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1.0 PURPOSE   
 

The primary purpose of this vapor intrusion screening assessment is to collect reliable 

soil vapor analytical data to supplement existing groundwater analytical data and 

determine whether or not the vapor intrusion pathway poses an unacceptable risk to 

human health.   This evaluation is critical toward addressing the vapor intrusion pathway 

and satisfying the Environmental Indicator goal of reducing or controlling the risk to 

human health, if any, at the Harley-Davidson York, Pennsylvania facility by 2005.  

 

2.0 BACKGROUND AND PRELIMINARY SCREENING ASSESSMENT  
 
At the Harley-Davidson York facility, elevated concentrations of volatile organic 

constituents (VOCs) have been detected in samples of groundwater collected from 

monitoring wells.  The migration and volatilization of the VOCs in groundwater and the 

potential exposure pathway via vapor intrusion is a human health environmental 

indicator that needs to be further evaluated to determine if vapors exist in excess of risk 

based levels.  Residential dwellings exist along the northeastern and southeastern 

Harley-Davidson property boundaries.  Additionally, there are a limited number of on-site 

building areas that are generally used for administrative or other purposes where there is 

the potential for non-occupational exposures that would not necessarily be addressed by 

the Occupational Safety and Health Administration (OSHA).  These on-site buildings 

include: Building No. 1. (Administration Office), Building No. 7 (Medical/ Security), 

Building No. 8 (Cafeteria), Building No. 11 (Office/Storage), Building No. 13 (Computer 

Building), and Building No. 45 (Test Lab/MC Audit/Maintenance Trades). The general 

locations of these areas that will be further investigated to evaluate the potential vapor 

intrusion exposure pathway are shown on the aerial photograph taken in May 2002 and 

provided on Figure 1.    
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As initial steps in the evaluation and assessment of the vapor intrusion pathway, Langan 

completed a preliminary screening assessment following the USEPA Draft Guidance for 

Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils 

(November 2002).  This Draft subsurface vapor intrusion guidance involves a three-tier 

methodical screening process that is conservative and can be used to determine 

whether there is a potential for an unacceptable risk.  In preparing this workplan the 

three-tier screening evaluation was performed for one of the proposed areas of 

investigation but the screening evaluation will be completed for all proposed areas as 

part of implementing this workplan.  

 

Given the rapidly evolving science concerning vapor intrusion, this screening 

assessment is preliminary and has been based on general assumptions and the existing 

groundwater data for wells sited near the northeastern and southeastern property 

boundaries and the identified non-occupational areas of the facility.  Some key facts 

and/or assumptions are: 
 

• There are no known impacts of VOCsto unsaturated soils in the vicinity of the 

northeastern and southeastern property boundaries and/or areas located further 

north or south beyond the limits of the property.   
 

• Only potential exposure scenarios were considered and it is conservatively 

assumed, though not confirmed, that the concentrations of volatile constituents in 

samples of groundwater from wells within the immediate vicinity of each area are 

representative of the groundwater concentrations beneath the buildings and 

residential dwellings of interest.   
 

• The depth to groundwater beneath these areas of investigation is generally 20 to 

35 feet below ground surface.  
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2.1 Tier 1 Preliminary Screening Assessment 
 

To illustrate the draft vapor intrusion screening process, we have prepared the 

following description of the tiered screening evaluation conducted for the 

southeast property boundary area (SPBA).  At the Tier 1 screening level, Langan 

identified the following constituents present in on-site groundwater at the SPBA 

that are listed in Table 1 of the USEPA draft vapor intrusion guidance: 
 

• Bromoform 

• 1,2-Dichloroethene  

• Chloroform 

• Chloromethane 

• Tetrachloroethene (PCE) 

• Trichloroethene (TCE) 

 

As defined in the USEPA draft vapor intrusion guidance, these constituents are 

sufficiently volatile and potentially toxic to pose a threat to human health via the 

vapor intrusion pathway.  Given the presence of these volatile constituents in 

groundwater and the location of inhabited buildings immediately off-site and 

downgradient of the SPBA, the assessment proceeded to the Tier 2 screening 

level.   

 

2.2 Tier 2 Preliminary Screening Assessment 
 

The Tier 2 screening step involves comparing measured concentrations (in this 

case in on site groundwater) to the recommended “generic criteria”.  As a first 

pass conservative screening, groundwater target constituent criteria 

corresponding to a risk level of 10-6 were used.  The concentrations detected in 

monitoring wells near the SPBA during three recent sampling episodes were then 

also compared to the least stringent (10-4 risk level) target screening 

concentrations.  The results of this screening comparison are summarized below. 
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Volatile Organic 

Compound in 

Groundwater 

Range of 

Concentration

s (ug/L) 

USEPA Draft Vapor Intrusion Screening Levels 

for Groundwater 

  Generic 50 x Generic  (1) 

  R=1x10-6 R=1x10-4 R=1x10-6 R=1x10-4 

Bromoform 1.1 0.0083 0.83 0.415 41.5 

Chloroform 0.2 - 3 80 80 4000 4000 

Chloromethane 0.5 – 1 6.7 250 335 12,500 

1,2-Dichloroethene* 1.3 –137 210 210 10,500 10,500 

Tetrachloroethene 1 – 424 5 110 250 5,500 

Trichloroethene 1 - 1420 5 5.3 250 265 

 

Notes: 
The compounds presented here are those compounds detected in groundwater at the SPBA that 

are listed in Table 1 of the Guidance as sufficiently volatile and toxic. 

All concentration/levels are listed in micrograms per liter (ug/l) equivalent to parts per billion (ppb). 

*The range of concentrations is for 1,2-Dichloroethene which does not differentiate individual 

concentrations for the cis-1,2-Dichloroethene and trans-1,2-Dichloroethene chemical isomers; 

screening levels are for the cis-1, 2-Dichloroethene chemical isomer. 

(1) A site-specific evaluation is recommended by the guidance if observed concentrations are 

greater than 50 times the generic criteria. 

R = risk factor 

 

Bromoform, PCE, and TCE were detected in groundwater at the southeast 

perimeter at concentrations greater than the generic criteria and the 50 times the 

generic target concentration at the 1x10-6 risk level.  TCE was also detected in 

groundwater at the SPBA at concentrations greater than 50 times the generic 

target concentration at the 10-4  risk level.   

 

Based on a similar precursory screening assessment using the available 

groundwater analytical data for monitoring wells in the vicinity of the Northeast 
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Property Boundary Area (NPBA) and the targeted on-site buildings, similar 

constituents have been detected in groundwater at concentrations that exceed 

the conservative generic target concentrations in these areas.  The complete 

vapor intrusion screening assessment for each area of investigation will be 

presented in the final vapor intrusion screening assessment report.  In lieu of any 

soil-gas data that is representative of conditions that may exist near the building 

foundations, the conservative Tier 2 screening assessment warrants a more site-

specific sampling/analysis assessment in these specific areas.  

 

2.3 Tier 3 Site Specific Vapor Intrusion Screening Assessment 
 

If warranted after completing the tiered vapor intrusion screening evaluation 

following USEPA Guidance for each area of interest, a focused site-specific 

assessment will be performed to further assess the potential vapor intrusion 

pathway related to migration and volatilization of halogenated VOCs from 

groundwater.  The site-specific assessment will involve the collection and 

analysis of soil vapor samples that are taken at locations to assess potential 

vapor intrusion pathways associated with nearby off-site residential structures 

and targeted on-site buildings at the Harley-Davidson facility.  In two phases of 

investigation, the soil vapor data will be collected at discrete depth intervals and, 

along with existing groundwater data, will provide a more reliable and robust 

dataset to assess the potential vapor intrusion pathway.  

 

As a first step in the Tier 3 process, vapor concentrations obtained from readily 

accessible areas will be assumed to be similar to vapor concentrations adjacent 

to the nearby inhabited structures. This approach is considered conservative, 

especially in regard to off-site structures, because groundwater data in the area 

suggest that the highest concentrations exist at the property boundary and that 

the groundwater concentrations decrease in the downgradient direction toward 

the residential structures (see Draft Southern Property Boundary Area; Interim 

Study Report; Harley-Davidson, Inc. Facility; York, Pennsylvania by R.E. Wright 
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and Associates, Inc., September 1996 and Groundwater Extraction And 

Treatment System Annual Operations Report For The Period July 1, 2001 Thru 

June 30, 2002; Harley-Davidson, Inc. Facility; York, Pennsylvania (2002)).  

 

Initial Soil Vapor Qualitative Field Analysis 
 

As an initial soil vapor screening phase, vertical profiling of soil vapor 

concentrations at each area of investigation will be conducted using a Membrane 

Interface Probe complete with an Electrical Conductivity (EC) Sensor.  The 

combined MIP/EC tool will be pushed into the ground collecting data from the 

surface to the target depth or refusal.  The logs generated will reveal both the 

general soil types as well as the location of any VOCs detected.  The MIP system 

heats the soil to between 100 degrees and 250 degrees. VOCs in the 

subsurface, if present, then pass through a permeable membrane in the probe 

and are analyzed using PID, FID and ECD detectors.  Two advantages of the 

MIP system are that it detects VOCs in-situ and can be used in most soil types 

and provides real-time data that can be readily viewed and interpreted to 

streamline and focus more quantitative data collection efforts.  The soil types are 

classified based on electrical conductivity responses recorded by the probe.  The 

collective results can be used to refine the conceptual model for the site and 

more accurately identify the most critical depths and soil types to focus more 

quantitative sampling and analysis.  The Standard Operating Procedure for the 

collection of soil vapor samples using the Membrane Interface Probe is included 

in Appendix A.   

 

Focused Soil Vapor Quantitative Analysis 

Based on the MIP conductivity and soil vapor field analyses, hydraulic push 

methods (i.e. Geoprobe) will be used to obtain representative and discrete soil 

vapor samples at targeted locations where the soil vapors appear to be most 

concentrated and/or at soil types that appear to be more coarse-grained 

(permeable) and could have a greater effect on vapor migration.  As part of a 
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second mobilization and field effort, a subset (approximately one-third) of the 

discrete soil vapor samples collected and analyzed using the MIP will be re-

sampled by accessing each targeted soil interval and using a Summa canister to 

collect a representative soil vapor sample.  All soil vapor samples collected using 

Summa canisters will be analyzed for volatile organic compounds in accordance 

with “Compendium of Methods for the Determination of Toxic Organic 

Compounds in Ambient Air”, EPA/625/R-96/010b, second edition, January 1999, 

Method TO-15.   Soil vapor sampling methods and field sampling protocol for 

collecting soil vapor samples for quantitative analysis are summarized in 

Appendix B.   

 

Also, readily available information will be ascertained to determine the 

construction details for inhabited buildings and for nearby buried utilities that 

could influence vapor migration, if present. The local building code office will be 

contacted to request available information and access to records that document 

the construction details particularly foundation and sub grade structure details for 

the residences and inhabited buildings located south and north of the property.  

We will also contact the sewer authority to obtain as-built drawings and/or 

construction details for sanitary and storm sewers located in the immediate 

vicinity of the property, particularly south of the SPBA.     

 

3.0 DATA QUALITY OBJECTIVES  
 

Data quality objectives were developed to relate the quantity and quality of the data that 

will be collected to study the problem, ultimate use of the data, and to support decisions.  

Data quality objectives are summarized below in terms of the process presented in the 

Guidance for Data Quality Objectives Process (EPA QA/G-4, August 2000). 

 

I Problem Definition 
 

At the Harley-Davidson York facility, the migration of elevated concentrations of VOCsin 

groundwater and the potential vapor intrusion pathway is a human health environmental 
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indicator that needs to be further evaluated to determine if vapors exist in excess of risk 

based levels.   Residential dwellings are located immediately off-site to the northeast 

and southeast of the property and certain on-site buildings areas that are generally used 

for administrative or other purposes are potentially at risk of exposure via vapor 

intrusion.  The vapor intrusion pathway is one human health consideration that needs to 

be addressed as part of satisfying the environmental indicator goals for the site by 2005. 

 

II  Decision 
 

Using available groundwater analytical data and the conservative vapor intrusion 

screening criteria in the Draft Vapor Intrusion Guidance, sufficiently volatile and toxic 

organic compounds have been detected in groundwater samples taken near targeted 

on-site building areas and the NPBA and SPBA.  These data alone are not sufficient to 

determine whether the vapor intrusion pathway is complete or incomplete and will be 

supplemented by soil classification and soil vapor analytical data as well as other site 

specific information.  The soil vapor data will be used to identify and differentiate any 

areas of investigation where contaminated groundwater is the only potential source of 

vapors or where a source may be present within the unsaturated soil zone (not likely at 

the SPBA and NPBA), if any.  The appropriate generic target media-specific 

concentrations and screening risk levels presented in the Draft Vapor Intrusion Guidance 

will be used and compared to the groundwater and soil vapor concentrations at these 

areas of the site.  

 

III Inputs to the Decision 
 

Using both qualitative field analytical techniques and quantitative laboratory analytical 

methods, soil gas samples will be collected and analyzed to establish a vertical profile of 

vapor concentrations and to supplement the existing groundwater VOC analytical data.  

The combined dataset will be evaluated to assess the reliability and adequacy of the 

data for its intended use in evaluating vapor intrusion exposure pathway and 

environmental indicators.  A more complete analysis of the combined dataset along with 
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other site-specific factors that may be revealed will be performed using professional 

judgment following the Draft Vapor intrusion screening guidance and conservative risk-

based criteria to determine whether a vapor pathway exposure risk could exist. 

 

Soil vapor data collection and analysis will supplement the existing groundwater 

analytical data and together will provide a more reliable and adequate dataset to 

evaluate the potential vapor intrusion pathway.  As a screening assessment, these data 

will be compared to the conservative soil vapor screening criteria in the Draft Vapor 

Intrusion Guidance to further evaluate whether the vapor exposure pathway may be 

complete.  Readily available construction information pertaining to nearby (on-site and 

off-site) inhabited buildings will be compiled along with details of nearby utilities, and 

other known sub-grade features. Building air exchange rates that could affect 

preferential vapor migration pathways will be also be evaluated.  This information will 

result in an improved site conceptual model to more completely assess the vapor 

intrusion pathway potential based on more site-specific conditions.   

 

As appropriate, modeling (after Johnson, P.C. and R. Ettinger, 1991, Heuristic Model for 

Predicting the Intrusion Rate of Contaminant Vapors into Buildings, Environmental 

Science and Technology, 25 #8, 1445-1452) may be considered useful and may be 

conducted to further evaluate the vapor intrusion risk.  At this time, any modeling efforts 

will be based on the results of the screening assessment using the groundwater and soil 

vapor analytical data and the site specific factors that have yet to be determined. 

 

 Various investigation activities will provide the data necessary to make decisions: 

 

• Field data such as soil characteristics, soil classification and any field evidence of 

impacts (e.g. visual, olfactory, PID/FID/ECD) will assist in the characterizing 

subsurface conditions that could influence vapor distribution and migration.  

 

• Soil vapor samples will be collected at locations along the Harley-Davidson 

NPBA and SPBA where some residences are located within about 100 feet to 
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200 feet of groundwater monitoring wells that contain volatile organic 

constituents.  Similarly, soil gas samples will be collected near select on-site 

buildings that are associated with administrative office or other duties that are not 

necessarily governed by OSHA.   The soil vapor data will be collected at multiple 

discrete depth intervals and will be first analyzed in the field using semi-

quantitative field analytical techniques.  A subset of soil vapor samples analyzed 

using the MIP will be re-taken using Summa canisters and analyzed by a 

qualified analytical laboratory for target volatile organic compounds using 

analytical Method TO-15.  

 

• Method TO-15 analytical results will be provided in a full data deliverable format 

to facilitate data validation and support decisions.  A third party sub-contractor, 

using the Region III Modifications to National Functional Guidelines for Organic 

will validate the soil vapor analytical results as they are critical to decision points 

(i.e. evaluating the potential vapor intrusion exposure risks). 

 

• Readily available information will be ascertained to determine the construction 

details for inhabited buildings and for any nearby buried utilities that could 

influence vapor migration.  As available, site specific information regarding 

building air exchange rates will also be evaluated.  

 

IV Study Boundaries 
 

In terms of the scope and boundaries of the screening assessment, three specific areas 

of the site have been targeted based on the greatest perceived possible risk via the 

indoor vapor intrusion pathway to nearby inhabited buildings (see Figure 1).   

 

This investigation effort is a screening evaluation designed to collect supplemental data 

that will enhance the reliability and adequacy of the existing groundwater analytical data 

toward evaluating the vapor intrusion potential and associated environmental indicator 

goals.  This screening evaluation is designed in accordance with Draft USEPA Vapor 
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Intrusion Guidance which uses an iterative/phased, decision-making process.  The data 

collected will build on and benefit from the findings of earlier phases of investigation.  In 

that regard, the use of modeling to further evaluate site specific factors is a consideration 

but the purpose and scope of any modeling efforts, if necessary, will be determined 

based on the results of the soil vapor sampling, data collection, and further vapor 

intrusion screening analysis.  The vapor intrusion screening evaluation will be complete 

when it can be sufficiently demonstrated that the Environmental Indicator goal of 

reducing or controlling the risk to human health via the vapor intrusion pathway is met.  

 

Timeliness and flexibility have been factored into the investigation to streamline site 

characterization efforts and efficiently and effectively accomplish goals and objectives. 

The investigation is designed to use a semi-quantitative field analytical approach 

followed by a focused soil vapor sampling effort at those specific locations and soil 

depths that appear to pose the greatest potential risk and could have the most influence 

on possible migration of volatile organic soil vapors via the vapor intrusion pathway.   

 

V  Decision Rule 
 

First, field analytical results will be qualitatively considered for the presence or absence 

of VOCs in soil vapor.  If VOCs are detected, then field analytical results will be further 

considered to assess the degree of impact relative to field analytical detection limits and 

other samples in a given area, over a discrete depth or soil type.  Based on these data, 

specific locations and soil depths will be selected to re-collect soil vapor samples using 

Summa canisters.   Using EPA Method TO-15 to achieve desired low-level quantitation 

limits, the soil vapor samples will be analyzed and results compared to the appropriate 

generic screening criteria provided in the Draft EPA Vapor Intrusion Guidance and 

possibly to other site specific risk-based screening criteria that may be calculated based 

on site specific factors and/or soil vapor modeling efforts, as appropriate.  Ultimately, 

decisions on the vapor intrusion pathway and associated risks will be based on a site 

conceptual model and screening assessment using the available groundwater VOC 
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analytical data, the soil vapor analytical data, and site specific data/factors that affect 

vapor exposure and human health risk.   

 

VI Tolerable Limits on Decision Errors 
 

There are effectively two levels of data quality for the vapor intrusion screening 

assessment: field data and laboratory analytical data. Field data will be used primarily as 

an initial screening tool to guide sample selection and investigation design, and will not 

be used independently to assess potential risk.  The field analytical data will be used in a 

qualitative manner to focus soil vapor sample collection/analysis efforts to those areas, 

depths, and soil types that more directly contribute to potential vapor intrusion risks.  
Field data quality is a function of the limitations of the field instrumentation and operator 

skill/experience.  To ensure optimal performance and reliability of field instrument 

readings, all field instrumentation will be standardized/calibrated following the 

manufacturer’s recommendations and standard operating procedures.  

 
There are lower tolerance limits on decision errors that relate directly to characterizing 

potential risks to human health and the environment (i.e. exposure pathways/receptors).  

Laboratory analytical data are generally of a higher quality with a greater degree of 

precision, accuracy, and quality assurance/control than field data.  To be protective and 

ensure the validity of results, all laboratory data will be provided in full deliverable format 

to enable validation by a third party, as needed, and to support decisions concerning 

potential risks to human health via the vapor intrusion pathway will be fully validated by a 

third party.     

 

All reasonable efforts will be made to detect and eliminate errors in field data derived 

from human error or instrument malfunction.  Field activities will be implemented by staff 

properly trained in such areas as use of field equipment and field characterization of 

soils and drill cuttings.  Field equipment will be calibrated and maintained in accordance 

with manufacturer’s specifications. 
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VII Optimize the Design for Obtaining Data 
 

As discussed earlier, the investigation will follow a phased approach with later phases 

building on and benefiting from earlier findings.  The laboratory data is linked to the 

decision rule; therefore, it will be of high quality, definitive, and defendable.  The 

laboratory analyses will be performed by a qualified laboratory (to be selected and 

named prior to sampling) that participates in a quality assurance/quality control program 

that is comparable to the program adopted by EPA.  Analyses and will be conducted in 

accordance with strict protocols and documentation will be provided in a full deliverable 

package to enable data validation.   

 

The following sections discuss how data will be collected and how data quality will be 

evaluated and documented. 

 
4.0 SAMPLE COLLECTION/ANALYSIS 
 

Vertically discrete samples of soil gas will be collected and analyzed to quantify the 

vapor concentrations of the target halogenated VOC constituents that pose a threat of 

vapor intrusion due to volatilization from groundwater emanating from the property.   As 

part of an initial field sampling/analytical phase, borings will be drilled and soil vapor 

samples collected along both the northeast and southeast property boundaries as 

depicted on Figure 2 and 3, respectively.  For on-site building areas that will be 

investigated, soil borings will be drilled along the exterior building perimeter walls with at 

least one set of vertically discrete vapor samples taken along each exposed, exterior 

wall, pending underground utility and access clearance.  Soil vapor samples will be 

collected throughout the depth of penetration to an assumed nominal depth of 15 feet 

below ground surface at each boring location.  Sample will be field analyzed using the 

MIP and PID/FID/ECD detectors as described in Section 2.3.1 and detailed in Appendix 

A.  These data will be used to qualitatively evaluate the vertical profile of soil vapor 

concentrations at each location.   
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As a second field mobilization effort and based on the MIP field analytical results, select 

locations, depths and soil types will be revisited and soil vapor samples will be collected 

at these locations to produce quantitative and more reliable analytical data to assess the 

vapor intrusion pathway.  Hydraulic push methods (i.e. Geoprobe) will be used to obtain 

representative and discrete soil vapor samples for analysis Samples will be obtained 

using a Summa canister and will be submitted to a fixed analytical laboratory for 

analysis.  Sample collection methods and protocol using a Geoprobe and Summa 

canister are included in Appendix B.   

 

All soil vapor samples will be analyzed for volatile organic compounds in accordance 

with “Compendium of Methods for the Determination of Toxic Organic Compounds in 

Ambient Air”, EPA/625/R-96/010b, second edition, January 1999, Method TO-15. The 

analytical laboratory selection process for this work is ongoing and the selected 

laboratory will be named before proceeding with the soil vapor sampling work.  The 

selected laboratory will be qualified to perform the required analyses and will participate 

in a quality assurance/quality control program that is comparable to the program adopted 

by EPA.   

 

5.0 QUALITY ASSURANCE/QUALITY CONTROL 
 

The following sections outline the general field and laboratory quality assurance/quality 

control measures that will be incorporated into this focused Vapor Pathway Screening 

Assessment task.  All soil vapor samples will be analyzed for the presence of the listed 

target VOCs that have been detected in groundwater that pose a possible vapor 

intrusion risk based on the conservative level of screening performed to date.  Specific 

analytical quality assurance (QA) and quality control (QC) elements associated with 

achieving the objectives for this vapor intrusion screening task are summarized below. 

 

5.1 Analytical Methodology 
 

The laboratory analytical method designated for soil vapor samples collected 

during this vapor intrusion task is Method TO-15 as specified in “Compendium of 
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Methods for the Determination of Toxic Organic Compounds in Ambient Air”, 

EPA/625/R-96/010b, second edition, January 1999.  The target compound list 

(TCL) and priority pollutant list (PPL, excluding acrolein, acrylonitrile, and 2-

chlorethyl vinyl ether) are subsets of the compound list that is targeted by this 

method.  TO-15 is well suited to this vapor intrusion assessment because it can 

provide analytical results for a long list of compounds and achieve much lower 

detection limits.  Detection limits in the part per billion volume (ppbv) range can 

be achieved using a cryofocusing procedure that enables much larger sample 

volume to be analyzed.     

 

The targeted analytical parameters, vapor intrusion screening criteria and 

analytical reporting limits for the TO-15 analytical method are summarized below.    

 
TARGET ANALYTES, REPORTING LIMITS 

& VAPOR INTRUSION SCREENING CRITERIA 

 
*The range of concentrations is 1,2-Dichloroethene which does not differentiate 

individual concentrations for the cis-1,2-Dichloroethene and trans-1,2-Dichloroehne 

chemical isomers; screening levels are for the cis-1, 2-Dichloroethene chemical isomer. 

 
R = risk factor 

Target Volatile 
Organic Compound in 

Groundwater 

USEPA Draft Target Soil Gas 
Concentration and  

Indoor Air Attenuation Factor 
(AF) (ppbv) 

Method TO-15 
Reported Detection 

Limits 

 Shallow  
R=1x10-6 

AF=0.1 

Deep 
R=1x10-6 
AF = 0.01 

Summa Canister (ppbv) 

Bromoform 2.1 21  
Chloroform 2.2 22 0.047 
Chloromethane 15 150 0.067 
1,2-Dichloroethene* 88 880 0.073 
Tetrachloroethene 1.2 12 0.048 
Trichloroethene 0.041 0.41 0.043 
Vinyl Chloride 1.1 11 0.031 
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5.2 Equipment Decontamination 
 

Any equipment that comes into contact with a sampling medium, except for disposable 

implements, will be decontaminated prior to use and between sampling locations.  

Decontamination may be accomplished by steam cleaning (e.g. drilling 

tools/equipment) or by using the following procedure: 

 

• Physical removal of residual material from equipment. 

• Thorough, vigorous scrubbing with soft bristle brush and laboratory grade, non-

phosphate detergent. 

• Two thorough rinses with tap water. 

• Laboratory grade pure water rinse. 
 

Disposable items will be utilized, as appropriate, during the vapor intrusion sampling 

task to reduce the potential for crossover contamination.   To ensure sample integrity 

and prevent cross-contamination from one sample to another, equipment 

decontamination procedures have been established.  The sampling probes and 

apparatus will be decontaminated internally and externally prior to each day's sample 

collection, and at additional intervals as judged appropriate by the sampling team.  

Prior to each day's work, the sampling equipment will be washed with an 

Alconox/Liquinox cleaner/water solution, and is rinsed with potable water and then 

again with DI water.  New tubing is used for each sample.    During sampling, all 

unused supplies will be kept away from the sampling area in a clean area and covered 

with plastic. 
 

All decontamination liquids will be contained and temporarily transferred to 55-gallon 

DOT-specified clean steel drums with completed labels pending proper off-site 

disposal or to other approved containers to be directed to the on-site treatment system 

prior to discharge.  Potentially contaminated soils derived from the investigation will be 

drummed or properly contained or stockpiled on-site awaiting proper 

treatment/disposal. 
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5.3 Field Quality Control 
 

For field quality control, all equipment will be calibrated daily prior to use for field 

activities.  All calibration procedures will be conducted in accordance with 

manufacturer guidelines and operating procedures.  The equipment to be used in 

the field will include a MIP with PID, FID and ECD detectors, a hand-held 

photoionization detector and groundwater level meters.    All field equipment will 

be checked daily to detect signs of deterioration and obvious dirt.  Spare and 

replacement parts will be carried in the field to minimize downtime due to 

possible equipment failure.  The instruments will be decontaminated between 

each sample location. 

 

As a QA/QC measure, one Summa™ Canister will be set up to draw ambient air, 

and a replicate will also be obtained by hooking two canisters to the same 

borehole with one valve and a “T” fitting.  The canisters will be sealed and sent 

via overnight courier to the laboratory and the samples will be analyzed for target 

VOCs by USEPA Method TO-15.  Replicate samples will be collected at a 

frequency of one for every twenty samples with at least one per sample 

analysis/delivery group.  Ambient air blanks will be collected at a frequency of 

one per day.   All blank sample information will be noted in the field notebook.   

 

5.4 Sample Shipment and Custody 
 

Sample containers will be obtained directly from the laboratory to ensure that the 

containers are free of contamination and are the appropriate volume for the 

requested analysis.  Following sampling, the sealed sample container will be 

labeled with the following information: site name, sample number, initials of 

collector, date and time of collection, type of sample, analysis requested, and 

preservative, as appropriate. 

 

Sample labels will be taped onto the sample containers.  Following labeling, 

sample containers will be placed in a cooler for storage and shipment.  Ice, 
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sealed in double plastic bags or "blue ice" will be placed in each cooler to 

maintain all samples at 4 degrees Celsius (4°C).  Chain-of-custody (COC) forms 

will be enclosed in each cooler.  Coolers will be sealed with custody seals in such 

a manner that the custody seal would be broken if the cooler were opened.  The 

lid of the cooler will be securely taped shut.  Sample coolers will be hand 

delivered or shipped to the analytical laboratory via overnight service. 

 

Chain-of-custody procedures provide an accurate written record that can be used 

to trace the possession of samples from the time of collection through sample 

analysis and data reporting by the laboratory.  Both the field team and the 

laboratory are responsible for documenting sample custody.  A sample is 

considered to be in an individual's custody if any of the following criteria are met: 

1) the sample is in your possession; 2) it was in your possession and then locked 

up or sealed to prevent tampering; or 3) it is in a secured area. 

 

Custody documentation will be maintained for each sample collected in the field.  

The field team member performing the sampling is responsible for the care and 

custody of the samples until they are properly dispatched.  Chain-of-custody 

forms will be used to document sample custody.  The following information will 

be specified for each sample on the field chain-of-custody form: sample number; 

sample matrix; date and time of sample collection; analysis requested; number of 

containers per sample; sample preservation; and method of shipment.  One 

chain-of-custody form will be used for each sample cooler shipped for analysis.  

All other pertinent sample information including sample location will be recorded 

in the field notebook. 

 

The chain-of-custody form will be signed by sampling personnel.  The forms will 

be placed in a watertight plastic bag and taped to the underside of the lid of the 

cooler containing the samples designated on the form.  The sampler retains a 

copy of the form for the project file. 
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Samples will be received at the laboratory by the sample custodians who 

examine each sample to ensure that it is the expected sample, inspect the 

sample containers for possible damage, and ensure that the documentation is 

complete and adequate.  The sample custodians will ensure that each sample 

has been preserved in the manner required by the particular test to be conducted 

and stored according to the correct procedure.  Samples will be maintained at 

4oC until analysis begins. 

 
6.0 DATA VALIDATION, REDUCTION, AND REPORTING 
 

Validation of the analytical data package will be performed by a qualified third party Data 

Validator that will be identified to the USEPA prior to sampling.  The laboratory will provide 

full data deliverables. The validation of data will be performed using general guidance in 

the Region III modifications to “Laboratory Data Validation Functional Guidelines for 

Validating Organic Analyses”, USEPA 9/94. This document specifies procedures for 

validating data generated for Contract Laboratory Program (CLP) analyses. Therefore, 

method quality control requirements will also be used to evaluate the data. The data 

validation will include an assessment of the following items: chain of custody 

documentation, holding times, laboratory method blank results, surrogate recoveries, 

spike sample analysis results, mass tuning results, initial and continuing calibrations, 

internal standard performance, qualitative identification, and quantitation of results.  

 

Upon completion of the data validation, Data Validation Reports (DVRs) will be prepared 

to present the data validation findings.  A DVR will be prepared for each SDG data 

package reviewed.  Analysis results forms, annotated by hand to reflect qualifier codes 

resulting from the data validation review, will be included with both the reports. These 

qualifier codes will be presented in the far right margins of the analysis results forms, 

and will be clearly identifiable.  A glossary defining each data validation qualifier code 

will also be included with the report. The full data deliverables, including all raw 

laboratory data, will be submitted to EPA.  Field measurements will be recorded in the 

field logbooks, which will be stored with the Langan project files.  Laboratory data files 

will be stored at the laboratory. 
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Valid soil vapor data along with previously available groundwater analytical that is 

representative of conditions beneath each investigation area will be compiled and 

compared to the vapor intrusion screening criteria.  Site specific data, including local soil 

characteristics, hydrogeologic conditions, horizontal and vertical VOC concentrations, 

building construction details, indoor air exchange volumes/rates, and any nearby sub-

grade features that could affect vapor distribution/migration will be qualitatively 

considered and presented in an updated site conceptual model.  The site conceptual 

model will provide the framework for performing a vapor intrusion screening evaluation.  

As this soil vapor screening evaluation is being conducted as an expedited task that is 

part of a site-wide remedial investigation effort, the findings from this vapor intrusion 

screening evaluation will be summarized in an interim technical report.  The report will 

present all validated data and the findings for the screening evaluation of the potential 

vapor pathway evaluation.  The use of vapor intrusion modeling to further evaluate site 

specific factors will be considered and may be proposed.  If appropriate after 

consideration of all the data collected as part of this screening evaluation, the purpose 

and scope of any modeling efforts will be defined and performed. 

 

7.0 SCHEDULE 
 

The project implementation schedule is provided in Figure 4 and has a total estimated 

projected duration of 18 weeks after USEPA’s approval of the workplan.  A contingency 

of 4 weeks has been incorporated into the schedule for the possibility that vapor 

intrusion modeling may be conducted to enable a more detailed site specific evaluation 

of the vapor intrusion exposure pathway but the actual scope of the vapor intrusion 

modeling efforts will be defined based on the findings of the initial screening 

evaluation/tasks that have been designed.  The implementation schedule may be slightly 

refined, if necessary, once the scopes for any vapor modeling tasks are able to be better 

assessed.  After all data is reviewed and interpreted, a draft technical report of the 

findings of this screening assessment will be provided by Harley-Davidson to EPA for 

their review. 
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FIGURE 1.

PROPOSED SOIL VAPOR SAMPLING AREAS OF INVESTIGATION, 

Harley Davidson Motor Company, York, PA Facility



FIGURE 2.

PROPOSED SOIL VAPOR SAMPLING – SOUTHEAST PROPERTY BOUNDARY, 

Harley Davidson Motor Company, York, PA Facility
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FIGURE 3.

PROPOSED SOIL VAPOR SAMPLING – NORTHEAST PROPERTY BOUNDARY, 

Harley Davidson Motor Company, York, PA Facility
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Figure 4
Indoor Vapor Screening Assessment Schedule

Harley-Davidson Motor Company Facility
York, Pennsylvania

Weeks from USEPA Approval of                              
Final Vapor Pathway Assessment Workplan: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Preparation for Field Activities

Sample Location Layout/Utility Clearance

Drill Rig Mobilization  - Geoprobe with MIP/EC

Drill Rig Re-Mobilization  - Geoprobe w/ Summa canisters

Soil Vapor Sampling/Analysis

Sample Collection

Laboratory Analysis of Soil Samples

Site Conceptual Model/Exposure Pathway Assessment

Data Validation

Data Evaluation/Interpretation and Pathway Assessment

Vapor Pathway Modeling (Contingency)

Reports

Draft Technical Report

Notes/Assumptions:
-Schedule assumes standard laboratory turnaround time (TAT) for data availability (3 to 4 weeks).
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APPENDIX A 
Geoprobe Membrane Interface Probe 

Standard Operating Procedure 
May 2003 



























 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
Soil Vapor Sampling Protocol  

Using Summa Canisters 
 
 



 

 

Geoprobe Sampling Apparatus 

 

To collect the soil gas samples, a Geoprobe will be used to advance connected 4-foot sections 

of narrow diameter threaded steel casing down to the sampling depth.  Once at depth, the 

casing will be hydraulically raised several inches in order to release a disposable drive point and 

open the bottom of the casing. Prior to the collection of the soil vapor samples, the entire 

sampling system will be purged with ambient air.  Polyethylene tubing with a threaded stainless 

steel tip (PRT adaptor) and “O” ring will be lowered through the casing to the bottom of the hole 

and threaded into the PRT/expendable point holder to isolate the void space from annular space 

within the rods.   

 

Summa Canister Sample Collection 

 

The tubing will be connected to the valve on the Summa™ Canister.  The 6-liter Summa™ 

Canister, with a field verified initial vacuum of at least 28 inches of mercury will be filled at a rate 

not to exceed 0.2 liters per minute (l/m).   A lab certified flow controller will be used to control the 

rate of airflow into the canister.  The Summa™ Canister will be placed as close to the borehole 

as possible and the intake valve will be opened to draw in air by the vacuum in the canister until 

the pressure gauge indicates there is an adequate sample volume (i.e., 5-inches of mercury 

remaining [the final pressure will range between 4 to 8 inches of mercury]).   

 
The sample probing tools will be decontaminated before and after use at each location.  New lengths of 

polyethylene tubing will be used for each sample collected. 
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EXECUTIVE SUMMARY 

 

The primary purpose of the vapor intrusion screening assessment at the Harley-Davidson Motor 
Company Operations, Inc. facility in York, PA was to collect reliable soil vapor analytical data to 
supplement existing groundwater analytical data and determine whether or not the vapor 
intrusion pathway poses an unacceptable risk to human health.   Residential dwellings that are 
located immediately off-site to the northeast and southeast of the property and certain on-site 
buildings areas that are generally used for administrative or other purposes are not potentially at 
risk of exposure via vapor intrusion.  The work and results described in this report stem from 
implementing an October 2003 Indoor Vapor Pathway Screening Assessment Workplan that was 
approved by the United States Environmental Protection Agency (USEPA).  

 

To complete the vapor screening assessment, the USEPA Draft Guidance for Evaluating the 
Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (November 2002) was used.  
This Draft subsurface vapor intrusion guidance involves a three-tier methodical screening 
process that is conservative and can be used to determine whether there is a potential for an 
unacceptable risk.  The assessment progressed to a focused site-specific assessment that 
included collection of soil vapor samples and soil characteristics to further characterize the 
potential vapor intrusion pathway from groundwater.   

 

The focused site specific assessment was accomplished in two phases of data collection and 
evaluation.  Soil vapor samples were collected along both the northeast and southeast property 
boundaries.  For on-site building areas that were investigated, soil borings were drilled along the 
exterior building perimeter walls with a goal of at least one set of vertically discrete vapor 
samples taken along each exposed exterior wall, if practical based on underground utility and 
access clearance.   

 

As an initial soil vapor screening phase, vertical profiling of soil vapor concentrations at each area 
of investigation was conducted using a Membrane Interface Probe (MIP) complete with an 
Electrical Conductivity (EC) Sensor.  The MIP sampling/analytical system is a semi-quantitative 
field screening method that was used primarily as an initial screening tool to guide sample 
selection and investigation design, and was not used independently to assess potential risk.  
These data were readily viewed and interpreted to streamline and focus more quantitative data 
collection efforts.   

 

As a second field mobilization effort and based on the MIP field analytical results, select 
locations, depths and soil types were revisited and soil vapor samples were collected using 
Summa canisters to produce quantitative and more reliable analytical data to assess the vapor 
intrusion pathway. 

 
All soil vapor concentrations were compared to the generic screening levels in Table 2 of the 
USEPA November 2002 Draft Vapor Intrusion Guidance developed for residential exposure 
scenarios (specifically, the target shallow soil vapor concentration corresponding to target indoor 
air concentration where the soil vapor to indoor air attenuation factor equals 0.1).  For all 
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compounds except TCE, criteria corresponding to a carcinogenic risk level of 10-5 (USEPA 
Guidance Table 2b) were used which is consistent with the USEPA’s current policy for evaluating 
environmental indicators under RCRA.  As suggested by USEPA, the criteria corresponding to a 
carcinogenic risk level of 10-4 (USEPA Guidance Table 2a) was selected for TCE because of the 
current uncertainty regarding its cancer slope factor. 
 

The USEPA’s current vapor intrusion guidance does not maintain screening criteria for non-
residential exposures.  Non-residential screening criteria were calculated by applying non-
residential default exposure assumptions (e.g. provided in the PA Vapor Intrusion Guidance 
(Table 7, January, 24, 2004). 

 

Ultimately, the Johnson and Ettinger (1991) Model for Subsurface Vapor Intrusion into Buildings 
(J&E Model) was used to predict the indoor air concentration based on various parameters 
related to the source, soil properties, and possible receptor(s) that are specific to conditions 
determined at the site. 

 

The results of the soil vapor model using conservative assumptions and site-specific 
characteristics indicate that the vapor pathway due to volatilization and migration of constituents 
in groundwater is not complete.   There is no apparent on-site or off-site risk to human health via 
the vapor intrusion pathway associated with the property. 
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1.0 INTRODUCTION   

Langan Engineering and Environmental Services, Inc. (Langan) was retained by Harley-Davidson 
Motor Company Operations, Inc. (Harley-Davidson) to assess the vapor intrusion pathway as 
part of supplemental remedial investigations at the York Vehicle Operations facility in York, 
Pennsylvania.  The site location is shown on Figure 1.  Residential dwellings that are located 
immediately off-site to the northeast and southeast of the property and certain on-site buildings 
areas that are generally used for administrative or other purposes are potentially at risk of 
exposure via vapor intrusion.  The vapor intrusion pathway is one human health consideration 
that needs to be addressed as part of satisfying the environmental indicator goals for the site by 
2005. 

 

The primary purpose of the vapor intrusion screening assessment was to collect reliable soil 
vapor analytical data to supplement existing groundwater analytical data and determine whether 
or not the vapor intrusion pathway poses an unacceptable risk to human health.  The work and 
results described in this report stem from implementing an October 2003 Indoor Vapor Pathway 
Screening Assessment Workplan that was reviewed with minor comments provided by the United 
States Environmental Protection Agency (USEPA). Harley-Davidson addressed USEPA’s 
comments in two separate responses dated November and December 2003 and the workplan 
was implemented.   

 

To complete the vapor screening assessment,, the USEPA Draft Guidance for Evaluating the 
Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (November 2002) was used.  
This Draft subsurface vapor intrusion guidance involves a three-tier methodical screening 
process that is conservative and can be used to determine whether there is a potential for an 
unacceptable risk.  Based on conditions at the property, the third tier in the screening process 
required a focused site-specific assessment to collect site specific soil vapor samples and soil 
characteristics to further characterize the potential vapor intrusion pathway from groundwater.  
Ultimately, the Johnson and Ettinger (1991) Model for Subsurface Vapor Intrusion into Buildings 
(J&E Model) was used to predict the indoor air concentration based on various parameters 
related to the source, soil properties, and possible receptor(s) that are specific to conditions 
determined at the site.   

 

This report describes the technical approach and results of the vapor screening assessment at 
the property. 
 

