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Human Health Baseline Risk Assessment 	 Introduction 

1.0 INTRODUCTION 


Bums & McDonnell has prepared this luunan health baseline risk assessment for PerkinEhner, Inc.'s 

(Perkin Elmer) Missouri Metals Site (Site) located in Overland, Missouri. The scope of the risk 

assessment was discussed in the Remedial Action Summary Report (RASR) for the Site (Bums & 

McDonnell, 2005), and in subsequent discussions with Missouri Depa1tment ofNatural Resources 

(MDNR) personnel regarding the path forward for the Site. 

As required by the Consent Agreement for the Site signed in August 1994, and re-affirmed by MDNR's 

letter dated June 16, 2005, this risk assessment has been prepared following procedures outlined in the 

United States Environmental Protection Agency's (USEP A's) Risk Assessment Guidance for Supe1jimd 

(RAGS) Volume 1: Human Health Evaluation Manual Part A (USEPA, 1989) and other US EPA 

supplemental guidance documents referenced throughout the text. 

1.1 PURPOSE 

The purpose of the evaluation is twofold: to conduct a baseline evaluation of potential human health risks 

that might be experienced by human exposures to contaminated media associated with the Site, and to 

determine clean-up levels for on-Site soil and groundwater. The risk assessment was conducted under the 

assumption that no further remediation beyond that already conducted will take place at the Site. All 

available on-Site soil and groundwater data will be evaluated to determine if the existing MDNR

established clean-up levels for soil and groundwater listed in the Consent Agreement will be used or if 

altemate Site-specific preliminmy remediation goals (PRGs) will be proposed based on Site-specific data. 

The clean-up levels determined by this Risk Evaluation will be used to focus any additional on-Site 

remedial activities. 

1.2 ORGANIZATION 


This human health baseline risk assessment is organized into the following sections: 


• 	 Introduction (Section 1.0)- The first section states the purpose of the risk assessment and explains the 

report organization. 

• 	 Site Background (Section 2.0)- This section presents current Site conditions and descriptions, as well 

as previous investigation results. 

• 	 Identification of Chemicals of Potential Concem (COPCs) (Section 3.0)- This section reviews 

analytical data collected at the Site and identifies media of concern and COPCs. 
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• 	 Toxicity Assessment (Section 4.0)- General noncancer and cancer toxicities for COPCs are discussed 

and toxicity values for quantifYing risks are presented in this section. 

• 	 Exposure Assessment (Section 5 .0) - This section considers current and potential future land and 

water uses to identifY possible receptor populations and potentially completed exposure pathways. 

Exposure point concentrations are estimated from available analytical data and/or the results of 

contaminant transport modeling. Chemical dose to receptors is then quantified using standard intake 

calculations. 

• 	 Risk Characterization (Section 6.0)- The risk characterization section evaluates the possible nature 

and magnitude of health risks associated with the Site. Theoretical cancer risks and the likelihood of 

noncancer adverse health effects are quantified by combining calculated chemical dose with chemical 

toxicity information. The results are then compared to accepted levels of risk. Uncertainties inherent 

in the process are also described in this section. 

• 	 Section 7.0 discusses the calculation ofPRGs. 

• 	 Section 8.0 presents conclusions and recommendations based on the baseline risk assessment results. 

* * * * * 
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Human Health Baseline Risk Assessment Site Background 

2.0 SITE BACKGROUND 

This section describes background information on the Site collected as pat1 of investigation and 

remediation activities at the Site. 

2.1 SITE LOCATION AND DESCRIPTION 

The Site is located at 9970 Page Avenue in Overland, Missouri (Figure 2-1 ), near the center of Section 

31, Township 46 Nmth, Range 6 East in St. Louis County, Missouri. The propet1y area is approximately 

3.5 acres located in an area that is primarily commercial and/or light industrial. An area of residential 

development is located southeast of the Site, across Meeks Boulevard. Structures on the pro petty consist 

of two manufacturing buildings and two metal storage buildings (Figure 2-2). 

The Site is located in an area of rolling hills, with the northwest comer of the property approximately I 5 

feet higher than the southeast corner. The majority of the ground surface, approximately 90 percent, is 

paved with asphalt or concrete (Figure 2-2) with small areas ofgrass, gravel and bare soil present in 

portions of the propet1y. 

A public water supply system is available at the Site and the surrounding area. The City of Overland is 

served by the St. Louis County Water Company which draws water from surface water sources, namely 

the Meremac and the Missouri Rivers. 

Initial industrial activities on the Site began in 1957 and were conducted by Missouri Metals Shaping 

Company (MMSC). In 1979 the propet1y and business were purchased from MMSC by Alco Standard 

Corporation- Aerospace Division. In 1988 the propet1y and business were purchased by EG&G KT 

Aerofab, which was subsequently acquired by PerkinElmer, Inc. In 2001, the business was purchased by 

Missouri .Metals, LLC, with the propet1y retained by Perkin Elmer, Inc. and leased to Missouri Metals, 

LLC. As in the past, the facility currently fabricates aircraft components, with manufacturing activities 

generally consisting of forming and finishing aircraft components from stock metals. 

2.2 SITE GEOLOGY AND HYDROGEOLOGY 

The geology underlying the Site consists of unconsolidated overbm·den above sedimentmy bedrock from 

the Pennsylvanian system. The overburden is composed of fill and windblown glacial clays and silt 

(loess). The fill ranges from 3 to 5 feet in thickness, but is not continuous beneath the Site (Burns & 

McDonnell, 1992). The loess unit ranges in thickness from approximately 20 to 25 feet below ground 

surface (bgs) at the Site. Drilling activities during investigation and remediation activities indicate that 
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the loess is dry to approximately 15 feet bgs. Laboratory triaxial permeability tests conducted on 

representative samples of the loess indicate that the hydraulic conductivity of this native soil is in the 

range of 1.0 x 10·6 to 3.0 x 10"7 em/sec (Burns & McDonnell, 1992). The laboratory repmts are suppmted 

by pump test observations at wells screened in different portions of the loess soil layer (Burns & 

McDonnell, 1992), as well as injection rates during remediation activities (Burns & McDonnell, 2005). 

The low permeability of the loess suggests that horizontal groundwater flow is limited, and that vertical 

flow is the dominant flow path for groundwater within this unit. 

The upper bedrock consists of siltstone, with minor shale and sandstone layers, that is approximately 20 

feet thick. The upper few feet of this unit, at the interface with the loess, is weathered. Results from 

pumping tests and field permeability tests on monitoring wells screened in the siltstone bedrock indicate 

that hydraulic conductivity ranges from approximately I o·' to I 04 em/sec (Burns & McDonnell, 1992), 

with the highest conductivity at the loess/siltstone interface. This bedrock unit is separated from the 

shallow aquifer in the area (Upper Mississippian) by approximately 150 feet of Pennsylvanian age shale 

and limestone that acts as an aquitard preventing further vertical migration. Groundwater within the loess 

and upper bedrock in the area of the Site is considered to be perched water, and is not connected to the 

deeper bedrock aquifer below (Burns & McDonnell, 1992). 

Depth to water at the Site ranges from approximately 5 to 15 feet bgs (Table 2-1 ). The loess unit is semi

confined and the siltstone unit is confined. Groundwater flow is generally to the southeast (Figure 2-3), 

with some local influence by on-Site utilities (sewer near GMW-5 & 17, and utility corridor near GMW

6. Horizontal groundwater flow beneath the Site occurs primarily in the siltstone bedrock and overlying 

weathered siltstone interface due to the higher permeability of this unit compared to the overlying loess. 

This is supported by the results of the pump tests conducted at the Site (Burns & McDonnell, 1992), and 

injection activities as pati of remediation (Burns & McDonnell, 2005). 

2.3 SUMMARY OF PREVIOUS INVESTIGATIONS 

Data obtained from past soil and groundwater investigations suggests that historical releases of solvents, 

primarily tetrachloroethylene (PCE) and trichloroethylene (TCE), into the soil and groundwater have 

occurred at the Site. These solvents were previously used at the Site, but are no longer used. Written 

records on plant chemical usage and waste disposal practices for this facility are limited. No facility spill 

reports are available concerning historical release information, such as location or date of releases (Burns 

& McDonnell, 1992). 
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Based on Site investigations, there are two known source areas of contamination on-Site. These source 

areas are the former degreasing pit area and the former drum storage area (see Figure 2-2). Elevated 

levels of PCE, TCE, and their daughter products [ dichloroethylene (DCE) and vinyl chloride] have been 

detected in the soil and groundwater in these areas, and this data was summarized in the Remedial 

Investigation (Rl) report submitted to MDNR in 1992 (Burns & McDonnell, 1992). Soil impacts are 

limited in extent and difficult to access due to on-going facility operations. However, groundwater 

impacts are more wide-spread and have resulted in off-Site impacts. 

PerkinElmer, Inc. entered into a Consent Agreement with MDNR in 1994 to facilitate the development 

and implementation of a remedial action plan (RAP) for the Site. As dictated by the Consent Agreement, 

a five-year groundwater monitoring period of on-Site monitoring wells was conducted from 1994 through 

1998. In addition, from 1998 through 200 I, various off-Site investigations were conducted by MDNR 

(MDNR, 2001) and Burns & McDonnell (Burns & McDonnell, 1999,2000, and 200lb) to determine the 

off-Site extent (vertical and horizontal) of groundwater contamination from the Site, and any impacts to 

nearby residents via indoor air or sump water. The off-Site results indicated that significant impacts in 

the shallow overburden (the unit with potential impact on nearby residents) were limited to areas in close 

proximity to the Site. 

Based on the results of the on-Site monitoring and the off-Site investigations, a revised Remedial 

Alternatives Evaluation (RAE) was prepared for the Site (Burns & McDonnell, 2001a). The remediation 

goals were focused on alternatives that were capable of treating the on-Site source areas of groundwater 

contamination and preventing further off-Site migration of impacted groundwater. Three remedial 

alternatives for treating on-Site groundwater were evaluated in the RAE, and chemical oxidation was 

selected as the recommended remedial alternative. Chemical oxidation with permanganate was chosen on 

the basis ofcost, feasibility, and length of time required for remediation (Burns & McDonnell, 200 Ia). 

Burns & McDonnell performed a chemical oxidation treatability study and pilot test at the Site during 

200 I to evaluate the effectiveness of the oxidant and delivety methods. The effectiveness of the oxidant 

was determined by monitoring performance parameters during the pilot test and by comparing pre- and 

post-pilot test groundwater analytical data. The results of the pilot test indicated that chemical oxidation 

with permanganate could successfully treat the contaminated groundwater at the Site (Burns & 

McDonnell, March 2002). 

PerkinE/mer, Inc. 2-3 Bums & McDonnell 



Human Health Baseline Risk Assessment Site Background 

In 2002, a RAP was prepared that included the full-scale design and implementation plan for the Site 

(Burns & McDonnell, October 2002). The results from the treatability study and pilot test were used to 

finalize the full-scale design of the chemical oxidation treatment system for the Site. 

