/08 17:59 4°C 2 Glass ‐ Amber 1L MS/MSD

12/8/08 17:59 4°C/HNO3 1 Plastic ‐ PE 500ml MS/MSD

12/8/08 17:59 4°C/HNO3 1 Plastic ‐ PE 500ml MS/MSD

SW‐846 8270C ED00000091‐5

Metals (Total)

Laboratory Analysis:
Description Analysis Chain#

VOCs SW‐846 8260B ED00000091‐5

PAHs

General Notes:

SW‐846 6010B ED00000091‐5

Metals (Dissolved) SW‐846 6010B ‐ Filtered ED00000091‐5

General Notes:

eData Report ‐ GWLog ‐ v2.15



Tetra Tech NUS, Inc.

Event: RI Field Investigation

Site Name Site 19 GREAT LAKES NTC

GROUNDWATER SAMPLE LOG SHEET

Site Name: Site 19 ‐ GREAT LAKES NTC

Project No: 112G00936.0000.0230 (ED00000091)

Sample ID: NTC19‐MW02‐1208 Sampler: Shannon Hill

Well ID: NTC19‐MW02 Well Type: Monitoring Well

QC Duplicate ID: N/A MS/MSD: N/A

15.72

0

Well Information
Well Diameter (in) 2 Static Water Level (ft‐BTOR)

Top of Screen (ft BTOR) 8 13 H&S PID Monitor Reading (ppm) 0

Low flow ‐ peristaltic
Low flow ‐ peristaltic

Date Time
Level (ft‐

BTOR)

Rate 

(mL/min)
Color Odor pH (S.U.)

S.C. 

(mS/cm)

DO 

(mg/L)

Turbidity 

(NTUs)
Temp (C)

ORP 

(mV)

Salinity 

(%)
Other

Purge Information

Equipment
QED: MP20‐1513 Water Quality Meter Hach: 0604C016375 Turbidity Meter H05002712 Pump Control Box

Bottom of Screen (ft‐BTOR) 18.13 Purge Method

Total Depth of Well (ft‐BTOR) 18.13 Sample Method

Top of Screen (ft‐BTOR) 8.13 H&S PID Monitor Reading (ppm)

BTOR) (mL/min) (mS/cm) (mg/L) (NTUs) (mV) (%)
12/8/08 15:27 15.72  100  Clear  None  NA  NA  NA  NA  NA  NA  NA  NA 

12/8/08 15:38 15.85  100  Clear  None  7.13  0.868  6.77  7.71  9.30  240  NA  NA 

Start 

Purge

End 

Purge

Duration 

(min)

Total Vol 

(L)
Color Odor pH (S.U.)

S.C. 

(mS/cm)

DO 

(mg/L)

Turbidity 

(NTUs)
Temp (C)

ORP 

(mV)
Salinity Other

15:27 15:38 11 1.1 Clear  None  7.13  0.868  6.77  7.71  9.30  240  NA  NA 

C ll d D Ti P # T V l COC N

Final Purge / Sample Data

Laboratory Analysis:
D i ti A l i Ch i #Collected Date Time Preserv. # Type Vol COC Notes

12/8/08 15:45 4°C/HCL 3 Glass ‐ Clear 40ml vials

12/8/08 15:45 4°C 2 Glass ‐ Amber 1L

12/8/08 15:45 4°C/HNO3 1 Plastic ‐ PE 500ml

12/8/08 15:45 4°C/HNO3 1 Plastic ‐ PE 500ml

Because well ran dry very quickly previous day when developed only one reading was taken

then sample was quickly collected before well went dry again.

General Notes:

Metals (Total) SW‐846 6010B ED00000091‐5

Metals (Dissolved) SW‐846 6010B ‐ Filtered ED00000091‐5

VOCs SW‐846 8260B ED00000091‐5

PAHs SW‐846 8270C ED00000091‐5

Description Analysis Chain#

eData Report ‐ GWLog ‐ v2.15



APPENDIX A.7 
 

SAMPLE LOG SHEETS FOR QUALITY ASSURANCE/ QUALITY CONTROL 



























APPENDIX A.8 
 

ILLINOIS DEPARTMENT OF PUBLIC HEALTH WELL PERMITS 







APPENDIX A.9 
 

CHAIN OF CUSTODY FORMS 





















 APPENDIX B 
 

DATA VALIDATION PACKAGES AND ASSESSMENT  



















































































































































































































APPENDIX C 
 

LABORATORY ANALYTICAL SUMMARY SHEETS 

































































































































































































































































































































































































APPENDIX D 
 

AQUIFER CHARACTERISTICS, CALCULATIONS, AND RECORDS 







APPENDIX E 
 

IDW WASTE PROFILES AND RECORDS 



412-921-4040

 This letter is in response to your submission of a material profile form to IWS for approval and
acceptance.  IWS would like to inform you that your material profile form has been approved for
acceptance at our facility located at:

12123 South Stony Island Avenue   Chicago, IL  60633
IL EPA # 0316555071   US EPA # ILR 000 115 287

When shipping this material to our facility, you must ship with a Uniform Hazardous Waste Manifest.
Be sure to include the generator's IL Facility ID Number on the manifest.  Also, please reference the
MATERIAL PROFILE APPROVAL # on your manifest.  The MPA # should be written in the additional
information block of the manifest.  This approval applies only to the material referenced on the
profile form.  All other material must be profiled separately.  To schedule this load into our facility,
you may contact me at (773) 646-9700, or customer service at (800) 447-3592.

This approval is valid for one year.  Upon expiration of this profile, you will be prompted to re-certify
the profile.  Re-certification may include a profile review, re-sample and analysis of the waste
stream, or submission of more current material safety data sheets and/or laboratory analyticals.  If
you have any questions concerning this approval number, please do not hesitate to call.  IWS
appreciates the opportunity to serve you.

029906

Naval Stations - Great Lakes
Soil Cuttings

Robert Davis

January 19, 2009

Re: MATERIAL PROFILE APPROVAL #:

12123 South Stony Island Avenue
Chicago, IL  60633
Ph.  773-646-9700
Fax  773-646-9730

1640 Talleyrand Avenue
Jacksonville, FL  32206

Ph.  904-354-0372
Fax  904-354-7612

1980 Avenue "A"
Mobile, AL  36615
Ph.  251-694-7500
Fax  251-694-7508

Sincerely,

Tom Reeder
Facility Manager

Tetra Tech NUS
661 Andersen Dr #7
Pittsburgh Pennsylvania

201 Decatur Ave Bldg#221
Great Lakes Illinois

0971255004IL Facility ID #:



412-921-4040

 This letter is in response to your submission of a material profile form to IWS for approval and
acceptance.  IWS would like to inform you that your material profile form has been approved for
acceptance at our facility located at:

12123 South Stony Island Avenue   Chicago, IL  60633
IL EPA # 0316555071   US EPA # ILR 000 115 287

When shipping this material to our facility, you must ship with a Uniform Hazardous Waste Manifest.
Be sure to include the generator's IL Facility ID Number on the manifest.  Also, please reference the
MATERIAL PROFILE APPROVAL # on your manifest.  The MPA # should be written in the additional
information block of the manifest.  This approval applies only to the material referenced on the
profile form.  All other material must be profiled separately.  To schedule this load into our facility,
you may contact me at (773) 646-9700, or customer service at (800) 447-3592.

This approval is valid for one year.  Upon expiration of this profile, you will be prompted to re-certify
the profile.  Re-certification may include a profile review, re-sample and analysis of the waste
stream, or submission of more current material safety data sheets and/or laboratory analyticals.  If
you have any questions concerning this approval number, please do not hesitate to call.  IWS
appreciates the opportunity to serve you.

029907

Naval Stations - Great Lakes
Purge Water

Robert Davis

January 19, 2009

Re: MATERIAL PROFILE APPROVAL #:

12123 South Stony Island Avenue
Chicago, IL  60633
Ph.  773-646-9700
Fax  773-646-9730

1640 Talleyrand Avenue
Jacksonville, FL  32206

Ph.  904-354-0372
Fax  904-354-7612

1980 Avenue "A"
Mobile, AL  36615
Ph.  251-694-7500
Fax  251-694-7508

Sincerely,

Tom Reeder
Facility Manager

Tetra Tech NUS
661 Andersen Dr #7
Pittsburgh Pennsylvania

201 Decatur Ave Bldg#221
Great Lakes Illinois

0971255004IL Facility ID #:
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