2.0 BACKGROUND AND PRELIMINARY SCREENING ASSESSMENT  

At the Harley-Davidson York facility, elevated concentrations of VOCs have been detected in 
samples of groundwater collected from monitoring wells.  The migration and volatilization of the 
VOCs in groundwater and the potential exposure pathway via vapor intrusion was to be 
evaluated to determine if VOC vapors could exist at concentrations in excess of risk-based 
levels.  Residential dwellings exist along the northeastern and southeastern Harley-Davidson 
property boundaries.  Additionally, there are a limited number of on-site building areas that are 
generally used for administrative or other purposes where there is the potential for non-
occupational exposures that would not necessarily be addressed by the Occupational Safety and 
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Health Administration (OSHA).  These on-site buildings include: Building No. 1. (Administration 
Office), Building No. 7 (Medical/ Security), Building No. 8 (Cafeteria), Building No. 11 
(Office/Storage), Building No. 13 (Computer Building), and Building No. 45 (Test Lab/MC 
Audit/Maintenance Trades). The site location is shown on Figure 1.  The general locations of the 
areas that were further investigated to evaluate the potential vapor intrusion exposure pathway 
are shown on the aerial photograph taken in May 2002 and provided as Figure 2.    
 

As initial steps in the evaluation and assessment of the vapor intrusion pathway, Langan 
completed a screening assessment following the USEPA Draft Guidance for Evaluating the 
Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (November 2002).  This Draft 
subsurface vapor intrusion guidance includes a three-tier methodical screening process that is 
conservative and can be used to determine whether there is a potential for an unacceptable risk.  
The three tiers generally involve: 

 

• Tier I – Primary screening is designed to determine if constituents are sufficiently 
volatile and potentially toxic to pose a threat to human health via the vapor intrusion 
pathway are known or reasonably suspected to be present. 

 

• Tier II – Secondary and semi-site specific screening involves comparing measured or 
reasonably estimated concentrations of target constituents in groundwater, soil vapor 
and/or indoor air to recommended numerical screening criteria (at any of three cancer 
risk levels: 10-4, 10-5, and 10-6), as appropriate.  

 

• Tier III – Site specific pathway assessment examines vapor migration and potential 
exposures in more detail.  This screening level may involve mathematical modeling to 
further assess the influence and significance of site specific conditions and factors on 
potential exposures. 

 

Given the rapidly evolving science concerning vapor intrusion, this screening assessment is a 
baseline assessment that uses general assumptions and the existing groundwater data for wells 
sited near the northeastern and southeastern property boundaries and the identified non-
occupational areas of the facility.  Some key facts and/or assumptions are:   

 

• There are no known impacts of VOCs to unsaturated soils in the vicinity of the 
northeastern and southeastern property boundaries and/or areas located further north 
or south beyond the limits of the property.   
 

• Only potential exposure scenarios were considered and it is conservatively assumed, 
though not confirmed, that the concentrations of volatile constituents in samples of 
groundwater from wells within the immediate vicinity of each area are representative 
of the groundwater concentrations beneath the buildings and residential dwellings of 
interest.   

 

• The depth to groundwater beneath these areas of investigation is generally 20 to 35 
feet below ground surface.  
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2.1 Tier I Preliminary Screening Assessment 

To illustrate the draft vapor intrusion screening process, we prepared the following 
description of the tiered screening evaluation conducted for the Southeast Property 
Boundary Area (SPBA).  Some of the highest on-site concentrations of chlorinated 
constituents in groundwater have been found in groundwater samples collected and 
analyzed for wells at the SPBA.  At the Tier I screening level, Langan identified the 
following constituents present in on-site groundwater at the SPBA that are listed in Table 
1 of the USEPA draft vapor intrusion guidance: 

• Bromoform 
• 1,2-Dichloroethene  
• Chloroform 
• Chloromethane 
• Tetrachloroethene (PCE) 
• Trichloroethene (TCE) 

 
Analytical data for monitoring wells in the vicinity of the Northeast Property Boundary Area 
(NPBA) and the targeted on-site buildings indicate similar constituents have been 
detected in groundwater samples from nearby monitoring wells: 
 

• 1,1-Dichloroethene  
• 1,2-Dichloroethene  
• Chloroform 
• 1,1,1-Trichlorethane  
• Tetrachloroethene (PCE) 
• Trichloroethene (TCE) 

 
As defined in the USEPA draft vapor intrusion guidance, these constituents are 
sufficiently volatile and potentially toxic to pose a threat to human health via the vapor 
intrusion pathway.  Given the presence of these volatile constituents in groundwater and 
the location of inhabited buildings on-site and immediately off-site near the SPBA and 
NPBA, the assessment proceeded to the Tier II screening level to compare groundwater 
concentrations and generic screening criteria.   

 

2.2 Tier II Preliminary Screening Assessment of Groundwater Concentrations 

The Tier II screening step involves comparing measured concentrations (in this case in on 
site groundwater) to the recommended “generic criteria”.  As a first pass conservative 
screening, groundwater target constituent criteria corresponding to a risk level of 10-6 
were used.  The concentrations detected in monitoring wells near the SPBA during three 
of the most recent sampling episodes were then also compared to the target screening 
concentrations at the 10-5 risk level that USEPA deems appropriate for evaluating 
environmental indicators under RCRA.  The results of this screening comparison are 
summarized below. 
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Volatile Organic 
Compound in 
Groundwater 

Range of 
Concentrations 

(ug/L) 

USEPA Draft Vapor Intrusion Screening Levels 
for Groundwater 

  Generic 50 x Generic  (1) 
  R=1x10-

6 R=1x10-5 R=1x10-
6 R=1x10-5 

Bromoform 1.1 0.0083 0.083 0.415 4.15 
Chloroform 0.2 - 3 80 80 4000 4000 
Chloromethane 0.5 – 1 6.7 67 335 3,350 
1,2-Dichloroethene* 1.3 –137 210 210 10,500 10,500 

Tetrachloroethene 1 – 424 5 11 250 550 
Trichloroethene 1 - 1420 5 5 250 250 

 
Notes: 
The compounds presented here are those compounds detected in groundwater at the SPBA are listed in 
Table 1 of the Guidance as sufficiently volatile and toxic. 
 

All concentration/levels are listed in micrograms per liter (ug/l) equivalent to parts per billion (ppb). 
 

*The range of concentrations is for 1,2-Dichloroethene which does not differentiate individual concentrations 
for the cis-1,2-Dichloroethene and trans-1,2-Dichloroethene chemical isomers; screening levels are for the 
cis-1, 2-Dichloroethene chemical isomer. 
 

A site-specific evaluation is recommended by the guidance if observed concentrations are greater than 50 
times the generic criteria. 
 

R = risk factor 
 

Bromoform, PCE, and TCE were detected in groundwater at the SPBA perimeter at 
concentrations greater than the generic criteria at the 1x10-6 risk level.  TCE was the only 
constituent detected in groundwater at the SPBA at concentrations greater than 50 times 
the generic target concentration at the 10-5 risk level.   
 
Based on a similar screening assessment using the available groundwater analytical data 
for monitoring wells in the vicinity of the Northeast Property Boundary Area (NPBA) and 
the targeted on-site buildings, similar constituents (additionally 1,1,1-Trichlorethane and 
1,1-Dichloroethene but excluding Chloromethane and Bromoform) have been detected in 
groundwater at concentrations that exceed the conservative generic target concentrations 
in these areas.   

 

3.0 SOIL VAPOR SAMPLE COLLECTION/ANALYSIS 

Because the results for the baseline screening assessment using available on-site groundwater 
data compared to generic screening criteria did not rule out the potential exposure via the vapor 
pathway, soil vapor samples were required.  Vapor samples were collected at discrete depth 
intervals at several locations in each area of investigation to provide a more reliable and robust 
dataset to more completely assess the potential vapor intrusion pathway via the Tier II screening 
process. 
 
The soil vapor sampling and analysis was accomplished in a two phase investigation.  The 
technical approach and results for the soil vapor samples collected at the property are described 
in this section.  The Tier II Vapor Intrusion Screening Assessment of Soil Vapor Concentrations is 
described in Section 4.0. 
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Vertically discrete samples of soil vapor were collected and analyzed to quantify the vapor 
concentrations of the target VOC constituents that pose a threat of vapor intrusion because of 
volatilization from groundwater emanating from the property. As part of an initial field 
sampling/analytical phase, borings were drilled and soil vapor samples were collected along both 
the northeast and southeast property boundaries.  For on-site building areas that were 
investigated, soil borings were drilled along the exterior building perimeter walls with a goal of at 
least one set of vertically discrete vapor samples taken along each exposed exterior wall, if 
practical based on underground utility and access clearance.   
 
As a second field mobilization effort and based on the MIP field analytical results, select 
locations, depths and soil types were revisited.  Soil vapor samples were collected using Summa 
canisters to produce quantitative and more reliable analytical data to assess the vapor intrusion 
pathway.  At target locations, hydraulic push methods (i.e. Geoprobe) were used to obtain 
representative and discrete soil vapor samples for analysis.  Sample collection methods and 
protocol using a Geoprobe and Summa canister are included in Appendix A.   
 

To achieve the lowest practically achievable detection limits, all soil vapor samples were 
analyzed by STL Laboratories in Burlington, Vermont for volatile organic compounds in 
accordance with “Compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air”, EPA/625/R-96/010b, second edition, January 1999, Method TO-15.  
 

3.1 Soil Vapor Qualitative Field Analysis–Membrane Interface Probe 

As an initial soil vapor screening phase, vertical profiling of soil vapor concentrations at 
each area of investigation was conducted using a Membrane Interface Probe (MIP) 
complete with an Electrical Conductivity (EC) Sensor.  Two advantages of the MIP system 
are that it detects VOCs in-situ and can be used in most soil types and provides real-time 
data.  The MIP uses an electron capture detector with enhanced detection ability by 
deploying a trapping system with full GC separation capability that can detect target 
VOCs in the 10ppb to 100ppb range.  PCE, chloroform and TCE, in particular, can be 
detected at low levels since the instrumentation is very sensitive to the more highly 
chlorinated compounds.  Calibration standards of TCE and PCE were analyzed each day 
to ensure chromatogram peak separation/identification.   
 
The MIP sampling/analytical system is a semi-quantitative field screening method that 
was used primarily as an initial screening tool to guide sample selection and investigation 
design, and was not used independently to assess potential risk.  These data were readily 
viewed and interpreted to streamline and focus more quantitative data collection efforts.  
The MIP sampling locations are shown on Figure 3. 
 
The combined MIP/EC tool was pushed into the ground collecting data from the surface to 
the target depth or refusal.  The logs generated reveal both the general soil types 
encountered as well as the location and relative concentrations of any VOCs detected.  
The soil types were generally classified based on electrical conductivity responses 
recorded by the probe.  The Standard Operating Procedure for the collection of soil vapor 
samples using the Membrane Interface Probe is included in Appendix A.   
 
From December 1 through December 19th, 2003 Langan completed 50 of the 51 
proposed soil vapor borings and field screening analyses of soil vapor samples using the 
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MIP and field gas chromatograph.  These MIP borings include the 48 borings originally 
planned and two of the three additional borings that were added (south of Building 7, west 
of Building 8 and east of Building 45) in response to USEPA’s December 3rd comments.  
The additional MIP boring that was planned south of Building 7 could not be completed 
because concrete was encountered beneath asphalt at three separate locations and our 
attempts to clear utilities by hand digging at these locations were not successful.    The 
MIP borings/sample locations at the building areas, the northeast property boundary, and 
the southeast property boundary are shown on Figure 3. 

 
The data logs generated by the MIP system provide general soil types as well as the 
location and relative concentration with depth of any VOCs detected.  The MIP logs are 
included in Appendix B.  Additionally, using an analytical trapping technique, select vapor 
samples were further analyzed to provide semi-quantitative estimates of relative 
concentrations for specific compounds of concern identified in the field using the gas 
chromatograph. The collective results were used to refine the conceptual model for the 
site, and more accurately identify the most critical depths and soil types to focus the 
quantitative sampling and analysis using summa canisters and quantitative analysis by 
Method TO-15.  A combined summary of the MIP field screening logs, trapping method 
results and rationale for targeting select intervals for more quantitative sampling and 
analysis for the three areas of investigation are provided in Tables 1A, 1B, and 1C.   

 

3.2 Focused Soil Vapor Quantitative Analysis–Summa Canister Sampling 

As part of a second mobilization and based on the MIP vapor screening results, select 
locations and discrete sample depths were targeted to collect vapor samples using 
Summa canisters for more quantitative analysis.  Locations targeted for Summa canister 
sampling were accessed as part of a separate mobilization and soil vapor samples for 
each targeted soil interval were collected.  Hydraulic push methods (i.e. Geoprobe) were 
used to obtain representative and discrete soil vapor samples at targeted locations where 
the soil vapors appear to be most concentrated and/or at soil types that appear to be 
more coarse-grained (permeable) and could have a greater effect on vapor migration.   
 
Soil vapor samples were collected using 6-liter stainless steel Summa canisters and 
laboratory certified flow regulators.  Air was purged from the sampling system by applying 
a vacuum on the entire system.  The purge rate was regulated and maintained at a rate 
that is the same as the sample collection rate.  The integrity of the soil vapor sampling 
system was checked before and after collecting samples at each sample location by 
pressurizing the tubing and monitoring tightness via the pressure gauge on the summa 
canister manifold.  Soil vapor sampling methods and field sampling protocol for collecting 
soil vapor samples for quantitative analysis are summarized in Appendix C.   
 
On December 16th, Langan commenced the summa canister phase of soil vapor 
sampling to collect representative soil vapor samples from targeted areas and discrete 
intervals.  The selected locations and rationale were provided to the USEPA for their 
review on, December 14th   and are summarized in Tables 1A, 1B, and 1C.  The soil 
vapor sample locations and soil sample locations are shown on Figure 4. 
 
Following precipitation that prevented sampling on December 13th, 14th and 15th, 
Langan attempted to collect soil vapor samples using a Geoprobe direct-push rig and 
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Summa canisters at select locations along the Southeast Property Boundary area.  Three 
soil vapor samples, a duplicate sample, and a field blank were successfully collected and 
were submitted to STL Laboratories for analysis using Method TO-15.  At three locations, 
soil vapor samples could not be obtained as no vacuum response was evident when the 
Summa canister valve was opened.  In at least two of three instances, the inability to 
collect a vapor sample was attributed to the apparent elevated moisture content 
associated with the soils at those respective sample locations/depths.   
 
Following another period of precipitation, Langan returned to the property on December 
19th to attempt to collect soil vapor samples at five locations near the on-site building 
areas.  Three of the five samples attempted, one duplicate sample, and one field blank 
sample were successfully collected and were submitted to STL Laboratories for analysis 
using Method TO-15.  At two locations near Building 11, soil vapor samples could not be 
collected because water was observed in the borehole at an approximate depth of 8 feet 
below ground surface.  The occurrence of water was determined based on field 
measurements taken within the borehole using an electronic water-level indicator probe.   
 
A combination of the inherently low permeability of the soils and the elevated soil moisture 
content from abnormally high amounts of precipitation that occurred in 2004 are 
reasonable and likely explanations for not observing a vacuum influence at all sample 
locations. It was decided and agreed by USEPA that further soil vapor sampling be 
deferred to a later time of year when drier soil conditions are likely to prevail.   
 
On July 12, 2004 the soil vapor sampling efforts resumed under drier soil conditions. Over 
a three day period a total of 29 soil vapor samples were attempted but 16 of the 29 
samples were able to be collected successfully.  Additionally 14 soil samples (for physical 
properties) were collected at representative vapor sample depths. At one location, 
B11SB01A high moisture content was noted in the field and a soil vapor sample was not 
collected.  A soil sample was collected to document soil properties at that location.  
 
The remaining locations where samples could not originally be collected were revised and 
four soil vapor samples were collected successfully on August 3, 2004. Three 
representative soil samples (for physical properties) were also collected and submitted for 
testing. 
 
The soil vapor sample locations are shown on Figure 4. All soil vapor samples, including 
11 samples collected and analyzed for QA/QC purposes, were collected using Summa® 
canisters and analyzed for VOCs in accordance with “Compendium of Methods for the 
Determination of Toxic Organic Compounds in Ambient Air”, EPA/625/R-96/010b, second 
edition, January 1999, Method TO-15. These reliable quantitative laboratory data were 
ultimately compared to the soil vapor risk-based criteria as described in the following 
report sections. 
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4.0 TIER II VAPOR INTRUSION SCREENING ASSESSMENT OF SOIL VAPOR 
CONCENTRATIONS 

As a primary assumption in this Tier II semi-site specific screening process, vapor concentrations 
obtained from readily accessible areas are assumed to be similar to vapor concentrations 
adjacent to the nearby inhabited structures. This approach is considered conservative, especially 
in regard to off-site structures, because groundwater data in the area suggest that the highest 
concentrations exist at the property boundary and that the groundwater concentrations decrease 
in the downgradient direction toward the residential structures (see Draft Southern Property 
Boundary Area; Interim Study Report; Harley-Davidson, Inc. Facility; York, Pennsylvania by R.E. 
Wright and Associates, Inc., September 1996 and Groundwater Extraction And Treatment 
System Annual Operations Report For The Period July 1, 2001 Thru June 30, 2002; Harley-
Davidson, Inc. Facility; York, Pennsylvania (SAIC, 2002)).  
 
The following critical elements of the Tier II screen of soil vapor concentrations are summarized 
below and discussed in the following sections: 
 

• Evaluation of potential preferential pathways 
• Selection/derivation of relevant and applicable soil-vapor screening criteria 
• Generic screen 
• Semi-site specific screen 

 

4.1  Evaluation of Potential Preferential Pathways 

An important consideration is whether there are significant preferential pathways 
associated with the areas of investigation that could affect vapor migration and 
concentrations.  As part of the Tier II screening, Langan reviewed available records to 
evaluate the potential presence of preferential vapor pathways between the vapor source 
(volatilization from groundwater) and buildings (inhabited enclosed spaces).  On-site 
building areas are underlain by various buried utilities.  Soil-vapor samples were collected 
immediately adjacent to each building, effectively at the endpoint of any potential 
preferential pathway.  

 
Near the northeast property boundary no public or private utilities have been identified 
based on a PA One-Call utility mark-out and utility plans maintained by Harley-Davidson.   
 
At the southeastern property boundary, a buried storm water pipe crosses the property 
boundary in a northwest-southeast direction based on a PA One-Call utility mark-out (see 
Figure 3).  Though this utility passes through the off-site residential neighborhood at the 
southeastern corner of the property, this storm sewer extends beneath the streets and is 
not a direct pathway to homes.  The buried storm sewer is not expected to be a significant 
potential preferential pathway for constituents that may volatilize from underlying 
groundwater.  Another storm water sewer was found at the southern property boundary 
near the western extent of soil vapor sampling locations.  This sewer appears to extend 
southwestward on-site and parallel to the property boundary.  This storm sewer is not 
expected to represent a significant preferential pathway between the site and the adjacent 
inhabited buildings in the neighborhood.   
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4.2  Selection/Derivation of Relevant and Applicable Soil Vapor Screening 
Criteria 

All soil vapor concentrations were compared to the generic screening levels in Table 2 of 
the USEPA November 2002 Draft Vapor Intrusion Guidance developed for residential 
exposure scenarios (specifically, the target shallow soil vapor concentration 
corresponding to target indoor air concentration where the soil vapor to indoor air 
attenuation factor equals 0.1).  For all compounds except TCE, criteria corresponding to a 
carcinogenic risk level of 10-5 (USEPA Guidance Table 2b) were used which is consistent 
with the USEPA’s current policy for evaluating environmental indicators under RCRA.  As 
suggested by USEPA, the criteria corresponding to a carcinogenic risk level of 10-4 
(USEPA Guidance Table 2a) was selected for TCE because of the current uncertainty 
regarding its cancer slope factor. 
 
Soil vapor concentrations that were above the generic screening levels discussed above 
for samples collected near on-site non-manufacturing buildings were also compared to 
non-residential screening criteria.  The USEPA’s current vapor intrusion guidance does 
not maintain screening criteria for non-residential exposures.  Non-residential screening 
criteria were calculated by applying non-residential default exposure assumptions (e.g. 
provided in the PA Vapor Intrusion Guidance (Table 7, January, 24, 2004) to the risk-
based calculations found in Appendix D of the USEPA Vapor Intrusion Guidance (under 
the same carcinogenic risk levels assumed above). These calculations yielded non-
residential indoor air concentrations that were then converted to a corresponding soil 
vapor screening concentration by applying the generic soil vapor attenuation factor of 0.1.   
 
The calculations of non-residential criteria were limited to the following compounds that 
were initially found at concentrations in excess of the generic residential criteria in 
samples taken near on-site buildings: trichloroethene, tetrachloroethene, cis-1,2-
dichloroethene, chloroform, benzene, and 1,3-butadiene.  Calculations of non-residential 
screening levels are summarized in Appendix G.   
 
The Pennsylvania residential and non-residential screening criteria (Indoor Air MSC x 
100) from the PA Department of Environmental Protection’s January 24, 2004 Final Vapor 
Intrusion Guidance are also included in Table 2 for reference. 
 

4.3  Generic Screen 

Generally, soil vapor analytical results indicate TCE, PCE, chloroform, cis-1,2-DCE, and 
1,3-butadiene were detected in soil-vapor at concentrations above the soil-vapor 
screening criteria.  The soil-vapor data relative to the applicable soil-vapor screening 
criteria by area of investigation are summarized on Figure 5 and in Table 2.  The results 
by area of investigation are generally described below: 

 

4.3.1 On-Site Building Areas 
 

• TCE is found in three soil vapor samples (corresponding to buildings 1 and 
8) at concentrations above the generic residential (USEPA) screening 
criteria.  Concentrations in two of these samples were also above the 
derived non-residential screening criteria.  The concentration of TCE 
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detected at B08SB02 (430 ppbv) is nearly an order of magnitude higher 
than all other concentrations of TCE detected in soil-vapor samples from 
both on-site building areas and perimeter areas. 

 
• PCE is found in two soil vapor samples (corresponding to Building 1 and 

Building 8) at concentrations above the generic residential (USEPA) 
screening criteria.  The concentration in one of these samples was also 
above the derived non-residential screening criteria. 

 
• Cis-1,2-DCE is found in one soil vapor sample (corresponding to Building 

8) at a concentration above the generic residential (USEPA) and derived 
non-residential screening criteria. 

 
• Chloroform is found in one soil vapor sample (corresponding to Building 1) 

at a concentration above the generic residential (USEPA) screening 
criteria.   

 
• 1,3-Butadiene is found in four soil vapor samples (corresponding to 

Building 1, Building 13, and Building 45) at concentrations above the 
generic residential (USEPA) and derived non-residential screening criteria. 

 

4.3.2 Southeast Property Boundary Area 
 

• TCE is found in five soil vapor samples at concentrations above the 
generic residential (USEPA) screening criteria. 

 
• PCE is found in seven soil vapor samples at concentrations above the 

generic residential (USEPA) screening criteria. 
 
• Chloroform is found in one soil vapor sample at a concentration above the 

generic residential (USEPA) screening criteria.   
 
• 1,3-Butadiene is found in nine soil vapor samples at concentrations above 

the generic residential (USEPA)  screening criteria. 
 

4.3.3 Northeast Property Boundary Area 
 

• TCE is found in three soil vapor samples at concentrations above the 
generic residential (USEPA) screening criteria. 

 
• PCE is found in three soil vapor samples at concentrations above the 

generic residential (USEPA) screening criteria. 
 

• 1,3-Butadiene is found in seven soil vapor samples at concentrations 
above the generic residential (USEPA)  screening criteria. 
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4.4  Semi-Site Specific Screen 

 
Because some soil-vapor results were above the generic screening levels, we considered 
the semi-site specific screen in the USEPA Vapor Intrusion Guidance but found that it was 
not appropriate for the data set.  The semi-site specific screen considers the relationship 
(if any) between groundwater and soil vapor target criteria to site specific conditions like 
depth to source and soil type.  The depth to soil-vapor sample below the foundation and 
the soil type are used to determine the semi-site specific vapor attenuation factor from a 
graph on Figure 3 in the USEPA Guidance.   
 
Using a default basement depth about 6.5 ft (2 m), the deepest soil vapor samples 
collected (12-15 feet below ground surface with a mid-point depth of 13.5 feet) are about 
7 ft (2.1 m) below the slab/foundation level.  Using Figure 3 of the USEPA guidance, 2.1 
m intersects the sandy loam soil type curve (sandy loam is the soil classification for the 
site) near the highest point on the applicable curve.  This translates to a very low semi-
site specific vapor attenuation factor of 0.002 and the most stringent of the semi-site 
specific soil vapor criteria tabulated in Guidance Table 3 (the generic soil vapor 
attenuation factor is 0.1).  The fact is that most soil-vapor samples for the property were 
collected from shallower depths and do not even intersect the Figure 3 type curves.  As 
such, the semi-site specific screen was not appropriate for the evaluation of the soil-vapor 
dataset and the evaluation proceeded to a site specific vapor intrusion modeling 
approach. 

 

5.0  DATA QUALITY ASSURANCE AND DATA VALIDATION 

The following sections outline the general field and laboratory quality assurance/quality control 
measures incorporated into this focused Vapor Pathway Screening Assessment task.  All soil 
vapor samples were analyzed for the presence of the listed target VOCs that have been detected 
in groundwater that pose a possible vapor intrusion risk based on the conservative level of 
screening performed to date.  Specific analytical quality assurance (QA) and quality control (QC) 
elements associated with achieving the objectives for this vapor intrusion screening task are 
summarized below. 
 
Field Equipment Decontamination 
 

Any equipment that comes into contact with a sampling medium, except for disposable 
implements, was decontaminated prior to use and between sampling locations.  Decontamination 
was accomplished by the following procedure: 

• Physical removal of residual material from equipment. 

• Thorough, vigorous scrubbing with soft bristle brush and laboratory grade, non-
phosphate detergent. 

• Two thorough rinses with tap water. 

• Laboratory grade pure water rinse. 
 
Disposable items were utilized, as appropriate, during the vapor intrusion sampling task to reduce 
the potential for crossover contamination.   To ensure sample integrity and prevent cross-
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contamination from one sample to another, equipment decontamination procedures were 
followed.  The sampling probes and apparatus were decontaminated internally and externally 
prior to each day's sample collection, and at additional intervals as judged appropriate by the 
sampling team.  New tubing was used for each sample.  During sampling, all unused supplies 
were kept away from the sampling area in a clean area and covered with plastic. 
 
Field Quality Control  
 
For field quality control, all equipment was calibrated daily prior to use for field activities.  All 
calibration procedures were conducted in accordance with manufacturer guidelines and operating 
procedures.  The equipment used in the field included a MIP with PID, FID and ECD detectors, a 
hand-held photoionization detector and groundwater level meters.   
 

As a QA/QC measure, a Summa™ Canister was set up to draw ambient air and prepare an 
ambient air field blank daily at each area of investigation.  Also, replicate samples were obtained 
by hooking two canisters to the same borehole with one valve and a “T” fitting.  The canisters 
were sealed and sent via overnight courier to the laboratory and analyzed for target VOCs by 
USEPA Method TO-15.  Replicate samples were collected at a frequency of one for every twenty 
samples with at least one per sample analysis/delivery group.   
 
Proper chain-of-custody procedures were used to provide an accurate written record that can be 
used to trace the possession of samples from the time of collection through sample analysis and 
data reporting by the laboratory.  Both the field team and the laboratory were responsible for 
documenting sample custody.  A sample was considered to be in an individual's custody if any of 
the following criteria are met: 1) the sample was in your possession; 2) it was in your possession 
and then locked up or sealed to prevent tampering; or 3) it is in a secured area.  Proper custody 
documentation was maintained for all samples collected in the field and shipped to the laboratory 
for analysis.   
 
Laboratory Analytical Methods 
 
The laboratory analytical method designated for soil vapor samples collected during this vapor 
intrusion task was Method TO-15 as specified in “Compendium of Methods for the Determination 
of Toxic Organic Compounds in Ambient Air”, EPA/625/R-96/010b, second edition, January 
1999.  The target compound list (TCL) and priority pollutant list (PPL, excluding acrolein, 
acrylonitrile, and 2-chlorethyl vinyl ether) are subsets of the compound list that is targeted by this 
method.  TO-15 is well suited to this vapor intrusion assessment because it provides analytical 
results for a long list of compounds and achieves much lower detection limits.   
 
To achieve the lowest reporting limits possible, the laboratory analyzed a double volume of a 
sample for which the pre-screening results were below a threshold concentration.  The laboratory 
summarized their technical approach in a letter provided as Appendix E.  When dilution was 
necessary because a compound was detected at a concentration outside the calibration range 
during an initial run, the laboratory reported the results of both the initial and subsequent dilution 
runs.  A summary table (Table 2) reflects the results corresponding to the lowest reporting limits 
for analyses within calibration.  The lowest possible reporting limit is above 0.2 parts per billion by 
volume (ppbv), equivalent to minimum concentration to which the laboratory’s summa canisters 
are certified clean. 
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Data Validation  
 
In order to ensure data quality and usability, the laboratory was required to meet the most 
stringent USEPA soil-vapor criteria possible and analytical results were reviewed by a third party 
validator.  The four laboratory data deliverables were forwarded to a third party, EDQ, for data 
validation.  EDQ validated the TO-15 analyses in accordance with Region III modifications to 
“Laboratory Data Validation Functional Guidelines for Validating Organic Analyses”, USEPA 
September 1994.  Validation reports are included as Appendix F.  Laboratory analytical 
results/reports met the validation criteria with the following few minor exceptions and 
qualifications: 
 
Positive results were incorrectly reported for dibromochlormethane in samples NESB13A and 
NESB15.  When notified of the error, the laboratory provided revised forms which are included in 
the data validation report.  Table 2 was corrected to reflect a “U” (non-detect) and a reporting 
limit. 
 
In accordance with USEPA Region III protocol, the detection of any compound at a concentration 
less than ten times (for common contaminants) or less than five times (for uncommon 
contaminants) the concentration detected in the ambient blank, is considered to be qualitatively 
invalid and is qualified with a “B” in the validation report.  The qualification “AB” has been added 
to Table 2 where appropriate. 
 
Internal standard performance was below tolerance limits for the initial instrument run and a 
subset of samples for one of the four laboratory deliverables.  These results are considered 
quantitative estimates and have been qualified with a “j” designation in Table 2 where applicable.   
 

6.0  TIER III – SITE SPECIFIC VAPOR INTRUSION MODELING 

In Tier III, site specific soil properties, building characteristics, and vapor sample analytical results 
were input to a mathematical model used to evaluate whether the unacceptable inhalation risks 
from the vapor intrusion pathway potentially exist at the site.    Site specific vapor intrusion 
modeling was applied to soil vapor sample results found to be above the soil-vapor screening 
criteria during the Tier II screen (see Figure 5).  The evaluation used the various site specific 
inputs and a vapor intrusion model provided to predict indoor air concentrations.  Predicted 
indoor air concentrations were then compared to the applicable indoor air criteria.  The indoor air 
criteria were selected/derived in the same manner as the soil-vapor criteria presented above.   
 
To provide input of site specific soil properties in the vapor intrusion model, a total of 17 
undisturbed soil samples were collected from the three areas of investigation and analyzed for 
physical properties such as, air permeability, bulk density, total porosity, and water filled porosity, 
via method API-RP40. These soil attributes can influence vapor migration and these site specific 
characteristics were incorporated in the site specific soil vapor modeling discussed under this 
section. 
 

6.1 Model and Approach  

 
The Johnson and Ettinger (J&E) Model for Predicting Soil Vapor Intrusion Into Overlying 
Structures Version 3.0 was used to predict indoor air concentrations from soil vapor 
results while taking into account site specific soil properties and building characteristics. 
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The soil-vapor model is based upon the J&E infinite source solution to convective and 
diffusive transport.  This equation incorporates the main bounding physical and chemical 
attenuation processes that can reduce a source concentration as it migrates from the 
source, through the soil, and into a building.       
 
J&E model simulations start with a measured soil vapor concentration which is assumed 
to be constant and never depleted (i.e. infinite source).  From the source depth, soil vapor 
moves vertically as a result of higher vapor pressure in subsurface pore spaces versus 
lower vapor pressures in an overlying building.  The amount of soil that vapors have to 
pass through to reach the bottom of a building influences the amount of attenuation that 
can occur.  In addition the physical properties of a soil can influence how effectively soil 
vapor is transported vertically.  The most influential soil properties on vapor migration are: 
soil vapor permeability, soil porosity, and soil pore saturation.  Important attenuation 
factors that are not included in the J&E model are chemical transformation processes 
(i.e., biodegradation).  The infinite source assumption and lack of chemical transformation 
are two considerably conservative aspects of the model. 
 
The model assumes that all soil-vapor originating below a building will enter the building 
from soil through cracks in the foundation (floor and walls).  The model simplifies the total 
crack area by assuming a crack length equivalent to the perimeter of the building (where 
the walls meet the floor) and a crack width.  The USEPA default crack width of 0.1 cm is 
based on radon studies (Eaton, R.S., and A.G. Scott. 1984; and Loureiro, C.O., L.M. 
Abriola, J.E. Martin, and R.G. Sextro.  1990).    The ventilation system of a building can 
cause further attenuation of soil vapor concentrations as it exchanges inside air with the 
outside. 
 
The conceptual model of the site includes a conservative assumption that the off-site 
residential buildings are situated directly over the perimeter soil-vapor sample locations.  
Soil vapor, in reality, would actually have to travel at least 75 ft more horizontally (further 
from the source; additional potential vapor attenuation) before reaching any of the off-site 
residential building structures.    
 
To accomplish the vapor screening assessment objectives, both the screening and 
advanced versions of the J&E model were used.  The screening version of the J&E soil-
vapor model was used to calculate indoor vapor concentrations that could affect off-site 
inhabited buildings that surround the NPBA and SPBA.  For on-site non-occupational 
building areas, the advanced version of the J&E soil-vapor model was used to adjust the 
building footprint area and perimeter crack/seam length for the larger irregularly-shaped 
on-site buildings.     

 

6.2 Model Inputs 

Model input parameters that were adjusted to site-specific conditions generally included 
soil-vapor data, soil properties, and building characteristics.  Soil-vapor samples were 
collected and analyzed for VOCs by TO-15 as described in Section 2 and analytical 
results are discussed in Section 3 and summarized in Table 2.  During soil-vapor 
sampling, physical properties for thirteen soil samples for soil property testing were 
collected at the NPBA and SPBA and for three soil samples collected at on-site building 
areas of investigation were determined by PTS Laboratories of California. Soil laboratory 
testing data are provided in Appendix H.  Soil property data sets were evaluated to derive 
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appropriate values for use in the model. Building characteristics were evaluated through 
site inspection and analysis of map data (e.g. aerial photograph and CADD drawings).   
 
Site specific parameters considered for input to the vapor model include: 
 

• Soil vapor source concentration and depth to source; 
• Soil bulk density;  
• Total porosity of soil;  
• Pore water saturation;  
• Native state effective permeability to air; and 
• Building dimensions and floor crack width.   

 
USEPA default values were used as input for any required parameters not measured on a 
site specific basis.  The model input parameters are summarized in Table 3 and described 
in more detail below.  

 

6.2.1 Source Concentration 
 

All soil-vapor concentrations found to exceed the screening criteria (Section 3 and 
Table 2) were input into the model as source concentrations.  The specific 
compounds that were considered in the model are: TCE, PCE, cis-1,2-DCE), 1,3-
butadiene, and chloroform. 
 
The mid-point of the soil-vapor sample interval was input as the soil-vapor 
sampling depth.  For a few instances where the soil-vapor sample depth was 
shallower than the USEPA default basement depth (about 6.5 ft), a depth of seven 
feet, equivalent to the minimum sample depth for all other soil-vapor samples 
collected was assigned. 
 

6.2.2 Soil Bulk Density 
 

For the thirteen soil samples collected along the site boundary the bulk density 
ranged from 1.57 grams per cubic centimeter (gm/cm3) to 1.82 gm/cm3.  The 
USEPA User’s Guide for Surface Vapor Intrusion into Buildings (USEPA, June 19, 
2003) reports a practical range for soil bulk density of 1.25 gm/cm3 to 1.75 
gm/cm3. 
 
Using the statistical software Statistica v6.1 the bulk density data collected was 
observed to be normally distributed and the arithmetic mean soil bulk density of 
1.70 gm/cm3 was used in the soil-vapor screening simulations for the off-site 
properties.  This mean bulk density value is at the high end of the reported 
practical range.  The complete range of bulk densities in geologic materials ranges 
from a low of 1.0 gm/cm3 in clay to a high of 3.17 gm/cm3 in shale (USEPA, 1998).  
The value of 1.7 gm/cm3 is frequently recommended as an initial bulk density 
estimate when the actual value is unknown (Aziz, et al., 1999).  
 
For on-site buildings, the soil bulk density of the four soil samples collected range 
from 1.35 gm/cm3 to 1.85 gm/cm3.  Bulk density of samples collected adjacent to 
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Building 1 and Building 8 were directly input into the J&E soil-vapor advanced 
model for those buildings (per the discussion presented earlier in this section).  
The mean bulk density value of the soils collected adjacent to Building 1 and 8 
were used in the J&E model for assessing the vapor intrusion potential fro on-site 
building areas. 

 

6.2.3 Total Porosity of Soil 
 

For the thirteen samples collected along the NPBA and SPBA the total soil 
porosity ranged from 33.45% to 41.36% bulk volume (Vb).   The USEPA User’s 
Guide for Surface Vapor Intrusion into Buildings gives a practical range for total 
porosity of all soil types from 34.0% to 53.0% Vb.   
 
Analytical results for total soil porosity were determined to be normally distributed 
and have an arithmetic average of 37.76% which was used in the J&E modeling of 
off-site buildings. 
 
For the four samples collected adjacent to on-site buildings, total porosity of soil 
ranged from 31.4% to 52.3% Vb.  The total soil porosity of samples collected 
adjacent to Building 1 and Building 8 were input into the J&E soil-vapor advanced 
model for those buildings (per the discussion presented earlier in this section).  
The mean total soil porosity value of the soils collected adjacent to buildings were 
used in the J&E model specific to Building 13 and Building 45. 

 

6.2.4 Pore Water Saturation 
 

For the thirteen samples collected along the site boundary the pore water 
saturation ranges from 16.12% to 33.99% Vb.  The USEPA User’s Guide for 
Surface Vapor Intrusion into Buildings gives a practical range for pore water 
saturation from 2.0% to 43.0% Vb. 
 
Analytical results for pore water saturation were determined to be normally 
distributed and have an arithmetic average of 25.06% Vb which was used in the 
J&E soil-vapor screening for the NPBA and SPBA. 
 
For the four samples collected adjacent to on-site buildings pore water saturation 
ranges from 18.3% to 33.6% Vb.  The pore water saturation of samples collected 
adjacent to Building 1 and Building 8 were input into the J&E soil-vapor advanced 
model for those buildings (per the discussion presented earlier in this section).  
The mean pore water saturation value of the soils collected adjacent to buildings 
were used in the J&E model specific to Building 13 and Building 45. 
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6.2.5 Soil Permeability to Air 
 

For the thirteen samples collected along the site boundary the soil permeability to 
air ranged from 0.42 millidarcy’s (mD) to 538.22 mD.   The USEPA User’s Guide 
for Surface Vapor Intrusion into Buildings gives a practical range for soil 
permeability to air as 0.1 mD to 1 x 106 mD.   
 
Statistical results indicate that the distribution of soil permeability to air is log-
normal (similar to the distribution of soil permeability to groundwater).  The 
representative mean value of a log-normal distribution is the geometric mean.  The 
calculated geometric mean is 12.31 mD which was used for the J&E modeling of 
perimeter locations. 
 
For the four samples collected adjacent to on-site buildings, the soil permeability 
to air ranges from 0.136 mD to 2802 mD.  The soil permeability to air of samples 
collected adjacent to Building 1 and Building 8 were input into the J&E soil-vapor 
advanced model for those buildings (per the discussion presented earlier in this 
section).  The mean soil permeability of air value of the soils collected adjacent to 
buildings were used in the J&E model for Building 13 and Building 45. 

 

6.2.6 Soil Temperature 

 
The temperature of soil in all J&E soil-vapor screening and advanced simulations 
was determined to be 11.1°C using the map provided in the USEPA User’s Guide 
that provides the mean shallow groundwater temperature across the contiguous 
United States.  The sensitivity of the predicted indoor air concentration to variation 
in soil temperature is minor within the range typical of soil/groundwater. 

 

6.2.7 Building Characteristics 
 

Based on drive-by reconnaissance on November 5, 2004, the majority of houses 
immediately adjacent to the NPBA and SPBA appeared to have basements (e.g. 
bilco doors and basement windows).  Langan entered the basement at on-site 
Building 1 during site utility clearance checks.  An assumed basement foundation 
construction (compared to slab-on-grade) places the bottom of the enclosed space 
nearer to the source (i.e. soil-vapor sample depth) with less soil in between for 
attenuation.  Therefore, the assumption of a basement is more conservative than 
slab-on-grade construction.  For all J&E model simulations, we conservatively 
assumed a full basement is present (perimeter residential and on-site non-
residential). 
 
The J&E soil-vapor screening model describes a typical single family home and the 
corresponding USEPA default values for footprint area and crack length are not 
representative of the large, irregularly shaped, non-residential buildings at the 
Harley Davidson facility.  The perimeter and area for each targeted on-site building 
area were estimated using facility plans and simple computerized mapping tools 
(Appendix I).   
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6.3 Model Results 

 
The model-predicted indoor air concentrations for all soil-vapor results (perimeter 
residential and on-site non-residential) that exceeded the soil-vapor screening criteria 
were below the indoor air screening criteria.  Model results are summarized in Table 3.  
The majority of calculated indoor air concentrations are an order of magnitude or more, 
lower than the indoor air screening criteria.  Model simulations and results are provided in 
Appendix J. 
 