Burns & McDonnell implemented the RAP during 2003 and 2004. During implementation of the RAP, 

pennanganate was injected via injections wells, fractures, and an iqjection trench near the former 

degreasing pit. The results of the RAP implementation were summarized in the Remedial Action 

Summary Report (RASR) submitted to Missouri Department ofNatural Resources (MDNR) in March 

2005 (Burns & McDonnell, 2005) 

The RASR outlined a series of proposed activities at the Site for 2005. Burns & McDonnell has 

implemented those proposed activities that have been approved by MDNR. The activities that have been 

implemented include regenerating the injection trench with additional pennanganate, water it\iection in 

the former drum storage area to enhance advective movement of permanganate in this area, and 

preparation of this baseline risk assessment. 

2.4 SUMMARY OF NATURE AND EXTENT OF CONTAMINATION 

As discussed above in Section 2.3, the COPCs at the Site are PCE, TCE, and their daughter products 

[DCE (total) and vinyl chloride]. Also, there are two known source areas of contamination on-Site, the 

former degreasing pit area and the former drum storage area (see Figure 2-2). 

Surface and subsurface soil samples were collected during the late 1980's and early 1990's to define the 

extent of on-Site soil contamination. This data was summarized in the RI repott (Burns & McDonnell, 

1992). Figure 2-4 shows the soil sampling locations, and Table 2-2 summarizes the soil analytical data. 

In general, wide-spread soil contamination was not detected and significantly impacted soil areas were 

limited in extent. Because of this, it is believed that any remaining soil source areas are no longer 

significantly contributing to the impacted groundwater beneath the Site. 

Groundwater samples have been collected from on-Site monitoring wells since the late 1980's. Table 2-3 

provides a summary of recent groundwater analytical data from on-Site monitoring wells and two off-Site 

monitoring wells located directly across the street from the Site (see Figure 2-2). Monitoring wells have 

been completed within the shallow loess, the siltstone, and the loess/siltstone interface to define the 

vertical and horizontal extent of impact (see Figure 2-2). The data indicates that the most significant 

impacts are immediately downgradient of the two source areas, with the highest levels within the interface 

between the loess and siltstone units (GMW-14 & 15). This interface was targeted during permanganate 

injection activities; especially in the area of the former drum storage area, because it is the most 
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significant pathway for off-Site migration of impacted groundwater. Significant rebound is unlikely 

within this interface based on the length oftime of permanganate persistence and significantly lower 

contaminant levels above and below this interface at the downgradient area of the Site. Fmther ve1tical 

migration within the siltstone unit is not a concern because the deeper monitoring wells indicate a 

decrease in COPCs levels, and regionally the groundwater within the siltstone is considered to be perched 

water that is not connected to the regional aquifer (see Section2.2) 

Monitoring wells completed within the shallow loess at the Site include, GMW-3, 5, 6, 7, 8, 9, 10, and 11. 

Of these shallow wells, GMW-6, 7, 9, I0, and 11 have shown significant decreases in COPCs levels since 

the late 1990's either due to remediation activities or natural attenuation. Due to the low permeability of 

the loess, off-Site migration within this unit has been limited. Off-Site investigations conducted by Burns 

& McDonnell (Burns & McDonnell, 1999) and MDNR (MDNR, 2001) indicate that significant shallow 

groundwater contamination is limited to the off-Site area immediately adjacent to the Site. Also, in-door 

air sampling and sump water sampling conducted as pa1t of the off-Site investigations in downgradient 

residential homes indicated that there is no apparent public health hazard as a result of shallow off-Site 

contamination [Missouri Department of Health (MDoH), 2001]. Additional indoor air sampling to further 

evaluate this conclusion is pending MDNR obtaining access to the three homes specified in the MDNR 

report (MDNR, 2001 ). 

Detections ofCOPCs in off-Site groundwater within the upper portion of the deeper siltstone unit have 

varied over time. The detections in the deeper monitoring wells located closest to the Site (GMW-19 and 

GMW-20) have remained stable since it*ction activities began, and are expected to decrease over time 

since the upgradient on-Site source has been treated with pennanganate. The deeper monitoring wells 

located fmther downgradient from the Site (GMW-21 through 24) have seen more variation in detections 

and may indicate another source (Burns & McDonnell, 2005). 

* * * * * 
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3.0 CHEMICALS OF POTENTIAL CONCERN (COPCs) 

This section presents an overview of the processes used to identify media of potential concern and COPCs 

for quantitative evaluation in the risk assessment. In Section 3.1, available Site data are used to identify 

media ofpotential concern and associated data sets. Section 3.2 provides an overview of the process used 

to identify the COPCs associated with each medium of concern and data set. 

3.1 MEDIA OF POTENTIAL CONCERN 

In order to determine COPCs, it is first necessary to establish potential media of concern. Sampling and 

analysis activities resulted in the detection of Site-related chemicals in soil and groundwater. To evaluate 

whether a medium should be retained for quantitative evaluation in the risk assessment, both the 

maximum detected concentration and 95 percent upper confidence limit (UCL) (see Section 5.4.2.2 for 

fmther details regarding the calculation of 95 percent UCLs) for each chemical detected in each medium 

were compared to the clean-up levels established by MDNR in the Consent Agreement for EG&G 

Missouri Metal Shaping Company, which was signed by both patties in 1994. If a clean-up level for a 

given compound was not established in the Consent Agreement, the maximum detected concentration and 

95 percent UCL values were compared to screening levels for industrial soil obtained from the USEP A 

Region 9 PRG table (USEPA, 2004). If both the maximum concentration and the 95 percent UCL values 

of any detected constituent in a given medium exceeded the screening level, that medium was considered 

a medium of potential concern and retained for quantitative evaluation in the risk assessment. 

Soil samples were collected from on-Site locations, and the analytical results indicated the presence of 

Site-related constituents. Chemicals in soil can be directly contacted by workers; therefore, analytical 

data were fmther evaluated to determine whether soil should be retained as a medium of concern. As 

shown on Table 3-1, the maximum detected concentrations ofPCE and TCE were above the screening 

level; however, the 95 percent UCL for each chemical was below the screening level. Based on this 

comparison, soil was not retained as a medium of potential concern. 

Groundwater samples have been collected from both on- and off-Site monitoring wells. As discussed in 

Section 2.4, the off-Site monitoring wells are screened in the upper p01tion of the deeper siltstone unit, 

while the on-Site monitoring wells are screened primarily in the shallow loess or the intermediate 

loess/siltstone interface. As will be further explained in Section 5.3, there are no completed exposure 

pathways to intermediate and deep groundwater; therefore, off-Site groundwater was not retained for 

further quantitative evaluation in this risk assessment. Similarly, data from on-Site monitoring wells that 

are screened in the intermediate or deep intervals were not considered appropriate for inclusion in this risk 
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assessment. For these reasons, only data from the following monitoring wells were considered relevant 

for quantitative risk evaluation: GMW-1, GMW-3, GMW-4, GMW-5, GMW-6, GMW-7, GMW-8, 

GMW-9, GMW-10, and GMW-11. These represent all of the on-Site monitoring wells that are fully or 

pattially screened in the shallow groundwater interval. 

Samples collected from the shallow on-Site monitoring wells showed widely varying chemical 

concentrations in different areas of the Site. To accommodate the range ofobserved concentrations, two 

data sets were identified. These two data sets were selected to represent the areas of historically highest 

concentrations in shallow groundwater. To avoid creating a low bias in the data sets, data from 

monitoring wells that have been largely nondetect or show only low levels of contamination were not 

included. Monitoring Wells GMW-3, -7, -8, and -9 were chosen as one of the representative data sets for 

groundwater. These four monitoring wells are in close proximity to each other and display similar levels 

of contamination. Monitoring Wells GMW-5 and GMW-6 were identified as the second groundwater 

data set. These two wells are in close proximity to each other, with GMW-6 historically showing the 

highest levels of contamination in the shallow monitoring wells (before treatment with permauganate ). 

GMW-10 and GMW-11 are geographically located between the two data sets; however, samples collected 

from these two monitoring wells have recently shown consistently vety low levels of Site-related 

constituents relative to other nearby monitoring wells. Based on the dissimilar contaminant levels in 

GMW-10 and GMW-11, data from these two monitoring wells were not included in the risk assessment. 

Since groundwater is a dynamic medium, historical data are not representative of current or future Site 

conditions. To appropriately reflect current and likely future conditions, only groundwater data collected 

within the past two years are typically included in risk assessments, and this convention was followed for 

both data sets. It should be noted that Monitoring Wells GMW-5 and GMW-6 are located in close 

proximity to the potassium permanganate treatment trench, and thus have had permanganate in the wells 

at some point during the most recent two years' monitoring. Groundwater samples containing 

permanganate were not analyzed by the laboratory; therefore, the two-year data set for Monitoring Wells 

GMW-5 and GMW-6 contains fewer observations per well than the data set for GMW-3, GMW-7, 

GMW-8, and GMW-9. 

As shown on Tables 3-2 and 3-3, the maximum detected concentrations and 95 percent UCLs of the 

volatile organic compounds (VOCs) detected in groundwater samples from both data sets exceeded the 

clean-up goals established in the Consent Agreement; therefore, groundwater was considered a medium 

of potential concern. 
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Air samples were collected from several residences located adjacent to the Site by MDNR in 200 I as patt 

of their evaluation of off-Site impacts. The analytical results were provided to MDoH for evaluation of 

potential health risks. MDoH concluded in their evaluation that the chemical concentrations measured in 

indoor air at that time were unlikely to pose unacceptable risks to human health (MDoH, 200 I). Since 

additional air samples have not been collected since that time, the existing air data will not be re

evaluated as part of this risk assessment. However, Burns & McDonnell has proposed to collect 

additional indoor air samples if access to the residences can be obtained by MDNR. If additional air data 

are obtained, Burns & McDonnell will evaluate the potential risks associated with exposure to indoor air 

using the same procedures used by MDoH in the previous evaluation. 

3.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN (COPCs) 

COPCs include those Site-related chemicals that have the potential to impact human health. To select 

COPCs, the maximum detected concentrations and 95 percent UCL values for each positively detected 

chemical in each data set were compared to the clean-up goals from the Consent Agreement. Those 

constituents detected at concentrations exceeding the clean-up goal were retained as COPCs. For this risk 

assessment, the maximum detected concentrations and 95 percent UCLs for all positively detected 

chemicals in each groundwater data set exceeded the clean-up goals and were retained as COPCs. 