7.0 FINDINGS AND CONCLUSIONS 

The primary purpose of the vapor intrusion screening assessment was to collect reliable soil 
vapor analytical data to supplement the existing groundwater analytical data and determine 
whether or not the vapor intrusion pathway poses an unacceptable risk to human health at the 
Harley-Davidson York Facility.   The screening assessment followed the USEPA Draft Guidance 
for evaluating the Vapor Intrusion to Indoor air Pathway from Groundwater and Soils (November 
2002) and the October 2003 Indoor Vapor Pathway Screening Assessment Workplan that was 
reviewed and approved by USEPA. 
 
A baseline screen using the available groundwater analytical data for monitoring wells near the 
targeted on-site non-occupational building areas and the SPBA and NPBA, indicated a select few 
volatile organic compounds exist in groundwater at concentrations above the generic vapor 
screening criteria and these constituents in groundwater may pose a vapor intrusion risk.  In a 
two-phase investigation, soil vapor sampling and analysis was performed to more completely 
assess the potential vapor intrusion pathway via the Tier II and Tier III screening process.  
Ultimately, the Johnson & Ettinger (1991) Model for Subsurface Vapor Intrusion into Buildings 
was used to predict the indoor air concentrations for inhabited buildings on-site and immediately 
off-site near the NPBA and SPBA.   
 
Inputs to the Johnson & Ettinger model were based on measured or reasonably determined site 
specific conditions (vapor source concentrations, soil properties, building characteristics) and use 
otherwise conservative assumptions from our conceptual site model that are inherent in the J&E 
model.  Based on the soil vapor analytical data and the soil vapor model predictions described in 
this report, the vapor pathway due to volatilization and migration of constituents in groundwater is 
not complete and there is no on-site or off-site risk to human health via the vapor intrusion 
pathway at this time. 
 
 
 
 
 
 
 





DRAFT

Location ID
Depth in 
Feet BGS

1,1 DCA 
Area Count 

Results

1,2 DCA 
Area Count 

Results

TCE Area 
Count 

Results

PCE Area 
Count 

Results

Sampling 
Date

Rationale (A) Notes

NESB_00 5-10 NA NA NA NA NA NA
No MIP Data Collected. Summa 

Canister Sample Collected at EPA 
Request.

NE_SB01 0-5 Feet 0 0 1782.2 1490.8 12/5/2003

NE_SB01 5-10 Feet 0 0 12.1 866.2 12/5/2003
To confirm and quantify the apparent PCE and lower 
TCE concentration revealed in the MIP/trap analytical 

data at this deeper interval.
Summa Canister Sample Collected 

NE_SB01 10-11 Feet 0 0 103.8 250.8 12/5/2003
NE_SB02 0-5 Feet 0 0 41.4 43.9 12/5/2003
NE_SB02 5-10 Feet 0 0 0 258.5 12/5/2003
NE_SB03 0-5 Feet 0 0 113.1 0 12/5/2003
NE_SB03 5-8 Feet 0 0 0 16 12/5/2003
NE_SB04 0-5 Feet 0 0 3068.5 0 12/5/2003

NE_SB04 5-8 Feet 0 0 491.9 134 12/5/2003

To confirm and quantify the apparent TCE and lower 
PCE concentration revealed in the MIP/trap analytical 

data immediately above the depth of refusal of the MIP 
probe.

Sample attempted but not collected due 
to apparent moisture at sample depth.

NE_SB05 0-5 Feet 0 0 60.2 59.3 12/5/2003
NE_SB05 5-9 Feet 0 0 48.3 97.7 12/5/2003
NE_SB06 0-5 Feet 0 0 722.1 364.5 12/8/2003

NE_SB06 5-8 Feet 0 0 0 258.3 12/8/2003
To confirm and quantify the apparent PCE 

concentration from the MIP/ECD data in soil vapor at 
this relatively shallow depth.

Summa Canister Sample Collected 

NE_SB07 0-5 Feet 0 0 183.4 117 12/8/2003
NE_SB07 5-9 Feet 0 0 96 80.9 12/8/2003
NE_SB08 0-5 Feet 0 0 219.3 277.7 12/8/2003

NE_SB08 5-10 Feet 0 0 19 102.9 12/8/2003
To confirm and quantify the apparent low TCE and 
PCE concentrations from the MIP/ECD data in soil 

vapor at this relatively shallow depth.

Sample attempted but not collected due 
to apparent moisture at sample depth.

NE_SB08 10-13 Feet 0 0 186.8 182.8 12/8/2003
To confirm, quantify and compare the vertical extent of 

the apparent TCE and PCE concentrations from the 
MIP/trap analytical data at this deeper depth.

Sample attempted but not collected due 
to apparent moisture at sample depth.

NE_SB09 0-5 Feet 0 0 17.8 166.9 12/8/2003
NE_SB09 5-10 Feet 0 0 24.8 69.5 12/8/2003
NE_SB09 10-12 Feet 0 0 10.4 0 12/8/2003
NE_SB10 0-5 Feet 0 0 284 32.7 12/8/2003

NE_SB10 5-10 Feet 0 0 174.3 124.7 12/8/2003
To confirm and quantify the apparent low TCE and 
PCE concentrations from the MIP/ECD data in soil 

vapor at this relatively shallow depth.
Summa Canister Sample Collected 

NE_SB10 10-14.5 Feet 0 0 241.4 231.5 12/8/2003
To confirm, quantify and compare the vertical extent of 

the apparent TCE and PCE concentrations from the 
MIP/trap analytical data at this deeper depth.

Summa Canister Sample Collected 

NE_SB11 0-5 Feet Blown Run 12/8/2003
NE_SB11 5-8 Feet 0 0 0 65.3 12/8/2003
NE_SB12 0-5 Feet 0 0 211.3 106.6 12/9/2003
NE_SB12 5-7.5 Feet 0 0 258.2 150.6 12/9/2003
NE_SB13 0-5 Feet 0 67.1 720.1 114 12/9/2003

NE_SB13 5-10 Feet 0 0 564 352.1 12/9/2003

To confirm and quantify the apparent TCE and lower 
PCE concentration revealed in the MIP/trap analytical 

data immediately above the depth of refusal of the MIP 
probe.

Summa Canister Sample Collected 

NE_SB13 10-15 Feet 0 67.1 1617.7 972 12/9/2003

To confirm, quantify and compare the apparent 
increase of TCE and PCE concentrations with depth at 
this location.  Except for a few near surface intervals, 
this interval has the highest total area count of all MIP 

data at the NEBP area.

Summa Canister Sample Collected 

NE_SB14 0-5 Feet 0 106.3 472 166.1 12/9/2003
NE_SB14 5-10 Feet 0 0 24.4 417.5 12/9/2003
NE_SB14 10-12 Feet 0 0 24.5 241.4 12/9/2003
NE_SB15 0-5 Feet 0 97.2 1749.7 17.5 12/9/2003

NE_SB15 5-7 Feet 0 0 446 155.6 12/9/2003

To confirm and quantify the apparent TCE and lower 
PCE concentration revealed in the MIP/trap analytical 

data immediately above the depth of refusal of the MIP 
probe.

Summa Canister Sample Collected 

NE_SB16 0-5 Feet 0 23.5 15073.7 116.3 12/9/2003
NE_SB17 0-2 Feet 0 255.1 1216.6 3655.6 12/9/2003
NE_SB18 0-5 Feet 0 0 269.3 1114.2 12/9/2003

NE_SB18 5-7 Feet 0 0 0 207.2 12/9/2003 To confirm lower concentration of PCE at depth.
Summa Canister Sample Collected from 
5-10 ft. No MIP Data Collected

 1) To quantify the apparent maximum concentrations of VOCs detected using the MIP/ECD which represent the greatest potential vapor migration and intrusion risk; 
2) To provide additional data to assess the vertical profile of VOCs detected using the MIP.

A. Intervals for summa canister soil vapor samples and quantitative analysis were selected while considering the following objectives:  

BGS- Below ground surface

Summary of MIP and Field Trapping Analytical Data, Northeast Property Boundary

Table 1A

Harley-Davidson Motor Company Operations, Inc. - York, Pennsylvania

Area counts for each constituent are unitless and provide qualitative indications of constituents relative to calibration standards analyzed daily using the field gas chromatograph.
NOTES:  



DRAFT

Location ID
Depth in 
Feet BGS

1,1 DCA 
Area 

Count 
Results

1,2 DCA 
Area 

Count 
Results

TCE Area 
Count 

Results

PCE Area 
Count 

Results
Sampling Date Rationale (A) Notes

SE_SB01 0-5 504.2 761.2 0 413.3 12/3/2003
SE_SB01 5-7 24.7 11.8 37.7 0 12/3/2003

SE_SB01 5-10 NA NA NA NA NA
No MIP Data Collected. Summa 

Canister Sample Collected.
SE_SB02 0-45 0 0 74.7 156.9 12/3/2003

SE_SB02 6-7 123 0 40.5 45.4 12/3/2003
To quantify the apparent low level response in the 

MIP/ECD data and the speciated chlorinated 
solvent constituents identified in the trap data.

Summa Canister Sample Collected 

SE_SB02 10-11 209.3 215.9 0 0 12/3/2003
SE_SB03 0-5 119.9 0 51.8 72.9 12/3/2003

SE_SB03 5-10 52.8 0 111 0 12/3/2003
To quantify the apparent low level response in the 

MIP/ECD data and the speciated chlorinated 
solvent constituents identified in the trap data.

Summa Canister Sample Collected at 
EPA Request

SE_SB03 10-15 22.4 30 0 0 12/3/2003
SE_SB04 0-5 0 0 79.6 0 12/3/2003
SE_SB04 5-10 24.8 0 0 29.1 12/3/2003
SE_SB04 10-15 0 0 0 0 12/4/2003
SE_SB05 0-5 0 0 0 0 12/4/2003

SE_SB05 5-10 0 0 0 0 12/4/2003
To confirm and quantify the nature of the PID 

response and lack of an ECD response using the 
MIP.

Summa Canister Sample Collected 

SE_SB05 10-15 0 0 0 0 12/4/2003
SE_SB06 0-5 0 0 0 0 12/4/2003
SE_SB06 5-10 0 0 0 0 12/4/2003
SE_SB06 10-15 0 0 0 0 12/4/2003
SE_SB07 0-5 0 24.4 0 0 12/4/2003
SE_SB07 5-10 0 0 0 0 12/4/2003
SE_SB07 10-15 0 0 0 1470.3 12/4/2003
SE_SB08 0-5 0 0 0 482.9 12/4/2003

SE_SB08 5-10 0 0 0 1123.3 12/4/2003
To confirm and quantify the apparent PCE 

concentration in this discrete but relatively shallow 
interval.

Sample attempted but not collected due 
to apparent moisture at sample depth.

SE_SB08 10-15 0 0 0 2897 12/4/2003
To confirm and quantify the apparent PCE 

concentration revealed in the MIP/trap analytical 
data at this deeper interval.

Sample attempted but not collected due 
to apparent moisture at sample depth.

SE_SB09 0-5 0 0 1571.8 562.5 12/4/2003
SE_SB09 5-10 0 0 1691.8 349.6 12/4/2003
SE_SB09 10-15 11.1 0 136 241 12/4/2003
SE_SB10 0-5 0 0 0 819.2 12/4/2003

SE_SB10 5-10 0 0 15.6 1197.5 12/4/2003
To confirm and quantify the apparent TCE and 

PCE concentrations from the MIP/ECD data in soil 
vapor at this relatively shallow depth.

Summa Canister Sample Collected 

SE_SB10 10-15 0 0 191.3 2377.9 12/4/2003
To confirm, quantify and compare the apparent 
TCE and PCE concentrations from the MIP/trap 

analytical data at this deeper depth.
Summa Canister Sample Collected 

SE_SB11 5-10 NA NA NA NA NA NA
No MIP Data Collected. Summa 

Canister Sample Collected at EPA 
Request.

SE_SB11 10-15 NA NA NA NA NA NA
No MIP Data Collected. Summa 

Canister Sample Collected at EPA 
Request.

 1) To quantify the apparent maximum concentrations of VOCs detected using the MIP/ECD which represent the greatest potential vapor migration and intrusion risk; 
2) To provide additional data to assess the vertical profile of VOCs detected using the MIP.

Table 1B

Area counts for each constituent are unitless and provide qualitative indications of constituents relative to calibration standards analyzed daily using the field gas chromatograph.

BGS- Below ground surface

A. Intervals for summa canister soil vapor samples and quantitative analysis were selected while considering the following objectives:  

NOTES:  

Summary of MIP and Field Trapping Analytical Data, Southeast Property Boundary
Harley-Davidson Motor Company Operations, Inc. - York, Pennsylvania



DRAFT

Location ID
Depth in 
Feet BGS

1,1 DCA Area 
Count Results

1,2 DCA 
Area 

Count 
Results

TCE Area 
Count 

Results

PCE Area 
Count 

Results

Sampling 
Date

Rationale (A) Notes

B13_SB01 5-10 0 22 45.5 66.9 12/1/03

B13_SB01 10-115 3311.9 1451 4553.9 1500.4 12/1/03
Highest PCE, Total DCA, and 2nd highest PCE 

concentration
Summa Canister Sample Collected

B13_SB01 15 178.5 112.8 375 417.5 12/1/03
B13_SB03 5-10 38.9 23.5 28.7 28.9 12/1/03
B13_SB03 10-15 190.2 34.6 15.3 164.5 12/1/03
B13_SB03 15 17.8 39.9 49.6 27.2 12/1/03
B13_SB02 5-10 0 0 3381.4 18.3 12/1/03
B13_SB02 10-15 12.9 27 10689.6 29.8 12/1/03
B08_SB01 0-5 0 0 0 104.9 12/10/2003
B08_SB01 5-10 0 0 22.9 458.3 12/10/2003
B08_SB01 10-15 0 0 0 382.3 12/10/2003
B08_SB02 5-10 0 126.8 25.2 0 12/1/03
B08_SB02 10-15 352.1 19.4 24.9 20.5 12/2/03

B08_SB02 15 3628.7 566.6 2099 442.4 12/1/03
Highest PCE, Total DCA, and 3rd highest PCE 

concentration
Summa Canister Sample Collected

B08_SB03 0-5 0 15.6 18.8 577.3 12/11/2003
B08_SB03 5-10 147.6 0 0 122.7 12/11/2003
B08_SB03 10-15 12.2 10.6 0 32.9 12/11/2003
B45_SB01 0-5 2570 0 500.3 0 12/2/03

B45_SB01 5-10 65776.4 0 723.7 564.5 12/2/03
Highest total DCA, elevated TCE and PCE 

concentration
Summa Canister Sample Collected

B45_SB01 10-15 31554.8 0 0 22.4 12/2/03 Evaluate vertical extent and concentration profile Summa Canister Sample Collected
B45_SB02 0-5 0 0 12.9 111.7 12/10/2003
B45_SB02 5-10 0 0 32.7 248.8 12/10/2003
B45_SB02 10-15 0 0 317.3 1246.7 12/10/2003
B45_SB03 0-5 11 13.9 47.9 73.1 12/2/03
B45_SB03 5-10 0 0 0 12.4 12/2/03
B45_SB03 10-15 0 0 0 0 12/2/03
B45_SB04 0-5 0 0 1146.5 0 12/11/2003
B45_SB04 5-10 10.1 0 2278.5 15.7 12/11/2003
B45_SB04 10-15 0 0 996.1 0 12/11/2003
B11_SB01 0-5 0 0 11.2 0 12/2/03

B11_SB01
5-10 0 16.3 323.7 29.4 12/2/03

Evaluate the shallow concentrations at this location
Sample attempted but not collected due to 

apparent moisture at sample depth.

B11_SB01
10-15 34.9 10800 98298.3 0 12/2/03

Highest total DCA and TCE concentration
Sample attempted but not collected due to 

apparent moisture at sample depth.
B11_SB02 5-10 0 0 0 437.1 12/10/2003
B11_SB02 10-15 0 0 15.7 189.6 12/10/2003
B07_SB01 0-5 0 0 0 1504.4 12/2/03
B07_SB01 5-10 0 10.9 11.1 0 12/2/03 Highest Total DCA concentration Summa Canister Sample Collected
B07_SB01 10-15 0 0 30.1 0 12/2/03
B01_SB01 0-5 0 0 514.8 327.5 12/10/2003
B01_SB01 5-10 0 0 715.5 1726.3 12/10/2003 Highest TCE and PCE concentration Summa Canister Sample Collected

B01_SB01 10-15 0 65.6 663.4 835.2 12/10/2003
Evaluate the vertical concentration profile at this 

location
Summa Canister Sample Collected

B01_SB02 0-5 0 180.1 28.4 162.2 12/3/2003
B01_SB02 5-10 0 0 0 246.5 12/3/2003
B01_SB02 10-15 0 0 215.3 28.4 12/3/2003
B01_SB03 5-10 0 0 0 206.3 12/10/2003
B01_SB04 5-10 0 0 0 198.1 12/10/2003
B01_SB04 10-12 0 0 0 106.4 12/10/2003

 1) To quantify the apparent maximum concentrations of VOCs detected using the MIP/ECD which represent the greatest potential vapor migration and intrusion risk; 
2) To provide additional data to assess the vertical profile of VOCs detected using the MIP.
BGS- Below ground surface

A. Intervals for summa canister soil vapor samples and quantitative analysis were selected while considering the following objectives:  

Table 1C

Summary of MIP and Field Trapping Analytical Data, On-Site Buildings
Harley-Davidson Motor Company Operations, Inc. - York, Pennsylvania

NOTES:  
Area counts for each constituent are unitless and provide qualitative indications of constituents relative to calibration standards analyzed daily using the field gas chromatograph.



Table 2A
Summary of Soil-Gas Analytical Results, Northeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA
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Table 2A
Summary of Soil-Gas Analytical Results, Northeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA
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Table 2A
Summary of Soil-Gas Analytical Results, Northeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA

Dichlorodifluoromethane 2000 24000 51000
Chloromethane 250 1200 4500
Vinyl Chloride 28 240 950
Bromomethane NS 680 1400
Chloroethane 100000 2500 9900
Trichlorofluoromethane 7000 97000 200000
Freon TF NS NS NS
1,1-Dichloroethene 2000 28000 58000
Methylene Chloride 520 4400 17000
1,1-Dichloroethane 5000 1300 5000
cis-1,2-Dichloroethene 350 4900 10000
Chloroform 11 44 92
1,1,1- Trichloroethane 22000 290000 610000
Carbon Tetrachloride 16 140 550

31 270 1100
1,2-Dichloroethane 9.4 81 310

22 1200 4800
1,2-Dichloropropane 40 200 790
cis-1,3-Dichloropropene NS NS NS
Toluene 4000 56000 120000
trans-1,3-Dichloropropene NS NS NS
1,1,2-Trichloroethane 15 130 510

81 3600 14000
Chlorobenzene 600 2400 5100
Ethylbenzene 220 1900 7300
Xylene (m,p) NS NS NS
Styrene 10000 140000 290000
Xylene (o) NS NS NS
1,1,2,2-Tetrachloroethane 4 36 140
1,3-Dichlorobenzene 1100 NS NS
1,4-Dichlorobenzene 8000 330 1300
1,2-Dichlorobenzene 2000 19000 41000
1,2,4-Trichlorobenzene 2000 2000 7900
Hexachlorobutadiene NS NS NS

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10-5)

260 Value exceeds PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 
Value exceeds PADEP Non-Residential Soil-Gas Screening Concentration (= Non-Residential Indoor Air Quality MSC x 100) 

PADEP criteria were converted from milligrams per cubic meter to parts per billion by volume (ppbv)
* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10-4 

D Sample result is from a higher dilution run 
NS No Screening Standard
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
AB compound detected in the ambient blank and result is qualitatively invalid as determined by the data validator

j the result is a quantitative estimate as determined by the data validator

USEPA 
Target 

Shallow     
Soil-Gas  

PADEP 
Residential 

Soil-Gas

Benzene

Trichloroethene*

Tetrachloroethene

Volatile Organic Compounds (TO-14/15)

Soil-GasScreening Criteria

PADEP    
Non-

Residential 
Soil-Gas

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

2.3 AB 2.7 AB 2.9 AB 2.7 2.6 2.3
1.1 AB 1.9 AB 1.6 AB 1.2 1.1 0.93
0.64 U 1.3 U 1.3 U 0.64 U 0.64 U 0.64 U
0.97 U 1.9 U 1.9 U 0.97 U 0.97 U 0.97 U
0.66 U 1.3 U 1.3 U 0.66 U 0.66 U 0.66 U
4.4 AB 2.8 U 12 AB 19 4.6 1.4 U
1.9 U 3.8 U 3.8 U 1.9 U 1.9 U 1.9 U
0.99 U 2 U 2 U 0.99 U 0.99 U 0.99 U
0.87 U 1.7 U 1.9 0.87 U 0.87 U 0.87 U

1 U 2 U 2 U 1 U 1 U 1 U
0.99 U 2 U 2 U 0.99 U 0.99 U 0.99 U
5.4 8.3 2.4 U 1.2 U 1.2 U 1.2 U
1.4 U 2.7 U 2.7 U 1.4 U 1.4 U 1.4 U
1.6 3.1 U 3.1 U 1.6 U 1.6 U 1.6 U
1.5 AB 1.8 AB 14 AB 1.6 1.6 0.8 U
1 U 2 U 2 U 1 U 1 U 1 U

280 D 440 D 13 1.3 U 1.3 U 1.3 U
1.2 U 2.3 U 2.3 U 1.2 U 1.2 U 1.2 U
1.1 U 2.3 U 2.3 U 1.1 U 1.1 U 1.1 U
3 AB 3.4 AB 12 AB 4.1 3.8 0.94 U

1.1 U 2.3 U 2.3 U 1.1 U 1.1 U 1.1 U
1.4 U 2.7 U 2.7 U 1.4 U 1.4 U 1.4 U
42 75 480 D 1.7 U 1.7 U 1.7 U
1.2 U 2.3 U 2.3 U 1.2 U 1.2 U 1.2 U
1.1 U 2.2 U 2.2 U 1.1 U 1.1 U 1.1 U
1.8 AB 2.2 U 3.3 AB 2.3 2.9 1.3
1.1 U 2.1 U 2.1 U 1.1 U 1.1 U 1.1 U
1.1 U 2.2 U 2.2 U 1.1 U 1.2 1.1 U
1.7 U 3.4 U 3.4 U 1.7 U 1.7 U 1.7 U
1.6 3.4 3 U 1.5 U 1.5 U 1.5 U
1.5 U 3 U 3 U 1.5 U 1.5 U 1.5 U
1.5 U 3 U 3 U 1.5 U 1.5 U 1.5 U
1.9 U 3.7 U 3.7 U 1.9 U 1.9 U 1.9 U
2.7 U 5.3 U 5.3 U 2.7 U 2.7 U 2.7 U

NA NA5'-7' 5'-10'

DUP001
7/15/20047/15/2004

579723
1

5'-7'

7/15/2004
578970

0.5
579724

1
579722

0.5
579721

0.5
NA

ug/m3 ug/m3 ug/m3ug/m3ug/m3 ug/m3

0.5

FB001
7/12/2004

FB002
7/15/2004

FB004NESB-15 NESB-18
08/03/2004

581310

G:\Data7\1406706 - vapor intrusion\data\STL Summa Data\SoilVaporSamplesV1_TS_3-10-05.xls2a-NE



Table 2A
Summary of Soil-Gas Analytical Results, Northeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

1,3,5-Trimethylbenzene 60 830 1700 1.2 U 2.5 U 2.5 U 1.2 U 1.2 U 1.2 U
1,2,4-Trimethylbenzene 60 830 1700 1.2 U 2.5 U 2.5 U 1.2 U 1.2 U 1.2 U
1,2-Dichlorotetrafluoroethan NS NS NS 1.7 U 3.5 U 3.5 U 1.7 U 1.7 U 1.7 U
1,2-Dibromoethane 1 9.5 37 1.9 U 3.8 U 3.8 U 1.9 U 1.9 U 1.9 U

0.87 67 260 2.4 2.7 40 0.55 U 0.55 U 0.55 U
7000 97000 200000 1.1 1.6 5.3 0.78 U 0.78 U 0.78 U
3500 4300000 9100000 36 AB 55 AB 150 D 11 10 11
NS NS NS 6.1 U 12 U 12 U 6.1 U 6.1 U 6.1 U

30000 8100 31000 0.9 U 1.8 U 1.8 U 0.9 U 2.2 0.9 U
NS NS NS 0.86 U 1.7 U 2.9 0.86 U 0.86 U 0.86 U
10 78 298 25 4.3 U 4.3 U 2.1 U 2.1 U 2.1 U

3400 140000 290000 2.9 4.4 13 0.88 0.74 U 0.88
NS 270 1100 9 U 18 U 18 U 9 U 9 U 9 U
800 9700 20000 2.7 4.1 15 1 U 1 U 1 U
NS NS NS 1 U 2 U 2 U 1 U 1 U 1 U
220 1900 7400 2.6 U 5.2 U 5.2 U 2.6 U 2.6 U 2.6 U
14 57 220 1.7 U 3.4 U 3.4 U 1.7 U 1.7 U 1.7 U

700 9700 20000 0.99 U 2 U 2 U 0.99 U 0.99 U 0.99 U
NS NS NS 1.2 U 2.5 U 2.5 U 1.2 U 1.2 U 1.2 U
NS 140 290 0.78 U 1.6 U 1.6 U 0.78 U 0.78 U 0.78 U
NS NS NS 1.2 U 2.3 U 2.3 U 1.2 U 1.4 1.2 U
58 67 260 1.1 U 2.2 U 2.2 U 1.1 U 1.1 U 1.1 U
NS 9700 20000 1.3 U 2.6 U 2.6 U 1.3 U 1.3 U 1.3 U

2000 28000 58000 1.2 AB 1.9 AB 20 1.1 0.88 0.88 U
NS NS NS 7.4 U 15 U 15 U 7.4 U 7.4 U 7.4 U
NS NS NS 1.1 2 U 11 1 U 1 U 1 U

7000 97000 200000 1 U 2 U 2 U 1 U 1 U 1 U
NS NS NS 0.99 U 2 U 2 U 0.99 U 0.99 U 0.99 U

700000 14000 30000 1.8 AB 2.2 U 3.4 AB 2.3 4.1 1.3
NS NS NS 7.6 U 15 U 15 U 7.6 U 7.6 U 7.6 U

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10-5)

260 Value exceeds PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 
Value exceeds PADEP Non-Residential Soil-Gas Screening Concentration (= Non-Residential Indoor Air Quality MSC x 100) 

PADEP criteria were converted from milligrams per cubic meter to parts per billion by volume (ppbv)
* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10-4 

D Sample result is from a higher dilution run 
NS No Screening Standard
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
AB compound detected in the ambient blank and result is qualitatively invalid as determined by the data validator

j the result is a quantitative estimate as determined by the data validator

FB004NESB-15 NESB-18
08/03/2004

581310

FB001
7/12/2004

FB002
7/15/2004

579721
0.5
NA

ug/m3 ug/m3 ug/m3ug/m3ug/m3 ug/m3

0.5
5'-7'

7/15/2004
578970

0.5
579724

1
579722

0.5

7/15/20047/15/2004
579723

1

DUP001

NA NA5'-7' 5'-10'

Soil-GasScreening Criteria

USEPA 
Target 

Shallow     
Soil-Gas  

PADEP 
Residential 

Soil-Gas

PADEP    
Non-

Residential 
Soil-Gas

Volatile Organic Compounds (TO-14/15)

1,3-Butadiene
Carbon Disulfide
Acetone
Isopropyl Alcohol
Methyl tert-Butyl Ether
Cyclohexane
Dibromochloromethane
Methyl Ethyl Ketone
1,4-Dioxane
Methyl Isobutyl Ketone
Methyl Butyl Ketone
Bromoform
Bromodichloromethane
trans-1,2-Dichloroethene
4-Ethyltoluene
3-Chloropropene
2,2,4-Trimethylpentane
Bromoethene
2-Chlorotoluene
n-Hexane

Xylene (total)
tert-Butyl Alcohol

Tetrahydrofuran
n-Heptane
Methyl Methacrylate
1,2-Dichloroethene (total)
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TABLE 2B
Summary of Soil-Gas Analytical Results, Southeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA
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TABLE 2B
Summary of Soil-Gas Analytical Results, Southeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA
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TABLE 2B
Summary of Soil-Gas Analytical Results, Southeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

Dichlorodifluoromethane 2000 24000 51000
Chloromethane 250 1200 4500
Vinyl Chloride 28 240 950
Bromomethane NS 680 1400
Chloroethane 100000 2500 9900
Trichlorofluoromethane 7000 97000 200000
Freon TF NS NS NS
1,1-Dichloroethene 2000 28000 58000
Methylene Chloride 520 4400 17000
1,1-Dichloroethane 5000 1300 5000
cis-1,2-Dichloroethene 350 4900 10000
Chloroform 11 44 92
1,1,1- Trichloroethane 22000 290000 610000
Carbon Tetrachloride 16 140 550

31 270 1100
1,2-Dichloroethane 9.4 81 310

22 1200 4800
1,2-Dichloropropane 40 200 790
cis-1,3-Dichloropropene NS NS NS
Toluene 4000 56000 120000
trans-1,3-Dichloropropene NS NS NS
1,1,2-Trichloroethane 15 130 510

81 3600 14000
Chlorobenzene 600 2400 5100
Ethylbenzene 220 1900 7300
Xylene (m,p) NS NS NS
Styrene 10000 140000 290000
Xylene (o) NS NS NS
1,1,2,2-Tetrachloroethane 4 36 140
1,3-Dichlorobenzene 1100 NS NS
1,4-Dichlorobenzene 8000 330 1300
1,2-Dichlorobenzene 2000 19000 41000
1,2,4-Trichlorobenzene 2000 2000 7900
Hexachlorobutadiene NS NS NS
Notes:

Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10-5)
260 Value exceeds PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 

Value exceeds PADEP Non-Residential Soil-Gas Screening Concentration (= Non-Residential Indoor Air Quality MSC x 100) 
PADEP criteria were converted from milligrams per cubic meter to parts per billion by volume (ppbv)

* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10-4 

D Sample result is from a higher dilution run 
NS No Screening Standard
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
AB compound detected in the ambient blank and result is qualitatively invalid as determined by the data validator
j the result is a quantitative estimate as determined by the data validator

Soil-GasScreening Criteria

Benzene

Trichloroethene*

Tetrachloroethene

Volatile Organic Compounds (TO-14/15)

USEPA 
Target 

Shallow     
Soil-Gas  

PADEP 
Residential 

Soil-Gas

PADEP    
Non-

Residential 
Soil-Gas

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

2.5 AB 3 AB 12 U 2.1 2.6 2.4 2.6 2.3
2.5 AB 1 U 5.2 U 0.85 1.1 1 1.1 0.93

0.64 U 1.3 U 6.4 U 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U
0.97 U 1.9 U 9.7 U 0.97 U 0.97 U 0.97 U 0.97 U 0.97 U
0.66 U 1.3 U 6.6 U 0.66 U 0.66 U 0.66 U 0.66 U 0.66 U
1.4 U 2.8 U 14 U 1.4 U 4.6 3.3 4.6 1.4 U
1.9 U 3.8 U 19 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U

0.99 U 2 U 9.9 U 0.99 U 0.99 U 0.99 U 0.99 U 0.99 U
0.87 U 1.7 U 8.7 U 0.87 U 0.87 U 0.87 U 0.87 U 0.87 U

1 U 2 U 10 U 1 U 1 U 1 U 1 U 1 U
0.99 U 2 U 9.9 U 0.99 U 0.99 U 0.99 U 0.99 U 0.99 U
1.2 U 2.4 U 12 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
1.4 U 2.7 U 14 U 1.4 U 1.4 U 1.4 U 1.4 U 1.4 U
1.6 U 3.1 U 16 U 1.6 U 1.6 U 1.6 U 1.6 U 1.6 U
2.4 AB 7.7 AB 8 U 1.5 1.6 0.86 1.6 0.8 U
1 U 2 U 10 U 1 U 1 U 1 U 1 U 1 U

1.3 18 59 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U
1.2 U 2.3 U 12 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
1.1 U 2.3 U 11 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U
2.7 AB 5.3 AB 9.4 U 3.8 3.8 2.7 3.8 0.94 U
1.1 U 2.3 U 11 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U
1.4 U 2.7 U 14 U 1.4 U 1.4 U 1.4 U 1.4 U 1.4 U
1.7 U 250 1200 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U
1.2 U 2.3 U 12 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
1.1 U 2.2 U 11 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U
1.5 AB 2.2 U 11 U 2.1 2.9 2.1 2.9 1.3
1.1 U 2.1 U 11 U 1.1 U 1.1 U 2.6 1.1 U 1.1 U
1.1 U 2.2 U 11 U 1.1 U 1.2 1.1 U 1.2 1.1 U
1.7 U 3.4 U 17 U 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U
2.8 3 U 15 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U
1.5 U 3 U 15 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U
1.5 U 3 U 15 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U
1.9 U 3.7 U 19 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U
2.7 U 5.3 U 27 U 2.7 U 2.7 U 2.7 U 2.7 U 2.7 U

ug/m3

FB002
7/15/2004

579721
0.5

FB004
08/03/2004

581310
0.5

FB002
7/15/2004

579721
7/16/2004

FB003

579733579728 579726

NANA10'-14' 6'-9' 10'-15'
ug/m3ug/m3 ug/m3ug/m3

1
579725

0.5 5 0.50.5
NA

ug/m3
NA

ug/m3ug/m3

7/15/20047/15/2004

0.5

12/16/2003
556611

SESB-11B
7/15/2004

SESB-10B SESB-11A

NA

FB001

G:\Data7\1406706 - vapor intrusion\data\STL Summa Data\SoilVaporSamplesV1_TS_3-10-05.xls2b-SE



TABLE 2B
Summary of Soil-Gas Analytical Results, Southeast Property Boundary 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

1,3,5-Trimethylbenzene 60 830 1700 1.2 U 2.5 U 12 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
1,2,4-Trimethylbenzene 60 830 1700 1.2 U 2.5 U 12 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
1,2-Dichlorotetrafluoroethan NS NS NS 1.7 U 3.5 U 17 U 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U
1,2-Dibromoethane 1 9.5 37 1.9 U 3.8 U 19 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U

0.87 67 260 8.4 27 24 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U
7000 97000 200000 0.78 U 3.7 7.8 U 0.78 U 0.78 U 1.4 0.78 U 0.78 U
3500 4300000 9100000 46 D, AB 200 D 150 7.1 10 10 10 11
NS NS NS 6.1 U 12 U 61 U 6.1 U 6.1 U 8.4 6.1 U 6.1 U

30000 8100 31000 0.9 U 1.8 U 9 U 0.9 U 2.2 0.9 U 2.2 0.9 U
NS NS NS 0.86 U 1.7 U 8.6 U 0.86 U 0.86 U 0.86 U 0.86 U 0.86 U
10 78 298 2.1 U 4.3 U 21 U 2.1 U 2.1 U 2.1 U 2.1 U 2.1 U

3400 140000 290000 8.6 17 17 0.86 0.74 U 1.2 0.74 U 0.88
NS 270 1100 9 U 18 U 90 U 9 U 9 U 9 U 9 U 9 U
800 9700 20000 1 U 2 U 10 U 1 U 1 U 1 U 1 U 1 U
NS NS NS 1.5 2 U 10 U 1 U 1 U 1 U 1 U 1 U
220 1900 7400 2.6 U 5.2 U 26 U 2.6 U 2.6 U 2.6 U 2.6 U 2.6 U
14 57 220 1.7 U 3.4 U 17 U 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U

700 9700 20000 0.99 U 2 U 9.9 U 0.99 U 0.99 U 0.99 U 0.99 U 0.99 U
NS NS NS 1.2 U 2.5 U 12 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
NS 140 290 0.78 U 1.6 U 7.8 U 0.78 U 0.78 U 0.78 U 0.78 U 0.78 U
NS NS NS 1.2 U 2.3 U 12 U 1.2 U 1.4 1.2 U 1.4 1.2 U
58 67 260 1.1 U 2.2 U 11 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U
NS 9700 20000 1.3 U 2.6 U 13 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U

2000 28000 58000 4.9 13 13 AB 0.88 U 0.88 0.88 U 0.88 0.88 U
NS NS NS 7.4 U 15 U 74 U 7.4 U 7.4 U 7.4 U 7.4 U 7.4 U
NS NS NS 1 U 3.6 10 U 1 U 1 U 1 U 1 U 1 U

7000 97000 200000 1 U 2 U 10 U 1 U 1 U 1 U 1 U 1 U
NS NS NS 0.99 U 2 U 9.9 U 0.99 U 0.99 U 0.99 U 0.99 U 0.99 U

700000 14000 30000 1.5 AB 2.2 U 11 U 2.3 4.1 2.1 4.1 1.3
NS NS NS 30 42 76 U 7.6 U 7.6 U 7.6 U 7.6 U 7.6 U

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10-5)

260 Value exceeds PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 
Value exceeds PADEP Non-Residential Soil-Gas Screening Concentration (= Non-Residential Indoor Air Quality MSC x 100) 

PADEP criteria were converted from milligrams per cubic meter to parts per billion by volume (ppbv)
* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10-4 

D Sample result is from a higher dilution run 
NS No Screening Standard
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
AB compound detected in the ambient blank and result is qualitatively invalid as determined by the data validator
j the result is a quantitative estimate as determined by the data validator

FB001

NA
0.5

12/16/2003
556611

SESB-11B
7/15/2004

SESB-10B SESB-11A

ug/m3
NA

ug/m3ug/m3

7/15/20047/15/2004

0.50.5
NA

579725
0.5 5

NANA10'-14' 6'-9' 10'-15'
ug/m3ug/m3 ug/m3ug/m3

FB002
7/15/2004

579721
7/16/2004

FB003

579733579728 579726

FB004
08/03/2004

581310
0.5

ug/m3

0.51

FB002
7/15/2004

579721

Soil-GasScreening Criteria

USEPA 
Target 

Shallow     
Soil-Gas  

PADEP 
Residential 

Soil-Gas

PADEP    
Non-

Residential 
Soil-Gas

Volatile Organic Compounds (TO-14/15)

1,3-Butadiene
Carbon Disulfide
Acetone
Isopropyl Alcohol
Methyl tert-Butyl Ether
Cyclohexane
Dibromochloromethane
Methyl Ethyl Ketone
1,4-Dioxane
Methyl Isobutyl Ketone
Methyl Butyl Ketone
Bromoform
Bromodichloromethane
trans-1,2-Dichloroethene
4-Ethyltoluene
3-Chloropropene
2,2,4-Trimethylpentane
Bromoethene
2-Chlorotoluene
n-Hexane

Xylene (total)
tert-Butyl Alcohol

Tetrahydrofuran
n-Heptane
Methyl Methacrylate
1,2-Dichloroethene (total)
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TABLE 2C
Summary of Soil-Gas Analytical Results, On-Site Buildings

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA
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TABLE 2C
Summary of Soil-Gas Analytical Results, On-Site Buildings

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA
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TABLE 2C
Summary of Soil-Gas Analytical Results, On-Site Buildings

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

Dichlorodifluoromethane 2000 24000 51000 NS
Chloromethane 250 1200 4500 NS
Vinyl Chloride 28 240 950 NS
Bromomethane NS 680 1400 NS
Chloroethane 100000 2500 9900 NS
Trichlorofluoromethane 7000 97000 200000 NS
Freon TF NS NS NS NS
1,1-Dichloroethene 2000 28000 58000 NS
Methylene Chloride 520 4400 17000 NS
1,1-Dichloroethane 5000 1300 5000 NS
cis-1,2-Dichloroethene 350 4900 10000 350
Chloroform 11 44 92 18
1,1,1- Trichloroethane 22000 290000 610000 NS
Carbon Tetrachloride 16 140 550 NS

31 270 1100 52
1,2-Dichloroethane 9.4 81 310 NS

22 1200 4800 37
1,2-Dichloropropane 40 200 790 NS
cis-1,3-Dichloropropene NS NS NS NS
Toluene 4000 56000 120000 NS
trans-1,3-Dichloropropene NS NS NS NS
1,1,2-Trichloroethane 15 130 510 NS

81 3600 14000 136
Chlorobenzene 600 2400 5100 NS
Ethylbenzene 220 1900 7300 NS
Xylene (m,p) NS NS NS NS
Styrene 10000 140000 290000 NS
Xylene (o) NS NS NS NS
1,1,2,2-Tetrachloroethane 4 36 140 NS
1,3-Dichlorobenzene 1100 NS NS NS
1,4-Dichlorobenzene 8000 330 1300 NS
1,2-Dichlorobenzene 2000 19000 41000 NS
1,2,4-Trichlorobenzene 2000 2000 7900 NS
Hexachlorobutadiene NS NS NS NS
Notes:

Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10-5)
Value Exceeds non-residential soil-gas concentration derived using PA exposure assumptions

260 Value exceeds PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 
Value exceeds PADEP Non-Residential Soil-Gas Screening Concentration (= Non-Residential Indoor Air Quality MSC x 100) 

PADEP criteria were converted from milligrams per cubic meter to parts per billion by volume (ppbv)
* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10-4 

D Sample result is from a higher dilution run 
NS No Screening Standard
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
AB compound detected in the ambient blank and result is qualitatively invalid as determined by the data validator

j the result is a quantitative estimate as determined by the data validator

Soil-GasScreening Criteria

Benzene

Trichloroethene*

Tetrachloroethene

Volatile Organic Compounds (TO-14/15)

USEPA 
Target 

Shallow     
Soil-Gas  

PADEP 
Residential 

Soil-Gas

Derived PA 
Specific      
Soil-Gas            

Non-
Residential 
Exposure 

Assumptions

PADEP    
Non-

Residential 
Soil-Gas

conc. qualifier conc. qualifier conc. qualifier conc. qualifier

2.2 AB 2.4 2.3 1.8
1 AB 1 0.93 1.4

0.64 U 0.64 U 0.64 U 0.64 U
0.97 U 0.97 U 0.97 U 0.97 U
0.66 U 0.66 U 0.66 U 0.66 U

4 3.3 1.4 U 1.4 U
1.9 U 1.9 U 1.9 U 1.9 U
79 0.99 U 0.99 U 0.99 U
1 0.87 U 0.87 U 0.87 U
15 1 U 1 U 1 U

0.99 U 0.99 U 0.99 U 0.99 U
1.2 U 1.2 U 1.2 U 1.2 U
6 1.4 U 1.4 U 1.4 U

1.6 U 1.6 U 1.6 U 1.6 U
2.7 AB 0.86 0.8 U 1.4
1 U 1 U 1 U 1 U

3.1 1.3 U 1.3 U 1.3 U
1.2 U 1.2 U 1.2 U 1.2 U
1.1 U 1.1 U 1.1 U 1.1 U
4.5 AB 2.7 0.94 U 2.5
1.1 U 1.1 U 1.1 U 1.1 U
1.4 U 1.4 U 1.4 U 1.4 U
1.7 U 1.7 U 1.7 U 1.7 U
1.2 U 1.2 U 1.2 U 1.2 U
1.1 U 1.1 U 1.1 U 1.1 U
3.1 AB 2.1 1.3 1.7
1.1 U 2.6 1.1 U 1.1 U
1.6 1.1 U 1.1 U 1.1 U
1.7 U 1.7 U 1.7 U 1.7 U
1.5 U 1.5 U 1.5 U 1.5 U
1.5 U 1.5 U 1.5 U 1.5 U
1.5 U 1.5 U 1.5 U 1.5 U
1.9 U 1.9 U 1.9 U 1.9 U
2.7 U 2.7 U 2.7 U 2.7 U

NA
ug/m3

FB003

579733
0.5

Dup 002
12/19/2003

556617

ug/m3
NA

0.5
10'-15'

ug/m3

FB002
7/16/2004

FB004
08/03/2004

581310
0.5

12/19/2003
556618

0.5
NA

ug/m3

G:\Data7\1406706 - vapor intrusion\data\STL Summa Data\SoilVaporSamplesV1_TS_3-10-05.xls2c-Buildings



TABLE 2C
Summary of Soil-Gas Analytical Results, On-Site Buildings

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

conc. qualifier conc. qualifier conc. qualifier conc. qualifier

1,3,5-Trimethylbenzene 60 830 1700 NS 3.3 1.2 U 1.2 U 1.2 U
1,2,4-Trimethylbenzene 60 830 1700 NS 6.9 1.2 U 1.2 U 1.2 U
1,2-Dichlorotetrafluoroethan NS NS NS NS 1.7 U 1.7 U 1.7 U 1.7 U
1,2-Dibromoethane 1 9.5 37 NS 1.9 U 1.9 U 1.9 U 1.9 U

0.87 67 260 1.5 3.3 0.55 U 0.55 U 0.55 U
7000 97000 200000 NS 2 1.4 0.78 U 0.78 U
3500 4300000 9100000 NS 2.5 U 10 11 5.9 U
NS NS NS NS 6.1 U 8.4 6.1 U 6.1 U

30000 8100 31000 NS 0.9 U 0.9 U 0.9 U 0.9 U
NS NS NS NS 1.2 0.86 U 0.86 U 0.86 U
10 78 298 NS 2.1 U 2.1 U 2.1 U 2.1 U

3400 140000 290000 NS 6.8 1.2 0.88 0.74 U
NS 270 1100 NS 9 U 9 U 9 U 9 U
800 9700 20000 NS 1 U 1 U 1 U 1 U
NS NS NS NS 1.2 1 U 1 U 1 U
220 1900 7400 NS 2.6 U 2.6 U 2.6 U 2.6 U
14 57 220 NS 1.7 U 1.7 U 1.7 U 1.7 U

700 9700 20000 NS 0.99 U 0.99 U 0.99 U 0.99 U
NS NS NS NS 4.6 1.2 U 1.2 U 1.2 U
NS 140 290 NS 0.78 U 0.78 U 0.78 U 0.78 U
NS NS NS NS 1.2 U 1.2 U 1.2 U 1.2 U
58 67 260 NS 1.1 U 1.1 U 1.1 U 1.1 U
NS 9700 20000 NS 1.3 U 1.3 U 1.3 U 1.3 U

2000 28000 58000 NS 3.3 0.88 U 0.88 U 0.88 U
NS NS NS NS 7.4 U 7.4 U 7.4 U 7.4 U
NS NS NS NS 1.5 1 U 1 U 1 U

7000 97000 200000 NS 1 U 1 U 1 U 1 U
NS NS NS NS 0.99 U 0.99 U 0.99 U 0.99 U

700000 14000 30000 NS 4.8 AB 2.1 1.3 1.8
NS NS NS NS 7.6 U 7.6 U 7.6 U 7.6 U

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10-5)
Value Exceeds non-residential soil-gas concentration derived using PA exposure assumptions

260 Value exceeds PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 
Value exceeds PADEP Non-Residential Soil-Gas Screening Concentration (= Non-Residential Indoor Air Quality MSC x 100) 

PADEP criteria were converted from milligrams per cubic meter to parts per billion by volume (ppbv)
* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10-4 

D Sample result is from a higher dilution run 
NS No Screening Standard
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
AB compound detected in the ambient blank and result is qualitatively invalid as determined by the data validator

j the result is a quantitative estimate as determined by the data validator

08/03/2004 12/19/2003
581310

7/16/2004
579733

12/19/2003
556617

Dup 002 FB003 FB004 FB002

556618
0.5 0.5 0.5 0.5

10'-15' NA NA NA
ug/m3 ug/m3 ug/m3 ug/m3

Soil-GasScreening Criteria

USEPA 
Target 

Shallow     
Soil-Gas  

PADEP 
Residential 
Soil-Gas

PADEP    
Non-

Residential 
Soil-Gas

Derived PA 
Specific      
Soil-Gas            

Non-
Residential 
Exposure 

Assumptions
Volatile Organic Compounds (TO-14/15)

1,3-Butadiene
Carbon Disulfide
Acetone
Isopropyl Alcohol
Methyl tert-Butyl Ether
Cyclohexane
Dibromochloromethane
Methyl Ethyl Ketone
1,4-Dioxane
Methyl Isobutyl Ketone
Methyl Butyl Ketone
Bromoform
Bromodichloromethane
trans-1,2-Dichloroethene
4-Ethyltoluene
3-Chloropropene
2,2,4-Trimethylpentane
Bromoethene
2-Chlorotoluene
n-Hexane
Tetrahydrofuran
n-Heptane
Methyl Methacrylate
1,2-Dichloroethene (total)
Xylene (total)
tert-Butyl Alcohol
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Summa Canister Soil Vapor Sample SOP 
 
 
 
 
 









































 

  

APPENDIX D 

Soil Vapor Sample Laboratory Deliverables (on disc) 
 
 
 
 
 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 

  

APPENDIX E 

Laboratory Explanation of Analytical Approach 
 
 
 
 
 











 

  

APPENDIX F 

Laboratory Data Validation Reports (on disc) 
 
 
 
 
 



















































































































































































































































































































































































































































 

  

APPENDIX G 

Calculation of Non-Residential Screening Criteria 
 
 
 
 
 



APPENDIX G
CALCULATION OF NON-RESIDENTIAL SCREENING CRITERIA

SOIL VAPOR PATHWAY ASSESSMENT
HARLEY-DAVIDSON MOTOR COMPANY OPERATIONS INC., YORK, PA

TCR 1.00E-04 unitless target cancer risk TCR 1.00E-05 unitless target cancer risk
ATc 25550 days averaging time, carcinogens (USEPA) ATc 25550 days averaging time, carcinogens (USEPA)
URF 1.10E-04 1/(ug/m3) unit risk factor (USEPA) URF 2.30E-05 1/(ug/m3) unit risk factor (USEPA)
EF 250 days/yr exposure frequency (PADEP non-residential) EF 250 days/yr exposure frequency (PADEP non-residential)
ED 25.0 yr exposure duration (PADEP non-residential) ED 25.0 yr exposure duration (PADEP non-residential)

Ccancer 3.7 ug/m3 target indoor air concentration Ccancer 1.8 ug/m3 target indoor air concentration

TCR 1.00E-05 unitless target cancer risk TCR 1.00E-05 unitless target cancer risk
ATc 25550 days averaging time, carcinogens (USEPA) ATc 25550 days averaging time, carcinogens (USEPA)
URF 3.00E-06 1/(ug/m3) unit risk factor (USEPA) URF 7.80E-06 1/(ug/m3) unit risk factor (USEPA)
EF 250 days/yr exposure frequency (PADEP non-residential) EF 250 days/yr exposure frequency (PADEP non-residential)
ED 25.0 yr exposure duration (PADEP non-residential) ED 25.0 yr exposure duration (PADEP non-residential)

Ccancer 13.6 ug/m3 target indoor air concentration Ccancer 5.2 ug/m3 target indoor air concentration

TCR 1.00E-05 unitless target cancer risk
ATc 25550 days averaging time, carcinogens (USEPA)
URF 2.80E-04 1/(ug/m3) unit risk factor (USEPA)
EF 250 days/yr exposure frequency (PADEP non-residential)
ED 25.0 yr exposure duration (PADEP non-residential)

Ccancer 0.15 ug/m3 target indoor air concentration

Note: non-residential exposure assumptions obtained from the guidance document, Pennsylvania Vapor Intrusion into Buildings from Groundwater and Soil by PADEP, January 24, 2004.

THQ 1.0 unitless target hazard quotient
RfC 0.035 mg/m3 reference concentration

Cnon-cancer 35 ug/m3 target indoor air concentration

CANCER

NON-CANCER
cis-1,2-dichloroethylene

1,3-Butadiene

Chloroform

Benzene

Trichloroethylene

Tetrachloroethylene
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Soil Physical Property Data 
 
 
 
 
 













































 

  

APPENDIX I 

Building Measurements 
 
 
 
 
 



Area Perimeter Area Perimeter Length Width Length Width
ft2 ft cm2 cm ft ft cm cm

45 22,091.2 809.4 20,523,359.2 24,669.3 65.0 339.6 1,982.5 10,352.1
7 3,014.7 225.2 2,800,701.5 6,863.8 43.9 68.7 1,336.8 2,095.1
1 21,241.9 953.1 19,734,370.9 29,050.2 49.8 426.8 1,517.1 13,009.0
8 11,737.5 527.9 10,904,457.2 16,090.7 56.6 207.4 1,725.4 6,320.0
13 7,703.6 414.0 7,156,832.1 12,619.9 48.6 158.4 1,482.5 4,827.4

NOTES:
The J&E Advanced model requires a building footprint to be entered as a length and width.  Equivalent rectangular buliding 
dimensions have been determined by solving the following quadratic equation for its roots:  

The roots correspond to the length and width of a rectangle which has an area and perimeter equal to the irregularly shaped 
building.

Building 
Number

0 = -x2 + 0.5 � perimeter �x - area

Appendix I
Soil Vapor Pathway Assessment On-Site Building Footprint Measurements

Harley-Davidson Motor Company Operations, Inc
York, Pennsylvania

Measured Irregular Building Footprint Equivalent Rectangular Building Dimensions



 

  

APPENDIX J 

Vapor Intrusion Model Simulations 
 























































































































































































































 
 

 
 
 
 January 28, 2008 
 
 
Mr. Darius Ostrauskas 
Project Manager 
U.S. EPA, Region III 
1650 Arch Street 
Philadelphia, PA 19103-2029 
 
 
Re: Off−Site Vapor Intrusion Investigation Results 

Harley−Davidson Motor Company Operations, Inc., York, PA  
Langan Project No. 1406706  
 

 
 
INTRODUCTION 
 
On behalf of Harley−Davidson Motor Company Operations, Inc. (Harley−Davidson), Langan 
Engineering & Environmental Services (Langan) is pleased to present the results of the off−site 
vapor intrusion investigation performed at the northeast property boundary area of the Harley-
Davidson York Facility.  The investigation was conducted to evaluate the off−site vapor 
intrusion risk related to potential volatilization from groundwater at the northeast property 
boundary.  Since October 2003 Harley−Davidson has expended considerable effort to 
responsibly assess the vapor intrusion pathway relevant to the York, Pennsylvania facility. 
These previous efforts were documented in a September 11, 2006 letter to USEPA Region III 
prepared by Langan for Harley−Davidson (see Attachment 1).  Harley−Davidson completed this 
off−site soil investigation in good faith to re−affirm that there is no risk to human health via the 
vapor intrusion pathway, a conclusion previously supported by abundant data and analysis and 
validated by EPA approval of the Human Health Environmental Indicators for the site in 
September 2005. 
 
The off−site soil investigation was performed in accordance with the plan presented by Langan 
for Harley−Davidson during the March 12, 2007 site−wide remedial investigation status 
meeting with the EPA, Pennsylvania Department of Environmental Protection (PADEP), and 
United States Army Corps of Engineers (USACE) held at the York, Pennsylvania facility.  The 
off−site investigation was outlined in a letter to the EPA dated June 29, 2007.  The investigation 
began with a survey of properties in the northeast property area, targeting specific properties to 
be investigated, reaffirming access permission and locating proposed soil boring locations in 
the field.  Based on responses to a more wide−spread survey of property owners surrounding 
the northeastern property boundary, twelve properties reportedly with basements nearest to 
the site and spanning the northeast property boundary area were targeted to complete soil 
borings.  These twelve properties include three properties specifically requested by USEPA to 
be investigated.  Soil borings were drilled alongside/adjacent to the foundations to confirm soils 
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are present at a depth immediately beneath but not deeper than 5 feet below the foundation 
and to collect vapor samples. 
  
The field investigation was conducted on August 30 & 31, 2007 and involved advancing one soil 
boring at each of nine properties where final access approval could be obtained from the 
property owner.  Access could not be arranged with property owners for the other three 
targeted locations. Soil was confirmed to be present at or below the estimated depth of 
foundation at eight of the nine locations drilled. Because of a localized shallow groundwater 
condition at one of the nine properties drilled, a soil vapor sample could not be collected.  Soil 
vapor samples were collected at eight of the nine properties and the soil vapor samples were 
analyzed for volatile organic compounds.  All soil−vapor results are below the PADEP soil−gas 
screening criteria which reaffirms that there is no off-site human health risk via the vapor 
intrusion pathway associated with the Harley−Davidson property. 
 
Details of the investigation and results are described herein. 
 
 
PROPERTY SURVEY AND SOIL BORING LOCATIONS 
 
In January 2007, Langan conducted a survey of 68 property owners in the northeast property 
area to determine if off−site structures had basements and to seek permission to install a soil 
boring on selected properties.  Thirty−eight responses to the survey were received and each 
acknowledged having a basement associated with an on−site structure at the property.  
Thirty−one of the 38 responses also granted permission to install a soil boring on their property. 
Conservatively, Harley−Davidson sought to investigate those properties that are nearest 
neighbors to the northeast property boundary and obtain a representative sampling of 
subsurface conditions at those selected locations.  The targeted locations included three 
properties across Paradise Road from on-site groundwater collection wells, CW-5 and CW-6, 
that were specifically recommended by the USEPA Region III.  The boring locations selected 
for the investigation are shown on Figure 1.  
 
For each of the 12 targeted properties, Langan and its subcontractor, Terra Probe, Inc. 
requested a public utility mark−out to include mark−outs up to the public utility connection at 
the perimeter of each dwelling.  Additionally, Langan contacted the property owners/occupants 
directly by telephone and via door to door to jointly determine an agreed upon location at each 
property that is clear of public/private utilities and any other known obstructions.  While 
meeting with the residents, we also attempted to determine the basement depth relative to 
ground surface at each selected boring location.  With property owner/occupant approval, the 
proposed location of each boring was clearly marked in the field before drilling occurred. 
 
Langan was unable to successfully arrange property access at three of the twelve targeted 
locations.  The property owner at 2024 City View Avenue declined permission for Langan to drill 
a boring on their property.  Unfortunately for two other targeted properties, despite numerous 
efforts including telephone calls, door to door visits, and notices, no responses were received 
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for the properties at 559 Paradise Rd and 599 Paradise Rd.  Table 1 summarizes responses to 
efforts to coordinate access for soil borings among the twelve target properties. 
 
 
SOIL BORINGS & SOIL VAPOR SAMPLE COLLECTION/ANALYSIS 
 
Soil borings were advanced adjacent to the foundations of dwellings at nine properties along 
the northeastern property boundary to access soils at a depth immediately beneath but not 
deeper than 5 feet below the foundation.  Soil borings were advanced using a low profile direct 
push/hydraulic geoprobe rig.  Soil vapor sampling standard procedures using direct push 
systems and summa canisters described in Langan’s September 11, 2006 letter (see 
Attachment 1) were followed. 
 
Where soil below the estimated depth of foundation was confirmed, a sample of the soil vapor 
within each boring was collected from a discrete interval (6 to 12 inches).  Soil vapor samples 
were collected from the boring using a post run tubing system (PRT).  The drive rod was 
retracted separating the expendable point from the point holder, and creating the void in the 
soil. A PRT adapter and tubing were advanced down the inner rods and secured to the 
expendable point holder. The PRT O−ring connections provided for a vacuum−tight seal to 
assure the sample was taken from the desired depth at the bottom of the hole and to prevent 
sample interference from up hole.  The tubing at the surface was attached to a vacuum pump 
to purge the line.  A helium leak test was then performed by placing a chamber at the top of 
the boring, charging the chamber with helium, and monitoring discharge from the vacuum 
pump for the presence of helium. Once a non−leaky seal was confirmed and the line was 
purged, the soil vapor sample was extracted using a 1−liter summa canister fitted with a 
laboratory−calibrated flow regulator to maintain and limit flow at 200 cc/min.  An ambient air 
blank was also collected each day.  Soil vapor and air samples were submitted to Accutest of 
Dayton New Jersey for analysis of volatile organic compounds by Method TO-15.   
 
The properties where a soil boring was advanced are listed below accompanied by the 
corresponding soil−gas sample designations: 
 

• 1998 City View  (SV-1) 
• 2040 City View  (SV-2) 
• 2048 City View (SV-3) 
• 2064 City View (SV-4) 
• 2032 City View (SV-5) 
• 569 Paradise  (SV-6) 
• 579 Paradise  (SV-7) 
• 677 Paradise  (SV-8) 
• 539 Paradise  (soil−gas sample could not be collected). 

 
Borings were advanced to depths ranging from 9 to 11.5 ft−bgs and below the estimated 
bottom of basement in all locations except at 2032 City View (SV−05) where the sampler could 
only penetrate to 6.75 ft−bgs. This penetration is effectively at the estimated bottom of 
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basement depth of the on-site structure at this property.  A soil−gas sample was collected to 
evaluate the soil−gas at the approximate basement foundation depth on this property.  At the 
539 Paradise Road property, locally shallow groundwater was encountered at a depth of 5.5 
ft−bgs and this localized condition precluded the collection of a representative soil−gas sample.  
 

SOIL VAPOR SCREENING RESULTS 

The soil vapor analytical results were reviewed, compiled and compared to EPA and PADEP 
vapor intrusion screening criteria to assess potential vapor intrusion risks.  Analytical results are 
summarized in Table 2 and the laboratory deliverable is provided as Attachment 2. The 
laboratory analytical data was validated by a third party in accordance with Region III 
modifications to “Laboratory Data Validation Functional Guidelines for Organic Analyses”, 
USEPA September 1994.  The data validation report is provided as Attachment 3.   
 
The soil−gas analytical results were first compared to USEPA Target Shallow Soil-Gas 
Concentration Corresponding to Target Indoor Air Concentration, where, the Soil−Gas to 
Indoor−Air Attenuation Factor = 0.1 and at a risk of 1 x 10-5 for all compounds except 
trichloroethylene which was evaluated at a risk of 1 x 10-4.  Soil-gas results were also compared 
to the Pennsylvania Department of Environmental Protection’s (PADEP) Residential Soil-Gas 
Criteria (defined as 100 x the PADEP Residential Indoor Air Quality Medium Specific 
Concentration).       
 
No compounds of concern (based on the previous on-site soil vapor pathway screening 
evaluation which includes: trichloroethylene, tetrachloroethylene, cis−1,2-dichloroethene, 
chloroform, dibromochloromethane and 1,3 butadiene) were detected in any of the August 
2007 soil-gas samples.  Concentrations of VOCs found in off-site soil-gas samples are all below 
the PADEP Residential Soil-Gas Criteria.  Concentrations of VOCs found in off-site soil-gas 
samples are also all below the EPA soil−gas screening criteria except for benzene which is not 
a vapor intrusion constituent of concern associated with the Harley-Davidson facility.  Benzene 
soil-gas concentrations slightly exceed the USEPA screening criterion (31 ug/m3) at SV-03 (54.3 
ug/m3), SV-04 (72.2 ug/m3) and SV-06 (39.6 ug/m3).  Benzene soil−gas concentrations do not 
exceed the PADEP screening criterion (270 ug/m3) at any sample location.  
 
 
CONCLUSIONS 
 
The presence of soil at or beneath the estimated basement foundation depths at all nine 
locations drilled as part of this supplemental evaluation, validates the weight of evidence 
previously presented by Harley−Davidson for the on−site vapor pathway assessment 
evaluations.  The absence of any vapor intrusion constituents of concern in off−site soil−gas 
samples shows that the constituents of concern associated with the historical operations at 
Harley−Davidson property are not migrating via soil−gas to pose an environmental concern. The 
off−site investigation results affirm the previous finding that there is no off−site human health 
risk via the vapor intrusion pathway associated with the Harley−Davidson property. 
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If you have any questions or should your require further information, please call. 

  

Very Truly Yours, 

Langan Engineering and Environmental Services, Inc. 

 

Jeffrey A. Smith, P.G 

Project Manager II 
 
 

Encls: Table 1 ⎯ Summary of Selected Off−Site Investigation Locations and Access 
 Table 2 ⎯ Summary of Off−Site Soil−Gas Analytical Results 
 Figure 1⎯ Off−Site Soil Vapor Assessment Boring/Sampling Locations 
 Attachment 1 ⎯ September 11, 2006 Letter from Langan to USEPA 

Attachment 2 ⎯ Laboratory Deliverables (CD included) 
 Attachment 3 ⎯ Third Party Data Validation Report 
  
 
 
Cc: Sharon Fisher (Harley−Davidson) 
 Ralph Golia (AMOED) 
 Nicki Fatherly, USACE 
 Pamela Trowbridge (PADEP) 
 Paul Gothold (EPA Region III) 
 Terry Bossert, Esq (Post Schell) 
 Joe Marquardt (Harley−Davidson) 
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Figure 1

Off-site Soil Vapor Assessment Boring/Sampling Locations

August 30 & 31 2007

Harley-Davidson Motor Company Operations, Inc.

York, Pennsylvania
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Street Address Tax Parcel ID Sampled ID Status Comments
579 Paradise Rd. 46−000−08−0003−G SV−07 boring advanced & sample collected
599 Paradise Rd. 46−000−08−0003−F not sampled not sampled no response to several efforts to contact owner

1998 City View Rd. 46−000−07−0162−B SV−01 boring advanced & sample collected
2024 City View Rd. 46−000−07−0159 not sampled not sampled owner declined participation
2032 City View Rd. 46−000−07−0158 SV−05 boring advanced & sample collected
2040 City View Rd. 46−000−07−0157 SV−02 boring advanced & sample collected
2048 City View Rd. 46−000−07−0156 SV−03 boring advanced & sample collected
2064 City View Rd. 46−000−07−0154 SV−04 boring advanced & sample collected
539 Paradise Rd. 46−000−08−0003−H not sampled not sampled shallow groundwater / no sample

559 Paradise Rd. 46−000−08−0003−J not sampled not sampled no response to several efforts to contact owner
569 Paradise Rd. 46−000−08−0003−E SV−06 boring advanced & sample collected
677 Paradise Rd. 46−000−08−0005 SV−08 boring advanced & sample collected

Harley−Davidson Motor Company Operations, Inc., York, PA
Soil Vapor Pathway Assessment

Properties Selected for Off−Site Soil−Gas Investigation
Table 1



Table 2
Summary of Soil-Gas Analytical Results, Residential Samples 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA

Sample ID
Date

Lab ID
Dilution

Sample Depth
ug/m3 ug/m3 Units

CAS Number
Dichlorodifluoromethane (Freon 12) 75-71-8 2,000 24000 2.9 3.2 ND ND ND ND ND ND ND ND
Chloromethane (methyl chloride) 74-87-3 240 2500 ND 0.93 ND 3.9 5.6 ND ND ND ND ND
Vinyl Chloride 75-01-4 28 240 ND ND ND ND ND ND ND ND ND ND
Bromoethene (Vinyl Bromide) 593-60-2 NS 67 ND ND ND ND ND ND ND ND ND ND
Chloroethane 75-00-3 100,000 2500 ND ND ND ND ND ND ND ND ND ND
Trichlorofluoromethane (Fluorotrichloromethane / Freon 11) 75-69-4 7,000 97000 1.7 1.9 ND ND ND ND ND ND ND ND
Freon TF (Freon 113) 11126-05-9 NS NS ND ND ND ND ND ND ND ND ND ND
1,1-Dichloroethene 75-35-4 2,000 28000 ND ND ND ND ND ND ND ND ND ND
Methylene Chloride (Dichloromethane) 75-09-2 520 4400 ND ND ND ND ND ND ND ND ND 15
1,1-Dichloroethane 75-34-3 5,000 1300 ND ND ND ND ND ND ND ND ND ND
cis-1,2-Dichloroethene 156-59-2 350 4900 ND ND ND ND ND ND ND ND ND ND
Chloroform 67-66-3 11 44 ND ND ND ND ND ND ND ND ND ND
1,1,1- Trichloroethane 71-55-6 22,000 290000 ND ND ND ND ND ND ND ND ND ND
Carbon Tetrachloride 56-23-5 16 140 ND ND ND ND ND ND ND ND ND ND

71-43-2 31 270 2.1 1 17 21 54.3 72.2 28 39.6 21 10
1,2-Dichloroethane 107-06-2 9 81 ND ND ND ND ND ND ND ND ND ND

79-01-6 22 130 ND ND ND ND ND ND ND ND ND ND
1,2-Dichloropropane 78-87-5 40 200 ND ND ND ND ND ND ND ND ND ND
cis-1,3-Dichloropropene 10061-01-5 NS NS ND ND ND ND ND ND ND ND ND ND
Toluene 108-88-3 4,000 56000 5.7 3.8 14 15 47.1 147 28 55.4 17 5.7 J
trans-1,3-Dichloropropene 10061-02-6 NS NS ND ND ND ND ND ND ND ND ND ND
1,1,2-Trichloroethane 79-00-5 15 130 ND ND ND ND ND ND ND ND ND ND

127-18-4 81 3600 ND ND ND ND ND ND ND ND ND ND
Chlorobenzene 108-90-7 600 2400 ND ND ND ND ND ND ND ND ND ND
Ethylbenzene 100-41-4 220 1900 2.4 1.3 ND ND 4.2 J ND ND 4.8 J 5.6 J ND
Xylene (m,p) No CAS Number NS NS 4.8 1.4 7.4 5.6 J 8.3 7.8 6.9 9.6 14 ND
Styrene 100-42-5 10,000 140000 ND ND ND ND ND ND ND ND ND ND
Xylene (o) 95-47-6 NS NS 2.2 1 ND ND ND ND ND 2.6 J 5.6 J ND
1,1,2,2-Tetrachloroethane 79-34-5 4.2 36 ND ND ND ND ND ND ND ND ND ND
1,3-Dichlorobenzene 541-73-1 1,100 NS ND ND ND ND ND ND ND ND ND ND
1,4-Dichlorobenzene 106-46-7 8,000 330 ND ND ND ND ND ND ND ND ND ND
1,2-Dichlorobenzene 95-50-1 2,000 19000 ND ND ND ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene 120-82-1 2,000 2000 ND ND ND ND ND ND ND ND ND ND
Hexachlorobutadiene 87-68-3 NS NS ND ND ND ND ND ND ND ND ND ND
1,3,5-Trimethylbenzene 108-67-8 60 830 ND ND ND ND ND ND ND ND ND ND
1,2,4-Trimethylbenzene 95-63-6 60 830 0.84 J 0.69 J 5.4 J ND ND ND ND ND 7.4 J ND
1,2-Dichlorotetrafluoroethane (Freon 114) 76-14-2 NS NS ND ND ND ND ND ND ND ND ND ND
1,2-Dibromoethane (Ethylene Dibromide) 106-93-4 1.1 9.5 ND ND ND ND ND ND ND ND ND ND

106-99-0 0.87 67 ND ND ND ND ND ND ND ND ND ND
75-15-0 7,000 97000 ND 1.3 5.6 ND 7.2 19 24 24 8.1 ND
67-64-1 3,500 4300000 18 19 371 677 1430 2400 1280 1480 1390 565
67-63-0 NS NS 334 E 4.7 92.9 77.9 75.7 36.4 73.5 106 129 41.3

1634-04-4 30,000 8100 2 ND ND ND ND ND ND ND ND ND
110-82-7 NS NS ND ND ND ND 6.9 9.3 ND 5.5 ND ND
124-48-1 10 NS ND ND ND ND ND ND ND ND ND ND
78-93-3 10,000 140000 1.8 1.1 10 13 28 25 21 16 9.4 ND
123-91-1 NS 270 ND ND ND ND ND ND ND ND ND ND
108-10-1 800 9700 ND ND 7.4 5.3 J 9 7.8 ND ND ND ND
591-78-6 NS NS ND ND ND ND ND ND ND ND ND ND
75-25-2 220 1900 ND ND ND ND ND ND ND ND ND ND
75-27-4 14 57 ND ND ND ND ND ND ND ND ND ND
156-60-5 700 9700 ND ND ND ND ND ND ND ND ND ND
622-96-8 NS NS ND ND ND ND ND ND ND ND ND ND
107-05-1 NS 140 ND ND ND ND ND ND ND ND ND ND
540-84-1 NS NS 4.1 ND 30 33 69.6 90.6 49.5 51.4 35 20
74-83-9 50 680 ND ND ND ND ND ND ND ND ND ND
95-49-8 NS 9700 ND ND ND ND ND ND ND ND ND ND

110-54-3 2,000 28000 ND ND ND 45.1 81.4 98.3 66.6 57.1 45.1 ND
109-99-9 NS NS ND ND ND ND ND ND ND ND ND ND
142-82-5 NS NS ND ND ND 7.4 21 33 11 17 ND ND
1330-20-7 70,000 14000 6.9 2.4 7.4 5.6 J 8.3 7.8 6.9 12 20 ND
75-65-0 NS NS 0.61 ND 12 11 17 19 7.3 8.2 15 ND
100-44-7 5 43 ND ND ND ND ND ND ND ND ND ND
64-17-5 NS NS 14 23.9 174 228 315 179 262 288 288 76.3
141-78-6 32,000 440000 ND ND ND ND ND ND ND ND ND ND
115-07-1 NS NS ND ND ND 261 438 536 1550 56.7 335 237
108-05-4 2,000 28000 ND ND ND ND ND ND ND ND ND ND

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -5)

All detected concentrations are below their respective PADEP Residential Soil-Gas Screening Concentration (= Residential Indoor Air Quality MSC x 100) 

* EPA Target Shallow Soil-Gas Concentration for Trichloroethene is evaluated at Risk= 1x10 -4 

NA Not Applicable
NS No Screening Standard
ND Parameter Not Detected
J Estimated Concentration Below Instrument Calibration Range
E Estimated Concentration Above Instrument Calibration Range

Ethyl Acetate
Propylene
Vinyl Acetate

PADEP 
Residential 
Soil−Gas

USEPA 
Target 

Shallow     
Soil−Gas  

tert-Butyl Alcohol
Benzyl Chloride
Ethanol

Xylenes (total)

Tetrahydrofuran
n-Heptane

2,2,4-Trimethylpentane
Bromomethane
2-Chlorotoluene
n-Hexane

Bromodichloromethane
trans-1,2-Dichloroethene
4-Ethyltoluene
3-Chloropropene

1,4-Dioxane
Methyl Isobutyl Ketone
Methyl Butyl Ketone (2-Hexanone)
Bromoform (Tribromomethane)

Methyl tert-Butyl Ether
Cyclohexane
Dibromochloromethane
Methyl Ethyl Ketone

1,3-Butadiene
Carbon Disulfide
Acetone
Isopropyl Alcohol

Tetrachloroethene

Benzene

Trichloroethene*

ug/m3

8/30/07

ug/m3

Volatile Organic Compounds (TO-14/15)

NA
1

8/30/07

ug/m3 ug/m3
9.5' - 10.5'

ug/m3

J70587-9J70587-7
8/30/078/30/078/31/07

J70587-13
1.53

ug/m3
8' - 9'

1

8/30/07
J70587-8

8/31/07
J70587-10

1

8/31/07
J70587-14

8' - 9'
1

10.5' - 11.5'

J70587-11
1

8' - 9'5.75' - 6.75'

8/31/07
SV−06

ug/m3 ug/m3ug/m3ug/m3

J70587-12
1

9.5' - 11'
1

SV−08SV−05FB001 SV−04SV−03SV−01 SV−02FB002 SV−07
8/31/07

Soil − Gas Screening 

1
9.5' - 10.5'NA

J70587-6J70587-5
1.55
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ATTACHMENT 1 
September 11, 2006 Letter from  

Langan to USEPA 



 

 
 
 11 September 2006 
 
 
 
Mr. Darius Ostrauskas 
Project Manager 
U.S. EPA, Region III 
1650 Arch Street 
Philadelphia, PA 19103-2029 
 
 
 
 
 
Re: Vapor Intrusion Evaluation  - Response to EPA May 12, 2006 

Comments on Langan’s Letter of March 28, 2006 
Harley-Davidson Motor Company Operations, Inc., York, PA  
Langan Project No. 1406706  
 

 
INTRODUCTION 
 
Harley-Davidson Motor Company Operations, Inc. (Harley-Davidson) has reviewed the 
Environmental Protection Agency’s (EPA’s) May 12, 2006 comment letter concerning the vapor 
pathway assessment at the Harley-Davidson facility in York, Pennsylvania.  EPA’s latest 
comments are the most recent of three separate comment letters they have prepared since 
Harley-Davidson submitted the Indoor Vapor Pathway Screening Assessment Supplemental RI 
Report on March 11, 2005. In good faith, Harley-Davidson has repeatedly performed additional 
analyses and further soil vapor modeling to directly respond to and address each of EPA’s 
specific comments. In chronological order, the comment response documents concerning the 
March 2005 Vapor Pathway Assessment Report are included in Attachment A. 
 
In September 2005, EPA declared that the Human Health Environmental Indicators (EIs) for the 
property, which consider the vapor pathway, are satisfied.  However following the Human 
Health EI approval, EPA prepared subsequent comments in a letter dated December 2, 2005 
and again in May 2006 requesting further evaluation of the potential vapor pathway.  The vapor 
pathway assessment performed by Harley-Davidson incorporates a considerable degree of 
conservatism, inherent to both the Johnson and Ettinger (J&E) vapor model and the various 
input parameters and assumptions used to evaluate the vapor pathway at the site. 
 
In spite of the weight of the evidence and results that indicate there is no risk to human health 
via the vapor intrusion pathway associated with the site, EPA has now requested that 
“residences in the vicinity of Harley-Davidson’s on-site groundwater collection wells CW-5 and 
CW-6 should be inventoried to determine the depth of the foundation relative bedrock” and 
additional soil vapor modeling be conducted using on-site groundwater concentrations as the 
source term for the model.  The overwhelming weight of the available evidence indicates that 



Vapor Intrusion Evaluation  - Response to EPA May 12, 2006 Comments 
on Langan's Letter of March 28, 2006 
Harley-Davidson Motor Company Operations, Inc., York, PA    
Langan Project No. 1406706  
 

Page 2 
11 September 2006 

 
 

                                                      

an off-site vapor intrusion risk is unlikely and EPA’s continual requests for further evaluation are 
inappropriate in view of the unreasonably conservative vapor pathway evaluations already 
performed by Harley-Davidson to date. 
 
This letter reiterates and summarizes the conservative site-specific evaluations performed and 
the overwhelming weight of evidence generated to date by Harley-Davidson that support the 
EPA’s Human Health EI approval and affirm that an off-site vapor intrusion risk is not likely.  In 
spite of the weight of evidence and because EPA now requests collection of off-site data, 
Harley-Davidson has also prepared a scope of work that focuses on collecting relevant data at 
off-site properties immediately adjacent to the northeast property boundary to definitively 
address EPA’s latest comments. 
 
VAPOR PATHWAY ASSESSMENT CHRONOLOGY AND SUMMARY 
 
It is important to establish the background concerning Harley-Davidson’s efforts to assess the 
vapor intrusion pathway that commenced with submittal of the October 2003 Vapor Intrusion 
Screening Assessment Workplan.  A chronological summary of the vapor pathway assessment, 
J&E modeling, data evaluations, and ensuing EPA comments and Harley-Davidson responses is 
provided below.  In chronological order, the EPA comment letters and Harley-Davidson 
responses are included in Attachment A for reference. 
 
Vapor Pathway Screening Assessment Supplemental RI Report, March 11, 2005 
 
The primary purpose of the vapor intrusion screening assessment that commenced in October 
2003 was to collect reliable soil vapor analytical data to supplement the existing groundwater 
analytical data and determine whether or not the vapor intrusion pathway poses an 
unacceptable risk to human health at the Harley-Davidson York Facility.  The screening 
assessment followed the USEPA Draft Guidance for evaluating the Vapor Intrusion to Indoor Air 
Pathway from Groundwater and Soils (November 2002) and the October 2003 Indoor Vapor 
Pathway Screening Assessment Workplan that was reviewed and approved by USEPA. 
 
A baseline screen using the available groundwater analytical data for monitoring wells near the 
targeted on-site non-occupational building areas and the Southeast Property Boundary Area 
(SPBA) and Northeast Property Boundary Area (NPBA), indicated a select few volatile organic 
compounds exist in groundwater at concentrations above the generic screening criteria and 
these constituents in groundwater may pose a vapor intrusion risk.  In a two-phase 
investigation, soil vapor sampling and analysis was performed to more completely assess the 
potential vapor intrusion pathway via the Tier II and Tier III screening process.  Ultimately, the 
J&E (1991) Model for Subsurface Vapor Intrusion into Buildings was used to predict the indoor 
air concentrations for inhabited buildings on-site and immediately off-site near the NPBA and 
SPBA.   
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Inputs to the J&E model were based on measured or reasonably determined site specific 
conditions (vapor source concentrations, soil properties, building characteristics) and otherwise 
use conservative assumptions from our conceptual site model and that are inherent in the J&E 
model.  Based on the soil vapor analytical data and the soil vapor model predictions described in 
the Vapor Pathway Assessment Report (March 2005), the vapor pathway due to volatilization 
and migration of constituents in groundwater is not complete and there is no on-site or off-site 
risk to human health via the vapor intrusion pathway at this time. 
 
July 18, 2005 Response to EPA April 18, 2005 Comments 
 

In a letter dated April 18, 2005, EPA commented on the March 2005 Vapor Pathway 
Assessment Report and their comments were discussed at an April 21, 2005 meeting with 
Harley-Davidson.  In response to EPA’s April 18, 2005 comment letter (see Attachment A), 
Harley-Davidson performed the additional modeling and analyses requested and addressed 
EPA’s comments in a letter dated July 18, 2005.   

Pertinent sections of the March 11, 2005 report were revised and additional modeling and data 
analyses were performed.   Although EPA guidance indicates use of the 10-4 risk level is 
appropriate for TCE, the soil vapor results for TCE were compared to the 10-5 risk levels as 
requested by EPA.  Also as requested by EPA, the vapor pathway was further evaluated using a 
more conservative EPA default value for vadose zone water-filled porosity rather than the site 
specific determined value used in the initial evaluation.  Nonetheless, conclusions about the 
vapor pathway risks for site constituents of concern are not substantively changed based on 
these more conservative analyses requested by EPA.  

 

March 28, 2006 Response to EPA December 2, 2005 Comments 

 

In September 2005, EPA formally approved a yes determination for the Current Human 
Exposures Under Control Environmental Indicator for the property, which considers the vapor 
pathway.  In spite of that declaration, EPA prepared additional comments concerning the vapor 
pathway in a letter dated December 2, 2005.  In the December 2005 letter EPA expressed that 
actual conditions (specifically, depth below grade to the water table and the thickness of the soil 
beneath nearby off-site structures), may differ from conditions assumed in the J&E modeling 
that was performed for the Harley-Davidson site.  EPA requested further J&E modeling to 
assess the model sensitivity to certain parameters that relate to soil stratum thickness and 
depth to groundwater. In a March 28, 2006 letter, Harley-Davidson again responded and 
proposed J&E modeling tasks and input data to perform the additional vapor modeling and 
evaluate the model sensitivity to the parameters that EPA identified.  Harley-Davidson’s March 
28, 2006 response letter is included in Attachment A.    
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May 12, 2006 EPA Comment Letter 
 

During a May 4, 2006 meeting and in a follow-up comment letter dated May 12, 2006, EPA 
commented on the additional J&E modeling tasks proposed by Harley-Davidson.  EPA’s May 
12, 2006 comment letter is included in Attachment A.   Although EPA requested additional J&E 
modeling that Harley-Davidson did propose in the March 28, 2006 response letter, EPA now 
requested that “residences in the vicinity of Harley-Davidson’s on-site groundwater collection 
wells CW-5 and CW-6 should be inventoried to determine the depth of the foundation relative to 
bedrock”. EPA’s stated objective of this inventory is to confirm there are no residences which 
may be constructed on weathered rock or where the soil thickness is less than the thickness of 
the capillary fringe for the subject soil. Also, EPA now recommended specific on-site 
groundwater source concentrations at collection wells CW-5 and CW-6, rather than the more 
representative off-site concentrations proposed by Harley-Davidson, be used as input for further 
vapor intrusion analysis using the J&E model.   

 
Response to EPA May 12, 2006 Comment Letter 
 
A copy of EPA’s May 12, 2006 comment letter is included in Attachment A.  A summary of 
EPA’s comments is outlined below followed by Harley-Davidson’s individual responses and a 
summary of the overwhelming weight of evidence that substantiates the conclusion that an off-
site vapor intrusion risk is not likely. 
 

  Groundwater Concentrations as input to Further J&E Modeling – EPA stated that the 
input groundwater concentrations for the additional modeling tasks proposed to 
address their comments concerning properties along the northeast property boundary 
should be the maximum detected concentrations for on-site wells CW-5 and CW-6 
over the last five years (rather than the off-site concentrations for wells along the 
northeast property boundary that are regularly sampled by Harley-Davidson).  The 
additional vapor model analyses should also be performed for residences 
downgradient of the South Property Boundary Area.  The model input groundwater 
concentrations for the South Property Boundary Area should be the maximums 
detected in well MW-64 over the last five years.   