As shown on Table 3-2, the following chemicals were identified as COPCs in groundwater from 

Monitoring Wells GMW-3, -7, -8, and -9: 1,1-DCE; cis-1,2-DCE; trans-1,2-DCE; PCE; TCE; and vinyl 

chloride 

As shown on Table 3-3, the following chemicals were identified as COPCs in groundwater from 

Monitoring Wells GMW-5 and -6: cis-1,2-DCE; trans-1,2-DCE; PCE; TCE; and vinyl chloride 

***** 
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4.0 TOXICITY ASSESSMENT 


The toxicity of COPCs is evaluated for both carcinogenic potential and noncancer adverse health effects. 

Data regarding health effects are then used by various agencies to derive numerical toxicity values. The 

USEPA gathers toxicological information from a variety of sources including experimental animal 

studies, epidemiological investigations, and clinical human studies. Well-conducted epidemiological 

studies that show a positive correlation between an agent and a disease represent the most convincing 

evidence about human risk. At present, human data adequate to serve as the sole basis for the 

development of toxicity values are available for only a few chemicals. In most cases where there is 

insufficient direct human data, USEPA uses toxicity information developed from experiments conducted 

on non-human mammals such as rats, mice, dogs, or rabbits. 

The primary source of toxicological information for this report was the USEPA sponsored Integrated Risk 

Information System (IRIS) (USEPA, 2005). If toxicity values were not found in IRIS, values were 

obtained from USEPA's Provisional Peer-Reviewed Toxicity Values documentation or from the USEPA 

Region 9 P RG table (USEPA, 2004). As a final source of information, the California Office of 

Environmental Health Hazard Analysis (OEHHA) was consulted. The following sections detail 

information regarding both noncancer and cancer toxicity values. 

4.1 NONCANCER TOXICITY VALUES 

The Reference Dose (RID) and Reference Concentration (RfC) are the toxicity values used in assessing 

noncancer health effects from oral and inhalation exposures, respectively. For noncancer health effects, 

the level of exposure below which no adverse health effects develop is termed the threshold level or 

threshold dose. RIDs and RfCs represent exposure levels that are well below the threshold. Each is an 

estimate of daily exposure to the general human population (including sensitive subpopulations) that is 

unlikely to pose an appreciable likelihood of adverse effects during a given term of exposure. 

RIDs and/or RfCs are derived from experimental no observed adverse effect levels (NOAELs) or lowest 

observed adverse effect levels (LOAELs) by application of uncertainty factors (UFs) or modifying factors 

(MFs ). UFs of I 0 are used to protect sensitive subpopulations, to account for interspecies variability, and 

to account for data being obtained from subchronic rather than chronic studies. AUF of 10 is also used 

when the toxicity value is derived from a LOAEL rather than a NOAEL. MFs, usually a value of 10 or 

less, are applied for uncettainties not addressed by the UFs just listed. 
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RID values are expressed as milligrams of chemical per kilogram body weight per day (mglkglday), and 

RfC values are expressed as a chemical concentration in air in milligrams per cubic meter (mglm3
). For 

consistency with the inhalation intake dose units, RfC values were converted to inhalation RID values, 

which are then expressed as mglkglday (USEPA, 1997a). 

Chronic RIDs and RfCs pe1tain to lifetime or other long-term exposures and may be overly protective if 

used to evaluate the potential for adverse health effects resulting from shmter exposures. For such 

situations, USEPA has developed toxicity values specifically for subchronic exposure durations. The 

subchronic RID is developed using subchronic NOAELs from studies of appropriate exposure duration. 

In the absence of a subchronic RID, the chronic RID is adopted as the subchronic RID. For shmHerm 

exposure durations, such as those used for the construction worker scenario, it is appropriate to use 

sub chronic RIDs rather than chronic RIDs. Where available, subchronic RIDs were obtained from 

USEPA's Health Effects Assessment Summary Tables (HEAST). 

Table 4-1 summarizes available RIDs and reference sources. By convention, RID values, as with all 

toxicity numbers and risk assessment calculations, are expressed in scientific notation. For example, the 

oral RID for benzene, 0.004 mglkglday, is expressed as 4 x 10-3 mglkglday or 4E-03 mglkglday, as shown 

in the table. 

4.2 CANCER TOXICITY VALUES 

The toxicity values used in assessing cancer risk are slope factors. A slope factor represents the 95 

percent UCL on the probability that a carcinogen will cause cancer at a dose ofone mglkglday over a 

lifetime. Unlike most noncancer health effects, carcinogenesis is not generally believed to conform to the 

concept of a threshold dose. Mechanistic data indicate that in some instances even the smallest dose of a 

carcinogen can lead to a clinical state of disease. For this reason, it is not possible to determine a 

no-response dose, but rather it is necessary to relate a specific dose to the statistical probability of a 

carcinogenic response. 

For carcinogenic effects, the substance is first assigned a weight-of-evidence classification and then a 

slope factor is calculated. To determine the weight-of-evidence classification, the available evidence is 

evaluated to determine the likelihood that the agent is a human carcinogen. Table 4-2 shows the USEPA 

carcinogen weight-of-evidence classification system. In 1996, USEPA proposed revised guidelines for 

evaluating research evidence for carcinogens, including a more descriptive classification scheme. The 

IRIS file for vinyl chloride is among the few that have been updated to include both the revised 

classification and the traditional scheme that is shown in Table 4-2. The revised classification for vinyl 
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chloride is "a known human carcinogen for all routes of exposure based upon convincing human evidence 

as well as suppmting evidence from animal studies." 

The slope factor is developed from data on the potency of the agent as a carcinogen in experimental 

animals and/or humans. Slope factors are available in IRIS for many substances categorized by USEPA 

as A, B, or C carcinogens. Table 4-3 summarizes the available slope factors, reference sources, and 

weight-of-evidence classifications for the carcinogenic COPCs. 

* * * * * 
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5.0 EXPOSURE ASSESSMENT 


In the exposure assessment, potentially exposed populations and potential pathways of exposure are 

identified. The assessment considers physical Site features, land use, and zoning in order to identify 

pathways and populations for exposure. Only completed exposure pathways (i.e., human receptors in 

contact with contaminated media) may actually pose a human health risk. 

Section 5 .I presents a description of the exposure setting and Section 5.2 discusses the likelihood for a 

human population to have direct contact with contaminated media. Section 5.3 identifies potentially 

completed exposure pathways and Section 5.4 presents the equations and variables used to quantify 

chemical intake. 

5.1 CHARACTERIZATION OF EXPOSURE SETTING 

The first step in evaluating exposure is to characterize the Site with respect to its physical features, current 

and future land uses, and observed and predicted human activities so that potentially exposed populations 

at and near the Site can be identified. 

5.1.1 Current and Future Land Use 

As discussed in Section 2.1, the Site is located at 9970 Page Avenue in Overland, Missouri, near the 

center of Section 31, Township 46 N01th, Range 6 East, in St. Louis County, Missouri. The Site is 

approximately 3.5 acres located in an area that is primarily commercial and/or light industrial. Structures 

on the Site consist of two manufacturing buildings and two metal storage buildings (Figure 2-2). An area 

of residential development is located southeast of the Site, across Meeks Boulevard. 

Initial industrial activities on the Site began in 1957 and were conducted by MMSC. Alco Standard 

Corporation - Aerospace Division purchased the property and business from MMSC in 1979. In 1988 the 

property and business were purchased by EG&G KT Aerofab, which was subsequently acquired by 

Perkin Elmer. In 2001, the business was purchased by Missouri Metals, LLC, with the property retained 

by PerkinElmer and leased to Missouri Metals, LLC. 

As in the past, the facility currently fabricates aircraft components, with manufacturing activities 

generally consisting offonning and finishing aircraft components from stock metals. These activities are 

expected to continue into the foreseeable future. Given the presence of a residential development in the 

vicinity, it is possible that, in the absence of land use controls, the Site could be developed for residential 

use in the future. To prevent the possibility of future residential development, PerkinElmer plans to 

institute appropriate land use controls as needed to maintain commercial/industrial land use of the 
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property. With the institution of appropriate land use controls, use of the Site will remain 

commercial/industrial in the reasonably foreseeable future. 

5.1.2 Current and Future Water Use 

The Site and surrounding area are currently supplied potable water by a public water supply system. The 

City of Overland is served by the St. Louis County Water Company, which draws water from surface 

water sources, namely the Meremac and the Missouri Rivers. Currently shallow groundwater in the 

vicinity of the Site is not used as a source ofpotable water, and, with the availability of publicly supplied 

water, it is not expected to be used as such in the foreseeable future. 

As described in Section 2.0 of this repmt, the monitoring wells installed at the Site have identified the 

vertical extent of contamination as being in the loess and upper bedrock (siltstone), with the highest levels 

of contamination occurring in the loess/siltstone interface. Groundwater in these units in the area of the 

Site is considered to be perched water, and is not hydraulically connected to the deeper bedrock aquifer 

below (Burns & McDonnell, 1992). The Upper Mississippian aquifer is separated from the shallow 

water-bearing units at the Site by approximately !50 feet of Pennsylvanian age shale and limestone that 

acts as an aquitard preventing fmther ve1tical migration. Any private potable water wells that may still be 

in service within four miles of the Site appear to draw water from the Mississippian aquifer (MDNR, 

2001); therefore, it is unlikely that groundwater from the Site will impact potable water sources in the 

future. 

5.2 POTENTIALLY EXPOSED POPULATIONS 

Potentially exposed populations are those persons whose locations and activities create an opportunity for 

contact with COPCs. The following sections discuss potentially exposed populations, as they are 

influenced by the land and water uses just described. 

5.2.1 On-Site Populations 

The Site is currently an active industrial facility; therefore, the potentially exposed populations expected 

to be present on the Site consist of workers. Worker populations are likely to include both full-time and 

part-time workers, as well as indoor and outdoor workers. Since full-time workers experience longer 

exposure to the Site than pmt-time workers, the indoor worker population was evaluated as a full-time 

population. The outdoor worker population was assumed to be engaged in grounds keeping/landscaping 

activities at the Site full-time only from mid-April through mid-October. The climate and growing season 

in Overland, Missouri generally limit year-round outdoor work. 
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Although the Site is currently developed, it is possible for additional improvements to be completed on 

the property. Additionally, since underground utilities are present on the Site, future maintenance and 

occasional repair activities are likely to occur. Both construction and utility installation/repair work 

involve subsurface excavation of soil; however, the duration of activity is likely to be much longer for 

construction work than for utility installation/repair work. Therefore, a single population of construction 

workers was evaluated as conservatively representative for both types of subsurface excavation activities. 

Since the Site is currently an active industrial facility, and PerkinElmer intends to implement the 

necessmy institutional controls to restrict future land use to commercial/industrial, residents are not 

considered potentially exposed on-Site populations. 

In summmy, the potentially exposed on-Site populations included in this evaluation are indoor 

commercial/industrial workers, outdoor commercial/industrial workers, and construction workers. 

5.2.2 Off-Site Populations 

An area of residential development is currently located southeast of the Site, across Meeks Boulevard. 