 
  Model Sensitivity to Specific Building Air Exchange Rates  - For Building 11, if it 

becomes apparent that the model output is sensitive to the input air exchange rate 
parameter, the evaluation should also use the EPA’s default air exchange rate input for 
industrial buildings.   

 
  Inventory of Off-site Properties to Confirm Depth to Bedrock Below Foundations - 

“...residences in the vicinity of collection wells CW-5 and CW-6 should be inventoried 
to determine the depth of the foundation relative to bedrock.”   The objective of this 
inventory is to confirm there are no residences which may be constructed on 
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weathered rock or where the soil thickness is less than the thickness of the capillary 
fringe for the subject soil. Available information should be reviewed to determine if 
weathered bedrock may exist immediately below residences that are near the property 
boundary, including those that are southeast of the property. 

 
Harley-Davidson has considered each of EPA’s comments and prepared the following 
responses. 

 
Groundwater Concentrations as Input to Further J&E Modeling 
 
First, Harley-Davidson questions the rationale of using groundwater concentrations as a source 
term for additional vapor modeling in light of the available soil vapor samples data that exists for 
the site, especially the northeast and southeast property boundary areas. Nonetheless, to 
respond to EPA’s requests, Harley-Davidson considered all of the groundwater quality data 
collected for off-site wells and springs to the immediate northeast of the property that have 
been sampled over the last five years.  To be protective and conservative, the maximum 
concentrations for these off-site wells in the five-year period were proposed for use in 
additional J&E modeling analysis requested by EPA.   
 
However, EPA believes that the maximum detected concentrations for on-site collection wells 
CW-5 and CW-6 over the last five years (rather than the off-site concentrations for wells along 
the northeast property boundary that are regularly sampled by Harley-Davidson) be used as 
input to the J&E model. The fact is that wells CW-5 and CW-6 are two of several collection 
wells operated by Harley-Davidson to prevent the off-site migration of groundwater to the 
northeast and we do not believe that concentrations detected at CW-5 and CW-6 are 
representative of the off-site concentrations that may exist in groundwater beneath properties 
located immediately northeast of the site.  
  
Further, in view of the available soil vapor data that was collected along the northeast and 
southeast property boundaries, we do not understand the value of additional vapor modeling 
that uses groundwater as the input source concentration.  The abundant soil vapor data 
represents the soil vapor conditions that are a result of the volatile organic concentrations in 
nearby groundwater. Groundwater is the source of the vapor concentrations that were 
measured and these vapor concentrations drive the potential vapor intrusion risk.  The vapor 
pathway assessment performed by Harley-Davidson used the soil vapor concentrations 
measured at each location as the source in the J&E model to evaluate the potential vapor 
intrusion risk.  The use of measured soil vapor concentrations is more relevant, appropriate and 
reasonable than EPA’s suggestion to use on-site groundwater concentrations as a source term 
to model off-site vapor intrusion.   
  
Harley-Davidson acknowledges that additional data to directly assess off-site groundwater 
quality and soil thickness at locations to the southeast will be obtained as part of the 
supplemental remedial investigation phase that is forthcoming.  The draft Supplemental 
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Remedial Investigation Workplan includes the installation of off-site monitoring wells southeast 
of the site that will provide data to more directly determine the depth to bedrock and off-site 
groundwater conditions.  These additional data will be reviewed to confirm the appropriate and 
representative data to be considered in the vapor intrusion analysis along the southeast 
property boundary area. 
 
Model Sensitivity to Specific Building Air Exchange Rates 
 
In light of site specific air exchange data, whether design data or otherwise, the site specific 
data should prevail over EPA’s default air exchange rate which is likely not representative and 
overly conservative.  Harley-Davidson will provide additional data to substantiate the site 
specific air exchange rate for Building 11 to be used in any further vapor intrusion pathway 
analysis for this building.   
 
Inventory of Off-site Properties to Confirm Depth to Bedrock Below Foundations 
 
Harley-Davidson has considered EPA’s objective for an off-site inventory to confirm there are 
no residences which may be constructed on weathered rock or where the soil thickness 
beneath the structure foundation would preclude J&E modeling of the vapor pathway.  While 
we currently cannot cite specific data that directly address EPA’s continuing comments about 
existence of soil and its thickness beneath off-site structures, the weight of evidence 
overwhelmingly indicates there is no reasonable risk to human health via the vapor intrusion 
pathway associated with the site.  The overwhelming evidence is cited in the Vapor Pathway 
Assessment Report (March 2005) and in all of the responses to EPA comments included in 
Attachment A that further emphasize the conservative nature of all the analyses performed to 
date to asses the vapor pathway.  All the data and analyses to date lead to a conclusion that 
there is no current risk to human health via the vapor pathway.   
 
Key lines of evidence and support for these conclusions include the following which are 
supported by the data referenced in the Vapor Pathway Assessment Report (March 2005) and 
all ensuing responses to EPA comments that are included in Attachment A: 
 

1. The site specific soil vapor modeling and vapor pathway assessment conceptual 
approach and inherent assumptions of the J&E model are very conservative.  The model 
assumes an infinite source and no chemical transformation of VOCs; two considerably 
conservative aspects of the model.  The conceptual approach to the site includes a 
conservative assumption that the off-site residential buildings are situated directly over 
the perimeter soil-vapor sample locations.  The measured soil vapor concentrations are 
expected to be conservative because the source concentrations in the on-site 
groundwater are expected to be higher than groundwater concentrations beneath off-
site properties.   

 



Vapor Intrusion Evaluation  - Response to EPA May 12, 2006 Comments 
on Langan's Letter of March 28, 2006 
Harley-Davidson Motor Company Operations, Inc., York, PA    
Langan Project No. 1406706  
 

Page 7 
11 September 2006 

 
 

                                                      

2. The physical soil properties were determined using soil samples collected in the drier 
months of July and August 2004 and the pore water saturation data is reflective of dry 
soil conditions which add to the degree of conservatism in the site specific analysis. 

 
3. Quantitative summa canister sample collection was based on screening data obtained 

from numerous samples collected using MIP data.  Following the EPA-approved 
workplan, screening results from multiple samples collected using the MIP were relied 
upon to select one summa canister sample at each sample location biased to the 
highest concentrations indicated by the MIP results.  As such, this approach is designed 
to consider the worst case soil vapor conditions at each sample location based on 
multiple screening concentrations. 

 
4. Inputs to the J&E model were based on measured or reasonably determined site 

specific conditions (vapor source concentrations, soil properties, building characteristics) 
and otherwise are based on conservative assumptions inherent in our conceptual site 
model and the J&E model.  Based on the soil vapor analytical data and the soil vapor 
model predictions described in the Vapor Pathway Assessment Report (March 2005), 
the vapor pathway due to volatilization and migration of constituents in groundwater is 
not complete and there is no on-site or off-site risk to human health via the vapor 
intrusion pathway at this time. 

 
5. EPA requested additional evaluation of certain factors (i.e. TCE vs. risk=10-5 and 

substituting the site specific value with the default value for vadose zone soil water 
filled porosity) that affect the J&E vapor model. This additional evaluation was 
performed and the predicted indoor air concentrations using the default water-filled 
value indicate no predicted indoor air concentrations above the 10-5 (10-4 for TCE) for 
relevant constituents and screening criteria.  These results combined with those 
referenced in the March 2005 Vapor Pathway Assessment Report supported EPA’s 
approval of the Human Health EIs in September 2005. 

 
6. EPA expressed uncertainty for the inhabited structures located immediately adjacent to 

the property boundary and suggested they may or not be situated on top of bedrock or 
has insufficient soil thicknesses which are conditions that cannot be evaluated using the 
J&E model.  To further evaluate the model sensitivity to these hypothetical conditions, 
the existing soil vapor concentrations (above Tier II soil gas screening criteria) for 
samples collected using summa canisters at the site were evaluated using the J&E 
model and assuming a nominal soil thickness in the model.  As an illustration, the site 
specific J&E model for the Harley-Davidson site was run using a minimal soil thickness 
that approaches the limits of soil thickness that can be accommodated by the J&E vapor 
model. To be more conservative, the default value for vadose zone soil water filled 
porosity was also used with the minimal thickness of soil term.  The model default 
building characteristics were used in the predictive simulations to generate predicted 
indoor air concentrations for each soil vapor concentration.  Even under such an overly 
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conservative and unreasonable analysis, the model results still indicate there is no on-
site or off-site risk to human health for site-related constituents of concern via the vapor 
intrusion pathway. 

 
PROPOSED INVENTORY/INVESTIGATION – NORTHEAST PROPERTY BOUNDARY 
 
In spite of the weight of the evidence that indicates no human health risk via the vapor pathway 
and because of EPA’s persistent comments about uncertain soil conditions beneath off-site 
structures, Harley-Davidson proposes to conduct soil borings and potential soil vapor sampling 
at select properties immediately adjacent to the location of on-site wells CW-5 and CW-6 along 
the northeast property boundary.  We propose to contact property owners in the northeast 
property boundary area with whom Harley-Davidson has active agreements for access as part 
of ongoing periodic private well sampling activities. We will ask these property owners specific 
questions about the construction of their homes, the existence of a basement, and any details 
about the foundation that they can readily provide.  Based on the findings from that inquiry, 
Harley-Davidson will propose to conduct an investigation of soil conditions beneath the 
foundation depths of those structures that are nearest to wells CW-5 and CW-6 with greatest 
priority given to those structures that also have a basement.  We propose to drill borings 
alongside/adjacent to the foundations to access soils at a depth immediately beneath but not 
deeper than 5 feet below the foundation and collect vapor samples, if soil is confirmed beneath 
the foundation depth.  Soil vapor sampling standard procedures using direct push systems and 
summa canisters are described in Attachment B. 
 
Using a low profile direct push/hydraulic rig (e.g. a "Bobcat-type rig" or other) a boring will be 
completed at a location immediately adjacent to the structure. The existence of soil at a depth 
equivalent to immediately beneath the structure slab or basement depth will be determined in 
the field.  If soil at the appropriate depth is confirmed, we would proceed to collect a vapor 
sample.  Soil vapor samples will be collected at discrete depths using an expendable point, an 
expendable point holder, a PRT adapter and tubing. The Post Run Tubing System (PRT) is an 
ideal tool and allows for collecting soil vapor samples quickly and easily at the desired sampling 
depth.  O-ring connections enable the PRT system to deliver a vacuum-tight seal that prevents 
sample contamination from up hole, and assures that the sample is taken from the desired 
depth at the bottom of the hole. 
 
The expendable point will be placed in the expendable point holder, which in turn will be 
attached to a drive rod, and driven to depth. The drive rod and expendable point holder will be 
retracted, separating the expendable point from the point holder, and creating the desired void 
in the soil. A PRT adapter and tubing will be advanced down the inner rods and secured to the 
expendable point holder. The tubing at the surface will be attached to the Vacuum/Volume 
System on the Geoprobe rig to purge the line and draw a sample. Teflon or polyethylene tubing 
will be used to draw samples. The used tubing will be discarded after collecting each sample. A 
regulator is placed in-line to maintain a 200 cc (ml) per min flow rate while purging or collecting 
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soil gas samples. Once the line has been purged, samples will be extracted from the line using 
a summa canister and submitted to the lab for analysis. 
 
All soil vapor samples will be analyzed by STL Laboratory using Method TO-15 as specified in 
“Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air”, 
EPA/625/R-96/010b, second edition, January 1999.  The target compound list (TCL) and priority 
pollutant list (PPL, excluding acrolein, acrylonitrile, and 2-chlorethyl vinyl ether) are subsets of 
the compound list that is targeted by this method.  TO-15 is well suited to this vapor intrusion 
assessment because it provides analytical results for a long list of compounds and achieves 
much lower detection limits.  The analytical results will be reviewed, compiled, validated and 
compared to EPA and PADEP indoor air screening criteria to assess potential vapor intrusion 
risks. 

 
CLOSURE 
 
This letter memorializes the significant efforts Harley-Davidson has expended since October 
2003 to responsibly assess the vapor intrusion pathway relevant to the York, Pennsylvania 
facility.  In spite of the all the conservative analyses and abundant supporting data and even 
though EPA approved the Human Health EIs for the site in September 2005, Harley-Davidson 
continues to proceed responsibly and in good faith to re-affirm that there is no risk to human 
health via the vapor intrusion pathway.   If you have any questions or should you wish to 
discuss our proposed inventory and investigation along the northeast property boundary area, 
please call. 

Very Truly Yours, 

LANGAN ENGINEERING & 
ENVIRONMENTAL SERVICES 

 
Jeffrey A. Smith, P.G 
Project Manager 
 

Cc: Sharon Fisher (Harley-Davidson) 
 Ralph Golia (AMOED) 
 Nicki Fatherly, USACE 
 Pamela Trowbridge (PADEP) 
 Paul Gothold (EPA Region III) 
 Terry Bossert, Esq (Post Schell) 
 Joe Marquardt (Harley-Davidson) 
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Chronology of EPA Comments and Harley-Davidson Responses 

Vapor Intrusion Pathway Assessment 
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 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
 REGION III 

1650 Arch Street 
 Philadelphia, Pennsylvania  19103-2029 
 
 
 April 18, 2005 
 
 
Ms. Sharon Fisher  
Harley-Davidson Motor Company Operations, Inc. 
1425 Eden Road 
York, Pennsylvania 17402 
 
              
Subject: Indoor Vapor Pathway Screening Assessment   
 
Dear Ms. Fisher,  
 
Please find below EPA comments on an Indoor Vapor Pathway Screening Assessment  for  
Harley-Davidson Motor Company Operations Inc., York, Pennsylvania, dated March 2005, as 
prepared by Langan, Inc.  As discussed, this report will be considered in evaluating the RCRA 
Corrective Action Environmental Indicator of human exposure control for this facility.  
 
 
EXECUTIVE SUMMARY 
 
Second sentence in first paragraph should be replaced with the following: “This pathway was 
assessed for both offsite residences and onsite buildings.” 
 
Suggest sixth paragraph read as follows after the first sentence: “In the case of onsite buildings, 
the vapor concentrations were compared to generic non-residential screening levels which were 
developed as part of this assessment.  Where the soil vapor concentrations exceeded the 
identified generic screening levels, the Johnson and Ettinger (J&E) Model for Subsurface Vapor 
Intrusion was used to predict indoor air concentrations.  This modeling included the use of site-
specific data, including physical soil property values derived from onsite soil sampling.”  
 
The following additional paragraphs should be added:  
 
“J&E modeling using the subject soil vapor concentrations and site-specific data predicted that 
one (1) out of the twenty-five (25) soil vapor concentrations would result in an indoor air 
concentration exceeding the 10-5 incremental carcinogenic risk criteria identified in the draft 
EPA guidance of 2002.  In this one case, the residential indoor air concentration of 
trichloroethylene (TCE) was predicted to be 0.69 ug/m3, as compared to the criteria of 0.22 
ug/m3.  
 
 



 

 

 
Since the site-specific model inputs for vadose zone soil water filled porosity were derived from 
field data which may not necessarily be fully representative of site conditions, modeling was also 
performed using the default value for this input.  In this case, the model predicted that four (4) of 
the twenty-five (25) soil vapor samples would result in indoor air concentrations exceeding the  
10-5 risk criteria. The predicted residential indoor air concentration of TCE referenced above 
would increase from 0.69 ug/m3 to 1.68 ug/m3.  The  predicted indoor air concentration of TCE 
in the three additional cases would range from 0.245 ug/m3 to 0.65 ug/m3. 
 
The results of this assessment will be considered in the evaluation of human exposure control ( a 
RCRA Environmental Indicator) and the scoping of additional investigation work at the Harley-
Davidson, York facility.”         
 
 
1.0       INTRODUCTION   
 
First paragraph, third sentence should read: “...for administrative or similar purposes were 
assessed.” 
 
First paragraph, last sentence: Delete. 
 
After the first sentence, the second paragraph should read as follows: “This report provides the 
findings of work outlined in an Indoor Vapor Pathway Screening Assessment Workplan of 
October 2003.”   
 
 
2.0      BACKGROUND AND PRELIMINARY SCREENING ASSESSMENT   
 
In identifying “key facts and/or assumptions”, it is indicated “...there are no known impacts of 
VOCs to unsaturated soils in the vicinity of the northeastern and southeastern property 
boundaries...”.  While investigations to date have not confirmed elevated VOCs in these 
unsaturated soils, waste solvents have reportedly been applied in the vicinity of the investigated 
soils to control weed growth .  In this case, it is more appropriate to simply indicate that, for 
purposes of this assessment, it is assumed the saturated zone is the source of VOCs.”    
 
Under “key facts and assumptions”, the distance between groundwater and ground surface  in 
residential areas may be less than the assumed 20' to 30'.  While depth to groundwater in 
monitoring well MW-64S in the SPBA has been measured at 30', downgradient residences 
within 200' are 20' to 30' lower in elevation, suggesting that depth to groundwater under these 
residences may be less than 30'. In the NPBA, depth to groundwater in MW-18S and MW-18D 
has been measured at 8.1' and 5.7' bgs.  Based on the location of these monitoring wells, depth to 
groundwater under certain residences next to the NPBA may be less than 20'. 
 
 



 

 

 
2.2   Tier I Screening Assessment 
 
First paragraph, next to last sentence, delete “...that USEPA deems appropriate for evaluating 
environmental indicators under RCRA.” 
 
 
3.0 Soil Vapor Sample Collection /Analysis 
 
Clearly indicate that soil samples for analysis of physical soil properties were collected 
concurrently with soil vapor samples.   
 
 
3.1 Soil Vapor Qualitative Filed Analysis - Membrane Interface Probe 
 
Second paragraph, first sentence: Should read “...to guide selection of  locations for Summa 
canister sampling ...”. 
 
Table 1A - NPBA 
 
It is notable that no summa samples were collected at the two locations with the highest TCE 
area counts.  The highest TCE area count (15074) was in NE_SB16 at 0-5'. No deeper MIP 
sample was collected at this location . It is notable that substantial levels of TCE and PCE were 
reported for groundwater in this area by R.E. Wright in 1987.  The second highest TCE area 
count was obtained at NE_SB04.  A summa sample reportedly could not be collected at this 
location due to high moisture levels.   
 
Table 1B - SPBA 
 
The MIP (and summa) results for SE_SB01 indicate a decrease in VOCs with depth, suggesting  
the detected VOCs may be from unsaturated soils rather than groundwater. Further investigation 
of unsaturated soil should be considered for this area.”.    
 
Table 1C - On-Site Buildings 
 
It is notable that no summa sample could be collected at B11_SB01 at Building 11, the location 
with the highest TCE area count, and that no summa samples were otherwise collected at 
Building 11. 
 
For B07_SB01, the rationale for summa sample collection is indicated as “Highest Total DCA 
concentration”. However, the total DCA area count for this sample was only 10.9.  Please 
indicate actual rationale.        
 
 



 

 

 
3.2 Focused Soil Vapor Quantitative Analysis - Summa Canister Sampling 
 
Text should note that samples for physical property analysis were collected concurrently with the 
summa samples (if this was the case). 
 
Third paragraph should read as follows: “The rationale for the location and depth of the Summa 
Canister samples is provided in Tables 1A, 1B, and 1C, while the location of these samples, as 
well as samples for physical property analysis, are provided in Figure 4.” 
 
The first sentence of the fourth paragraph should read: “Soil vapor sampling with a Geoprobe 
direct-push rig and Summa canisters commenced at the Southeast Property boundary area on 
December 16th after precipitation prevented planned sampling on December 13th, 14th and 15th.”  
 
The fourth paragraph indicates three (3) vapor samples and a duplicate were collected from the 
SPBA after three days of precipitation.  Assuming samples for soil property analyses at these 
locations were also collected on this date, the results for pore water saturation for the subject soil 
locations may not be representative.   
 
Sixth paragraph: Given the referenced high precipitation levels in 2004, again, the results of pore 
water saturation in this case may not be representative.  
 
Seventh paragraph: It is indicated that over a three day period starting on July 12, 2004, that “...a 
total of 29 soil vapor samples were attempted but 16 of the 29 samples were able to be collected 
successfully.”  Does this mean that out of the total samples originally planned based on the MIP 
results, that thirteen samples were never collected?  Overall, how many samples were originally 
planned for each area based on the MIP data review and how many samples were actually 
collected in each area?  
 
Eighth paragraph: Again, due to reasons discussed above, the pore water saturation analytical 
results may not be representative. 
 
 
4.1 Evaluation of Preferential Pathways 
 
Second paragraph: It is suggested that there are no (subsurface) utilities between the NPBA 
and residences across the street from the NPBA.  However, assuming these residences are 
connected to a public water supply, aren’t there water supply lines between the NPBA and the 
residences ? Are there public sewer lines in this area? 
 
While the stormwater sewer extending offsite from the far southeast corner of Harley-Davidson 
property may not provide a preferential pathway directly into homes, this subsurface utility may 
provide a preferential pathway for transport of soil gas from the property to offsite areas.    
 



 

 

 
4.2 Selection/Derivation of Relevant and Applicable Soil Vapor Screening Criteria 
 
First paragraph, last sentence should read: “At this generic screening phase, criteria  
corresponding to a 10-4 carcinogenic risk level were utilized for TCE.”  
 
 
4.3 Generic Screen 
 
The intent of the reference to “generally” in the first sentence is unclear.  The exceptions should 
be noted or if there are no exception, the reference to “generally” deleted. 
 
 
4.3.1 On-Site Building Areas  
 
Table 2C 
 
It is notable that the maximum detected concentration of TCE was from B08SB02 at Building 8 
and that only one sample was collected at Building 8.   
 
 
4.3.3 NPBA  
 
Table 2A 
 
The PCE result for NESB01 should be shaded.  
 
 
4.3.1 Onsite Building Areas 
 
It is understood that, due to the constraints presented by subsurface utilities, that the number of 
samples that could be collected in the building area was limited.  Nonetheless, due to the low 
number of samples, the available soil vapor results may not be representative.  For example, the   
nature and extent of VOCs in soil vapor in the vicinity of the maximum detection is of interest.   
 
 
4.4 Semi-Site Specific Screen 
 
Suggest this section read as follows:  “While the generic screen considers just contaminant 
concentrations, the semi-site specific screen in the draft EPA guidance estimates the contaminant 
attenuation from soil gas to indoor air based on the depth to the soil gas source from the base of 
the foundation and the soil type (see Figure 3a in the draft EPA guidance).  This semi-site  
 
 



 

 

 
specific screen can be explicitly applied when the soil gas source is more than 1.5 meters from 
the foundation.  However, in this case, assuming a default basement depth of 2 meters, the depth  
of the soil gas source from basement is assumed to be less 1.5 meters.  Also, Figure 3a does not 
provide for the use of the site-specific soil physical property data which is available in this case.   
Since site-specific J&E modeling can readily accomodate  this data, this assessment proceeds 
directly from the generic screen to site-specific modeling.” 
 
 
6.0 Tier III- Site Specific Vapor Intrusion Modeling  
 
For the NESB-15, the TCE concentration in the duplicate sample at this location, 440 ug/l, 
should be used in the modeling instead of 280 ug/l. 
 
For comparison purposes, modeling should also be performed using the default value vadose 
zone soil water-filled porosity of 0.103 for a sandy loam, the reported native soil for the facility. 
Text language/findings suggested below reference the model results, per our calculations, using 
this default value. 
 
 
6.2.4 Pore Water Saturation 
 
The following paragraph should be added to the end of this section: 
 
“The vadose zone water-filled soil porosity values derived from site-specific data differ from the 
J&E model default value for this parameter.  In particular, while the default value for sandy 
loam, the native soil for the facility, is 0.103, the input site-specific values for this parameter in 
the site-specific modeling are 0.250589 for the residential areas (NPBA and SPBA) and up to 
0.336 for the onsite buildings. This difference may have been due to the relatively wet conditions 
at the time of the sampling for physical soil properties.” 
 
 
6.3 Model Results 
 
The text should indicate that the predicted model results are compared to 10-5 indoor air criteria 
for all compounds, including TCE.  
 
Table 3- The “USEPA Screening Levels” for TCE in this table should correspond to 10-5 risk, 
i.e., 0.22 ug/m3 for residential and 0.37 ug/m3 for non-residential.  The result of modeling using 
the default value for vadose zone soil water-filled porosity should also be included in this or a 
similar table.    
 
The text should indicate that, when using site-specific derived value water filled soil porosity, the  
 



 

 

 
model predicted that one (1) out of twenty-five (25) of the soil vapor samples would exceed the  
subject indoor air screening criteria and that, in this case, the predicted level would be 0.69 
ug/m3 for vapor sample NESB15 as compared to.the criteria of 0.22 ug/m3.  (Note: This is our  
calculation of the predicted level based on 440 ug/m3 in the soil vapor at this location rather than 
280 ug/m3.)     
 
The conclusions of modeling using the default value for water-filled soil porosity should also be 
summarized. Per our calculations, the conclusions for the SPBA would be that two (2) out of 
eleven (11) soil vapor samples would exceed the 10-5 residential indoor air criteria for TCE of 
0.22 ug/m3 - 0.245 ug/m3 at SESB02A and 0.362 ug/m3 at SESB03.  For the onsite buildings, 
we calculated that one (1) out of five (5) locations would exceed the 10-5 non-residential criteria 
for TCE of 0.37ug/m3 - B08SB02, with a level of 0.65 ug/m3.  For the NPBA, we calculated that 
there would be no additional exceedances, but that the predicted indoor air concentration for 
NESB15 would increase from 0.69 ug/m3 to 1.68 ug/m3.  
 
 
7.0 FINDINGS AND CONCLUSIONS    
 
Third paragraph should be replaced with the following: 
 
“Based on the available soil vapor analytical data and using the derived site-specific value for 
vadose zone water filled soil porosity, with one exception, the J&E modeling predicted indoor air 
concentrations for offsite residences and onsite buildings would not exceed indoor air 
concentrations corresponding to a 10-5 incremental carcinogenic risk as identified in draft EPA 
guidance issued in 2002.  In the case of the one exception, a level of 0.69 ug/m3 TCE was 
predicted for one location in the north property boundary, as compared to the criteria of 0.22 
ug/m3.. In no case did a predicted indoor air concentration for onsite buildings using the site-
specific soil porosity value exceed the calculated non-residential criteria for a 10-5 risk.    
 
Using the default value for water-filled soil porosity, the model predicted two (2) out of eleven 
(11) soil vapor samples in the south property boundary area would exceed the 10-5 residential 
indoor air criteria for TCE of 0.22 ug/m3 - 0.245 ug/m3 at SESB02A and 0.362 ug/m3 at 
SESB03.  For the onsite buildings, one (1) out of five (5) locations would exceed the 10-5 non-
residential criteria for TCE of 0.37ug/m3 - B08SB02, with a level of 0.65 ug/m3.  For the NPBA, 
there would be no additional exceedances, but the predicted indoor air concentration for NESB15 
would increase from 0.69 ug/m3 to 1.68 ug/m3.  
 
The results of this assessment and the associated J&E modeling will be considered in evaluating 
whether human exposure at the facility is under control (a RCRA environmental indicator) and in 
the scoping of additional investigation work at the facility.” 
 
 
 



 

 

 
Please let us know if you have any questions regarding the comments above.  We look forward 
to discussing these comments with you at our meeting of April 21.  
 
                                                                        Sincerely, 
 
 
 
                                                                       Darius Ostrauskas  
                                                                       RCRA Corrective Action 
                                                                       Project Manager  
 
 
cc: Pamela Trowbridge, PADEP 
      Nicki Fatherly, USACE 
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July 18, 2005 
 

 
 
Mr. Darius Ostrauskas 
Project Manager      
U.S. EPA, Region III 
1650 Arch Street 
Philadelphia, PA 19103-2029 
 
 
RE: Response to USEPA’s Comments on the Indoor Vapor Pathway  

Screening Assessment, Supplemental RI Report 
Harley-Davidson Motor Company, Operations, Inc., York, PA Facility 

 Langan Project No. 1406706  
 
 
Dear Mr. Ostrauskas: 
 
Harley-Davidson Motor Company Operations, Inc. (Harley-Davidson) has reviewed the USEPA’s 
April 18, 2005 comment letter and prepared a response to comments on the Indoor Vapor 
Pathway Screening Assessment Supplemental RI Report that was submitted to the USEPA on 
March 11, 2005.  This response and its format are consistent with our discussions during our 
April 21, 2005 meeting.  Revisions made to the report in response to USEPA’s comments are 
included in the revised final report provided under separate cover.  A revised table of contents 
to reflect report revisions, the addition of Appendix K, and revised tables are also incorporated 
in the revised final report.  As agreed at our April 21, 2005 meeting, this comment response 
letter will be included in the final report as Appendix K.  For convenience, the specific USEPA 
comments are reiterated below and are followed by our responses in bold text.  
 
 
EXECUTIVE SUMMARY 
 
1.  Second sentence in first paragraph should be replaced with the following: “This pathway 
was assessed for both offsite residences and onsite buildings.” 
 
In our professional opinion, the suggested change in text does not describe the 
assessment areas as accurately and effectively as the existing text and may be 
unintentionally misleading.  It is important to distinguish that only certain on-site 
buildings that may not involve OSHA-regulated activities were assessed. We do however 
recognize that the word “not” is a typographical error that has been corrected in the 
revised final report. 
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2. Suggest sixth paragraph read as follows after the first sentence: “In the case of onsite 
buildings, the vapor concentrations were compared to generic non-residential screening levels 
which were developed as part of this assessment.  Where the soil vapor concentrations 
exceeded the identified generic screening levels, the Johnson and Ettinger (J&E) Model for 
Subsurface Vapor Intrusion was used to predict indoor air concentrations.  This modeling 
included the use of site-specific data, including physical soil property values derived from onsite 
soil sampling.” 
 
The following additional paragraphs should be added:  
 
“J&E modeling using the subject soil vapor concentrations and site-specific data predicted that 
one (1) out of the twenty-five (25) soil vapor concentrations would result in an indoor air 
concentration exceeding the 10-5 incremental carcinogenic risk criteria identified in the draft 
EPA guidance of 2002.  In this one case, the residential indoor air concentration of 
trichloroethylene (TCE) was predicted to be 0.69 ug/m3, as compared to the criteria of 0.22 
ug/m3.  
 
Since the site-specific model inputs for vadose zone soil water filled porosity were derived from 
field data which may not necessarily be fully representative of site conditions, modeling was 
also performed using the default value for this input.  In this case, the model predicted that four 
(4) of the twenty-five (25) soil vapor samples would result in indoor air concentrations 
exceeding the 10-5 risk criteria. The predicted residential indoor air concentration of TCE 
referenced above would increase from 0.69 ug/m3 to 1.68 ug/m3.  The predicted indoor air 
concentration of TCE in the three additional cases would range from 0.245 ug/m3 to 0.65 
ug/m3. 
 
The results of this assessment will be considered in the evaluation of human exposure control 
(a RCRA Environmental Indicator) and the scoping of additional investigation work at the Harley-
Davidson, York facility.” 
 
The suggested changes to the executive summary (sixth paragraph through the end) are 
noted, but we believe that the existing text adequately and appropriately describes the 
assessment criteria and findings.  The use of site-specific data is more representative and 
appropriate than using default values inherent in the model.  We do not see value in 
discussing the range of hypothetical results using default input values when site specific 
values have been determined.  It should be clarified that the physical soil properties 
(including water/air filled porosity) were determined using soil samples collected during 
the drier months in July and August 2004 concurrent with the collection of most of the 
soil vapor samples used in the vapor model.  Additional evaluation requested by USEPA 
(i.e. TCE vs. risk=10-5 and substituting the site specific value with the default value for 
vadose zone soil water filled porosity) was performed and is summarized in Attachment 
1.  The results from this additional evaluation do not substantively change the 
conclusions that have been drawn concerning the vapor pathway associated with the 
site and do not warrant further discussion in the body of the report.    



 

3 

 

1.0       INTRODUCTION   

3.  First paragraph, third sentence should read: “...for administrative or similar purposes were 
assessed.” 
 
The suggested change in text is noted and this clarification has been made in the revised 
final report.   
 
4. First paragraph, last sentence: Delete. 
 
We are not clear on the basis for USEPA’s suggested deletion.  The sentence is factual 
and we believe it is important to maintain the reference to the environmental indicators 
process in the context of that sentence.   
 
5. After the first sentence, the second paragraph should read as follows: “This report provides 
the findings of work outlined in an Indoor Vapor Pathway Screening Assessment Workplan of 
October 2003.” 
 
Again, we are unclear on USEPA’s rationale for the suggested revision.  The reference to 
the October 2003 approved workplan is already captured in the existing report text.   
 

2.0      BACKGROUND AND PRELIMINARY SCREENING ASSESSMENT   

6. In identifying “key facts and/or assumptions”, it is indicated “...there are no known impacts 
of VOCs to unsaturated soils in the vicinity of the northeastern and southeastern property 
boundaries...”.  While investigations to date have not confirmed elevated VOCs in these 
unsaturated soils, waste solvents have reportedly been applied in the vicinity of the 
investigated soils to control weed growth.  In this case, it is more appropriate to simply indicate 
that, for purposes of this assessment, it is assumed the saturated zone is the source of VOCs.”  
 
As detailed in the July 2002 Interim Site-Wide Remedial Investigation Report prepared by 
Langan for Harley-Davidson, several phases of investigation of the northern, eastern and 
southern property boundary (Perimeter Road) have been conducted to investigate the 
potential impacts to unsaturated soils where waste solvents were reportedly applied. 
Soil sampling locations were determined from PID concentration measurements 
obtained from 245 active (whole air) soil gas samples that were collected from 19 to 22 
May 1998.  Half of the samples were collected beneath the site’s perimeter road, while 
the other half was collected between the road and the fence. 
 
Based on the previous soil gas sampling results for the Perimeter area, Langan selected 
13 locations from which soil samples were collected and submitted for laboratory 
analyses. The 13 sampling locations coincided with the 13 highest PID concentration 
measurements obtained from the previous soil gas survey.  All thirteen soil samples 
were collected from 1.5 to 2.0 feet bgs.   
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None of the soil samples collected during the previous remedial investigation activities 
contained VOCs at concentrations above the USEPA Industrial RBCs.  Based on the 
abundance of data collected to investigate soil conditions along the Perimeter Road, we 
agree that it is appropriate to assume that the source of VOCs in soil vapor along the 
property boundary areas assessed by the vapor pathway assessment is the saturated 
zone.  Based on available data, there is no known source of VOCs in the unsaturated 
soils that accounts for the soil vapor concentrations detected along the Perimeter Road 
area. 
 
7. Under “key facts and assumptions”, the distance between groundwater and ground surface 
in residential areas may be less than the assumed 20' to 30'.  While depth to groundwater in 
monitoring well MW-64S in the SPBA has been measured at 30', downgradient residences 
within 200' are 20' to 30' lower in elevation, suggesting that depth to groundwater under these 
residences may be less than 30'. In the NPBA, depth to groundwater in MW-18S and MW-18D 
has been measured at 8.1' and 5.7' bgs.  Based on the location of these monitoring wells, 
depth to groundwater under certain residences next to the NPBA may be less than 20'. 
 
The observed depth to groundwater in certain wells along the NPBA has been measured 
at depths of about 6 feet indicating that the depth to groundwater beneath certain 
residences near the NPBA may be less than 20 feet.  Also, we acknowledge that 
properties downgradient of the SPBA are at lower topographic elevations and depths to 
groundwater beneath downgradient properties may or may not be less than 30 feet.  
However, in terms of the site specific vapor pathway assessment, the soil vapor 
modeling uses the measured VOC concentration in soil vapor at each sample location as 
the vapor source concentration which originates from the groundwater/saturated soils.  
The conceptual approach and inherent assumptions of the J&E model are very 
conservative.  The model assumes an infinite source and no chemical transformation of 
VOCs which are two of the considerably conservative aspects of the model.  The 
conceptual approach to the site includes a conservative assumption that the off-site 
residential buildings are situated directly over the perimeter soil-vapor sample locations 
which are expected to be conservative concentrations because the source 
concentrations in the on-site groundwater are expected to be higher than  groundwater 
concentrations beneath off-site properties.   
 

2.2   Tier I Screening Assessment 

8. First paragraph, next to last sentence, delete “...that USEPA deems appropriate for 
evaluating environmental indicators under RCRA.” 
 
The 10-5 risk level is cited in the USEPA Draft Vapor Intrusion Guidance 
(November 2002) as appropriate for evaluating Environmental Indicators and we 
believe it is important to include that reference.  We propose to revise the final 
report text to cite the USEPA Draft Vapor Intrusion Guidance as the reference for 
applying 10-5 risk level for evaluating environmental indicators. 
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3.0 SOIL VAPOR SAMPLE COLLECTION /ANALYSIS 

9. Clearly indicate that soil samples for analysis of physical soil properties were collected 
concurrently with soil vapor samples.   
 
We acknowledge the suggested clarification.  The following sentence has been inserted 
in the revised final report.  “Soil samples for soil physical property analyses and soil-gas 
samples were collected during the drier summer months of July and August 2004. “ 
 

3.1 Soil Vapor Qualitative Field Analysis - Membrane Interface Probe 

10. Second paragraph, first sentence: Should read “...to guide selection of locations for 
Summa canister sampling ...”. 
 
The suggested change in text is noted, and this revision has been made to 
Section 3.1 of the revised final report.  
 
Table 1A - NPBA 
 
11. It is notable that no summa samples were collected at the two locations with the 
highest TCE area counts.  The highest TCE area count (15074) was in NE_SB16 at 0-5'. 
No deeper MIP sample was collected at this location. It is notable that substantial levels 
of TCE and PCE were reported for groundwater in this area by R.E. Wright in 1987.  The 
second highest TCE area count was obtained at NE_SB04.  A summa sample reportedly 
could not be collected at this location due to high moisture levels. 
 
As agreed during discussions with USEPA prior to collecting the soil vapor 
samples and as recommended in soil vapor sampling guidance (see Appendix E of 
EPA’s Draft Soil Vapor Guidance), no soil vapor samples were collected at depths 
above 5 feet below ground surface because of the potential for atmospheric 
interference that could result in erroneous or ambiguous results.   
 
Table 1B - SPBA 
 
12. The MIP (and summa) results for SE_SB01 indicate a decrease in VOCs with depth, 
suggesting the detected VOCs may be from unsaturated soils rather than groundwater. 
Further investigation of unsaturated soil should be considered for this area.”   
 
We acknowledge that the MIP results indicate a decrease in VOC concentrations 
with depth at sample location SE_SB-01 but we do not necessarily agree that 
these results indicate the source for VOCs in soil vapor at this location is from 
unsaturated soils rather than groundwater.  Vapor transport in the unsaturated 
zone is a complex process that involves several physicochemical variables relating 
to soil type, physical and chemical characteristics, and multiple phases (air, liquid, 
solid) that affect vapor transport processes.  Again, we reiterate that a multi-
phase investigation of soil conditions along the northern, eastern and 
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southeastern property boundaries (Perimeter area) was previously conducted and 
is described in greater detail in the July 2002 Draft Interim Site-wide Remedial 
Investigation Report. Those results do not indicate elevated VOC concentrations 
in unsaturated soils along the property boundary areas. 
 
 
Table 1C - On-Site Buildings  
 
13. It is notable that no summa sample could be collected at B11_SB01 at Building 11, 
the location with the highest TCE area count, and that no summa samples were 
otherwise collected at Building 11. 
 
As noted on Table 1C soil moisture levels (apparently high groundwater levels) 
near Building 11 resulted in the inability to obtain the soil vapor  samples 
attempted at depths of 5-10 ftbgs and 10-15 ftbgs.  Given the apparent shallow 
depth to groundwater measured in the borehole drilled to facilitate collection of 
summa canister vapor samples at B11_SB01, any attempts to collect vapor 
samples at other locations in the vicinity of Building 11 would likely be equally 
unsuccessful. 
 
 
14.  For B07_SB01, the rationale for summa sample collection is indicated as “Highest 
Total DCA concentration”. However, the total DCA area count for this sample was only 
10.9.  Please indicate actual rationale. 
 
The rationale was in part based on the “highest Total DCA concentration” relative 
to all other MIP samples collected near Building 7.  The rationale to collect a 
sample at B07_SB01 was also based on the detection of elevated (relative to other 
data near Building 7) PCE (1500 area count) concentrations in the shallow, near 
surface (0-5 ftbgs) MIP sampling interval at this location.  These statements will 
be added to Table 1C to clarify the rationale for collecting samples B07_SB01.    
     

3.2 Focused Soil Vapor Quantitative Analysis - Summa Canister Sampling 

15. Text should note that samples for physical property analysis were collected 
concurrently with the summa samples (if this was the case). 
 
As indicated in paragraphs #7 and #8 of Section 3.2, soil samples for physical 
properties analysis were collected at the same time as summa canister samples 
collected in July and August of 2004. 
 
16. Third paragraph should read as follows: “The rationale for the location and depth of 
the Summa Canister samples is provided in Tables 1A, 1B, and 1C, while the location of 
these samples, as well as samples for physical property analysis, are provided in Figure 
4.” 
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The suggested change in text is acknowledged and has been made in the revised 
final report text.  However, we believe it is important to acknowledge in the 
report that Harley-Davidson provided the MIP data and proposed summa canister 
sampling rationale to USEPA to seek their concurrence before collecting those 
samples. 
 
17. The first sentence of the fourth paragraph should read: “Soil vapor sampling with a 
Geoprobe direct-push rig and Summa canisters commenced at the Southeast Property 
boundary area on December 16th after precipitation prevented planned sampling on 
December 13th, 14th and 15th.”  
 
The suggested change in text is not completely accurate. There was no 
precipitation on December 15th but soil vapor sampling did not occur on 
December 15th to allow a 24-hour period of no significant precipitation before 
collecting soil vapor samples on December 16th. 
 
18. The fourth paragraph indicates three (3) vapor samples and a duplicate were 
collected from the SPBA after three days of precipitation.  Assuming samples for soil 
property analyses at these locations were also collected on this date, the results for 
pore water saturation for the subject soil locations may not be representative. 
 
Samples for soil property testing were collected during dry conditions in July and 
August 2004 (not in December 2003). 
 
19. Sixth paragraph: Given the referenced high precipitation levels in 2004, again, the 
results of pore water saturation in this case may not be representative.  
 
As a matter of clarification, the statement in question incorrectly referred to high 
precipitation levels in December 2003 as “2004”.  The correct year, 2003, will be 
inserted in the revised final report. Pore water saturation was measured in 
samples collected during drier summer months of July and August 2004. 
 
20. Seventh paragraph: It is indicated that over a three day period starting on July 12, 
2004, that “...a total of 29 soil vapor samples were attempted but 16 of the 29 samples 
were able to be collected successfully.”  Does this mean that out of the total samples 
originally planned based on the MIP results, that thirteen samples were never collected?  
Overall, how many samples were originally planned for each area based on the MIP data 
review and how many samples were actually collected in each area? 
 
To be correct and more clear, the following paragraph will be inserted in the 
revised final report to replace the previous text: “Over the three day period 
starting on July 12, 2004, a total of twenty-five locations were proposed for soil 
vapor sampling, nineteen locations were collected successfully but samples at six 
locations could not be successfully obtained.  The 25 sample locations planned in 
July 2004 included eleven locations along the Northeast Property Boundary, 
eleven locations along the Southeast Property Boundary, and three locations near 
on-site Building Areas.  In July 2004, attempts were also made to collect samples 
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from four other locations where samples could not be successfully collected in 
December 2003.” 
 
Of the eleven locations along the Northeast Property Boundary, eight samples 
were collected successfully; three samples, NESB08A, NESB08B, and NESB04 
could not be successfully obtained due to apparent moisture at the desired 
sample depth.    
 
Along the Southeast Property Boundary, ten of the eleven samples were 
successfully collected.  One sample, SESB08B, could not be obtained because of 
apparent moisture at that location.  
 
At the on-site building locations one sample, B08SB02 was successful. Samples 
B11SB01A and B11SB01B could not be successfully obtained because of high 
groundwater levels confirmed using a water-level indicator probe in the borings 
drilled to facilitate collecting vapor samples at this location.  
 
The following sentences will be inserted at the beginning of paragraph nine of 
Section 3.3 to provide a clear and accurate summary of the summa canister 
samples that were planned and ultimately collected:  “In total, of all the 33 
summa canister samples planned and attempted in December 2003 and July-
August 2004, only eight samples could not be collected successfully (NE_SB08A,  
NE_SB08B, NE_SB04, SE_SB06A, SE_SB06B SE_SB08B, B11_SB01A, and 
B11_SB01B) because of an inability to draw a sufficient vacuum using summa 
canisters under existing site conditions. “ 

 
 

21. Eighth paragraph: Again, due to reasons discussed above, the pore water saturation 
analytical results may not be representative. 
 
Again, the physical soil properties were determined using soil samples collected 
in the drier months of July and August 2004 not December 2003 and the pore 
water saturation data is reflective of dry soil conditions which adds to the degree 
of conservatism in the site specific analysis. 

 

4.1 Evaluation of Preferential Pathways 

22. Second paragraph: It is suggested that there are no (subsurface) utilities between 
the NPBA and residences across the street from the NPBA.  However, assuming these 
residences are connected to a public water supply, aren’t there water supply lines 
between the NPBA and the residences? Are there public sewer lines in this area? 
 
While the stormwater sewer extending offsite from the far southeast corner of Harley-
Davidson property may not provide a preferential pathway directly into homes, this 
subsurface utility may provide a preferential pathway for transport of soil gas from the 
property to offsite areas. 
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There are buried utilities beneath the Township roadway(s) (Paradise Road 
directly north, City View Road north east and W. Mt Herman Blvd. east) adjacent 
to the northeast property boundary but these utilities do not extend from or 
intersect the Harley-Davidson property.  Near the SPBA, the off-site residential 
area (Canterbury Lane) is transected by a stormwater sewer utility that from the 
on-site SPBA and is topographically lower than the site.  It is possible that soil 
vapors could migrate to this buried sewer line but the vapors would tend to rise 
to higher elevations along the entire length of the backfill surrounding the utility 
and could preferentially migrate back toward the Harley-Davidson site. While 
buried utilities can serve as pathways for preferential transport they can also 
intercept and/or diffuse vapors that could otherwise migrate to other areas.  
Further, our modeling approach conservatively assumes that the off-site building 
is situated directly over the location where soil-gas samples were taken and over 
higher source concentrations in groundwater than would be expected off-site. For 
this analysis, consideration of the hypothetical effects of potential preferential 
pathways that may be related to off-site utilities is effectively nullified by the 
conservative assumption that the off-site occupied buildings are situated directly 
above the soil vapor source areas measured on-site. 
 

4.2 Selection/Derivation of Relevant and Applicable Soil Vapor Screening 

Criteria 

23. First paragraph, last sentence should read: “At this generic screening phase, criteria 
corresponding to a 10-4 carcinogenic risk level were utilized for TCE.” 
 
The suggested change in text is noted and has been made in the revised final 
report. 
 
4.3 Generic Screen 
 
24. The intent of the reference to “generally” in the first sentence is unclear.  The 
exceptions should be noted or if there are no exceptions, the reference to “generally” 
deleted. 
 
There are no exceptions and the word “generally” has been deleted in the revised 
final report text. 
 

4.3.1 On-Site Building Areas 

 
Table 2C 
 
25. It is notable that the maximum detected concentration of TCE was from 
B08SB02 at Building 8 and that only one sample was collected at Building 8.   
 
The approved workplan indicated that based on screening results from 
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multiple samples collected using the MIP, one summa canister sample 
biased to the highest concentrations indicated by the MIP results, would 
be collected and analyzed.  Three MIP borings with three sample depth 
intervals per boring (a total of nine samples) were completed at Building 8.  

 

4.3.3 NPBA  

 
Table 2A 
 
26. The PCE result for NESB01 should be shaded.  
 
We have made the correction and the revised table (Table 2A) will be 
provided in the revised final report.  

 

4.3.1 Onsite Building Areas 

 
27. It is understood that, due to the constraints presented by subsurface utilities, 
that the number of samples that could be collected in the building area was 
limited.  Nonetheless, due to the low number of samples, the available soil vapor 
results may not be representative.  For example, the nature and extent of VOCs 
in soil vapor in the vicinity of the maximum detection is of interest. 
 
We do not agree that the number of samples collected should be 
considered “low” considering that quantitative summa canister sample 
collection was based on screening data obtained from several samples 
collected using MIP data.  The approved workplan indicated that based on 
screening results from multiple samples collected using the MIP, one 
summa canister sample biased to the highest concentrations indicated by 
the MIP results, would be collected and analyzed.  Note, a total of 17 
borings were advanced and 46 intervals were tested using the MIP in 
borings surrounding the on-site building areas of interest. 

 
 

4.4 Semi-Site Specific Screen 

28. Suggest this section read as follows:  “While the generic screen considers just 
contaminant concentrations, the semi-site specific screen in the draft EPA guidance 
estimates the contaminant attenuation from soil gas to indoor air based on the depth to 
the soil gas source from the base of the foundation and the soil type (see Figure 3a in 
the draft EPA guidance).  This semi-site specific screen can be explicitly applied when 
the soil gas source is more than 1.5 meters from the foundation.  However, in this case, 
assuming a default basement depth of 2 meters, the depth of the soil gas source from 
basement is assumed to be less 1.5 meters.  Also, Figure 3a does not provide for the 
use of the site-specific soil physical property data which is available in this case.  Since 
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site-specific J&E modeling can readily accommodate this data, this assessment 
proceeds directly from the generic screen to site-specific modeling.” 
 
The suggested change in text is noted but we offer the following slight variation 
from the suggested revisions.  “While the generic screen considers just 
contaminant concentrations, the semi-site specific screen in the draft EPA 
guidance estimates the contaminant attenuation from soil gas to indoor air based 
on the depth to the soil gas source from the base of the foundation and the soil 
type (see Figure 3a in the draft EPA guidance).  This semi-site specific screen can 
be explicitly applied when the soil gas source is more than 1.5 meters from the 
foundation.  However, in this case, a majority of the shallow soil gas samples 
collected as part of this assessment are too shallow (less than 1.5 m below the 
assumed basement foundation).  As such, the semi-site specific screen using the 
soil gas source depth and soil type relationship in Figure 3a of the draft EPA 
guidance could not be evaluated.  Also, Figure 3a does not provide for the use of 
the site-specific soil physical property data which is available for this site.  Since 
site-specific J&E modeling can readily accommodate the site specific data, this 
assessment proceeds directly from the generic screen to site-specific modeling.” 

 

6.0 TIER III- SITE SPECIFIC VAPOR INTRUSION MODELING  

29. For the NESB-15, the TCE concentration in the duplicate sample at this location, 440 ug/l, 
should be used in the modeling instead of 280 ug/l. 
 
We have made the correction and the revised table (Table 2A).  It will be provided in the 
revised final report.  
 
30. For comparison purposes, modeling should also be performed using the default value 
vadose zone soil water-filled porosity of 0.103 for a sandy loam, the reported native soil for the 
facility. Text language/findings suggested below reference the model results, per our 
calculations, using this default value. 
 
This additional evaluation recommended by USEPA (i.e. substituting the site specific 
water-filled porosity value with the default value of 0.103 for vadose zone soil) was 
performed and is summarized in Attachment 1.   With the exception of 1,3 butadiene in 
one sample (NE_SB18), the predicted indoor air concentrations using the default water-
filled value indicate no predicted indoor air concentrations above the 10-5 (10-4 for TCE) 
relevant screening criteria.  
 
 

6.2.4 Pore Water Saturation 

 
31. The following paragraph should be added to the end of this section: 
 
“The vadose zone water-filled soil porosity values derived from site-specific data 
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differ from the J&E model default value for this parameter.  In particular, while 
the default value for sandy loam, the native soil for the facility, is 0.103, the input 
site-specific values for this parameter in the site-specific modeling are 0.250589 
for the residential areas (NPBA and SPBA) and up to 0.336 for the onsite 
buildings. This difference may have been due to the relatively wet conditions at 
the time of the sampling for physical soil properties.” 
 
Soil samples for soil physical property analysis were collected concurrent 
with soil-gas samples during the drier summer months of July and August 
2004.   Additional evaluation recommended by USEPA (i.e. TCE vs. risk=10-5 
and substituting the site specific value with the default value for vadose 
zone soil water filled porosity) is summarized in Attachment 1.  

 

6.3 Model Results 

32. The text should indicate that the predicted model results are compared to 10-5 
indoor air criteria for all compounds, including TCE.  
 
Table 3- The “USEPA Screening Levels” for TCE in this table should correspond to 10-5 
risk, i.e., 0.22 ug/m3 for residential and 0.37 ug/m3 for non-residential.  The result of 
modeling using the default value for vadose zone soil water-filled porosity should also 
be included in this or a similar table.    
 
The text should indicate that, when using site-specific derived value water filled soil 
porosity, the model predicted that one (1) out of twenty-five (25) of the soil vapor 
samples would exceed the subject indoor air screening criteria and that, in this case, the 
predicted level would be 0.69 ug/m3 for vapor sample NESB15 as compared to he 
criteria of 0.22 ug/m3.  (Note: This is our calculation of the predicted level based on 440 
ug/m3 in the soil vapor at this location rather than 280 ug/m3.) 
 
The conclusions of modeling using the default value for water-filled soil porosity should 
also be summarized. Per our calculations, the conclusions for the SPBA would be that 
two (2) out of eleven (11) soil vapor samples would exceed the 10-5 residential indoor air 
criteria for TCE of 0.22 ug/m3 - 0.245 ug/m3 at SESB02A and 0.362 ug/m3 at SESB03.  
For the onsite buildings, we calculated that one (1) out of five (5) locations would 
exceed the 10-5 non-residential criteria for TCE of 0.37ug/m3 - B08SB02, with a level of 
0.65 ug/m3.  For the NPBA, we calculated that there would be no additional 
exceedances, but that the predicted indoor air concentration for NESB15 would increase 
from 0.69 ug/m3 to 1.68 ug/m3. 
 
Additional evaluation recommended by USEPA (i.e. TCE vs. risk=10-5 and 
substituting the site specific value with the default value for vadose zone soil 
water filled porosity) is summarized in Attachment 1.   These results will be 
included in the revised final report as Appendix K.  All predicted indoor air 
concentrations using the default soil air-filled porosity are below the respective 
10-5 risk screening level (or 10-4 for TCE) except for 1,3 Butadiene at NESB18.  The 
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findings from the re-evaluation of predicted indoor air concentrations for TCE 
indicate that all results are below the 10-5 risk criteria except for the model-
predicted result for NESB15; the re-evaluated result for NESB15 is 0.696 ug/m3 
which is only slightly above the 10-5 residential indoor air criteria of 0.22 ug/m3 for 
TCE.  
 

7.0 FINDINGS AND CONCLUSIONS    

Third paragraph should be replaced with the following: 
 
33. “Based on the available soil vapor analytical data and using the derived site-specific value 
for vadose zone water filled soil porosity, with one exception, the J&E modeling predicted 
indoor air concentrations for offsite residences and onsite buildings would not exceed indoor air 
concentrations corresponding to a 10-5 incremental carcinogenic risk as identified in draft EPA 
guidance issued in 2002.  In the case of the one exception, a level of 0.69 ug/m3 TCE was 
predicted for one location in the north property boundary, as compared to the criteria of 0.22 
ug/m3. In no case did a predicted indoor air concentration for onsite buildings using the site-
specific soil porosity value exceed the calculated non-residential criteria for a 10-5 risk.    
 
Using the default value for water-filled soil porosity, the model predicted two (2) out of eleven 
(11) soil vapor samples in the south property boundary area would exceed the 10-5 residential 
indoor air criteria for TCE of 0.22 ug/m3 - 0.245 ug/m3 at SESB02A and 0.362 ug/m3 at 
SESB03.  For the onsite buildings, one (1) out of five (5) locations would exceed the 10-5 non-
residential criteria for TCE of 0.37ug/m3 - B08SB02, with a level of 0.65 ug/m3.  For the NPBA, 
there would be no additional exceedances, but the predicted indoor air concentration for 
NESB15 would increase from 0.69 ug/m3 to 1.68 ug/m3.  
 
The results of this assessment and the associated J&E modeling will be considered in 
evaluating whether human exposure at the facility is under control (a RCRA environmental 
indicator) and in the scoping of additional investigation work at the facility.” 
 
Additional evaluation recommended by USEPA (i.e. TCE vs. risk=10-5 and substituting the 
site specific value with the default value for vadose zone soil water filled porosity) is 
summarized in Attachment 1. Attachment 1 and these results will be provided in 
Appendix K of the revised final report but will not be added to the conclusions section of 
the report.  We believe that the use of site specific soil properties is more appropriate 
and representative than using default values for the water-filled porosity that is inherent 
in the J&E model and we have a higher level of confidence in results obtained using site 
specific data.    Further, USEPA previously acknowledged that there is uncertainty in 
regard to the cancer slope factor and that the use of 10-4 risk criteria for TCE is applicable 
and appropriate.  
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If you have any questions or should you require additional information, please call. 
 
       
 
      Sincerely, 

      LANGAN ENGINEERING & 
      ENVIRONMENTAL SERVICES 
 
 
 
       
      Jeffrey A. Smith 
      Senior Project Manager 

 
 
cc: Ms. Sharon Fisher (Harley-Davidson)  
 Ralph T. Golia P.G.(AMO Environmental Decisions) 
 Ms. Nicole Fatherly (USACE) 
 Ms. Pamela Trowbridge (PADEP) 
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Appendix K – Attachment 1 

Supplemental Soil-Gas Data Evaluation 

 

1.0 Introduction 

In response to USEPA’s April 18, 2005 comments concerning the Indoor Vapor Pathway 

Screening Assessment performed by Langan Engineering & Environmental Services, 

Inc. (Langan) for Harley-Davidson Motor Company Operations, Inc., at their York, PA 

facility (the site), the following supplemental evaluations were completed.  

 

• Evaluate the sensitivity of the USEPA version of the Johnson and Ettinger Vapor 

Intrusion Model (J&E model) using the default soil air-filled porosity [or, 

determine predicted indoor air concentrations relative to the higher (more 

conservative) default air-filled porosity]; and  

 

• Evaluate trichloroethylene (TCE) in soil gas and the predicted indoor air 

concentrations relative to a screening risk level of 10-5. 

 

2.0 J&E Modeling Using the Default Soil Air-Filled Porosity 

Site specific air-filled porosity values in the soil samples collected during the dry months 

of July and August 2004 at the northeast and southeast property boundaries ranged 

from 6.31% to 22.2% with an average of 12% of bulk soil volume.  Site-specific air-filled 

porosity values at the on-site building areas ranged from 6.5% to 19.9% with an 

average of 12.2% of bulk soil volume.  The J&E model default air-filled porosity for a 

sandy loam (representative site soil) is 28.4 % of bulk soil volume, and much higher 

than actual site specific values (almost one and one half times the high end of the site 

specific range of values).  We believe the site specific air-filled porosity values are most 

appropriate and representative given that they were determined from actual site soil 

samples collected during the drier summer months of July and August 2004.  Soil 

analyses were performed using a reliable industry standard test method, American 

Petroleum Institute API RP-40.  At EPA’s request to evaluate the model sensitivity to air-

filled porosity characteristics, the J&E model was rerun using the default air-filled 

porosity value in the model. 
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With one exception for 1,3 Butadiene in one sample (NE_SB18), the predicted indoor air 

concentrations using the default soil air-filled porosity are all below the 10-4 risk criteria 

for TCE and the 10-5 risk criteria for all other VOCs.  The results are provided in Tables 

K.1 through K.2 and are summarized by compound below. 

 

Chloroform 

The highest predicted indoor air concentration for chloroform was 0.0546 ug/m3 (from 

SESB03) using site specific air filled porosity.  The predicted indoor air chloroform 

concentration is 0.138 ug/m3 using the default soil air-filled porosity.  Both 

concentrations are below the residential screening level for chloroform in indoor air of 

1.1 ug/m3.   

 

Trichloroethylene  

The highest predicted indoor air concentration for TCE was 0.443 ug/m3 (from NESB15) 

using site specific air-filled porosity.  The predicted indoor TCE concentration is 1.34 

ug/m3 using the default air-filled porosity.  Both concentrations are below the residential 

screening level for TCE in indoor air of 2.2 ug/m3.   

 

Tetrachloroethylene 

The highest predicted indoor air concentration for tertrachloroethylene (PCE) was 2.26 

ug/m3 (from SESB10A-12/16/2003) using site specific air filled porosity.  The predicted 

indoor air PCE concentration is 4.55 ug/m3 using the default air-filled porosity.  Both 

concentrations are below the residential screening level for PCE in indoor air of 8.1 

ug/m3.   

 

1,3-Butadiene 

The highest predicted indoor air concentration for 1,3-butadiene (1,3 Butadiene) was 

0.0757 ug/m3 (from NESB18) using site specific air filled porosity.  The predicted indoor 

air 1,3 Butadiene concentration is 0.125 ug/m3 using the default air-filled porosity.  The 

value corresponding to the default air-filled porosity is above the residential screening 

level for 1,3 Butadiene in indoor air of 0.087 ug/m3. 
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Dibromochloromethane 

The highest predicted indoor air concentration for dibromochloromethane was 0.00985 

ug/m3 (from NESB15) using site specific air filled porosity.  The predicted indoor air 

dibromochloromethane concentration is 0.0501 ug/m3 using the default air-filled 

porosity.  Both concentrations are below the residential screening level for 

dibromochloromethane in indoor air of 1 ug/m3. 

   

cis-1,2-Dichloroethylene 

The only predicted indoor air concentration for cis-1,2-dichloroethylene (cis12DCE) was 

0.0783 ug/m3 (from B08SB02) using site specific air filled porosity.  Using the default air-

filled porosity value, the predicted indoor air cis12DCE concentration is 0.119 ug/m3.  

Both concentrations are below the residential screening level for cis12DCE in indoor air, 

35 ug/m3.  

 

3.0 Evaluation of TCE Concentrations in Soil Gas and Indoor Air vs. 10-5 Risk 

 Criteria 

The predicted indoor air results for TCE obtained and presented in Tables 3A, 3B, and 

3C of the Vapor Pathway Assessment Report were compared to the 10-5 screening 

criteria for TCE.  Based on this comparison, the following results (Table K.4) are below 

the USEPA target shallow soil gas criteria for risk = 10-4 (22 ug/m3 for residential and 37 

ug/m3 for non-residential), but above the same criteria for risk = 10-5 (2.2 ug/m3  for 

residential and 3.7 ug/m3 for non-residential): 

 

Northeast Property Boundary 

• NESB00 at 7.5 ug/m3 

• NESB01 at 19 ug/m3 

• NESB06 at 2.7 ug/m3 

• NESB10A at 18 ug/m3 

• NESB10B at 16 ug/m3 

• NESB18 at 13 ug/m3 
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Southeast Property Boundary 

• SESB01 at 10 ug/m3 

• SESB08A at 2.2 ug/m3 

• SESB11A at 18 ug/m3 

 

On-Site  

• None of the re-evaluated data for the on-site building areas were found to 

exceed the non-residential indoor air 10-5 risk criteria for TCE (2.2 ug/m3). 

 

To be complete, these results were further evaluated using the J&E model and site 

specific soil properties in the same manner as described in Section 6.0 of the Vapor 

Pathway Assessment Report.  The resultant predicted indoor air concentrations for TCE 

in soil-gas at concentrations above the risk=10-4 screening level were compared to the 

10-5 indoor air screening criteria. 

 

Model assumptions and predicted indoor air concentrations are summarized in Tables 

K.5 through K.7.  All predicted indoor air concentrations are below the USEPA target 

indoor air criterion of 0.22 ug/m3 at risk = 10-5, except for sample NESB15. 

  

5.0 Conclusion 

All indoor air concentrations predicted using the default soil air-filled porosity are below 

the respective 10-5 risk screening level (risk equal to 10-4 for TCE) except for 1,3 

Butadiene at NESB18. 

 

The results after re-evaluating TCE relative to the 10-5 criteria indicate all predicted 

indoor air concentrations for TCE are below the 10-5 indoor air screening criteria except 

the result for sample NESB15. 

 

  

 

     

 



Sample Depth Interval (ft) 5-10 5-10 10-14 5-10 10-15 5-7 5-10
Depth Below Foundation 

(ft) 1 1 5.5 1 6 0.5* 1
Depth below grade to enclosed space floor † cm
Soil gas sampling depth below grade cm 228.6 228.6 365.76 228.6 381 213.36 228.6

Average soil temperature °C
Vadose zone soil vapor permeability cm2

Vadose zone soil dry bulk density g/cm3

Vadose zone soil total porosity unitless
Vadose zone soil water-filled porosity unitless
Vadose zone DEFAULT air-filled porosity unitless
Average vapor flow rate into building cm3/sec
Chloroform

Soil-Gas Concentration 11 Input NA NA NA NA NA NA NA
Model Predicted Indoor Air Concentration 1.1 Output NA NA NA NA NA NA NA
Trichloroethene

Soil-Gas Concentration 22 Input NA NA NA 59 140 440 NA
Model Predicted Indoor Air Concentration 2.2 Output NA NA NA 0.167 0.23 1.34 NA
Tetrachloroethene

Soil-Gas Concentration 81 Input NA 230 NA NA 120 NA 480
Model Predicted Indoor Air Concentration 8.1 Output NA 0.643 NA NA 0.188 NA 1.34
1,3-Butadiene

Soil-Gas Concentration 0.87 Input 3.5 7.5 12 8.2 12 2.4 40
Model Predicted Indoor Air Concentration 0.087 Output 0.0109 0.0234 0.0305 0.0256 0.0299 0.00769 0.125
Dibromochloromethane

Soil-Gas Concentration 10 Input NA NA NA 20 NA 25 NA
Model Predicted Indoor Air Concentration 1 Output NA NA NA 0.0401 NA 0.0501 NA
NOTES:

The USEPA screening level for soil gas is the Target Shallow Soil-Gas concentration for risk = 10-5  (risk = 10-4 for trichloroethene) with a soil attenuation factor of 0.1.
The USEPA screening level for indoor air is the Target Indoor Air concentration for risk = 10-5  (risk = 10-4 for trichloroethene).
            = concentration exceeds the corresponding screening level. 

All Concentrations are shown in ug/m3.
* Depth is based on an assumption that the sample depth interval is 7 feet.
NA - Not applicable, soil-gas concentration below respective USEPA screening value.
† Modeling conservatively assumed buildings had full basements though not necessarily true for all buildings.

NESB10B NESB13A

200

Sample ID

0.284

Table K.1

0.093562

NESB13B NESB15 NESB18NESB00 NESB01

J&E Results Using Default Air Filled Prosity for Sandy Loam
Response to USEPA Comments 

Northeast Property Boundary

83.3

USEPA 
Screening Levels

11.1
1.21E-10
1.7029

0.377562



Sample ID

Sample Depth Interval (ft) 5-10 6-7 10-11 5-10 5-6 6-8 6-8 10-14 6-9 10-15
(ft) 1 0.5* 4 1 0.5* 0.5 0.5 5.5 1 6

Depth below grade to enclosed space floor † cm
Soil gas sampling depth below grade cm 228.6 213.36 320.04 228.6 213.36 213.36 213.36 365.76 228.6 381

Average soil temperature °C
Vadose zone soil vapor permeability cm2

Vadose zone soil dry bulk density g/cm3

Vadose zone soil total porosity unitless
Vadose zone soil water-filled porosity unitless

Vadose zone DEFAULT air-filled porosity unitless
Average vapor flow rate into building cm3/sec
Chloroform

Soil-Gas Concentration 11 Input NA NA NA 47 NA NA NA NA NA NA
Model Predicted Indoor Air Concentration 1.1 Output NA NA NA 0.138 NA NA NA NA NA NA
Trichloroethene

Soil-Gas Concentration 22 Input NA 64 70 150 NA NA 32 NA NA 59
Model Predicted Indoor Air Concentration 2.2 Output NA 0.195 0.138 0.425 NA NA 0.0977 NA NA 0.0967
Tetrachloroethene

Soil-Gas Concentration 81 Input NA 810 630 1500 220 260 1500 NA 250 1200
Model Predicted Indoor Air Concentration 8.1 Output NA 2.46 1.2 4.19 0.667 0.784 4.55 NA 0.699 1.88
1,3-Butadiene

Soil-Gas Concentration 0.87 Input 10 10 10 4.6 6.9 19 18 8.4 27 24
Model Predicted Indoor Air Concentration 0.087 Output 0.0312 0.0320 0.0271 0.0144 0.0221 0.0609 0.0577 0.0213 0.0843 0.0597
NOTES:

The USEPA screening level for soil gas is the Target Shallow Soil-gas concentration for risk = 10-5  (risk = 10-4 for trichloroethene) with a soil attenuation factor of 0.1
The USEPA screening level for indoor air is the Target Indoor Air concentration for risk = 10-5  (risk = 10-4 for trichloroethene).
            = concentration exceeds the corresponding screening level. 

All Concentrations are shown in ug/m3.
* Depth is based on an assumption that the sample depth interval is 7 feet.
NA - Not applicable, soil-gas concentration below respective USEPA screening value
† Modeling conservatively assumed buildings had full basements though not necessarily true for all buildings

Table K.2
Response To USEPA Comments

Southeast Property Boundary

SESB11B

J&E Results Using Default Air Filled Porosity for Sandy Loam

USEPA 
Screening Levels

SESB01 SESB02A

83.3

0.093562

1.7029
0.377562

0.284

11.1
1.21E-10

(12/16/2003) 
SESB10A

SESB10B SESB11A
(7/15/2004) 
SESB10A

SESB02B SESB03 SESB08A

200



Sample ID B01SB01A B01SB01B B08SB02 B13SB01 B45SB01A

Sample Depth Interval (ft) 5-10 10-15 12-15 10-15 10-15

Depth Below Foundation 
(ft)

1 6 7 6 6

Depth below grade to enclosed space floor † cm
Soil gas sampling depth below grade cm 228.6 381 411.48 381 381

Average soil temperature °C
Vadose zone soil vapor permeability cm2 1.34E-12 1.34E-12 7.07E-11 9.87E-12 9.87E-12

Vadose zone soil dry bulk density g/cm3 1.504 1.504 1.351 1.427 1.427

Vadose zone soil total porosity unitless 0.429 0.429 0.523 0.476 0.476

Vadose zone soil water-filled porosity unitless 0.145 0.145 0.239 0.192 0.192
Vadose zone soil DEFAULT air-filled porosity
Soil-building pressure differential g/cm-s2

Enclosed space floor length cm 1517 1517
Enclosed space floor width cm 13009 13009 1725 1483 1983
Indoor air exchange rate. cm3/sec
Chloroform
Soil-Gas Concentration 11 18 Input 15 NA NA NA NA
Model Predicted Indoor Air Concentration 1.1 1.8 Output 0.00247 NA NA NA NA
Trichloroethene
Soil-Gas Concentration 22 37 Input 210 43 2300 NA NA
Model Predicted Indoor Air Concentration 2.2 3.7 Output 0.0344 0.00655 0.538 NA NA
Tetrachloroethene
Soil-Gas Concentration 81 136 Input 440 NA 120 NA NA
Model Predicted Indoor Air Concentration 8.1 13.6 Output 0.072 NA 0.0275 NA NA
1,3-Butadiene
Soil-Gas Concentration 0.87 1.5 Input 3.1 4.9 NA 4.2 3.3
Model Predicted Indoor Air Concentration 0.087 0.15 Output 0.000513 0.000791 NA 0.00176 0.000509
cis-1,2 Dichlroethene
Soil-Gas Concentration 350 350 Input NA NA 515 NA NA
Model Predicted Indoor Air Concentration 35 35 Output NA NA 0.119 NA NA
NOTES:

The residential screening level for soil gas is the Target Shallow Soil-gas concentration for risk = 10-5  (risk = 10-4 for trichloroethene) with a soil attenuation factor of 0.1.
The residential screening levels for indoor air is the Target Indoor Air concentration for risk = 10 -5  (risk = 10-4 for trichloroethene).
The non-residential screening level for soil gas was derived using PA default non-residential exposure assumptions for risk = 10-5 (risk = 10-4 for trichloroethene) with a soil attenuation factor of 0.1.
The non-residential screening level for indoor air was derived using PA default non-residential exposure assumptions for risk = 10 -5 (risk = 10-4 for trichloroethene).
            = Concentration exceeds the corresponding residential screening level. 
            = Concentration exceeds the corresponding non-residential screening level. 

All Concentrations are shown in ug/m3.
NA - Not applicable, soil-gas concentration below respective USEPA screening value.
† Modeling conservatively assumed buildings had full basements though not necessarily true for all buildings.

0.284

200

Table K.3

40

J&E Results Using Default Air Filled Porosity for Sandy Loam   

1.69E-04

Response to USEPA Comments

On-Site Buildings

11.1

Screening Levels

Residential 
Non-Residential 

(derived)



Table K.4A
Re-evaluation of Soil-Gas Analytical Results for TCE Based On Risk = 1 x 10-5 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA

Northeast Property Boundary

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

2.2 22 7.5 19 2.7 j 18 j 16 59 140

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -5)

Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -4)

D Sample result is from a higher dilution run 
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
j the result is a quantitative estimate as determined by the data validator

ug/m3 ug/m3

5'-10'

ug/m3

5'-10'

8/3/2004

10'-15'
0.5

7/15/2004
581311

0.5

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-5

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-4

Trichloroethene

Volatile Organic Compounds (TO-14/15)
ug/m3

0.5

ug/m3

10'-14'5'-8' 5'-10'
0.5

NESB01
7/12/2004

578969
1

NESB06
7/12/2004

578972
7/12/20047/12/2004
578973

NESB10A

578971

ug/m3

579720
1

5'-10'

NESB-13B
7/15/2004

579719
1

ug/m3

Soil-GasScreening Criteria

NESB00 NESB-13ANESB10B
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Table K.4A
Re-evaluation of Soil-Gas Analytical Results for TCE Based On Risk = 1 x 10-5 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York PA

Northeast Property Boundary

2.2 22

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -5)

Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -4)

D Sample result is from a higher dilution run 
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
j the result is a quantitative estimate as determined by the data validator

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-5

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-4

Trichloroethene

Volatile Organic Compounds (TO-14/15)

Soil-GasScreening Criteria

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

280 D 440 D 13 1.3 U 1.3 U 1.3 U

NA NA5'-7' 5'-10'

DUP001

5'-7'

7/15/2004
579722

0.5
579724

1

7/15/20047/15/2004
579723

1 0.5
NA

ug/m3 ug/m3 ug/m3ug/m3ug/m3 ug/m3

0.50.5

7/12/2004
FB002

7/15/2004
579721578970

08/03/2004
581310

FB004NESB-15 NESB-18 FB001
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TABLE K.4B
Re-evaluation of Soil-Gas Analytical Results for TCE Based On Risk = 1 x 10-5 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

Southeast Property Boundary

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

2.2 22 10 64 70 64 150 86 2.2 1.3 U 19 32

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -5)

Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -4)

U Parameter Not Detected
Dup Duplicate sample (shown to the right of their corresponding samples)

j the result is a quantitative estimate as determined by the data validator
* TCE at SESB10A has already been assessed at a high soil gas concentration during the previous sampling round

5'-10'

Soil-GasScreening Criteria

ug/m3ug/m3

579730 556615

ug/m3 ug/m3

4
6'-8'

4

ug/m3 ug/m3

6'-8'

ug/m3

5'-6'
0.5 1

5'-10'
4 34

10'-11'
1

12/16/2003
556614

ug/m3

10'-15'

SESB10ASESB-10A*
12/16/20037/15/2004

DUP002SESB03

579729

SESB02B SESB09A
12/16/2003 7/15/2004

579731556613 579732

Trichloroethene

7/16/2004

Volatile Organic Compounds (TO-14/15)

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-5

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-4

579734

SESB01

5'-10'

ug/m3

SESB02A
12/16/2003

4
6'-7'

556612

ug/m3

10'-11'

7/16/2004
Dup 001

579727

SESB08A
7/16/20047/16/2004

0.5
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TABLE K.4B
Re-evaluation of Soil-Gas Analytical Results for TCE Based On Risk = 1 x 10-5 

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

Southeast Property Boundary

2.2 22

Notes:
Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -5)

Value exceeds EPA Target Shallow Soil-Gas Concentration (Risk = 1 x 10 -4)

U Parameter Not Detected
Dup Duplicate sample (shown to the right of their corresponding samples)

j the result is a quantitative estimate as determined by the data validator
* TCE at SESB10A has already been assessed at a high soil gas concentration du

Soil-GasScreening Criteria

Trichloroethene

Volatile Organic Compounds (TO-14/15)

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-5

USEPA 
Target 

Shallow     
Soil-Gas 

Risk=1x10-4

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

1.3 18 59 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U

ug/m3

FB002
7/15/2004

579721
0.5

FB004
08/03/2004

581310
0.5

FB002
7/15/2004

579721
7/16/2004

FB003

579733579728 579726

NANA10'-14' 6'-9' 10'-15'

ug/m3ug/m3 ug/m3ug/m3

1
579725

0.5 5 0.50.5
NA

0.5

ug/m3

NA

ug/m3ug/m3

7/15/20047/15/2004 12/16/2003
556611

SESB-11B
7/15/2004

SESB-10B SESB-11A

NA

FB001
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TABLE K.4C
Re-Evaluation of Soil-Gas Analytical Results for TCE Based On Risk = 1 x 10 -5

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

On-Site Buildings

conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier conc. qualifier

3.7 37 210 43 3.4 2300 D 1.3 U 2

Notes:
Value Exceeds non-residential soil-gas concentration derived using PA default 
non-residential exposure assumptions, Risk=1x10-5
Value Exceeds non-residential soil-gas concentration derived using PA default 
non-residential exposure assumptions, Risk=1x10-4

D Sample result is from a higher dilution run 
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
j the result is a quantitative estimate as determined by the data validator

Soil-GasScreening Criteria

B45SB01AB07SB01
8/3/2004
581308

Derived from 
PA Specific 

Non-Residential
Exposure 

Assumptions 
Risk-1x10-5

Derived from 
PA Specific 

Non-Residential
Exposure 

Assumptions 
Risk-1x10-4

12'-15'
0.5 0.5

10'-15'

Volatile Organic Compounds (TO-14/15)

579735
5

556616556620581306
0.5

Trichloroethene

7/16/2004 12/19/2003

10'-15' 5'-10'

12/19/2003
B13SB01

2

B08SB02B01SB01B
8/3/2004
581307

1

B01SB01A
8/3/2004

ug/m3ug/m3ug/m3

5'-10' 10'-15'

ug/m3ug/m3ug/m3
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TABLE K.4C
Re-Evaluation of Soil-Gas Analytical Results for TCE Based On Risk = 1 x 10 -5

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc., York, PA

On-Site Buildings

3.7 37

Notes:
Value Exceeds non-residential soil-gas concentration derived using PA default 
non-residential exposure assumptions, Risk=1x10-5
Value Exceeds non-residential soil-gas concentration derived using PA default 
non-residential exposure assumptions, Risk=1x10-4

D Sample result is from a higher dilution run 
U Parameter Not Detected

Dup Duplicate sample (shown to the right of their corresponding samples)
j the result is a quantitative estimate as determined by the data validator

Soil-GasScreening Criteria

Derived from 
PA Specific 

Non-Residential
Exposure 

Assumptions 
Risk-1x10-5

Derived from 
PA Specific 

Non-Residential
Exposure 

Assumptions 
Risk-1x10-4

Volatile Organic Compounds (TO-14/15)

Trichloroethene

conc. qualifier conc. qualifier conc. qualifier conc. qualifier

3.1 1.3 U 1.3 U 1.3 U

ug/m3

FB003

579733
0.5
NA

ug/m3

Dup 002
12/19/2003

556617 581310
0.5

ug/m3

0.5
10'-15' NA

FB002
7/16/2004

FB004
08/03/2004 12/19/2003

556618
0.5
NA

ug/m3
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Sample Depth Interval (ft) 5-10 5-10 5-8 5-10 10-14 5-10 10-15 5-7 5-10
Depth Below Foundation 

(ft) 1 1 0.5* 0.5* 0.5* 1 6 0.5* 1

Depth below grade to enclosed space floor † cm
Soil gas sampling depth below grade cm 228.6 228.6 228.6 228.6 228.6 228.6 381 213.36 228.6
Average soil temperature °C
Vadose zone soil vapor permeability cm2

Vadose zone soil dry bulk density g/cm3

Vadose zone soil total porosity unitless
Vadose zone soil water-filled porosity unitless
Average vapor flow rate into building cm3/sec
Trichloroethene

Soil-Gas Concentration 2.2 Input 7.5 19 2.7 18 16 59 140 440 13
Model Predicted Indoor Air Concentration 0.22 Output 0.00746 0.0189 0.00269 0.0179 0.00367 0.0587 0.0296 0.696 0.0129
NOTES:

The USEPA screening level for soil gas is the Target Shallow Soil-gas concentration for risk = 10-5  with a soil attenuation factor of 0.1.
The USEPA screening levels for indoor air is the Target Indoor Air concentration for risk = 10-5  

            = concentration exceeds the corresponding screening level. 

All Concentrations are shown in ug/m3.
* Depth is based on an assumption that the sample depth interval is 7 feet.
NA - Not applicable, soil-gas concentration below respective USEPA screening value.
† Modeling conservatively assumed buildings had full basements though not necessarily true for all buildings.

Table K.5

NESB13B NESB15 NESB18NESB00 NESB01 NESB10B NESB13ANESB10ANESB06

Northeast Property Boundary

 Soil Vapor Pathway Assessment
Vapor Intrusion Input Parameters and Predicted Indoor Air Results for TCE based on Risk = 1 x 10-5

Harley-Davidson Motor Company Operations, Inc.
York, Pennsylvania

0.250589
83.3

USEPA Screening
Levels

11.1
1.21E-10
1.7029

0.377562

200

Sample ID



Sample ID

Sample Depth Interval (ft) 5-10 6-7 10-11 5-10 5-6 6-8 6-9 10-15
(ft) 1 0.5* 4 1 0.5* 0.5 1 6

Depth below grade to enclosed space floor † cm
Soil gas sampling depth below grade cm 228.6 213.36 320.04 228.6 213.36 213.36 228.6 381
Average soil temperature °C
Vadose zone soil vapor permeability cm2

Vadose zone soil dry bulk density g/cm3

Vadose zone soil total porosity unitless
Vadose zone soil water-filled porosity unitless
Average vapor flow rate into building cm3/sec
Trichloroethene

Soil-Gas Concentration 2.2 Input 10 64 70 150 2.2 32 18 59
Model Predicted Indoor Air Concentration 0.22 Output 0.00444 0.101 0.0216 0.149 0.00181 0.0506 0.0179 0.0125
NOTES:

The USEPA screening level for soil gas is the Target Shallow Soil-gas concentration for risk = 10-5 with a soil attenuation factor of 0.1.
The USEPA screening levels for indoor air is the Target Indoor Air concentration for risk = 10-5.  

            = concentration exceeds the corresponding screening level. 

All Concentrations are shown in ug/m3.
* Depth is based on an assumption that the sample depth interval is 7 feet.
NA - Not applicable, soil-gas concentration below respective USEPA screening value.
† Modeling conservatively assumed buildings had full basements though not necessarily true for all buildings.

0.377562

York, Pennsylvania
Southeast Property Boundary

200

(12/16/2003) 
SESB10A

SESB11ASESB02B SESB03 SESB08A

0.250589
83.3

SESB11B
USEPA 

Screening Levels

SESB01 SESB02A

11.1
1.21E-10
1.7029

Soil Vapor Pathway Assessment 

Table K.6
Vapor Intrusion Input Parameters and Predicted Indoor Air Results for TCE based on Risk = 1 x 10-5

Harley-Davidson Motor Company Operations, Inc.