Investigations at the Site have identified the presence ofchlorinated compounds in the shallow 

groundwater located beneath the residential neighborhood in close proximity to the Site. Given the 

presence of occupied residential structures, both adult and child residents are considered potentially 

exposed off-Site populations. 

The area surrounding the Site also contains commercial/industrial propetties, indicating the worker 

populations are also likely to be present off-Site. Since the concentrations of Site-related constituents are 

lower off-Site than they are on-Site, it can reasonably be assumed that off-Site workers would experience 

a lower level of exposure than on-Site workers. Therefore, off-Site workers will not be evaluated as 

separate populations in this risk assessment. 

In summary, the potentially exposed off-Site populations included in this evaluation are adult and child 

residents. 

5.3 POTENTIAL EXPOSURE PATHWAYS 

Health risks may occur when there is contact with a chemical by a receptor population. Exposed 

populations must then either ingest, inhale, or dermally absorb COPCs to complete an exposure pathway 

and possibly experience a health risk. The following is a discussion of the likelihood of completed 

pathways. 
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5.3.1 Indoor Commercial/Industrial Workers 

VOCs were detected in shallow groundwater on the Site; therefore, indoor inhalation of chemical vapors 

migrating from shallow groundwater through foundation cracks was considered a potentially completed 

exposure pathway. Potable water at the Site is currently supplied by a municipal water source, and the 

potentially impacted water-bearing units at the Site are unlikely to be used as a potable water source in the 

future, so direct contact with contaminated groundwater is unlikely. 

In summary, the potentially completed exposure pathway for the indoor commercial/industrial worker is 

inhalation ofchemical vapors migrating from shallow groundwater through foundation cracks into indoor 

air. 

5.3.2 Outdoor Commercial/Industrial Workers 

The outdoor commercial/industrial worker population was assumed to consist of groundskeepers engaged 

in light landscaping and grounds maintenance activities. Chemical vapors could migrate from shallow 

groundwater and be present in outdoor air. Given the presence of potentially Site-related constituents in 

outdoor air, inhalation of outdoor air was considered a potentially completed pathway. Potable water at 

the Site is currently supplied by a municipal water source, and the potentially impacted water-bearing 

units at the Site are unlikely to be used as a potable water source in the future, so direct contact with 

contaminated groundwater is unlikely. 

In summaty, the potentially completed exposure pathway for the outdoor commercial/industrial worker is 

inhalation of outdoor vapors from shallow groundwater. 

5.3.3 Construction Workers 

Chemical vapors from shallow groundwater are likely to migrate through soils and be present in the 

breathing zone of a construction/utility worker. Potable water at the Site is currently supplied by a 

municipal water source, and the potentially impacted water-bearing units at the Site are unlikely to be 

used as a potable water source in the future. Additionally, during drilling activities groundwater is 

encountered approximately 15 feet bgs, and is unlikely to be encountered during construction and/or 

utility repair activities. Because of this, and the presence ofpublicly-supplied potable water, direct 

contact with groundwater by construction workers is unlikely to occur. 

In summaty, the potentially completed exposure pathway for the construction worker is inhalation of 

outdoor vapors from shallow groundwater. 
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5.3.4 Adult and Child Residents 

Off-Site contamination in the residential neighborhood located adjacent to the Site has been identified in 

shallow groundwater in close proximity to the Site, and in the deeper siltstone unit further downgradient 

from the Site. Since volatilization can only occur from the top of tile water table; it is not possible for 

chemicals to migrate in the vapor phase upward from deeper within the groundwater to the surface of the 

water table. For this reason, vapor migration is not considered a potentially completed exposure pathway 

for contaminants that are located in the deeper siltstone unit. For the deeper groundwater, use of 

groundwater as a potable water source would be the only likely means of exposure. Currently, potable 

water is publicly supplied to the neighborhood, and the impacted water-bearing units at the Site are 

unlikely to be used as a potable water source in the future. Therefore, direct contact with the deeper 

groundwater is unlikely to occur. Given that volatilization does not occur from deeper groundwater, and 

groundwater is not likely to be used as a potable water source in the future, there are no potentially 

completed exposure pathways to off-Site groundwater within the siltstone unit. 

Tile only potentially completed exposure pathway for adult and child residents is indoor inhalation of 

chemical vapors migrating from shallow groundwater through foundation cracks into basements. This 

pathway was evaluated by MDoH using all existing data collected from basements in the neighborhood, 

and they concluded that the chemical concentrations measured in indoor air at that time were unlikely to 

pose unacceptable risks to human health (MDoH, 2001). Since new indoor air data are not currently 

available, adult and child residents will not be evaluated fmther in this document. If additional indoor air 

samples are collected from these residences in the future, Burns & McDonnell will evaluate the results 

using the method employed by MDoH in their 2001 evaluation. 

5.4 ESTIMATION OF INTAKE 

This section of the risk assessment presents the calculation of chemical intake through the exposure 

pathways identified in Section 5.3. Chemical intake is expressed in mg/kg/day. Intakes for all COPCs 

were quantified using a pathway-specific equation taken from USEPA guidance. This equation is 

presented in Table 5-l. Tile exposure and chemical variables used in this equation are discussed in the 

following sections. Tile calculated chemical intakes are later used in conjunction with toxicity values to 

characterize risk, as discussed in Section 6.0, Risk Characterization. 

5.4.1 Exposure Variables 

Recommended exposure variable values from guidance documents were used and referenced, if available. 

If not, best professional judgment about expected Site conditions was employed to estimate values for the 

exposure scenarios. Tile recommended values and estimated values were specifically chosen to result in a 

reasonable maximum exposure (RME) estimate. An RME represents a high-end exposure situation, but 
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one still within the realm ofpossible exposures. Values used for all receptors characterized are discussed 

in the following subsections. 

Indoor Commercial/Industrial Worker Exposure Variables 

Indoor commercial/industrial workers were assumed to weigh 70 kilograms (kg) (USEPA, 1989). It was 

assumed that an indoor commercial/industrial worker breathes 0.633 cubic meters of air per hour (m3/hr) 

(USEPA, 1997b). This is a mean value based on a long-term average inhalation rate for adults. 

The standard 250 workdays per year for 25 years was used for exposure frequency and duration, 

respectively (USEP A, 1991 ). Indoor commercial/industrial workers were assumed to spend I 00 percent 

of their work time indoors. The exposure time for inhalation of chemical vapors was set at the standard 8

hour working day value. 

Outdoor Commercial/Industrial Worl<er Exposure Variables 

The outdoor commercial/industrial worker was assumed to weigh 70 kg, the recommended default adult 

body weight (USEP A, 1989). It was assumed that an outdoor commercial/industrial worker breathes 1.3 

m3/hr (USEPA, 1997b) based on the hourly average inhalation rate for outdoor workers. 

The seasonality of the climate in Overland, Missouri tends to preclude year-round outdoor work. The 

outdoor commercial/industrial worker was assumed to be engaged in seasonal groundskeeping and 

landscaping activities, which are likely to take place from mid-April through mid-October. Therefore, the 

exposure frequency was assumed to equal 125 days per year, representing half of a working year. The 

outdoor commercial/industrial worker was assumed to be employed at the Site for 25 years, the standard 

worker exposure duration (USEPA, 1991). Outdoor commercial/industrial workers were assumed to 

spend I 00 percent of their time outdoors. The exposure time for inhalation of outdoor air was set at eight 

hours per day. 

Construction Worker Exposure Variables 

Construction workers were also assumed to weigh 70 kg, a mean adult weight (USEP A, 1989). 

Excavation work typically involves some heavy physical labor; therefore, the inhalation rate for the 

construction worker was assumed to be 2.5 m3/hr (USEPA, 1997b) based on a heavy activity level. To 

conservatively address the possibility for extensive modification of Site structures, the construction 

worker was assumed to be exposed for 8 hours per day for 6 months ( 130 working days). 
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5.4.2 Chemical Variables 

Chemical variables used in the risk assessment calculations are summarized in the following sections. 

5.4.2.1 Exposure Concentrations 

Current USEPA risk assessment guidance specifies that the RME for a receptor population be calculated 

using the 95 percent UCL of the arithmetic mean ofchemical concentrations. However, there are 

instances where the 95 percent UCL can be greater than the maximum detected value, such as when there 

are elevated detection limits or small sample sizes. In these situations, USEPA allows the maximum 

observed concentration to be used as the exposure point concentration rather than the calculated UCL 

(USEPA, 1992). 

UCLs were calculated using USEPA's ProUCL software Version 3.00.02. The program's statistical 

output for each compound in each data set is provided in Appendix A. The data sets used to calculate the 

UCLs are provided on Tables 5-2 and 5-3. Tables 5-4 and 5-5 summarize the two sets of exposure 

concentrations, maximum detected concentrations and 95 percent UCLs, for groundwater. 

5.4.2.2 Chemical Vapor Concentrations 

On-Site indoor and outdoor air data are not available; therefore, vapor transport modeling was conducted. 

Vapor transp01t modeling from groundwater to indoor air was conducted to estimate the exposure 

concentrations for the indoor commercial/industrial worker scenario. Vapor transp01t modeling from 

groundwater to outdoor air was used to estimate the exposure concentrations for the outdoor 

commercial/industrial worker and construction worker scenarios. 

Vapor Migration to Indoor Air 

Vapor migration from groundwater to indoor air was evaluated using Version 3.0 of USEPA's 

spreadsheets for the Johnson and Ettinger ( 1991) Model for Subswfttce Vapor Intrusion into Buildings 

spreadsheets. These spreadsheets account for contaminant partitioning into three phases: dissolved phase 

in soil pore water, sorbed to soil organic carbon, and vapor phase within air-filled pores in soil. The 

model then accounts for diffusion through the capillmy zone (groundwater only), diffusion through the 

vadose zone (soil and groundwater) and infiltration through foundation cracks into a building. Depth to 

groundwater was assumed to equal 15 feet bgs. Default values for a clay soil type were used for the 

remaining parameters. The predicted chemical concentrations in indoor air are summarized on Tables 5-6 

and 5-7. The data enhy and intermediate calculation pages of the Johnson & Ettinger spreadsheets are 

provided in Appendix B. 
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Vanor Migration to Outdoor Air 

Vapor migration from gmundwater to outdoor air was modeled using an equation from the Standard 

Guide for Risk-Based Corrective Action at Petroleum Release Sites (ASTM, 1995). This equation 

includes a series of effective diffusion coefficient calculations to account for varying subsurface 

conditions as chemical vapors migrate from gmundwater to outdoor air, as well as a traditional box 

model. The effective diffusion coefficients account for the migration of chemical vapors fmm 

groundwater to the soil surface, while the box model estimates chemical dispersion in outdoor air. 

Chemical partitioning from groundwater to soil gas is accounted for through the application of the 

Henry's Law constant. Depth to gmundwater was assumed to equal 15 feet, and the default values from 

the Johnson & Ettinger model for a clay soil type were used for the remaining soil properties. Tables 5-8 

through 5-11 provide the equations and variables used in modeling vapor migration from groundwater to 

outdoor air. 

The equations used to model vapor migration to outdoor air result in chemical-specific volatilization 

factors, which were then multiplied by the exposure concentration in groundwater to estimate the 

chemical concentrations in outdoor air. Tables 5-12 and 5-13 summarize the exposure concentrations in 

groundwater, the calculated volatilization factors, and the estimated concentration in outdoor air for each 

data set. 

***** 
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6.0 RISK CHARACTERIZATION 


To quantify the potential risk posed by exposure to chemicals through identified pathways, the intake of 

each chemical is combined mathematically with the appropriate toxicity value to estimate the likelihood 

of health risks. Sections 6.1 and 6.2 define the general risk characterization process for evaluating 

noncancer and cancer risks. Section 6.3 summarizes the risk results for each potentially exposed 

population, and Section 6.4 provides a discussion of uncertainties. 

6.1 GENERAL NONCANCER RISK DISCUSSION 

To characterize the risk of noncancer effects, toxicity values for COPCs are used in conjunction with dose 

estimates from each exposure scenario to quantitatively estimate the potential for adverse health effects. 

Chemical-specific doses calculated for each exposure pathway are compared with the reference value, 

i.e., RID, for that chemical. If the estimated dose does not exceed the reference value, then adverse 

noncancer health effects are not expected. The comparison of dose to reference value is expressed 

mathematically as a hazard quotient, which is the dose divided by the reference value: 

Hazard Quotient= Dose (mg/kg/day) I RfD (mg/kg/day) 

Hazard quotients for chemicals within a pathway are summed to give the pathway hazard index. Pathway 

hazard indices are then summed for a total exposure hazard index. This procedure is followed for each 

exposure scenario. The summation of chemical and pathway hazard indices is conservative and health

protective as it assumes that the toxic effects of multiple compounds have an additive impact. 

6.2 GENERAL CANCER RISK DISCUSSION 

Cancer risk is expressed as a probability of developing a carcinogenic response as a result of exposure to 

a given chemical. The estimated dose for each cancer-causing substance is multiplied by the 

corresponding slope factor to calculate risk. The expression is as follows: 

Risk= Dose (mg/kg/day) x Slope Factor (mg/kg/dayY1 

For simultaneous exposure to several carcinogens, the calculated risks are summed within each pathway 

and then for all pathways to yield total excess cancer risk posed by a site. This procedure is followed for 

each exposure scenario. This value represents the probability of developing a carcinogenic response that 

is solely attributable to exposure from the site and is in excess of the general background risk. Based on 

National Cancer Institute (NCI) statistics (NCI, 1990), background risk may be considered 0.33 (3.3 x 

10·1 or 3.3E-Ol in scientific notation), since approximately one in three people in the United States will 

develop some form of cancer during a lifetime. 
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Given the current assumption that any exposure to a carcinogen poses some risk, zero risk is not 

achievable in a practical sense. Therefore, ranges ofrisk have been developed by USEPA for use as 

remediation goals. To be protective of human health, USEP A believes that exposure to site-related 

carcinogens should be limited so as to result in an individual upper bound excess lifetime cancer risk level 

of one in l 0,000 or less (FR, 1990). The risk range of one in l 0,000 to one in a million is a commonly 

accepted remediation goal. In other words, an excess lifetime cancer risk greater than one in l 0,000 

would generally be considered unacceptably high, while risks within the range would be acceptable 

depending upon site use. Risks of one in a million or less are generally considered insignificant. 

6.3 RISK ESTIMATES FOR ON-SITE 

Risk estimates for each potentially exposed population are discussed in the following sections. 

6.3.1 Indoor Commercial/Industrial Workers 

Noncancer Risk 

Tables 6-1 and 6-2 show intake, reference values, and hazard indices for the indoor commercial/industrial 

worker population. The hazard index for exposure to chemicals tln·ough inhalation of indoor air (vapor 

intrusion) from Monitoring Wells GMW-3, 7, 8, & 9 was 8E-02. This is below the USEPA level of 

concern for non cancer risk, which is a hazard index greater than one. The hazard index for exposure to 

chemicals through vapor intrusion from Monitoring Wells GMW-5 & 6 was 4E+OO. This is above the 

USEP A level of concern for noncancer risk, which is a hazard index greater than one. 

Cancer Risk 

Tables 6-3 and 6-4 present intake, slope factors, and the excess lifetime cancer risk associated with 

chemical exposure for the indoor commercial/industrial worker population. The pathway cancer risk for 

exposure to chemicals through inhalation of indoor air (vapor intrusion) from Monitoring Wells GMW-3, 

7, 8, & 9 was 8E-06. This is within the US EPA IE-04 to IE-06 (one in 10,000 to one in a million) 

acceptable risk range. The pathway cancer risk for exposure to chemicals through vapor intrusion from 

Monitoring Wells GMW-5 & 6 was 2E-04. This is above the USEPA acceptable risk range. 

6.3.2 Outdoor Commercial/Industrial Workers 

Noncancer Risk 

Tables 6-5 and 6-6 show intake, reference values, and hazard indices for the outdoor 

commercial/industrial worker population. Exposure to chemicals through inhalation of outdoor air from 

Monitoring Wells GMW-3, 7, 8, & 9 resulted in a hazard index of 5E-04. Exposure to chemicals through 

inhalation of outdoor air from Monitoring Wells GMW-5 & 6 resulted in a hazard index of3E-O l. These 

are both below the USEPA level of concern for noncancer risk, which is a hazard index greater than one. 
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Cancer Risk 

Tables 6-7 and 6-8 present intake, slope factors, and the excess lifetime cancer risk associated with 

chemical exposure for the outdoor commerciaVindustrial worker population. The pathway cancer risk for 

exposure to chemicals through inhalation of outdoor air from Monitoring Wells GMW-3, 7, 8, & 9 was 

5E-08. This is below the USEPA lE-04 to lE-06 (one in 10,000 to one in a million) acceptable risk 

range. The pathway cancer risk for exposure to chemicals through inhalation of outdoor air from 

Monitoring Wells GMW-5 & 6 was 2E-05. This is within the USEPA lE-04 to lE-06 (one in 10,000 to 

one in a million) acceptable risk range. 

6.3.3 Construction/Utility Workers 

Noncancer Risk 

Tables 6-9 and 6-10 show intake, reference values, and hazard indices for the constmction/utility worker 

population. The hazard index for exposure to chemicals through inhalation ofoutdoor air from 

Monitoring Wells GMW-3, 7, 8, & 9 was 2E-03. This is below the USEPA level of concern for 

non cancer risk, which is a hazard index greater than one. The hazard index for exposure to chemicals 

through inhalation of outdoor air from Monitoring Wells GMW-5 & 6 was lE+OO. This is equal to the 

USEPA level ofconcern for noncancer risk. 

Cancer Risk 

Tables 6-11 and 6-12 present intake, slope factors, and the excess lifetime cancer risk associated with 

chemical exposure for the constmction/utility worker population. The pathway cancer risk for exposure 

to chemicals through inhalation of outdoor air from Monitoring Wells GMW-3, 7, 8, & 9 was 4E-09. 

This is below the USEPA lE-04 to lE-06 (one in 10,000 to one in a million) acceptable risk range. The 

pathway cancer risk for exposure to chemicals through inhalation of outdoor air from Monitoring Wells 

GMW-5 & 6 was lE-06. This is at the lower end of the USEPA acceptable risk range. 

6.4 UNCERTAINTIES 

Conducting a risk assessment requires making a number ofassumptions, which serve to introduce degrees 

of uncertainty in the final result. The following sections discuss the uncertainties resulting from chemical 

identification (Section 3.0), toxicity assessment (Section 4.0), and exposure assessment (Section 5.0). 

6.4.1 Uncertainty Associated with Chemical Identification 

At any Site, it is possible that there are more individual chemical substances present than identified in the 

sampling and analysis effmt. The selection of media to be sampled, number of samples, and analyses 

requested are determined by a review of the history of the Site, information on current conditions, and an 

evaluation as to which chemicals could potentially be present. The analyses selected during previous 
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investigations were identified based on knowledge of historical Site practices. The use of such 

knowledge provides confidence that the related constituents present at the Site have been identified. 

The application of quality control throughout the sampling, analysis, and data validation phases reduced 

unce1tainty in the results. Therefore, the chemical identification phase of the risk assessment does not 

appear to have introduced significant unce1tainty. 

6.4.2 Uncertainty from Toxicity Assessment 

For some chemical substances there is little or no toxicity information available and for many chemicals, 

what is available is typically from animal studies. The relative strength of the available toxicological 

information generates some uncertainty in the evaluation ofpossible adverse health effects and the 

exposure level at which they may occur. To provide for a margin of error, USEPA applies conservative 

adjustments to the toxicity values. 

For noncarcinogenic substances, RfD and RfC values are typically established only after uncertainty 

and/or modifYing factors are applied. These factors may result in an RfD/RfC that is as little as a 

thousandth or less of the "safe" dose level determined through animal studies. 

For carcinogens, the slope factor represents the 95 percent UCL of an extrapolated low dose response 

cmve. The actual carcinogenic potency of a substance at low doses is almost certainly less. Additionally, 

many substances identified as carcinogens in high-dose laboratory testing may not be carcinogenic at low 

doses and/or may not be carcinogenic to humans. 

To quantify risk from chemicals that do not have toxicity numbers posted in IRIS or HEAST, values 

generated by other states (i.e., California OEHHA) and/or provisional values from Region 9 PRG Table 

are used when available. Unce1tainty is generated by the use of provisional numbers. However, this 

unce1tainty is less than that generated by ignoring or qualitatively assessing risks. 

The potential carcinogenicity of TCE is cmrently under debate within the scientific community. 

Conflicting evaluations of the potential carcinogenicity of TCE have been presented, resulting from 

varying interpretations of the toxicological data. The International Agency for Research on Cancer 

classified TCE as a probable human carcinogen in I 995, based primarily on studies showing 

carcinogenicity in rodents. Conversely, in 1994 the American Conference of Governmental Industrial 

Hygienists classified TCE as "not suspected to be a human carcinogen" at accepted occupational levels. 

Chronic, high-dose exposme to TCE has been shown to induce pulmonary tumors and hepatocarcinomas 

in mice and renal tumors in rats. However, epidemiological studies have not demonstrated a causal 
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association between occupational TCE exposure and lung, liver, or kidney cancers in humans. Evaluation 

of the toxicological data indicates that the disparity in effects is likely due to species-specific differences 

in TCE metabolism, as it is the metabolites that appear to be responsible for the carcinogenic action in 

rodents. Althougl1 humans and rodents metabolize TCE in similar manners, producing the same general 

metabolites, different species form these metabolites at different rates and ratios. As a result of these 

species-specific differences, higher concentrations of the active metabolites are produced in rodents than 

in humans. Although the mechanisms of action by which TCE causes kidney and liver cancer are not yet 

fully understood, the available epidemiological evidence suggests that humans who are exposed at 

environmentally-relevant concentrations are not at increased risk of developing cancer. 