Sample ID B01SB01A B01SB01B B08SB02

Sample Depth Interval (ft) 5-10 10-15 12-15

Depth Below Foundation 
(ft)

1 6 7

Depth below grade to enclosed space floor † cm
Soil gas sampling depth below grade cm 228.6 381 411.48

Average soil temperature °C
Vadose zone soil vapor permeability cm2 1.34E-12 1.34E-12 7.07E-11

Vadose zone soil dry bulk density g/cm3 1.504 1.504 1.351

Vadose zone soil total porosity unitless 0.429 0.429 0.523

Vadose zone soil water-filled porosity unitless 0.336 0.336 0.323

Soil-building pressure differential g/cm-s2

Enclosed space floor length cm 1517 1517 16091

Enclosed space floor width cm 13009 13009 1725
Indoor air exchange rate. cm3/sec
Trichloroethene
Soil-Gas Concentration 3.7 Input 210 43 2300
Model Predicted Indoor Air Concentration 0.37 Output 0.0159 0.00318 0.201
NOTES:

The non-residential screening level for soil gas was derived using PA default non-residential exposure assumptions for risk = 10-5  with a soil atten. factor of 0.1.
The non-residential screening level for indoor air was derived using PA default non-residential exposure assumptions for risk = 10 -5  

            = Concentration exceeds the corresponding  screening level. 

All Concentrations are shown in ug/m3.
NA - Not applicable, soil-gas concentration below respective USEPA screening value.
† Modeling conservatively assumed buildings had full basements though not necessarily true for all buildings.

1.69E-04

40

200

11.1

Non-Residential 
(derived)

On-Site Buildings
York, Pennsylvania

Table K.7
Response to USEPA Comments

Vapor Intrusion Model Input Parameters and Predicted Indoor Air Results for TCE based on Risk = 1 x 10-5

Soil Vapor Pathway Assessment
Harley-Davidson Motor Company Operations, Inc.
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 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
 REGION III 

1650 Arch Street 
 Philadelphia, Pennsylvania  19103-2029 
 
 December 2, 2005 
 
Sharon R. Fisher 
Harley Davidson Motor Company Operations Inc.  
1425 Eden Road 
York, Pennsylvania 17402  
 
 
Subject: RCRA Corrective Action 
 
Dear Ms. Fisher,  
 
Please find below our comments on your “Response to USEPA’s Comments on the Indoor 
Vapor Pathway Screening Assessment, Supplemental RI Report” as prepared by Langan and 
dated July 18, 2005.    
 
 
2.0 BACKGROUND AND PRELIMINARY SCREENING ASSESSMENT  
 
The draft Assessment found that “...key facts and/or assumptions...” included “...the depth to 
groundwater beneath these areas of investigation is generally 20 to 35 feet below ground 
surface.”  In response, we commented that 1)  “...the depth to groundwater in MW-118S and 
MW-18D has been measured at 8.1' and 5.7 bgs...” and that “...based on the location of these 
monitoring wells, depth to groundwater under certain residences next to the NPBA may be less 
than 20'..." and that 2) “...while depth to groundwater in monitoring well MW-64S in the SPBA 
has been measured at 30', downgradient residences within 200' are 20' to 30' lower in elevation, 
suggesting that depth to groundwater under these residences may be less than 30'...”.           
 
You appear to acknowledge that our comments are valid, but then note that “...the conceptual 
approach to the site includes the conservative assumption that the off-site residential buildings 
are situated directly over the perimeter soil-vapor sample locations which are expected to be 
conservative concentrations because the source concentrations in the on-site groundwater are 
expected to be higher than groundwater concentrations beneath offisite properties.”   
 
This statement suggests that VOC concentration in indoor air is primarily a function of the VOC 
concentration in groundwater.  However, as you are aware, per the J&E model, the VOC 
concentration in indoor air is also a function of other variables. Two of these variables are the 
depth below grade to the water table and the thickness of the soil stratum. Per our comments, the 
values for these variables at certain offsite residences are less than those for the facility 
boundary.  
 
Regarding the thickness of soil stratum, per our comments of October 7, 2005, on the Draft Field 
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Sampling Plan for Supplemental Field Investigations, the J&E model should not be applied  
where there is no soil stratum between the building foundation and groundwater.  In this case, we 
requested that residences in the north property boundary area (NPBA) be inventoried to confirm 
that all have native soil between the foundation and groundwater.  
 
However, even where there is soil between the foundation and groundwater, based on available 
information, it is still unclear whether the soil stratum thickness and/or depth to groundwater at 
the location of the offisite residences will provide for adequate VOC attenuation between the 
contaminant source (i.e., groundwater) and indoor air. To confirm that existing conditions under 
the residences provide for the necessary VOC attenuation, J&E modeling should be performed 
assuming groundwater is the source and the “worst case” soil stratum thickness and depth to 
groundwater values for offsite residences to predict indoor air concentrations at these offsite 
locations.   
 
While soils at the facility boundary have been tested for water-filled soil porosity, soils under   
residences have not been tested for this parameter. Since a building reduces the infiltration of 
precipitation to underlying soils, the water-filled soil porosity of soils under the residences is 
likely to be lower than the site-specific levels obtained  through testing of soils at the facility 
boundary.  In lieu of site-specific water-filled soil porosity data for soils under the residences, the 
modeling should include the assumption that water-filled soil porosity is the EPA default value 
of 0.103.   
 
 
2.2 Tier I Screening Assessment 
 
Your response indicates that “...the 10-5 risk level is cited in the USEPA Draft Vapor Intrusion 
Guidance (November 2002) as appropriate for evaluating Environmental Indicators...”.  We are  
not aware that the guidance cites a 10-5 risk as “...appropriate for evaluating Environmental 
Indicators.” Rather, the subject guidance simply provides target incremental carcinogenic risk 
levels ranging from 10-4 to 10-6.   
 
 
3.1 Soil Vapor Qualitative Field Analysis - Membrane Interface Probe  
 
Table 1A - NPBA 
 
In response to our comment that no summa samples were collected at the two MIP locations in 
the NPBA with the highest TCE area counts, you note that “...no samples were collected at 
depths above 5 feet below ground surface (bgs) because of potential for atmospheric interference 
that could result in erroneous or ambiguous results.” However, we did not suggest that samples 
be collected at 0-5' bgs at these locations.  Rather, we suggested that the subject MIP results may 
generally be indicative of higher VOC levels in subsurface soil gas than other sampled locations.   
In this case, J&E modeling should be performed to confirm that vapor intrusion does not present 
a threat to the residences in the area of these locations.     
 
Table 1C - On-Site Buildings 
 
In response to our comment that no EPA Method TO15 samples were collected at Building 11,  
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the location of the highest TCE area count (by almost an order of magntitude), you note that 
“...soil moisture levels (apparently high groundwater levels) near Building 11 resulted in the 
inablity to obtain the soil vapor samples attempted at depths of 5-10' bgs and 10'-15' bgs...” and 
suggest that any future attempts to collect a TO15 sample in the vicinity of Building 11 would 
also be unsuccessful. However, based on available groundwater data, the subject soil moisture is 
likely due “perched” water rather than groundwater.  In any case, J&E modeling should be 
performed to confirm that vapor intrusion does not present a threat to occupants of Building 11.  
 
 
3.2 Focused Soil Vapor Quantitative Analysis - Summa Canister Sampling    
 
In response to our comment that the pore water saturation results may not be representative, it is 
indicated that “...the physical soil properties were determined using soil samples collected in the 
drier months....which adds to the degree of conservatism in the site-specific analysis ”.  On other 
hand, relatively wet conditions may also occur in July and August, e.g., after a substantial rain 
event.  In this case, the site-specific pore water saturation data and, as a result, the site-specific 
analysis may not necessarily be “conservative”.     
 
 
The comments above should be considered when finalizing the Indoor Vapor Pathway Screening 
Assessment, Supplemental RI Report. We recommend the requested additional modeling be 
completed before finalizing the Field Sampling Plan for Supplemental Field Investigations in 
case the model results suggest that additional field investigations are needed to complete the 
assessment. To ensure agreement on the scope of the modeling, e.g., the soil thickness and depth 
to water tables values to be assessed, please submit a brief draft modeling “work plan” for our 
review and comment.   
 
Please let me know if you have any questions or comments regarding the above.   
 
                                                                              Sincerely, 
 
 
 
                                                                              Darius Ostrauskas 
                                                                              Project Manager  
 
cc: Pamela Trowbridge, PADEP  
 



 

 

 
 
 27 March 2006 
 
 
 
Mr. Darius Ostrauskas 
Project Manager 
U.S. EPA, Region III 
1650 Arch Street 
Philadelphia, PA 19103-2029 
 
 
 
 
 
 
Re: Response to USEPA’s December 2, 2005  

Comments on the Indoor Vapor Pathway  
Screening Assessment, Supplemental RI Report 
Harley-Davidson Motor Company, Operations, Inc., York, PA Facility 
Langan Project No. 1406706 

 
Dear Mr. Ostrauskas: 
 
Harley-Davidson Motor Company Operations, Inc. (Harley-Davidson) has reviewed the 
Environmental Protection Agency’s (EPA’s) second set of comments concerning the Indoor 
Vapor Pathway Screening Assessment Supplemental RI Report originally submitted by Harley-
Davidson on March 11, 2005.  EPA’S second set of comments dated December 2, 2005 is in 
response to Harley-Davidson’s July 18, 2005 response to EPA’s initial comments dated April 18, 
2005. In their most recent comments, EPA expressed that actual conditions (specifically, depth 
below grade to the water table and the thickness of the soil stratum beneath nearby off-site 
structures) may differ from the conditions assumed in the soil vapor modeling that was 
performed for the Harley-Davidson property using the Johnson & Ettinger (J&E) model.   
 
EPA declared in September 2005 that the Human Health Environmental Indicators for the 
property have been satisfied. EPA is now requesting that further vapor intrusion analysis be 
completed using the J&E model to verify the effect of certain “worst case” assumptions about 
soil thicknesses and depths to groundwater that could exist beneath off-site structures. Harley-
Davidson has prepared this response to both individually respond to EPA’s comments and 
provide a “workplan”, as EPA requested, for further soil vapor modeling to assess the model 
sensitivity to these parameters.  
 
For convenience, the specific EPA comments are reiterated below and followed by Harley-
Davidson’s responses in bold italic text.  
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EPA COMMENT 
 
2.0 BACKGROUND AND PRELIMINARY SCREENING ASSESSMENT  
 
The draft Assessment found that “...key facts and/or assumptions...” included “...the depth to 
groundwater beneath these areas of investigation is generally 20 to 35 feet below ground 
surface.”  In response, we commented that 1)  “...the depth to groundwater in MW-118S and 
MW-18D has been measured at 8.1' and 5.7 bgs...” and that “...based on the location of these 
monitoring wells, depth to groundwater under certain residences next to the NPBA may be less 
than 20'..." and that 2) “...while depth to groundwater in monitoring well MW-64S in the SPBA 
has been measured at 30', downgradient residences within 200' are 20' to 30' lower in elevation, 
suggesting that depth to groundwater under these residences may be less than 30'...”.           
 
You appear to acknowledge that our comments are valid, but then note that “...the conceptual 
approach to the site includes the conservative assumption that the off-site residential buildings 
are situated directly over the perimeter soil-vapor sample locations which are expected to be 
conservative concentrations because the source concentrations in the on-site groundwater are 
expected to be higher than groundwater concentrations beneath off-site properties.”   
 
This statement suggests that VOC concentration in indoor air is primarily a function of the VOC 
concentration in groundwater.  However, as you are aware, per the J&E model, the VOC 
concentration in indoor air is also a function of other variables. Two of these variables are the 
depth below grade to the water table and the thickness of the soil stratum. Per our comments, 
the values for these variables at certain offsite residences are less than those for the facility 
boundary.  
 
Regarding the thickness of soil stratum, per our comments of October 7, 2005, on the Draft 
Field Sampling Plan for Supplemental Field Investigations, the J&E model should not be applied 
where there is no soil stratum between the building foundation and groundwater.  In this case, 
we requested that residences in the north property boundary area (NPBA) be inventoried to 
confirm that all have native soil between the foundation and groundwater.  
 
However, even where there is soil between the foundation and groundwater, based on available 
information, it is still unclear whether the soil stratum thickness and/or depth to groundwater at 
the location of the off-site residences will provide for adequate VOC attenuation between the 
contaminant source (i.e., groundwater) and indoor air. To confirm that existing conditions under 
the residences provide for the necessary VOC attenuation, J&E modeling should be performed 
assuming groundwater is the source and the “worst case” soil stratum thickness and depth to 
groundwater values for offsite residences to predict indoor air concentrations at these offsite 
locations.   
 
While soils at the facility boundary have been tested for water-filled soil porosity, soils under   
residences have not been tested for this parameter. Since a building reduces the infiltration of 
precipitation to underlying soils, the water-filled soil porosity of soils under the residences is 
likely to be lower than the site-specific levels obtained through testing of soils at the facility 
boundary.  In lieu of site-specific water-filled soil porosity data for soils under the residences, the 
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modeling should include the assumption that water-filled soil porosity is the EPA default value of 
0.103.   
 
RESPONSE 
 
Based on our experience and application of the J&E vapor model, the predicted indoor 
air results are most sensitive to the source concentration input to the model (whether the 
source is soil vapor or groundwater VOC concentrations).  We acknowledge that results 
using the J&E model are also a function of but generally less sensitive to other variables, 
including but not limited to the depth to groundwater below grade and the thickness of 
the soil stratum above the source.  To further assess EPA’s expressed uncertainty about 
the physical conditions beneath off-site buildings, Harley-Davidson proposes to perform 
additional analysis using the J&E model to evaluate its sensitivity to the above variables 
and water-filled porosity input to the model.    
 
The additional vapor model analyses will assume groundwater is the vapor source and 
use the minimum “worst case” soil stratum thickness (and depth to groundwater source) 
that can be accommodated in the J&E model.  The following input values and rationales 
are proposed to further evaluate the predicted indoor air concentrations under these 
“worst case” conditions: 
 

- Off-site Vapor Source Concentration in Groundwater – will be derived using the 
maximum concentrations for specific VOCs detected in off-site groundwater 
samples collected over the past 5 years (1999-2004) by Harley-Davidson (i.e. RW-
2, RW-4, S-6, and S-7). 

 
- Depth to Groundwater/Soil Thickness Below Building Foundation – will be 

minimized to be equivalent to the thickness of the capillary fringe, 25 cm (about 
9.8 inches) which is determined by the model based on the specified soil type (e.g. 
sandy loam).  Given the default basement depth of 200 cm (about 6.6 ft), the depth 
to groundwater will be input as a depth of 225 cm (about 7.4 ft), leaving only a 
nominal 25 cm of soil for attenuation between the foundation and source.  The 
thickness of the capillary fringe for the given soil type is the minimum soil 
thickness allowed by the J&E model.   

 
- Water-filled Soil Porosity - The EPA-default water-filled soil porosity for a sandy 

loam soil will be used, as suggested. 
 
EPA COMMENT 
 
2.2 Tier I Screening Assessment 
 
Your response indicates that “...the 10-5 risk level is cited in the USEPA Draft Vapor Intrusion 
Guidance (November 2002) as appropriate for evaluating Environmental Indicators...”.  We are 
not aware that the guidance cites a 10-5 risk as “...appropriate for evaluating Environmental 
Indicators.” Rather, the subject guidance simply provides target incremental carcinogenic risk 
levels ranging from 10-4 to 10-6.   
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RESPONSE 
 
Page 9 of the USEPA Vapor Intrusion Guidance states the following, “For the purposes of 
making Current Human Exposures Under Control EI determinations with respect to vapor 
intrusion under RCRA and CERCLA, USEPA generally recommends to use the 10-5 
values.” 
 
EPA COMMENT 
 
3.1 Soil Vapor Qualitative Field Analysis - Membrane Interface Probe  
 
Table 1A - NPBA 
 
In response to our comment that no summa samples were collected at the two MIP locations in 
the NPBA with the highest TCE area counts, you note that “...no samples were collected at 
depths above 5 feet below ground surface (bgs) because of potential for atmospheric 
interference that could result in erroneous or ambiguous results.” However, we did not suggest 
that samples be collected at 0-5' bgs at these locations.  Rather, we suggested that the subject 
MIP results may generally be indicative of higher VOC levels in subsurface soil gas than other 
sampled locations.   In this case, J&E modeling should be performed to confirm that vapor 
intrusion does not present a threat to the residences in the area of these locations.     
 
RESPONSE 
 
As acknowledged, representative soil gas samples could not be obtained at two MIP 
locations in the NPBA.  However, all other soil gas samples that were obtained in the 
NPBA and elsewhere across the entire property were incorporated in the J&E model and 
vapor pathway screening assessment and those results demonstrate that the predicted 
indoor air concentrations associated with the Harley-Davidson property conditions do 
not exceed the applicable screening risk criteria. Those results were considered by EPA 
when it was declared in September 2005 that the Human Health Environmental 
Indicators, which includes the vapor pathway, are satisfied for the site.  For additional re-
assurance in the few instances where soil vapor samples could not be obtained at the 
NPBA, the potential vapor intrusion pathway will be further assessed assuming a source 
in off-site groundwater and following the proposed modeling approach described in 
previous responses above.    
 
EPA COMMENT 
 
Table 1C - On-Site Buildings 
 
In response to our comment that no EPA Method TO15 samples were collected at Building 11,  
the location of the highest TCE area count (by almost an order of magnitude), you note that 
“...soil moisture levels (apparently high groundwater levels) near Building 11 resulted in the 
inability to obtain the soil vapor samples attempted at depths of 5-10' bgs and 10'-15' bgs...” and 
suggest that any future attempts to collect a TO15 sample in the vicinity of Building 11 would 
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also be unsuccessful. However, based on available groundwater data, the subject soil moisture 
is likely due “perched” water rather than groundwater.  In any case, J&E modeling should be 
performed to confirm that vapor intrusion does not present a threat to occupants of Building 11.  
 
RESPONSE 
 
At Building 11, in spite of Langan’s best efforts, soil vapor samples were not able to be 
successfully obtained.  In lieu of soil vapor samples, we will use the J&E model 
assuming a vapor source in groundwater to predict indoor air concentrations at Building 
11.  Using conservative depth to groundwater measurements in nearby wells and the 
highest VOC concentrations detected in groundwater samples from these nearby wells 
as inputs to the model, we will further assess the potential vapor intrusion associated 
with Building 11.   The following model input values and rationales are proposed: 
 

- Vapor Source Concentration in Groundwater – will be derived using the maximum 
concentrations for specific VOCs detected in groundwater samples collected from 
nearby monitoring wells  (e.g. MW-31S, MW-77, and MW-83 in Table 33, of the Draft 
Interim Site-wide RI Report, July 2002). 

 
- Depth to Groundwater/Soil Thickness Below Building Foundation – will be 

determined based on the shallowest measured depth to groundwater in nearby 
monitoring wells (e.g. MW-31S, MW-77, and MW-83 in Table 23, of the Draft Interim 
Site-wide RI Report, July 2002). 

 
- Water-filled Soil Porosity - The EPA-default water-filled soil porosity for the 

representative soil type in the area of Building 11 will be used, as suggested. 
 

- Building 11 Specific Indoor Air Exchange Rate – We will consider factoring in the 
building specific air exchange rate (estimated as 5.4 volume exchanges per hour), 
if necessary to further assess the potential indoor air concentration risk. 

 
Following the same approach presented in the vapor pathway assessment report, we 
will use the advanced version of the J&E model to accommodate the larger building 
footprint area of Building 11.  The model-predicted indoor air concentrations will be 
compared to the non-residential screening levels derived using Pennsylvania non-
residential exposure assumptions. 
 
EPA COMMENT 
 
3.2 Focused Soil Vapor Quantitative Analysis - Summa Canister Sampling    
 
In response to our comment that the pore water saturation results may not be representative, it 
is indicated that “...the physical soil properties were determined using soil samples collected in 
the drier months....which adds to the degree of conservatism in the site-specific analysis”.  On 
other hand, relatively wet conditions may also occur in July and August, e.g., after a substantial 
rain event.  In this case, the site-specific pore water saturation data and, as a result, the site-
specific analysis may not necessarily be “conservative”.     



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION III 

1650 Arch Street 
Philadelphia, Pennsylvania  19103-2029 

 
May 12, 2006 

 
 
Sharon Fisher  
Harley-Davidson Motor Company Operations, Inc.  
1425 Eden Road 
York, Pennsylvania 17402 
 
 
Subject: Vapor Intrusion Evaluation  
 
Dear Ms. Fisher,          
 
This letter provides EPA comments on Langan’s letter of March 28, 2006, regarding the subject 
evaluation for Harley-Davidson’s facility in York, Pennsylvania.  Langan’s letter responded to 
EPA comments of December 2, 2005.    
 
 
General Comments 
 
Per EPA comments of October 7, 2005, on the Draft Field Sampling Plan for the Supplemental 
RI , “...residences in the vicinity of collection  wells CW-5 and CW-6 should be inventoried to 
determine the depth of the foundation relative to bedrock.”   The objective of this inventory is to 
confirm  there are no residences which may be constructed on weathered rock or where the soil 
thickness is less than the thickness of the capillary fringe for the subject soil.  As you indicate, 
the J&E model cannot be applied in these cases.  This inventory should be performed based on 
the log for collection well CW-6, indicates saprolite was encountered at 5' to 5.5' below ground 
surface.   
 
As discussed during our meeting on May 4, we request you develop a brief plan for this 
inventory and provide EPA an opportunity to comment on the plan.  One element of the plan 
should be a survey to determine if any residences of interest have a basement.  The subject  
residences should include, at a minimum, those relatively close to collection  well CW-6.  
 
Our comments of October 7, 2005, also noted the log for well MW-65 along the north-south  
property line in the NPBA indicates weathered bedrock at 5' below ground surface. Available  
information should be reviewed to determine if weathered bedrock may be at a similar depth 
below residences close to the property line and between MIP locations NESB00 and NESB08.    
 
 
 
 
2.0 Background and Preliminary Screening Assessment 
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It is indicated the input groundwater concentration for the modeling “...will be derived using the 
maximum concentrations for specific VOCs detected in off-site groundwater samples collected 
over the past five years (1999-2004) by Harley-Davidson (i.e., RW-2, RW-4, S-6 and S-7).”  
However, the residences which may be at risk  from vapor intrusion (e.g., where soil thickness 
and depth to groundwater are minimal) are located closer to onsite collection  wells CW-5 and 
CW-6 than the referenced offsite wells.  In this case, the input groundwater concentrations for 
modeling should be the maximum detected concentrations for wells CW-5 and CW-6 over the 
last five years.   
 
The additional vapor model analyses should also be performed for residences downgradient of 
the South Property Boundary Area.  We also request you evaluate available information to 
determine if any residences at risk may be constructed on weathered rock or where the soil 
thickness is less than the default capillary fringe thickness.  The model input groundwater 
concentrations should be the maximums detected in well MW-64 over the last five years.  
Regarding the inputs for soil thickness and depth to groundwater, we suggest you propose these 
inputs to us after reviewing available information.  
 
 
2.2 Tier I Screening Assessment  
 
It is indicated that “...we will consider factoring in the building specific air exchange rate 
(estimated as 5.4 volume exchanges per hour), if necessary to further assess the potential indoor 
air concentration risk.”   If utilized, the source of the referenced air exchange rate should be 
provided.  If this rate is based on the HVAC design, the actual rate may vary from the design 
rate. If it becomes apparent that the model output is sensitive to this parameter, the evaluation 
should also use the EPA’s default air exchange rate input for industrial buildings.   
     
 
If you any questions regarding these comments, please let me know.  
 
 
                                                                             Sincerely, 
 
 
 
                                                                             Darius Ostrauskas 
                                                                             Project Manager 
  
cc: Pam Trowbridge, PADEP 
            Nicki Fatherly, USACE   
  
 
 



 
 

 

 

 

 

 

 

 

 

 

ATTACHMENT B 

Soil Vapor Sampling Protocol  

Using Direct Push Technology and Summa Canisters 

 

 



 

 

Geoprobe Sampling Apparatus 

 

To collect the soil gas samples, a Geoprobe will be used to advance connected 4-foot sections 

of narrow diameter threaded steel casing down to the sampling depth.  Once at depth, the 

casing will be hydraulically raised several inches in order to release a disposable drive point and 

open the bottom of the casing. Prior to the collection of the soil vapor samples, the entire 

sampling system will be purged with ambient air.  Polyethylene tubing with a threaded 

stainless steel tip (PRT adaptor) and “O” ring will be lowered through the casing to the bottom 

of the hole and threaded into the PRT/expendable point holder to isolate the void space from 

annular space within the rods.   

 

Summa Canister Sample Collection 

 

The tubing will be connected to the valve on the Summa™ Canister.  The 1-lter to 6-liter 

Summa™ Canister, with a field verified initial vacuum of at least 28 inches of mercury will be 

filled at a rate not to exceed 0.2 liters per minute (l/m).   A lab certified flow controller will be 

used to control the rate of airflow into the canister.  The Summa™ Canister will be placed as 

close to the borehole as possible and the intake valve will be opened to draw in air by the 

vacuum in the canister until the pressure gauge indicates there is an adequate sample volume 

(i.e., 5-inches of mercury remaining [the final pressure will range between 4 to 8 inches of 

mercury). 

   

The sample probing tools will be decontaminated before and after use at each location.  New 

lengths of polyethylene or Teflon tubing will be used for each sample collected. 
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Laboratory Deliverables   
                 (CD) 
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ATTACHMENT 3 
 

Third Party Data Validation Report 
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APPENDIX C 
 

EM31 Survey Tech Memo 
June 26, 2007 



06/26/07 

Memo    
To: FYNOP Team 

From: Tom Messing, Jeff Warren, P.G.   

Date: June 26, 2007 

Re: EM Survey Report Addendum 
 Harley Davidson Plant 
 SAIC Project 01-1633-00-9806-200 
 
 
Science Applications International Corporation (SAIC) is pleased to present this technical memo to supplement 
the results of a geophysical investigation completed at the Harley Davidson manufacturing plant in York, PA.  
Historic information indicates shell casings and other munitions of concern (MEC) were found in this area, but 
data regarding removal and detailed assessment is not available.  Therefore, a geophysical investigation 
utilizing terrain conductivity methods was performed to investigate and identify the potential location of a historic 
munitions disposal pit, and the effectiveness of previous mitigation actions.  This technical memo is in addition to 
a report that will be prepared as part of the Supplemental RI.   Survey methodology and limitations will be 
described in more detail in the Supplemental RI report. 
 

EM31 Data Results 
Results of the geophysical investigation revealed several anomalous areas within the survey grid. The location 
and response of the EM31 anomalies are summarized in Table 1 and Figure 1.  Anomalies B, C, and E are 
remarkable in that they exhibit moderate anomalous representations in both conductivity and magnetic 
susceptibility data sets, suggesting metallic masses at depth.  Additionally, these features are generally located 
in the vicinity of the reported disposal area, based on historic maps.  Anomalies A and D also exhibit subtle 
responses in both data sets that suggest that these feature are consistent with localized metal masses at depth. 
 
Table 1 – EM31 Anomaly Summary Table 
 

Target ID Easting (ft) Northing (ft) 
A 2259821.5 241274.1 
B 2259913.4 241104.4 
C 2259978.0 241117.6 
D 2260128.0 241124.1 
E 2259981.3 241034.4 

 
The coordinate system used is US State Plane 1983, Pennsylvania South 3702, NAD 1983, and the coordinate 
units are in feet.   
 
The nature of these features cannot be determined without further investigation.  Due to the fact that there is a 
potential for UXO at this site, SAIC recommends any intrusive investigation be performed by qualified explosive 
ordnance disposal (EOD) technicians using appropriate precautions. 
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APPENDIX D 
 

Anomaly D Investigation by USACE 



 

                                                                                  

 
 

North View and 
approximate location of 
AOC1/SWMU 20/21 – 
former spent 37mm shell 
disposal area, [Anomaly No. 
B location] 



 
View looking north at Anomaly “B” area. Present from left to right – Jeff Brewer & Tim 
Holland (USACE OE Specialists) and Jeff Warren (SAIC).  Note metal detectors and 
shovel used by USACE; red flag and painted metal detection marks on ground. 

 
View of several metal fragments removed from the near surface in Anomaly “B” area by 
USACE.  The two fragments on either side of the multi-tool were identified as fired 
projectiles. 
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LR-64 Rocket Engine Testing Memo 
Dated January 10, 2006 



02/10/06

Memo
To: Harley-Davidson Remedial Investigation File 

From: Steve Snyder, SAIC 

Date: January 10, 2006 

Re:  LR-64 Rocket Engine Testing 

During the Remediation Team meeting on Thursday, January 5, 2005, SAIC and Sharon Fisher started an 
investigation to determine certain information about the LR-64 rocket engine testing program conducted by 
Harley Davidson at the York facility and the use of ammunition magazines.  This effort was in response to a 
comment from USEPA requesting more information on the program and requesting that perchlorate be added 
to the analyte list.  This investigation continued into the next day, as individuals familiar with the project returned 
calls, and additional information was collected.  The following individuals, currently employed at Harley-
Davidson, were interviewed:  Don Hinkle (worked at the York site for 8 years), Joe Ellingsworth (worked at the 
York site for 15 years), Tim Lynch (project manager for the project).  Following is a summary of information 
collected: 

The LR-64 project was tested on site from 1964 through 1999.   

The rocket engines were tested in former Building 31, a farm house immediately south of Building 30 
(existing barn).  

Four bunkers or magazines, originally constructed by the Navy, were used to store components for the 
program.   

� The southern-most bunker (Building 23) was used to store rinsed rocket engines. 

� The next bunker to the north (Building 22) was used to store Hydrazine 

� The next bunker to the north (Building 21) was used to store MK-45 cartridges 

� The next bunker to the north (Building 20) was used to store Red Fuming Nitric Acid 

� The bunkers were removed in 2002, as part of activities related to the Keystone Project 
(Building 3 construction).  The bunkers were inspected prior to removal, and found to be 
empty. 

The LR-64 liquid fuel rocket engine was used to power the AQM-37A, a small supersonic air-launched 
expendable target drone.  Pictures of the LR-64 engine and the AQM-37A are attached. 

Information regarding the composition of hydrazine (chemical formula N2H4 ) is attached.  

Red Fuming Nitric Acid is composed of HNO3 mixed with N2O4.   Information is attached. 



� Page 2 

The use of MK-45 cartridges is speculated to be for ignition of the engine, if it is related to the LR-64 project.  A 
reference to MK-45 cartridges used to launch a signal flare was found on the Internet. The reference, text and a 
diagram are attached. 

It is concluded that none of the components used in the LR-64 rocket engine testing program conducted at 
Harley-Davidson’s York facility would have used perchlorate.  Perchlorate is the primary ingredient of solid 
rocket propellant (USEPA Information sheet attached).  Since the LR-64 rocket engine used liquid fuel, 
perchlorate would not have been used. 
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P4-1 Sustainer 
Manufacturer Name: P4-1. Government
Designation: LR-64. Designer: Rocketdyne. 
Developed in: 1963. Application: AQM-37. 
Propellants: Lox/Kerosene Thrust(vac): 48 
kgf. Isp: 262 sec. Comments: Target System 
Sustainer. Pressure-fed. 

P4-1 
Credit: Boeing / Rocketdyne 
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Back to Motors Index Page

Liquid Motors
LR-101
Gemini Thrusters
LR-32 Regen
LR64 Jayhawk Motor
200lb-f Ablative
Purple Stuff D-I-Y Hardware
Liquid Boilerplate Ablative

Hybrid Motors
RATTWorks
RATTWorks Tri-Brid
Purple Stuff D-I-Y Hardware

Solid Motors
Purple Stuff D-I-Y
Solid boilerplate
200lb-f Ablative

Test Motors
Solid boilerplate
Liquid boilerplate

Other Products Available
Test stands
Motor plans
Motor Making Supplies
Load Cells
Custom designs

Rocketdyne LR64 Rocket Moto

LR-64 Liquid Rocket Motors - used on the AQM-37 Jayhawk supersonic t

Hydrazine-Red Fuming Nitric Acid ~1,000 pound thrust motor

Call or email for pricing. 
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Aerocon Systems Co. 

San Jose, CA 95127 
408 272-7001 
408 926-6507 fax 
sales@aeroconsystems.com

Warning: All liability waived! Rocketry is an inherently dangerous undertakin
Make your choices and take personal responsibility for the outcome of your exper
Protect your privilege to fly rockets by not making the headlines or becoming a sta
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made) 

   ---Otto Lilienthal 

AQM-37

Drone. IOC: 1963. Country: USA. 
Department of Defence Designation:
AQM-37. 

Historical Essay © Andreas Parsch

Raytheon (Beech) KD2B/Q-
12/AQM-37

In 1959, the USAF and the U.S. 
Navy initiated a design competition 
for a small supersonic air-launched 
expendable target drone. This competition was won by the Beech Model 1019, which was 
subsequently designated KD2B by the Navy, and Q-12 by the Air Force. Initial USAF 
interest remained low, however, and the drone was essentially developed by the Navy. 
The XKD2B-1 first flew in May 1961, and in September 1963, the KD2B-1 production 
version became operational with the U.S. Navy. Shortly before, in June 1963, the KD2B-
1 had been redesignated as AQM-37A. The USAF received its first operational AQM-
37As in 1967.  

The AQM-37A was launched from fighter-sized aircraft like the A-4, A-6 or F-4. It was 
powered by a North American/Rocketdyne LR64-NA-4 pre-packaged liquid-fuel rocket 
engine, and could operate at altitudes between about 300 m (1000 ft) and 24500 m (80000 
ft), at speeds up to Mach 3 (at high altitude). After launch, the AQM-37A followed a pre-
programmed flight path for a powered endurance of about 5 minutes. The drone was not 
recoverable, and also included a destruct package, which was automatically activated by 
any major system malfunction.  

In 1968/69, the U.S. Army evaluated the AQM-37A, but did not adopt the type. Later, in 
1976/77, the Army ordered some AQM-37As modified as Beech Model 1100 and 1101. 
These were the first and only versions of the AQM-37 equipped with a two-stage 
parachute recovery system. However, the only major U.S. Army order for the AQM-37A 
was for more than 400 non-recoverable Model 1102s in 1977. The Model 1102 was 
equipped with a solid-state autopilot and improved design wings for higher performance.  

In 1981, the U.S. Navy modified 10 AQM-37As under the Challenger program with a 
refined high-g autopilot, and enlarged heat-resistant tail surfaces, to allow for higher 
speed, altitude and manoeuverability. These features were incorporated into the AQM-
37C (none of my sources mentions a -37B version), which was delivered to the Navy 
from 1986 onwards. The AQM-37C has a radio command control system, which allows 
changes in the flight path after launch, including a terminal dive at a controlled dive 
angle. It also features a digital autopilot, and improved radar augmentation in four 
different frequency bands. Some of the latest AQM-37Cs have further improved heat 
insulation, and can also be used to simulate ballistic missile threats, being able to fly 
ballistic trajectories to an altitude of 100 km (330000 ft) and a range of 425 km (265 
miles), with terminal speeds of Mach 5. Typical equipment of current AQM-37Cs 
includes the AN/DRQ-4B and AN/DSQ-37A (or AN/DSQ-50) miss distance indicators, 
the AN/DPN-88 (or AN/DPN-90(V)) radar beacon, and the AN/DPT-2 pulsed RF ECM 
transmitter.  

AQM-37 
Credit: via Andreas Parsch 
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An improved AQM-37D has been developed by Raytheon (current prime contractor for 
the AQM-37) since 1996, with the first flight occurring in 1997. It features upgraded 
electrical systems and avionics for higher reliability.  

More than 5000 AQM-37 targets of all variants have been built so far, and the AQM-
37C/D is still in limited production for the U.S. Navy.  

Specifications

Note: Data given by several sources show slight variations. Figures given below may 
therefore be inaccurate! 

Data for AQM-37A/C:

Main Sources

[1] R.T. Pretty, D.H.R. Archer (eds.): "Jane's Weapon Systems 1972-73", Jane's, 1973 
[2] Bernard Blake (ed.): "Jane's Weapon Systems 1987-88", Jane's, 1988 
[3] Kenneth Munson: "World Unmanned Aircraft", Jane's, 1988  

Manufacturer: Beechcraft.  

� Model: AQM-37A. IOC: 1963. Country: USA. Department of Defence 
Designation: AQM-37A. Manufacturer's Designation: Model 1019. Alternate 
Designation: KD2B-1. 

Manufacturer: Beechcraft. Total Mass: 258 kg. Core Diameter: 0.34 m. Total 
Length: 3.84 m. Span: 1.01 m. Maximum range: 480 km. Boost Propulsion:
Storable liquid rocket. Guidance: Autopilot. Maximum speed: 3,390 kph. Ceiling:
24,400 m. Floor: 300 m. Total Number Built: 4000. Flyaway Unit Cost $: 0.030 
million.  

AQM-37A AQM-37C

Length 3.83 m (12 ft 6.75 in) 4.27 m (14 ft)

Wingspan 1.00 m (3 ft 3.5 in)

Height 0.59 m (1 ft 11.3 in) 0.66 m (2 ft 2 in)

Diameter 33 cm (13 in)

Weight 256 kg (565 lb) 280 kg (620 lb)

Speed Mach 3.0 at 24500 m (80000 
ft) Mach 4.0 at 30000 m (100000 ft)

Ceiling 24500 m (80000 ft)
30000 m (100000 ft); 
100 km (330000 ft) in ballistic 
trajectory

Endurance 5 min.

Range > 180 km (100 nm) (incl. glide to impact)

Propulsion Rocketdyne LR64-NA-4 liquid-fueled rocket; 3.78 kN (850 lb)
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� Model: AQM-37B. Country: USA. Department of Defence Designation: AQM-
37B. Manufacturer's Designation: Model 1019. 

Manufacturer: Beechcraft.  

� Model: AQM-37C. Country: USA. Department of Defence Designation: AQM-
37C. Popular Name: KD2B-1 / Q-12 / WS 462L. Alternate Designation: KD2B-1. 

Manufacturer: Beechcraft.  

Contact Mark Wade with any corrections, additions, or comments. 
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Oh! I have slipped the 
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of space, put out my 

Hydrazine

Propellant: Hydrazine. Fuel: Hydrazine. 

Fuel: Hydrazine. Fuel Density: 1.01 g/cc. Fuel Freezing Point: 2.00 deg C. Fuel Boiling 
Point: 113.00 deg C. 

Hydrazine (N2H4) found early use as a fuel, but it was quickly replaced by UDMH. It is 
still used as a monopropellant for satellite station-keeping motors. Hydrazine marketed 
for rocket propellant contains a minimum of 97 per cent N2H4, the other constituent 
being primarily water. Hydrazine is a clear, water-white, hygroscopic liquid. The solid is 
white. Hydrazine a toxic, flammable caustic liquid and a strong reducing agent. Its odour 
is similar that of ammonia, though less strong. It is slightly soluble in ammonia and 
methyl-amine. It is soluble in water, methanol, ethanol, UDMH, and ethylenediamine. 
Hydrazine is manufactured by the Raschig process, which involves the oxidation of 
ammonia to chloramine, either indirectly with aqueous sodium hypochlorite or directly 
with chlorine, and subsequent reaction of chloramine with excess ammonia. Raw 
materials include caustic, ammonia, and chlorine; these are high-tonnage, heavy 
chemicals. The cost of anhydrous hydrazine in drum quantities in 1959 was $ 7.00 per kg. 
The projected price, based on large-scale commercial production, was expected to be $ 
1.00 per kg. Due to environmental regulations, by 1990 NASA was paying $ 17.00 per 
kg.

Engines Using Hydrazine

Engine
Thrust

(vac) 
kgf 

Thrust(vac) 

kN 

Isp 

sec 

Isp (sea 
level)

sec 

Designed
for Status 

RM-01 0.004500   91       

MR-508 0.0235 0.000230000 502   Upper 
Stages 

In
Production 

MR-502 0.051 0.00050000 304   Upper 
Stages 

In
Production 

REA 10 0.091 0.00089000     Upper 
Stages 

In
Production 

MR-103 0.114 0.0011200 227   Upper 
Stages 

In
Production 

REA 17-6 0.23 0.0022200     Upper 
Stages 

In
Production 

REA 39-2 0.23 0.0022200     Upper 
Stages 

In
Production 

MR-111 0.5   229   Upper 
Stages 

In
Production 
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hand and touched the 
face of God. 

   ---John Gillespie 
Magee

REA 17-12 0.5 0.004450     Upper 
Stages 

In
Production 

DOT-5 0.5 0.005000 230   Upper 
Stages 

In
Production 

DOK-10 1 0.01000 229   Upper 
Stages 

In
Production 

REA 16 2 0.0200     Upper 
Stages 

In
Production 

MR-50 2 0.0222 228   Upper 
Stages 

In
Production 

DOT-25 3 0.0250 235   Upper 
Stages 

In
Production 

MR-106 3 0.0267 232   Upper 
Stages 

In
Production 

REA 22-5 5 0.050     Upper 
Stages 

In
Production 

DOK-50 5 0.050 229   Upper 
Stages 

In
Production 

REA 22-2 9 0.090     Upper 
Stages 

In
Production 

MRE-
15/OMV 9 0.089 225   Upper 

Stages 
In
Production 

REA 22-16 13 0.130     Upper 
Stages 

In
Production 

REA 22-17 18 0.18     Upper 
Stages 

In
Production 

MR-107 26 0.26 236   Upper 
Stages 

In
Production 

MR-104 45   239   Upper 
Stages 

In
Production 

REA 20-4 56 0.56     Upper 
Stages 

In
Production 
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    IPCS INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY 
    Health and Safety Guide No. 56 

HYDRAZINE
HEALTH AND SAFETY GUIDE

    UNITED NATIONS ENVIRONMENT PROGRAMME 

    INTERNATIONAL LABOUR ORGANISATION 

    WORLD HEALTH ORGANIZATION 

    WORLD HEALTH ORGANIZATION, GENEVA 1991 

    This is a companion volume to Environmental Health Criteria 68: 
    Hydrazine 

    Published by the World Health Organization for the International 
    Programme on Chemical Safety (a collaborative programme of the United 
    Nations Environment Programme, the International Labour Organisation, 
    and the World Health Organization) 

    This report contains the collective views of an international group of 
    experts and does not necessarily represent the decisions or the stated 
    policy of the United Nations Environment Programme, the International 
    Labour Organisation, or the World Health Organization 

    WHO Library Cataloguing in Publication Data 

    Hydrazine : health and safety guide. 

    (Health and safety guide ; no. 56) 

    1. Hydrazines - standards  I. Series 

    ISBN 92 4 151056 0          (NLM Classification: QU 60) 
    ISSN 0259-7268 

    (c) World Health Organization 1991 

    Publications of the World Health Organization enjoy copyright 
    protection in accordance with the provisions of Protocol 2 of the 
    Universal Copyright Convention.  For rights of reproduction or 
    translation of WHO publications, in part or  in toto, application
    should be made to the Office of Publications, World Health 
    Organization, Geneva, Switzerland.  The World Health Organization 
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    welcomes such applications. 

    The designations employed and the presentation of the material in this 
    publication do not imply the expression of any opinion whatsoever on 
    the part of the Secretariat of the World Health Organization 
    concerning the legal status of any country, territory, city or area or 
    of its authorities, or concerning the delimitation of its frontiers or 
    boundaries. 

    The mention of specific companies or of certain manufacturers' 
    products does not imply that they are endorsed or recommended by the 
    World Health Organization in preference to others of a similar nature 
    that are not mentioned.  Errors and omissions excepted, the names of 
    proprietary products are distinguished by initial capital letters. 

    CONTENTS 

    INTRODUCTION 

1. PRODUCT IDENTITY AND USES

1.1. Identity

1.2. Physical and chemical properties

1.3. Composition

1.4. Production and uses

2. SUMMARY AND EVALUATION

2.1. Human exposure to hydrazine

2.2. Fate of hydrazine

2.3. Effects on organisms in the environment

2.4. Effects on animals

2.5. Effects on human beings

3. CONCLUSIONS

4. HUMAN HEALTH HAZARDS, PREVENTION AND PROTECTION, EMERGENCY ACTION

4.1. Main human health hazards, prevention and protection,

              first aid 
4.2. Advice to physicians

4.3. Health surveillance advice

4.4. Explosion and fire hazards

4.4.1. Explosion hazards

4.4.2. Fire hazards
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4.4.3. Prevention

4.4.4. Fire-extinguishing agents

4.5. Storage

4.6. Transport

4.7. Spillage and disposal

4.7.1. Spillage

4.7.2. Disposal

5. HAZARDS FOR THE ENVIRONMENT AND THEIR PREVENTION

6. SUMMARY OF CHEMICAL SAFETY INFORMATION

7. CURRENT REGULATIONS, GUIDELINES, AND STANDARDS

7.1. Exposure limit values

7.2. Specific restrictions

7.3. Labelling, packaging, and transport

    BIBLIOGRAPHY 

    INTRODUCTION 

    The Environmental Health Criteria (EHC) documents produced by the 
    International Programme on Chemical Safety include an assessment of 
    the effects on the environment and on human health of exposure to a 
    chemical or combination of chemicals, or physical or biological 
    agents.  They also provide guidelines for setting exposure limits. 

    The purpose of a Health and Safety Guide is to facilitate the 
    application of these guidelines in national chemical safety 
    programmes. The first three sections of a Health and Safety Guide 
    highlight the relevant technical information in the corresponding EHC.  
    Section 4 includes advice on preventive and protective measures and 
    emergency action; health workers should be thoroughly  familiar with 
    the medical information to ensure that they can act efficiently in an 
    emergency.  Within the Guide is a Summary of Chemical Safety 
    Information which should be readily available, and should be clearly 
    explained, to all who could come into contact with the chemical.  The 
    section on regulatory information has been extracted from the legal 
    file of the International Register of Potentially Toxic Chemicals 
    (IRPTC) and from other United Nations sources. 

    The target readership includes occupational health services, those in 
    ministries, governmental agencies, industry, and trade unions who are 
    involved in the safe use of chemicals and the avoidance of 
    environmental health hazards, and those wanting more information on 
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    this topic.  An attempt has been made to use only terms that will be 
    familiar to the intended user.  However, sections 1 and 2 inevitably 
    contain some technical terms.  A bibliography has been included for 
    readers who require further background information. 

    Revision of the information in this Guide will take place in due 
    course, and the eventual aim is to use standardized terminology.  
    Comments on any difficulties encountered in using the Guide would be 
    very helpful and should be addressed to: 

    The Manager 
    International Programme on Chemical Safety 
    Division of Environmental Health 
    World Health Organization 
    1211 Geneva 27 
    Switzerland 

    1.  PRODUCT IDENTITY AND USES 

    1.1  Identity 

    Common name:                       hydrazine 

    Chemical formula:                  N2H4

    Chemical structure:                H2N - NH2

    Common synonyms:                   diamide, diamine, anhydrous 
                                       hydrazine, hydrazine base 

    Common trade names (of mixtures):  Aerozine-50 (a 1:1 w/w fuel mixture 
                                       of anhydrous hydrazine and 
                                       1,1-dimethylhydrazine); Hydrazine 
                                       hydrate (N2H4.H2O) (a 1:1 
                                       molar mixture of anhydrous 
                                       hydrazine and water);  
                                       Levoxin (a 15-64% aqueous 
                                       solution); SCAV-OX (a 35-64% 
                                       aqueous solution); Zerox (a 15-64% 
                                       aqueous solution) 

    CAS registry number:               302-01-2 

    RTECS registry number:             MU7175000 

    UN number:                         2029 (2030 for hydrazine 
                                       monohydrate N2H4.H2O)

    Conversion factors:                1 ppm = 1.31 mg/m3
                                       at 25 °C and 101.3 kPa (760 mmHg) 
                                       1 mg/m3 = 0.76 ppm 

    1.2  Physical and Chemical Properties 

    Anhydrous hydrazine, and aqueous solutions, are colourless liquids.  
    Anhydrous hydrazine is a caustic, fuming, hygroscopic liquid at normal 
    temperature and pressure.  It has an ammoniacal, fishy, and pungent 
    odour.  The odour perception threshold is 4-9 mg/m3.  A 1:1 mixture 
    of anhydrous hydrazine in water (hydrazine monohydrate) containing 64% 
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    by weight of hydrazine, fumes slightly in air and has an ammoniacal 
    odour.  Hydrazine is infinitely soluble in water and may be flammable 
    and explosive up to a concentration of 400 g/litre (40%).  Hydrazine 
    is basic, and is a strong reducing agent.  Some physical and chemical 
    properties of hydrazine are given in the Summary of Chemical Safety 
    Information (section 6). 

    1.3  Composition 

    Hydrazine is often sold as aqueous hydrazine (15-64% solutions of 
    anhydrous hydrazine in water) or as hydrazine hydrate. 

    1.4  Production and Uses 

    The total world production capacity for hydrazine was estimated to be 
    in excess of 35 000 tonnes in 1981.  Significant production capacities 
    are reported for the Federal Republic of Germany, France, Japan, the 
    United Kingdom, and the USA.  Hydrazine is mainly used as a raw 
    material in the manufacture of agricultural chemicals, blowing agents, 
    polymerization catalysts, and pharmaceutical products, and as a 
    corrosion inhibitor in boiler water.  Both the hydrate and anhydrous 
    hydrazine are used as propellant fuels for aircraft and spacecraft. 

    2.  SUMMARY AND EVALUATION 

    2.1  Human Exposure to Hydrazine 

    Hydrazine is not known to occur naturally, except, perhaps, in 
    tobacco.  It can be released into the atmosphere during venting 
    operations, storage, or transfer.  The total emission is estimated to 
    represent nearly 0.01% of the hydrazine produced.  Accidental 
    discharges into water, air, and soil can result from bulk storage, 
    handling, transport, or improper waste disposal. 

    Exposure of human beings to hydrazine may occur occupationally or 
    accidentally, from hydrazine-based drugs, or from the use of tobacco.  
    It has been shown that concentrations of up to 0.35 mg/m3 can occur 
    during production under normal conditions, and that, exceptionally, 
    concentrations of up to 1.18 mg/m3 may occur.  During the handling 
    of the fuel, concentrations of up to 0.25 mg/m3 have been measured 
    under normal conditions and, exceptionally, up to 2.59 mg/m3.
    Because the compound is degraded so rapidly in the environment 
    (section 2.2), measurable levels are not normally encountered, and, 
    therefore, hydrazine does not pose a significant hazard for the 
    general population.  However, the general population may be exposed to 
    hydrazine vapour through accidental discharge.  Evaporation of 
    hydrazine from a liquid spill can be sufficient to generate an 
    atmospheric concentration as high as 4 mg/m3.

    2.2  Fate of Hydrazine 

    Hydrazine is degraded rapidly in the air, through reactions with 
    ozone, hydroxyl radicals, or nitrogen dioxide.  In polluted air, the 
    life-time will be approximately 1 h.  In soil, aqueous hydrazine is 
    adsorbed and decomposed on clay surfaces, under aerobic conditions.  
    However, available data are inadequate to describe the behaviour of 
    hydrazine in the soil.  The degradation rate of hydrazine in water is 
    highly dependent on various factors, such as pH, temperature, oxygen 
    content, alkalinity, hardness, and the presence of organic material 
    and metallic ions.  Hydrazine is degraded rapidly under aerobic 
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    conditions in the presence of organic material, and/or in alkaline or 
    hard water.  It is more persistent in soft, metal-free water.  
    Hydrazine is biodegradable by microorganisms in activated sludge.  
    However, at concentrations above 1 mg/litre, hydrazine is also toxic 
    for these microorganisms, especially for nitrifying bacteria.  
    Hydrazine does not bioaccumulate. 

    2.3  Effects on Organisms in the Environment 

    The concentration of hydrazine that is lethal for half the number of 
    fish in a population (LC50) exposed for 1-4 days, ranged from 0.54 
    to 5.98 mg/litre.  The lowest-observed-effect level, found in a 
    fathead minnow embryo-larvae test, was 0.1 mg/litre.  Nitrifying  

    bacteria in activated sludge are inhibited at levels higher than 
    1 mg/litre.  Many microorganisms are more sensitive, and show 
    threshold levels as low as 0.00008 mg/litre, reported for the blue 
    alga  Microcystis aeroginosa.

    Hydrazine can inhibit germination in plants, and is toxic for plants 
    in both air and water. 

    On the basis of these data, it can be concluded that hydrazine may 
    present a hazard for aquatic organisms and plant life. 

    2.4  Effects on Animals 

    Hydrazine is rapidly absorbed through the skin or via other routes of 
    exposure.  It is also rapidly distributed to, and eliminated from, 
    most tissues. In mice and rats, the absorbed hydrazine is excreted via 
    the urine, partly unchanged, and partly as labile conjugates or as 
    acid-hydrolysable derivatives.  Metabolism of hydrazine produces a 
    significant amount of nitrogen, which is excreted via the lungs. 

    Single oral doses of 55-64 mg/kg body weight and vapour concentrations 
    of 750 mg/m3 for 4 h were lethal for half the number of exposed rats 
    in a population (LD50, LC50).  Thus, the compound is moderately 
    toxic according to the scale of Hodge & Sterner. 

    Most of the effects on human beings (section 2.5) exposed to hydrazine 
    have also been observed in experimental animals.  In addition, loss of 
    body weight, anaemia, hypoglycaemia, fatty liver, and convulsions have 
    been frequently reported.  Fatty liver was reported in mice, and body 
    weight loss in rats, when they were exposed continuously for 6 months 
    to 0.26 mg/m3, the lowest of three exposure levels; monkeys and dogs 
    were not affected at this concentration.  There are no data on which 
    to establish a no-observed-effect level for the inhalation route, but, 
    in a 7-month drinking-water study, a no-observed-effect level of 
    3 µg/kg body weight was reported. 

    Studies on rats and mice have indicated that hydrazine produces 
    adverse effects on embryos and fetuses, when administered at doses 
    that are toxic for the mother.  The adverse effects include increased 
    resorptions, reduced fetal weight, increased perinatal mortality, and 
    increased incidences of litters and fetuses with abnormalities.  The 
    abnormalities include primarily supernumerary and fused ribs, delayed 
    ossification, moderate hydronephrosis, and moderate dilation of the 
    brain ventricle. 
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    Hydrazine induced gene mutations and chromosome aberrations in a 
    variety of test systems, including plants, phages, bacteria, fungi, 

 Drosophila, and mammalian cells  in vitro. Indirect alkylation was 
    introduced in liver DNA of rodents after  in vivo exposure to toxic 
    doses.  Hydrazine also caused DNA damage  in vitro. It transformed 
    hamster and human cells  in vitro, but did not increase unscheduled 
    DNA synthesis in the germ cells of mice  in vivo, or induce 

    chromosome aberrations, micro-nuclei, or dominant lethals in mice  in
 vivo. In rats, it was reported that hydrazine induced chromosome 

    aberrations  in vivo.

    Hydrazine vapour induced nasal tumours, most of which were benign, in 
    F-344 rats and Syrian golden hamsters, but not in C57BL/6 mice, after 
    12 months of treatment and life-time observation.  In several limited 
    gavage and drinking-water studies, hydrazine induced an increased 
    incidence, in some cases dose-related, of multiple pulmonary tumours 
    in various mouse strains and Cb/Se rats.  In two strains of mice, an 
    increased incidence of hepatocarcinomas was also induced.  A very low, 
    but increased, incidence of hepatocarcinomas was observed in male 
    Cb/Se rats.  No tumours were observed in orally-exposed hamsters. 

    On the basis of the carcinogenicity studies on experimental animals, 
    there is evidence that hydrazine is an animal carcinogen. 

    2.5  Effects on Human Beings 

    In cases of acute human poisoning, vomiting, severe irritation of the 
    respiratory tract with pulmonary oedema, central nervous system 
    depression, and hepatic and renal damage have been reported.  No data 
    are available from which to make an estimate of the level of hydrazine 
    inhaled in cases of acute poisoning by the respiratory route.  
    However, from reports of poisoning by the oral route, it would appear 
    that ingestion of amounts of the order of 20-50 ml would cause severe 
    intoxication and may be lethal.  From the available human data, it is 
    not possible to estimate a no-observed-effect dose.  Pyridoxine 
    treatment of poisoned human beings has been reported to be successful 
    on several occasions. 

    Skin and eye irritation have been observed in human beings who had 
    come into contact with hydrazine, but the data are insufficient to 
    establish a no-observed-effect level.  Hydrazine is a strong skin 
    sensitizer in human beings.  Once sensitized to hydrazine, a person 
    may also become sensitive to hydrazine derivatives 
    (cross-sensitization). 

    Data are lacking concerning the effects of hydrazine on the human 
    embryo or fetus.  In the absence of human data, and on the basis of 
    the animals studies, it is prudent to assume that hydrazine would have 
    adverse effects on the human embryo or fetus at exposure levels near 
    to those producing toxic effects in the mother.  Such levels may occur 
    from accidental spillages. 

    Data are inadequate to assess the carcinogenicity of hydrazine in 
    human beings.  However, taking into account the mutagenicity data, as 
    well as the carcinogenicity data in animals, it would be prudent to 
    consider hydrazine as a possible human carcinogen.  Thus, exposure of 
    human beings should be kept as low as feasible. 

    3.  CONCLUSIONS AND RECOMMENDATIONS 
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    Hydrazine can be regarded as posing little hazard for the general 
    population, under normal conditions.  However, in the workplace, and 
    under conditions of accidental exposure, hydrazine can present a 
    significant health hazard.  Human data are limited, but show that 
    hydrazine may affect the central nervous system, liver, and kidneys.  
    In addition, it may produce skin and eye irritation and skin 
    sensitization.  The results of animal studies suggest that effects on 
    human beings may also include embryotoxicity, at levels near those 
    producing toxic effects in the mother, and adverse effects on the 
    respiratory system.  On the basis of the evidence of carcinogenicity 
    in animals, it would be prudent to consider hydrazine as a possible 
    human carcinogen.  Regarding the effects on the environment, it can be 
    concluded that hydrazine may present a hazard for both aquatic 
    organisms and plant life. 

    4.  HUMAN HEALTH HAZARDS, PREVENTION AND PROTECTION, EMERGENCY ACTION 

    4.1  Main Human Health Hazards, Prevention and Protection, First Aid 

    The main human health hazards associated with certain types of 
    exposure to hydrazine, together with preventive and protective 
    measures and first-aid recommendations, are listed in the Summary of 
    Chemical Safety Information (section 6). 

    4.2  Advice to Physicians 

    Pyridoxine treatment has been claimed to be successful on several 
    occasions and may be considered.  However, one case report mentions a 
    reversible peripheral neuropathy resulting from treatment with a very 
    large dose of pyridoxine.  Otherwise, treat symptomatically. Pay 
    attention to the possible development of pulmonary oedema and of 
    damage to the liver.  Skin burns should to be treated as for alkali or 
    thermal burns. 

    4.3  Health Surveillance Advice 

    Human beings handling hydrazine, or hydrazine solutions, should 
    undergo medical examination once a year, with emphasis on the 
    functioning of the central nervous system, liver, and kidneys, and on 
    disorders of the skin, eyes, and blood.  It should be kept in mind 
    that hydrazine is a possible human carcinogen and a strong skin 
    sensitizer, and that cross-sensitization to hydrazine derivatives may 
    occur. 

    4.4  Explosion and Fire Hazards 

    4.4.1  Explosion hazards 

    Anhydrous hydrazine-air mixtures, containing 4.7% or more (by volume) 
    of hydrazine, may be explosive at temperatures higher than 38°C, and 
    can be ignited by sources of heat or ignition, or by ultraviolet 
    radiation.  The flash-point of hydrazine hydrate is 75°C.  The 
    flammability of aqueous hydrazine decreases, and the flash-point 
    increases, with increasing dilution, a 40% solution being just 
    ignitable.  Contact with metals, metal oxides, oxidizing substances, 
    acids, and porous materials, such as earth, wood, asbestos, paper, or 
    cloth, may cause fire and explosions.  Contaminated clothing and 
    equipment are fire hazards.  Toxic decomposition products include 
    nitrogen oxides and ammonia. 
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    4.4.2  Fire hazards 

    Anhydrous hydrazine and aqueous hydrazine containing more than 40% of 
    the compound are flammable liquids. 

    4.4.3  Prevention 

    For anhydrous hydrazine, use a closed system, where feasible, and 
    explosion-proof electrical equipment.  Do not use hydrazine in the 
    vicinity of flames, sparks, and other sources of ignition. Do not 
    smoke.  Keep containers out of direct sunlight.  Avoid contact between 
    the compound and metals, metal oxides, acids, oxidizing agents, and 
    porous materials.  Prevent contamination of hydrazine.  In case of 
    fire, keep drums cool by spraying with water.  Do not extinguish a 
    fire caused by hydrazine, unless its release can be stopped.  
    Fire-fighters need self-contained breathing apparatus, eye protection, 
    and full protective clothing. 

    4.4.4  Fire-extinguishing agents 

    Water sprays, dry chemical, or carbon dioxide can be used on small 
    fires.  For large fires, alcohol foam, or water spraying to flood 
    levels, can be used. 

    4.5  Storage 

    Hydrazine should be stored in tightly closed, well-labelled containers 
    in an inert atmosphere, in a clean, well-ventilated area with 
    controlled drainage.  Store away from oxidizing agents, acids, metals, 
    metal oxides, porous materials, direct sunlight, or other sources of 
    heat or ignition.  The containers should be connected to earth to 
    prevent static sparks. 

    4.6  Transport 

    Current international regulations require that hydrazine hydrate, and 
    aqueous solutions of it, should be transported in metal containers 
    with polyethylene liners, in plastic canisters, or in stainless steel 
    containers. 

    4.7  Spillage and Disposal 

    4.7.1  Spillage 

    Remove all ignition sources and evacuate the danger area.  Collect 
    leaking liquid in sealable containers.  Keep spills from entering 
    water sources and sewers.  Promptly dilute spilled hydrazine with 
    water spray, to produce at least a 40% solution.  Construct barriers 
    to contain the spill, or flush it into a container.  Foam can be 
    applied to retard vaporization.  Use sand to collect small spills.  
    Ensure personal protection, by using a self-contained breathing 
    apparatus, eye protection, and full protective clothing. 

    4.7.2  Disposal (based on the IRPTC waste disposal file) 

    Hydrazine can be disposed of by dilution with water to produce at 
    least a 40% solution and subsequent neutralization with dilute 
    sulfuric acid. The resulting solution can be drained into the sewer, 
    with abundant water. 
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    Alternatively, hydrazine waste can be burnt in a chemical incinerator 
    equipped with an after-burner and scrubber, after dilution with 
    alcohol or another hydrocarbon fuel. 

    5.  HAZARDS FOR THE ENVIRONMENT AND THEIR PREVENTION 

    Degradation of hydrazine in water may be slow, depending on 
    conditions.  Hydrazine may present a hazard for aquatic organisms and 
    plant life. 

    Contamination of soil, water, and the atmosphere can be avoided by 
    proper methods of storage, transport, and waste disposal.  In case of 
    spillage, apply methods recommended in section 4.7.1.  When using 
    exhaust ventilation, an exhaust scrubber may be needed.  Use closed 
    systems where feasible.  Use dilute solutions of hydrazine rather than 
    concentrated solutions, where possible. 

    6.  SUMMARY OF CHEMICAL SAFETY INFORMATION 

 This summary should be easily available to all health workers
 concerned with, and users of, hydrazine. It should be displayed at,
 or near, entrances to areas where there is potential exposure to
 hydrazine, and on processing equipment and containers.  The summary
 should be translated into the appropriate language(s).  All persons
 potentially exposed to the chemical should also have the instructions
 in the summary clearly explained.

 Space is available for insertion of the National Occupational
 Exposure Limit, the address and telephone number of the National
 Poison Control Centre, and for local trade names.

        HYDRAZINE 

    (diamide, diamine, hydrazine anhydrous, hydrazine base) 

    (H2N - NH2)

                                                                                    

    PHYSICAL PROPERTIES                 ANHYDROUS       HYDRAZINE         OTHER CHAR
                                        HYDRAZINE       HYDRATE 
                                        (100%)          (64%) 
                                                                                    

    Relative molecular mass             32.05                             Colourless
    Melting point (°C)                  2               -51.9             ammoniacal
    Boiling point (°C )                 113.5           120.1             solutions 
    Water solubility                    infinite        infinite          fumes slig
    Density (20°C)                      1.008 g/ml      1.032 g/ml        both hydra
    Relative vapour density             1.1                               hydrazine 
    Vapour pressure (20°C)              1.39 kPa        1 kPa             agents; de
    Log  n-octanol/water partition                                         materials
    coefficient                         -3.08                             products a
    Flammability (explosive)                                              have adver
    limits (%)                          4.7-100         3.4-100           threshold
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    HAZARDS/SYMPTOMS                        PREVENTION AND PROTECTION               
                                                                                    

    SKIN: corrosion by liquid; burns;       Wear clean, body-covering,              
    irritation by vapour; may enter         impervious clothing and gloves; do not  
    body through skin                                                               

    EYES: corrosion by liquid; burns;       Wear safety face-shield, or eye         
    irritation by vapour                    protection, in combination with         
                                                                                    

    INHALATION: irritation of nose          Apply explosion-proof ventilation       
    and respiratory tract; effects on       and local exhaust, and, for non-        
    central nervous system, liver, and      routine activities, self-contained      
    kidneys                                 breathing apparatus                     

    INGESTION: corrosive effects;           Do not eat, drink, or smoke during      
    effects on central nervous system,      work                                    
    liver, and kidneys                                                              
                                                                                    

    GENERAL: the compound should 
    be considered as a possible human 
    carcinogen 

    ENVIRONMENT: may be hazardous           Apply proper methods of storage, 
    for aquatic and plant life              transport, waste disposal, and 
                                            handling of spills; when using 
                                            exhaust ventilation, an exhaust 
                                            scrubber may be needed; use closed 
                                            systems and dilute solutions 
                                            where feasible 

                                                                                    
    SPILLAGE                                STORAGE                                 
                                                                                    

    Remove ignition sources; evacuate       Store in tightly-closed, well-          
    area; collect leaking liquid in         labelled containers in an inert         
    sealable container; promptly dilute     atmosphere, in a clean, well-           
    spilled hydrazine with water spray;     ventilated area; store away from        
    contain spills; ensure personal         oxidizing agents, acids, metals,        
    protection (use self-contained          metal oxides, porous materials,         
    breathing apparatus, eye protection,    and direct sunlight; connect            
    and fully protective clothing)          containers to earth                     
                                                                                    

                                                                                    

    WASTE DISPOSAL                          NATIONAL INFORMATION 
                                                                                    

    Dilution with water and                 National Occupational Exposure          
    neutralization with dilute sulfuric     Limit: 
    acid; burning in a chemical  
    incinerator equipped with an  
    after-burner and scrubber               National Poison Control Centre:         

                                                                                    
        7.  CURRENT REGULATIONS, GUIDELINES, AND STANDARDS 
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    The information given in this section has been extracted from the 
    International Register of Potentially Toxic Chemicals (IRPTC) legal 
    file. A full reference to the original national document from which 
    the information was extracted can be obtained from IRPTC.  When no 
    effective date appears in the IRPTC legal file, the year of the 
    reference from which the data are taken is indicated by (r). 

    The reader should be aware that regulatory decisions about chemicals 
    taken in a certain country can only be fully understood in the 
    framework of the legislation of that country.  The regulations and 
    guidelines of all countries are subject to change and should always be 
    verified with appropriate regulatory authorities before application. 

    7.1  Exposure Limit Values 

    Some exposure limit values are given in the table on pp. 26-27. 

    7.2  Specific Restrictions 

    The Joint FAO/WHO Meeting on Pesticide Residues has established an 
    Acceptable Daily Intake (ADI) of 0-5 mg/kg body weight for maleic 
    hydrazine containing not more than 1 mg hydrazine/kg maleic hydrazine 
    (effective date: 1984). 

    In the USA, those registering technical maleic hydrazide under the 
    pesticide registration regulations must submit a confidential 
    statement of the formula to certify that the hydrazine level in their 
    products does not exceed 15 mg/kg (effective date: 1983). 

    In the Federal Republic of Germany, the handling of hydrazine is 
    prohibited or restricted for pre-adults and pregnant or nursing women 
    (effective date: 1980).  

    7.3  Labelling, Packaging, and Transport 

    The European Economic Community regulations state that the label for 
    >64% solutions of hydrazine should read as follows (effective date: 
    1982 (r)):  

 Very toxic by inhalation, in contact with skin and if swallowed;
 causes burns; possible risks of irreversible effects; wear
 suitable protective clothing, gloves and eye/face protection; in
 case of accident or if you feel unwell, seek medical advice
 immediately (show the label where possible).

    The label is: 
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    For 15-64% solutions of hydrazine, the label should read (effective 
    date: 1982 (r)): 

 Toxic in contact with skin and if swallowed; causes burns; in
 case of contact with eyes, rinse immediately with plenty of
 water and seek medical attention). 

    The percentage concentration must be stated on the label.  The label 
    is: 

     

        EXPOSURE LIMIT VALUES 

                                                                                    

    Medium      Specification       Country/            Exposure limit descriptiona
                                    organization                                    
                                                                                    

    AIR         Occupational        Australia           Threshold limit value (TLV) 
                                                        - Time-weighted average (TWA

                                    Czechoslovakia      Maximum allowable concentrat
                                                        - Time-weighted average (TWA
                                                        - Ceiling value             

                                    Germany, Federal    Technical reference concentr
                                    Republic of         - 1-year time-weighted avera

                                    Italy               Threshold limit value (TLV) 
                                                        - Time-weighted average (TWA

                                    Sweden              Threshold limit value (TLV) 
                                                        - Time-weighted average (TWA
                                                        - Short-term exposure limit 
                                                          (15-min TWA) 

                                    USA (ACGIH)         Threshold limit value (TLV) 
                                                        - Time-weighted average (TWA

                                    USA (OSHA)          Threshold limit value (TLV)
                                                        - Time-weighted average (TWA
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                                    USA (NIOSH)         Threshold limit value (TLV)
                                                        - Time-weighted average (TWA
                                                        - Ceiling value             

                                                                                    

    Medium      Specification       Country/            Exposure limit description  
                                    organization                                    
                                                                                    

    AIR         Occupational        USSR                Ceiling value (including    
                                                        derivatives) 

    WATER       Surface             USSR                Maximum allowable concentrat

                                                                                    

a TWA = time-weighted average over one working day (usually 8 h). 
b Skin absorption. 
c (Suspected of) carcinogenic (potential). 
d Sensitization. 
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nitric acid (HNO3) 

A commonly used oxidizer in liquid-propellant rocket engines between 1940 and 1965. It most o
form of RFNA (red fuming nitric acid), containing 5-20% dissolved nitrogen dioxide. Compared 
concentrated nitric acid (also known as white fuming nitric acid), RFNA is more energetic and m
store but produces poisonous red-brown fumes. Because nitric acid is normally highly corrosive
be stored and piped by a few materials such as stainless steel. However, the addition of a sma
concentration of fluoride ions inhibits the corrosive action and gives a form known as IRFNA (in
fuming nitric acid). Like nitrogen tetroxide, it is hypergolic (reacts upon contact with) hydrazine,
(monomethyl hydrazine), and UDMH (unsymmetrical dimethyl hydrazine). 
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Nitric Acid/UDMH 

Propellant: Nitric acid/UDMH. Oxidiser: Nitric acid. Fuel: UDMH. 

Propellant Formulations

� Propellant Formulation: IRFNA/UDMH. Optimum Oxidiser to Fuel Ratio: 3. 
Temperature of Combustion: 3,225.00 deg K. Ratio of Specific Heats: 1.23. 
Density: 1.25 g/cc. Characteristic velocity c: 1,675 m/s. Isp Shifting: 277. Isp
Frozen: 268. Pp Isp Shifting: 346. Mol: 22.00 M. Isp: 276.00 sl. Isp: 323.00 vac.  

Oxidiser: Nitric Acid. Oxidiser Density: 1.51 g/cc. Oxidiser Freezing Point: -42.000 deg 
C. Oxidiser Boiling Point: 86.00 deg C. 

Drawing on the German World War II Wasserfall rocket, nitric acid (HNO3) became the 
early storable oxidiser of choice for missiles and upper stages of the 1950's. To overcome 
various problems with its use, it was necessary to combine the nitric acid with N2O4 and 
passivation compounds. These formulae were considered extremely secret at the time. 
The propellant combinations WFNA/ JP-4 and later IRFNA/JP-4 were the first storable 
systems given serious consideration in the United States. Problems which caused the 
abandoning of these propellants were the absence of reliable hypergolic ignition and 
unstable combustion. IRFNA/UDMH and IRFNA/JP-X finally did prove satisfactory.  

By the late 1950's it was apparent that N2O4 by itself was a better oxidiser. Therefore 
nitric acid was almost entirely replaced by pure N2O4 in storable liquid fuel rocket 
engines developed after 1960. The composition of propellant-grade nitric acids is covered 
by Military Specification MIL-N-7254. The nitric acids are fuming liquids which vary 
from colorless to brown, depending on the amount of dissolved N2O4. The vapours from 
these acids have a characteristic pungent odour. They are highly corrosive, toxic, 
oxidising agents and attack most metals. They react with most organic materials violently 
enough to cause fire. The acids are soluble in water in all proportions, with an 

Agena Engine 
Credit: Bell 
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though part of it is in 
complete shadow and 

part of it is in 
earthshine. It's a view 
worth the price of the 

trip. 

   ---Armstrong

accompanying evolution of heat. They cannot be made to explode. Approximately 90 per 
cent of the nitric acid is made by the catalytic oxidation of ammonia with air or oxygen to 
yield nitric oxide (NO). The latter is oxidised to N2O4 which, when treated with water, 
yields nitric acid (HNO3) and may be concentrated by distillation with sulphuric acid. 
Red fuming nitric acids may be produced by passing gaseous N2O4 into nitric acid, a 
slight modification of the above process. Production of nitric acid was estimated at 3 
million tonnes in 1959. The price of RFNA was $ 0.20 per kg in drum lots; IRFNA was 
slightly higher. The varieties of nitric acid propellants include:  

� WFNA - White fuming nitric acid is based on anhydrous nitric acid (HNO3), a 
colourless corrosive liquid which fumes in moist air. They contain a maximum of 
2 per cent water and 0.5 per cent nitrogen dioxide, and decompose to yield 
amounts of water, nitrogen dioxide, and oxygen which are in chemical 
equilibrium. 

� IWFNA - Inhibited white fuming nitric acid. Since container materials are 
attacked by WFNA and equilibrium products, 0.6 per cent HF is added for 
passivation by deposition of a protective metallic fluoride coating. 

� RFNA - Red fuming nitric acid. Since WFNA or IWFNA exhibit excessive 
equilibrium decomposition pressures, reaching 75 bar at 700 deg C. To suppress 
the high pressure through a mass-action effect, some 13 per cent N2O4 and 3 per 
cent H20 are added, in order to reduce equilibrium pressures to 2 bar at 700 deg C. 
The colour of the resulting red fuming nitric acid is imparted by N204. 

� IRFNA - Inhibited red fuming nitric acid. Addition of 0.6 per cent HF to RFNA 
produces inhibited RFNA (IRFNA). The IRFNA specification was published in 
1954 and thereafter Russian rocket engines using the same fuel appeared. 

� AK20 - Russian formulation consisting of 80% nitric acid + 20% N2O4 (AK = 
Azotna Kislota = Nitric Acid) 

� AK20F - Russian formulation consisting of 80% nitric acid + 20% N2O4 + 
fluorine passivant 

� AK20I - Russian formulation consisting of 80% nitric acid + 20% N2O4 + iodine 
passivant 

� AK20K - Russian formulation consisting of 80% nitric acid + 20% N2O4 + 
unknown additive 

� AK27I - Russian formulation consisting of 73% nitric acid + 27% N2O4 + iodine 
passivant 

� AK-27P - Russian formulation consisting of 73% nitric acid + 27% N2O4 + 
unknown additive  

Fuel: UDMH. Fuel Density: 0.79 g/cc. Fuel Freezing Point: -57.000 deg C. Fuel Boiling 
Point: 63.00 deg C. 

Unsymmetrical Dimethylhydrazine ((CH3)2NNH2) became the storable liquid fuel of 
choice by the mid-1950's. Development of UDMH in the Soviet Union began in 1949. It 
is used in virtually all storable liquid rocket engines except for some orbital manoeuvring 
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engines in the United States, where MMH has been preferred due to a slightly higher 
density and performance. Unsymmetrical dimethylhydrazine (UDMH) is 98 to 99 per 
cent pure and is described by Military Specification MIL-D-25604. The normally 
expected impurities are dimethylamine and water. UDMH is a clear, hygroscopic liquid 
which yellows on exposure to air. It absorbs oxygen and carbon dioxide. UDMH is a 
toxic volatile liquid. It exhibits the sharp ammoniacal or fishy odour which is 
characteristic of organic amines. It is completely miscible with water, ethanol, and most 
petroleum fuels. It is not shock sensitive. The vapours are flammable in air over 2.5 to 95 
per cent concentration range. UDMH can be produced commercially by nitrosation of 
dimethylamine, to N-nitro-sodimethylrtmine, followed by reduction of the intermediate to 
UDMH and subsequent purification. UDMH can be prepared, also, by a modification of 
the Raschig process (see discussion of hydrazine), in which the chloramine intermediate 
is with dimethylamine rather than with ammonia. The price in 1959 for tank-car 
quantities was under $ 1.00 per kg. Engineering studies indicated a price of $ 1.00 per kg 
with large scale sustained production. But due to its toxic nature, production and transport 
costs soared in response to environmental regulations. By the 1980's NASA was paying $ 
24.00 per kg.  

Engines Using Nitric acid/UDMH

Engine
Thrust

(vac) 
kgf 

Thrust
(vac) 

kN 

Isp 

sec 

Isp (sea 
level)

sec 

Designed
for Status 

RM-100B 45   283       

KDU-414 200 1.96 272   Upper 
Stages 

Out of 
Production 

Isayev
DOS-3/4 400 3.92     Upper 

Stages 
Out of 
Production 

KTDU-66 417 4.09 280   Upper 
Stages 

Out of 
Production 

KTDU-35 417 4.09 280   Upper 
Stages 

Out of 
Production 

KTDU-53 417 4.09 280   Upper 
Stages 

Out of 
Production 

KTDU-417 1,929 18.92 314   Upper 
Stages 

Out of 
Production 

RD-851 3,310 32.48 279 243 First Stages Out of 
Production 

AJ10-118D 3,436 33.70 278 160 Upper 
Stages 

Out of 
Production 

AJ10-118 3,447 33.80 271 150 Upper 
Stages 

Out of 
Production 

AJ10-101 3,500 34.30 270 240 Upper 
Stages 

Out of 
Production 

AJ10-118E 3,579 35.10 278   Upper 
Stages 

Out of 
Production 
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AJ10-104 3,579 35.10 278   Upper 
Stages 

Out of 
Production 

AJ10-118F 4,218 41.40 306   Upper 
Stages 

Out of 
Production 

AJ10-118H 4,427   319       

AJ10-118G 4,427   314       

RD-852 4,920 48.25 255   Upper 
Stages 

Out of 
Production 

Bell 8048 7,031 68.90 276   Upper 
Stages 

Out of 
Production 

Bell 8096 7,257 71.20 300   Upper 
Stages 

Out of 
Production 

Bell 8081 7,257 71.20 285   Upper 
Stages 

Out of 
Production 

Nodong 14,718 144.00 255 232 First Stages In Production 

11D49 16,060 157.50 303   Upper 
Stages In Production 

YF-2A 31,218 306.10 268 241 First Stages In Production 

Von Braun-
3 40,000 392.30 286 230 Upper 

Stages Study 1952 

Von Braun-
2 47,058 461.50 286 230 Upper 

Stages Study 1952 

RD-853 47,682 467.60 301   Upper 
Stages 

Developed 
1960-63 

U102-000 47,723 468.00 307   Upper 
Stages 

Out of 
Production 

AJ10-33 52,000           

RD-215 88,100 864.00 291 248 First Stages Out of 
Production 

RD-217 88,200 865.00 289 246 First Stages Out of 
Production 

RD-219 89,950 883.00 293   Upper 
Stages Hardware 

RD-225 90,653 889.00 294 251 First Stages Out of 
Production 

RD-220 109,518 1074.00 306 270 First Stages Developed 
1960- 

Upper Developed 
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RD-221 114,004 1118.00 318   Stages 1960- 

RD-222 166,622 1634.00 302 272 First Stages Developed 
1960-61 

RD-223 173,046 1697.00 314   Upper 
Stages 

Developed 
1960-61 

RD-216 177,400 1728.00 291 248 First Stages In Production 

RD-224 181,306 1778.00 294 251 First Stages Out of 
Production 

S5.45 200,000 1961.00 267   Upper 
Stages 

Out of 
Production 

RD-218 266,000 2592.00 289 246 First Stages Out of 
Production 

Von Braun-
1 311,764 3057.30 286 230 First Stages Study 1952 

Contact Mark Wade with any corrections, additions, or comments. 

Conditions for use of drawings, pictures, or other materials from this site..
This web site is sponsored by SpaceBank.com
Last update 30 March 2005. 

© Mark Wade, 2005 . 
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(fig.   4-7)   is   used   to   dispenser   launch   the   flare. toggle. A force of 18 to 35 pounds pulls the 
internal Normally, the drogue tray is configured to the flare at disconnect  completely  out  of  the  fuze 
 mechanism, the  time  of  manufacture.  The  drogue  tray  is  a allowing the spring-loaded striker to strike 
the primer. quarter-round, lightweight, aluminum channel with The primer ignites a fixed, 2-second delay 
element and perpendicular ends. The fuze end has an attachment tab drives the plunger into the ejection 
time-delay fuze at a and a circular opening to allow for flare fuze setting. It point  determined  by  the 
 selected  setting.  After  2 is attached to the safety clip by a lanyard. The opposite seconds, the delay 
element ignites black powder in the end is solid and has a red plastic seal that acts as a plunger. Ignition is 
transferred through a perforation in pressure seal for dispenser ejection cartridge gases. the plunger to the 
time-delay fuze. After the preset Flares and trays are loaded into the dispenser as a unit. delay, the fuze 
ignites the expellant. The expellant Regardless of launch method, the flare is initiated forces off the 
aluminum end cap and expels the candle by exerting pull on the lanyard. When the lanyard is and the 
parachute assembly from the flare case with pulled, it snaps the safety clip from its position over the 
considerable  force. 

http://www.tpub.com/content/aviation/14023/css/14023_136.htm
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Perchlorate
EPA is currently undertaking efforts to help the Agency determine if regulation of perchlorate in drinking 
water would represent a meaningful opportunity for reducing risks to human health. To support its decision, 
the Agency is gathering occurrence data at public water systems, evaluating the availability and cost of 
treatment technology and assuring that analytical methods are available to monitor for perchlorate in water. 

EPA has established an official reference dose for perchlorate which is consistent with the recommended 
reference dose included in the National Academy of Science’s January 2005 report. A reference dose is a 
scientific estimate of a daily exposure level that is not expected to cause adverse health effects in humans. 
The reference dose will be used in EPA’s ongoing efforts to address perchlorate in drinking water. It is 
important to note that the reference dose in EPA’s draft assessment represents a preliminary estimate of a 
protective health level and is not a drinking water standard. 
• Risk information about perchlorate and perchlorate salts 

Additional information about perchlorate can also be found on the EPA Federal Facilities Page 
• EPA Federal Facilities and Perchlorate 

What is perchlorate?
Perchlorate is both a naturally occurring and man-made chemical. Most of the perchlorate manufactured in 
the United States is used as the primary ingredient of solid rocket propellant. Wastes from the manufacture 
and improper disposal of perchlorate-containing chemicals are increasingly being discovered in soil and 
water.

Does my water contain perchlorate?
There have been confirmed perchlorate releases in at least 25 states throughout the United States. EPA, 
other federal agencies, states, water suppliers and industry are working to address perchlorate 
contamination through monitoring for perchlorate in drinking water and source water and developing 
treatment technologies that can remove perchlorate from drinking water.  

How is perchlorate removed from water?
Several types of treatment systems designed to reduce perchlorate concentrations are operating around the 
United States, reducing perchlorate to below the 4 ppb quantitation level. Biological treatment and ion 
(anion) exchange systems are among the technologies that are being used, with additional treatment 
technologies under development. 
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