When taken together, the mechanistic and epidemiological data fail to suppmt the supposition that TCE is 

a human carcinogen at environmentally-relevant levels. USEPA has established provisional RiDs and 

slope factors for TCE; however, the bases for these values are currently undergoing considerable debate 

within the scientific community. Given the on-going debate regarding the appropriateness ofUSEPA's 

current provisional toxicity values for TCE, toxicity values established by the State of California have 

been used in this evaluation. Use ofeither set of toxicity values likely carries a level of uncertainty, but 

given the debate surrounding the scientific validity of the new provisional values, use of the California 

values is considered the more reliable and appropriate option at this time. 

6.4.3 Uncertainty from Exposure Assessment 

When evaluating exposure, probable scenarios are developed to estimate conditions and duration of 

human contact with COPCs. Scenarios are based on observations or assumptions about the current or 

potential activities ofhuman populations that could result in direct exposure. To prevent underestimation 

of risk, scenarios incorporate exposure levels, frequencies, and durations at or near the top end of the 

range ofprobable values. This is sometimes termed a reasonable maximum exposure, one that may be 

unlikely or at the high end of a range of exposures, but still possible. 

Default values, such as respiration rates, are used in the exposure calculations to quantify intakes. 

Although they are based on USEPA-validated data, there is uncettainty in the applicability of such values 

to any particular exposed population or individual. To compensate for this uncertainty, the default values 

are typically set to the upper end (usually the 90th or 95th percentile) of the normal range. 

Uncertainty also arises from the treatment ofnon detected concentrations in the risk assessment. One-half 

of the repmting limit was used as a proxy concentration for nondetect samples. The actual concentration 

of the contaminant could be anywhere between zero and the reporting limit. This may result in either an 

over- or underestimation of risk. 
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During the most recent rounds ofgroundwater sampling, permanganate was present in Monitoring Well 

GMW-6. Due to the presence ofpermanganate, samples from this well were not sent to the laboratory for 

analysis. Since GMW-6 has historically been one of them most impacted monitoring wells, it was not 

considered appropriate to exclude it from the evalitation. Therefore, exposure concentrations were 

developed using analytical data from before the pennanganate treatment. Current chemical 

concentrations are likely to be significantly lower; in fact the presence of unoxidized pennanganate 

indicates that chlorinated compounds are not currently present in that monitoring well. Once the 

remaining pennanganate at the Site has been fully oxidized, it is likely that the chemical concentrations in 

Monitoring Well GMW-6 will be considerably lower than the values used in this risk assessment. Use of 

analytical data from before pennanganate treatment likely results in a significant overestimation of risk. 

Models were used for exposure to chemicals through vapor inhalation. Models are simplified 

representations of reality, which can not effectively account for variations in subsurface conditions or the 

attenuation processes that will lead to a reduction in source concentrations over time. The use ofvapor 

migration models adds uncertainty to the exposure assessment, and likely results in an overestimation of 

risk. 

The model used to evaluate vapor migration from groundwater to outdoor air does not account for the 

presence of asphalt or concrete pavement. Pavement generally has a lower permeability than the 

underlying soil, and this lower permeability layer inhibits the migration ofvapors from the subsurface to 

ambient air. Since the presence of pavement is not addressed in the outdoor vapor model, the use of this 

model has likely yielded an overestimate of outdoor vapor concentrations for the outdoor 

commerciaVindustrial worker population. 

All of these factors add uncettainty in the estimates of risk. However, the uncertainty is generally that 

risk has been overestimated, not underestimated. 

* * * * * 
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7.0 CALCULATION OF PRELIMINARY REMEDIATION GOALS (PRGs) 

PROs are chemical-specific clean-up goals based on specific media and land use exposure scenarios. 

There are generally two types of PROs, concentrations based on governing documents and concentrations 

based on a Site-specific risk assessment. For this Site, the Consent Agreement is the governing document 

establishing the default clean-up levels. Based on the data evaluation conducted in Section 3.0, the clean

up levels for soil established in the Consent Agreement will be adopted as PROs for soil. Since the clean

up levels for groundwater in the Consent Agreement are based on use of groundwater as a potable water 

supply, which has been determined to be inapplicable at this Site, alternate Site-specific PROs were 

developed. The remainder of this section addresses the calculation of risk-based PROs for COPCs in 

groundwater. 

The PROs were calculated in accordance with the USEPA RAGS Volume 1: Human Health Evaluation 

Manual, Part B, Development ofRisk-Based Preliminmy Remediation Goals (USEPA, 199la). The 

PROs were developed based upon the exposure scenarios that resulted in a noncancer hazard index 

greater than or equal to one or an excess cancer risk at or above one in one million (i.e., IE-06) in this 

baseline risk assessment. Within each exposure scenario, PROs were calculated for each chemical having 

an individualnoncancer hazard quotient greater than 0.1 or an individual excess cancer risk greater than 

I E-07. A hazard quotient of 0.1 and an individual excess cancer risk of IE-07 were identified as the 

decision criteria to allow for the establishment of PROs for any chemical that could be considered a risk 

driver at the Site. The risk evaluations for indoor commerciaVindustrial workers and construction 

workers resulted in total hazard indices equal to or greater than one; therefore noncancer-based PROs 

were calculated for these two populations. The risk evaluations for all three worker scenarios resulted in 

excess cancer risk levels at or above I E-06; therefore, cancer-based PROs were calculated for all three 

worker populations. Within these exposure scenarios, PROs were developed for 1,1-DCE, PCE, TCE, 

and vinyl chloride. 

The equations and variables used to calculate the PROs are provided on Tables 7-1 through 7-5. These 

equations use previously defined variables, such as body weight, exposure duration, exposure frequency, 

and others, to calculate an allowable concentration of COPCs in groundwater that would not exceed the 

target hazard quotient/cancer risk level. To calculate the PROs for indoor commercial/industrial workers, 

a volatilization factor to indoor air was calculated using Version 3.0 of USEPA's spreadsheets for the 

Johnson and Ettinger model. By leaving the initial concentration box blank and selecting to calculate the 

risk-based groundwater concentration box, a volatilization factor is presented in the intermediate 

calculations sheet. These spreadsheet inputs and outputs are provided in Appendix C. 
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The PRGs were calculated using a target hazard quotient of one and a target excess cancer risk level of 

one in I 00,000 (i.e., IE-05). This target cancer risk level is appropriate given the limited number of 

chemicals present on the Site. Remediating each individual chemical to a target cancer risk level of IE

05 will result in a cumulative Site-wide cancer risk level well below the USEPA level of one in I 0,000. 

Additionally, since a target cancer risk of IE-05 was used by MDNR in the Missouri Risk-Based 

Corrective Action Technical Guidance document (MDNR, 2005), use of this target cancer risk level is 

consistent with MDNR practices. 

Table 7-6 summarizes the calculated PRGs for groundwater for each potentially exposed population. The 

recommended PRGs are as follows: 

• I, 1-DCE = 36.9 mg!L based on the indoor commercial/industrial worker noncancer scenario 

• PCE = 1.65 mg/L based on the indoor commercial/industrial worker cancer scenario 

• TCE = 7.84 mg!L based on the indoor commercial/industrial worker cancer scenario 

• Vinyl Chloride= 0.913 mg/L based on the indoor commercial/industrial worker cancer scenario 

The recommended PRG for each chemical represents the most protective concentration ofeach chemical 

for the relevant exposure scenarios. 

***** 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 


This human health baseline risk assessment evaluated the potential risks that may be associated with 

exposure to Site-related chemicals. Based on this evaluation, the medium of concern for this Site is 

groundwater, and the potentially exposed populations consist of on-Site workers. The only potentially 

completed off-Site exposure pathway is vapor migration from shallow groundwater to indoor air. This 

potential exposure pathway was not addressed in this evaluation since new indoor air data has not been 

collected since MDoH performed their risk evaluation in 200 I. If new indoor air data are collected from 

the off-Site residences, the data will be evaluated at that time using the same methodology employed by 

MOoH. 

Information regarding current and potential future land and water use was used to develop the exposure 

scenarios evaluated. The evaluation was made with the assumption that the Site propet1y will remain 

commerciaVindustrial. Indoor commercial/industrial workers were assumed to be potentially exposed to 

constituents in indoor air from groundwater. Outdoor commerciaVindustrial workers were assumed to 

engage in seasonal grounds keeping/landscaping activities that could lead to exposure to constituents in 

outdoor air through inhalation of vapors from groundwater. Construction workers were assumed to be 

potentially exposed to constituents in outdoor air through inhalation ofvapors from groundwater. 

Groundwater analytical data from the last two years were used in this risk assessment; however, non

detects in groundwater due to the presence of permanganate were not used in the evaluation. The risk 

assessment indicated that the construction worker population had a total hazard index equal to the USEP A 

level of concern for non cancer risk, and both the outdoor commerciaVindustrial worker and construction 

worker populations had excess lifetime cancer risk levels within the USEP A target risk range of one in 

10,000 to one in a million (IE-04 to IE-06). The risk characterization resulted in hazard indices above 

the USEPA level of concern for noncancer risk for the indoor commercial/industrial worker. The 

calculated excess lifetime cancer risks were above the USEP A cancer risk threshold ofone in I 0,000 (IE

04) for the indoor commercial/industrial worker population. 

Based on the results of the risk characterization, PRGs were calculated for 1,1-DCE, PCE, TCE, and vinyl 

chloride. A comparison of the PRGs to analytical data for the Site indicates that current chemical 

concentrations in all monitoring wells are below the PRGs. Of the shallow Monitoring Wells, GMW-6 

currently is non-detect due to the presence of permanganate; however, prior to permanganate treatment 

levels in GMW -6 were above PRGs. This indicates that the analytical data collected prior to the presence 

of permanganate are causing the calculated excess risk at the Site. 
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Based on the results of the baseline risk assessment and comparison to PROs, fmther remediation at the 

Site is not needed at this time to address potential risks. However, the presence of pennanganate in 

OMW-6 will continue to be monitored. Once permanganate is no longer present in OMW-6, groundwater 

samples will be collected from the well on a semi-annual basis for one year. If the levels rebound above 

PROs, PerkinElmer will consider either further additional permanganate treatment in the area of this well 

or other appropriate mitigation measures (further deed restrictions and/or a venting system for the nearby 

building) to address the potential vapor intmsion pathway. If the levels remain below PROs, no fmther 

remedial action will be required at the Site. 

***** 
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Table 2-1 

Water Level Data 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 
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it 
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GS Elev. TOC Elev. 
ft~:.. :.~Lft, mst ,n 

650,92 3.06 647. 
6.69 629. 

1.60 
1.29 . 646.29 12.86 633.43 
!.61 642.35 1.40 
1.21 638.32 !.80 

1,09 
643.06 64 06 

~~; 64 15 '.55 635 
63 50 7.27 630 

31 9.24 633 
636. :fit;636.• 336.00 7. 
646.: 

~ 14.: 
7. 625.89 

634. 
627.60 627.29 
618.03 617. . 
610.06 609. . . 

Notes: 1GMW-6 abandoned and replaced on 3/25/03 
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Table 2-2 

Soil Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Date 
Soil 

Sample 
Location 

Sample 
Depth 
(feet) 

Compound Concentrations 
TCE 

mo/ko 
PCE 

mo/kQ 
DCE 
mQ/kQ 

Vinyl Chloride 
molko 

Methylene Chloride 
mQ/kQ 

2/19881 

OB-1 3.5-5.0 <1.2 1.31 <1.0 NA NA 
OB-2 3.5-5.0 12.85 21.30 <1.0 NA NA 
08-3 2.5-4.0 <1.2 11.03 9.34 NA NA 
OB-4 3.0-4.5 <1.2 <0.3 <1.0 NA NA 
OB-6 3.0-4.5 <1.2 <0.3 <1.0 NA NA 
OB-7 2.5-4.0 <1.2 6.73 <1.0 NA NA 
OB-9 2.5-4.0 <1.2 <0.3 <1.0 NA NA 

OB-11 2.5-4.0 <12 <0.3 <1.0 NA NA 
OB-13 3.0-4.5 <1.2 1.35 <1.0 NA NA 
OB-15 3.5-5.0 <1.2 2.65 <1.0 NA NA 
OS-1 surface <1.2 <0.3 <1.0 NA NA 
OS-2 surface <1.2 <0.3 1.57 NA NA 
OS-3 surface <1.2 <0.3 <1.0 NA NA 
OS-4 surface <1.2 <0.3 <1.0 NA NA 
OS-5 surface <1.2 <0.3 <1.0 NA NA 

7/19902 

SB-1G 6.0-9.0 <0.04 <0.04 <0.04 <0.06 <0.18 

SB-2G 2.0-3.0 0.08 0.13 0.07 <0.06 <0.18 
SB-3G 1.0-3.0 0.33 290 <0.04 <0.06 <0.18 
SB-4G 3.0-6.0 <0.04 0.17 <0.04 <0.06 <0.18 
GMW-5 3.0-6.0 <0.04 <0.04 <0.04 <0.06 <0.18 
GMW-6 6.0-9.0 0.56 7.30 0.23 <0.06 <0.18 
GMW-7 6.0-9.0 <0.04 <0.04 <0.04 <0.06 <0.18 
GMW-8 6.0-9.0 0.10 <0.04 0.27 <0.06 <0.18 
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Table 2-2 

Soil Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Date 

311992' 

4119923 

7119923 

Notes: 
1 Bums & McDonnell Engineering Company, Inc., November 1992. Remedial Investigation EG&G KTAerofab Missouri Metals Site. 

Appendix B and J. Borings completed by O'Brien and Gere. 
2 Bums & McDonnell Engineering Company, Inc., November 1992. Remedial Investigation EG&G KTAerofab Missouri Metals Site. 

Appendix B. Borings completed by GTJ and Burns & McDonnell. 
3 Bums & McDonnell Engineering Company, Inc., November 1992. Remedial Investigation EG&G KT Aerofab Missouri Metals Site. 

Sections 3 and 4. Borings completed by Bums & McDonnell. 
NA = not analyzed 

Wi4.&11Mfi =saturated zone 
J = estimated value 
B = analyte detected in method blank 
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Table 2-3 

Groundwater Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Monitoring Wall Sample Date 
PCE (ug/L) 

MCL· 5 
TCE (ug/L) 

MCL-5 

DCE (total) 
(ug/L) 

MCL • 70 

Vinyl Chloride 
(ug/L) 

MCL·2 

GMW-1 05/05/97 ND ND ND ND 

11117/97 ND ND ND ND 

06/03/98 ND ND ND ND 

11118/98 ND ND ND ND 

05/27/99 ND ND ND ND 

03127/03 ND ND ND ND 

11/24/03 ND ND ND ND 

03/10/04 ND ND ND ND 

07/21/04 ND ND ND ND 

11/23/04 ND ND ND ND 

GMW-3 05/05/97 12.4 J 454.0 407.0 16.4 J 

11117197 ND 385.0 369.0 19.7 

06/03198 ND 370.0 280.0 ND 

11/18/98 ND 880.0 920.0 40 J 

05/27/99 ND 860.0 970.0 34 J 

pre-pilot 12/04/01 3.1 J 138.0 312.4 10.5 

post-pilot 01/10/02 ND 65.1 478.3 19.2 

pre-full scale 03/28/03 17 J 26J 835.0 22.5 

11/24/03 84 J 984.0 888.0 36J 

03/11/04 34.9 40.3 95.4 3.3 

07/20/04 2.5 J 351.0 661.3 34.2 

11/23104 ND 120.0 1,010.0 47.9 

GMW-4 12/05/01 ND NO ND ND 

pre-full 03/28/03 2.0 u· J ND NO NO 

11/24/03 2.6 u· J NO NO NO 

03/11/04 NO NO NO NO 

07120/04 NO NO NO NO 

11/23/04 ND ND NO NO 

GMW-5 05/06/97 10,400.0 4,830.0 3,800.0 713.0 

11/17/97 11,000.0 4,630.0 3,360.0 625J 

06/03/98 7,100.0 5,000.0 4,200.0 740.0 

11/18/98 7,900.0 4,800.0 4,700.0 600.0 

05/27/99 9,100.0 5,900.0 6,500.0 1,100.0 

pre-pilot 12/04/01 1,510.0 1,120.0 2,995.0 239.0 

post-pilot 01/11/02 NO ND NO ND 

pre-full scale 03/27/03 839.0 1,060.0 2,880.0 254.0 

11/24/03 KMn04 KMn04 KMn04 KMn04 

03/10/04 706.0 1,170.0 2,900 J 390.0 

07/21/04 1,250.0 1,680.0 4,708.0 702.0 

11/23/04 1 140.0 1 670.0 4 820.0 657.0 
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Table 2-3 

Groundwater Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Monitoring Wall Sample Date 
PCE (ug/L) 

MCL-5 
TCE (ug/L) 

MCL-5 

DCE (total) 
(ug/L) 

MCL • 70 

VInyl Chloride 
(ug/L) 

MCL-2 

GMW-6 05/06/97 47,400.0 25,200.0 25,200.0 ND 
11/17/97 15,800.0 12,400.0 18,600.0 ND 
06/03/98 67,000.0 26,000.0 22,000.0 ND 
11/18/98 53,000.0 21,000.0 21,000.0 ND 
05/27/99 72,000.0 26,000.0 25,000.0 ND 

pre-pllol 12/04/01 64,100.0 19,800.0 19,517.0 797.0 

posl-pllol 01/11/02 57,000.0 17,100.0 16,400.0 ND 
GMW-6R pre-full 03/27/03 46,400.0 19,300.0 22,500.0 ND 

11/24/03 36,500.0 13,100.0 10,600.0 ND 
03/10/04 54,400.0 23,100.0 23,300.0 582.0 

07/20/04 KMn04 KMn04 KMn04 KMn04 

11/24/04 KMn04 KMn04 KMn04 KMn04 

GMW-7 05/05/97 ND 2,180.0 401.0 ND 
11117/97 ND 2,120.0 346.0 ND 
06/03/98 ND 2,300.0 410.0 ND 
11118/98 ND 3,200.0 460.0 ND 
05/27/99 ND 2,200.0 490.0 ND 

pre-full scale 03/28/03 25 J 612.0 347.0 23.2 

11/24/03 52 J 487.0 282.0 ND 
03/10/04 7.6 468.0 305.3 J 14.1 

07/20/04 9.7 534.0 271.8 13.1 

11123/04 5.7 J 335.0 220.0 8.8J 

GMW-8 05/05/97 ND 8,120.0 24,500.0 2,450.0 

11/17/97 835J 8,260.0 27,600.0 2,770.0 

06/03/98 ND 7,100.0 26,000.0 1,800.0 

11/18/98 ND 7,900.0 32,000.0 2,700.0 

05/27/99 ND 5,300.0 22,000.0 1,400.0 

pre-pilot 12/04/01 1,140.0 7,110.0 25,864.0 2,030.0 

posl-pllol 01/10/02 ND 6,880.0 22,400.0 1,900.0 

pre-full scale 03/28/03 200 J 3,640.0 14,100.0 731.0 

11/25/03 920J 2,400 J 15,100.0 710 J 

03/11/04 ND 1,310.0 8,380.0 459.0 

07/20/04 ND 2,190.0 12,000.0 380.0 

11/23/04 ND 3,030.0 19,000.0 889.0 

GMW-9 05/05/97 ND 8,810.0 571.0 ND 
11/17/97 ND 9,220.0 577.0 ND 
06/03/98 ND 8,300.0 500.0 ND 
11/18/98 ND 8,800.0 650.0 ND 
05/27/99 ND 7,300.0 570.0 ND 

post-pilot 01/10/02 ND ND ND ND 
pre-full scale 03/28/03 8.0 148.0 97.2 3.2 

11/25/03 83 J 980.0 831.0 ND 
03111/04 ND 592.0 1,020.0 ND 
07/20/04 ND 591.0 1,150.0 ND 
11/23/04 ND 676.0 655.0 13 J 
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Table 2-3 

Groundwater Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Monitoring Well Sample Date 
PCE (ugll) 

MCL-5 
TCE (ugll) 

MCL-5 

DCE (total) 
(ugll) 

MCL -70 

VInyl Chloride 
(ugll) 

MCL-2 

GMW-10 05122196 187.0 543.0 533.0 30.1 

pre-full scale 03/28/03 66.4 50.3 45.2 ND 
11/25/03 28.8 20.1 36.1 ND 

03111/04 5.5 5.7 39.1 J 4.0 

07/21/04 5.6 4.9J 40.6 4.7 

11124/04 4.7 J 6.9 38.6 2.6 

GMW-11 05/05/97 ND 258.0 1,290.0 ND 

11/17/97 ND 257.0 1,780.0 ND 

06/03/98 ND 150.0 1,200.0 ND 
11/18/98 ND 460.0 1,600.0 ND 
05/27/99 ND 540.0 1,800.0 ND 

pre-full scale 03/28/03 4.5 u· J 60.6 176.9 J 3.1 

11/25/03 4.0 u· J 44.7 198.5 J 4.6 
03111/04 2.2 J 49.5 174.3 J 6.4 

07/21/04 ND 12.2 77.3 11.3 

11/24/04 ND 8.8 76.0 10.2 

GMW-14 05/05/97 103,000.0 123,000.0 ND 11,700.0 

11117/97 ND 43,800.0 72,200.0 7,040.0 
06/03/98 ND 50,000.0 72,000.0 5,100.0 

11118/98 ND 57,000.0 84,000.0 6,900.0 

05/27/99 2,600 J 58,000.0 85,000.0 7,200.0 

pre-pilot 12/04/01 3,580.0 39,600.0 69,768.4 6,180.0 

post·pilot 01/10/02 ND ND ND ND 

pre-full scale 03/28/03 4,640.0 50,700.0 64,400.0 2,400.0 

11/24/03 KMn04 KMn04 KMn04 KMn04 

03/11/04 KMn04 KMn04 KMn04 KMn04 

07/20/04 KMn04 KMn04 KMn04 KMn04 

11123/04 KMnO KMnO KMnO KMnO 
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Table 2-3 

Groundwater Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Monitoring Well Sample Date 
PCE (ug/L) 

MCL·S 
TCE (ug/L) 

MCL-5 

DCE (total) 
(ug/L) 

MCL • 70 

Vinyl Chloride 
(ug/L) 

MCL·2 

GMW-15 05/06/97 39,200.0 9,030.0 13,500.0 ND 

06/03/98 53,000.0 10,000.0 17,000.0 ND 

11/18/98 67,000.0 18,000.0 24,000.0 ND 

05/27/99 74,000.0 23,000.0 22,000.0 ND 

pre-pilot 12/04/01 65,200.0 14,500.0 23,834.5 940J 

post-pilot 01/11/02 66,500.0 27,200.0 19,300.0 ND 

pre-full scale 03/27/03 68,100.0 17,600.0 21,900.0 ND 

11/24/03 64,300.0 67,900.0 13,700.0 ND 

03/10/04 73,800.0 25,500.0 27,600.0 500 J 

07/20/04 KMn04 KMn04 KMn04 KMn04 

11/23/04 KMn04 KMn04 KMn04 KMn04 

GMW-16 05/05/97 ND 48.0 32.8 ND 

11/17/97 3.0 56.3 20.5 ND 

06/03/98 ND 150.0 90.0 ND 

11/19/98 3.0 36.0 20.0 ND 

05/27/99 4.0 J 60.0 38.0 ND 

pre-pilot 12/04/01 18.0 J 158.0 178.5 ND 

post-pilot 01/10/02 1.6 J 89.3 97.2 ND 

pre-full scale 03/28/03 390 J 5,390.0 14,100.0 82 J 

04/08/03 360 J 5,750.0 13,000.0 ND 

11/24/03 KMn04 KMn04 KMn04 KMn04 

03/11/04 KMn04 KMn04 KMn04 KMn04 

07/20/04 KMn04 KMn04 KMn04 KMn04 

11/23/04 KMn04 KMn04 KMnO., KMn04 

GMW-17 05/06/97 ND 386.0 ND ND 

11/17/97 ND 513.0 ND ND 

06/03/98 ND 340.0 ND ND 

11/18/98 ND 560.0 ND ND 

05/27/99 ND 460.0 ND ND 

pre-pilot 12/05/01 50.9 664.0 28.0 J ND 

post-pilot 01/11/02 90.3 673.0 34.0 ND 

pre-full scale 03/27/03 339.0 772.0 132.0 ND 

11/24/03 1,530.0 2,620.0 450J ND 

03/10/04 100J 2,020.0 64 J ND 

07/21/04 119.0 1,300.0 67 J ND 

11/23/04 100 J 1 060.0 60 J ND 
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Table 2-3 

Groundwater Data Summary Table 


PerkinEimer 

Missouri Metals Site 

Overland, Missouri 


Monitoring Well Sample Date 
PCE (ug/L) 

MCL·S 
TCE (ug/L) 

MCL-5 

DCE (total) 
(ug/L) 

MCL • 70 

Vinyl Chloride 
(ug/L) 

MCL·2 

GMW-19 08/18/00 ND 11,000.0 2,900.0 ND 

03/02/01 260J 4,300.0 1,200.0 ND 

pre-pilot 12/05/01 2008 7,180.0 2,463.1 3.3 

post-pilot 01/10/02 ND 622.0 944.0 ND 

pre-full scale 03/28/03 362.0 9,060.0 3,100.0 ND 

11/25/03 670J 11,600.0 4,320.0 ND 

03/11/04 280J 9,690.0 3,720.0 ND 

07/20/04 200J 8,070.0 3,030.0 ND 

11/23/04 180 J 7,870.0 3,030.0 ND 
GMW-20 08/18/00 ND 2,000.0 ND ND 

03/02/01 ND 1,700.0 400.0 ND 

pre-pilot 12/05/01 44.0 2,260.0 522.3 ND 

post-pilot 01110/02 ND 117.0 176.0 ND 

pre-full scale 03/28/03 62J 1,900.0 524.0 ND 

11/25/03 170 J 1,860.0 591.0 ND 

03/11/04 95 J 2,910.0 663.0 ND 

07/20/04 34 J 2,400.0 622.0 ND 

11/23/04 28J 2 500.0 656.0 ND 

Notes: 
PCE- Tetrachloroethylene 
TCE- Trichloroethylene 
DCE (total)- Dichloroethylene 

ug!L- Micrograms per liter 
MCL- Maximum contaminant level for drinking water 
ND- Not detected 

J - Qualified as estimated 
U* - Qualified as undetected 

KMn04 - Potassium permanganate 
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Table 3-1 

Data Summary and Identification of COPCs in Soil 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Number of 
Positive 

Detections 
Number of 
Samples 

Percent 
Positive 

Detections 

Maximum 
Concentration 

(mg/kg) 
Depth 
(feet) Location 

95 Percent 
UCL 

(mg/kg) 

Screening 
Level 

(mglkg) 
Volatiles 

Acetone 7 21 33% 4.64E-01 5.5--5.7 SB-4/CME-2 1.46E-01 5.40E+o4· 

Benzene 1 5 20% 1.00E-03 5.5--5.7 SB-4/CME-2 3.45E-03 1.70E+02 

2-Butanone 3 9 33% 1.20E+OO 1.3-1.8 AS-7/S-1 6.51E-01 NA 
1,1-Dichloroethene 1 19 5% 1.00E-03 1.3-1.8 AS-7/S-1 1.13E+OO 8.30E+OO 

1 ,2-Dichloroethene (total) 21 50 42% 4.26E+02 1.0-1.5 GMW-14/CME-1 4.17E+01 5.60E+021 

Ethylbenzene 2 4 50% 1.00E-03 1.0-1.5 & 3.3-3.9 AS-7/S-1 & AS-8/S-2 5.57E-03 4.00E+o2· 
2-Hexanone 1 5 20% 2.00E-03 5.5-5.7 SB-4/CME-2 6.62E-02 NA 

Methylene chloride 5 9 56% 7.50E-02 3.8-4.4 GMW-15/CME-2 3.52E-02 6.70E+02 
Tetrachloroethene 25 50 50% 1.90E+03 0.8-1.3 GMW-17/CME-1 2.47E+02 3.80E+02 
Toluene 5 9 56% 4.00E-03 3.3-3.9 AS-8/S-2 3.26E-03 1.10E+04 

1,1, 1-Trichloroethane 3 15 20% 3.89E+OO 3.0-4.5 08-13 3.27E+OO 2.00E+03 

Trichloroethene 17 50 34% 3.04E+02 0.8-1.3 GMW-17/CME-1 3.92E+01 2.60E+02 

1,1,2-Trichloroethene 1 4 25% 5.00E-03 1.3-1.8 AS-7/S-1 4.67E-03 NA 
Vinyl chloride 4 9 44% 1.84E-01 10.6-11.0 SB-4/CME-3 2.23E-01 7.50E-o1· 

Xylenes. total 5 9 56% 6.19E-01 19.6-20.0 SB-4/CME-4 7.52E-01 4.20E+o2· 

Notes: 
1 -Screening level is for cis-1 ,2-Dichloroethene. 
Screening levels represent the cleanup goals established in the consent order unless otherwise noted. 
•screening level obtained from USEPA Region 9 PRG table (USEPA, 2004). 


Shaded values indicate exceedance of screening level. 


mg/kg- milligrams per kilogram 
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Table 3-2 

Data Summary and Identification of COPCs in Groundwater 


Monitoring Wells GMW-3, 7, 8, 9 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Number of Percent Maximum 95 Percent Screening 
Positive Number of Positive Concentration UCL Level 

Detections Samples Detections (mg/L) Location Date (mg/L) (mg/L) 

Volatiles 
1, 1-Dichloroethene 3 16 19% 1.25E+OO GMW-8 11/24/03 4.55E-01 7.00E-03 

cis-1 ,2-Dichloroethene 16 16 100% 1.90E+01 GMW-8 11/23/04 1.00E+01 7.00E-02 

trans-1 ,2-Dichloroethene 1 16 6% 1.25E+OO GMW-8 11/24/03 4.54E-01 1.00E-01 

Tetrachloroethene 9 16 56% 9.20E-01 GMW-8 11/24/03 3.51E-01 S.OOE-03 

Trichloroethene 16 16 100% 3.03E+OO GMW-8 11/23/04 1.81E+OO S.OOE-03 

Vinyl chloride 12 16 75% 8.89E-01 GMW-8 11/23/04 4.53E-01 2.00E-03 

Notes: 

Screening levels represent the cleanup goals established in the consent order. 


Shaded values indicate exceedance of screening level. 

mg/L - milligrams per Liter 
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Table 3-3 

Data Summary and Identification of COPCs in Groundwater 


Monitoring Wells GMW-5 6 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Number of Percent Maximum 95 Percent Screening 
Positive Number of Positive Concentration UCL Level 

Volatiles 

Detections Samples Detections (mg/L) Location Date (mg/L) (mg/L) 

1,1-Dichloroethene 0 5 0% ND NA NA NA ?.OOE-03 

cis-1 ,2-Dichloroethene 5 5 100% 2.33E+01 GMW-6 3110/04 1.72E+01 ?.OOE-02 

trans-1 ,2-Dichloroethene 2 5 40% 4.00E-02 GMW-5 3/10/04 4.51E+OO 1.00E-01 

Tetrachloroethene 5 5 100% 5.44E+01 GMW-6 3/10/04 4.28E+01 5.00E-03 

Trichloroethene 5 5 100% 2.31E+01 GMW-6 3110/04 1.74E+01 5.00E-03 

Vinyl chloride 4 5 80% 7.02E-01 GMW-5 7/21/04 s.nE-01 2.00E-03 

Notes: 


Screening levels represent the cleanup goals established in the consent order. 


Shaded values indicate exceedance of screening level. 

mg/L- milligrams per Liter 
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Table4-1 

Noncancer Toxicity Information 


for Chemicals of Potential Concern 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Oral Inhalation 
RID' Toxic Effect RID' Toxic Effect 

Parameter (mg/kg/day) Source of Concern (mg/kg/day) Source of Concern 
Volatiles 
1, 1-Dichloroethene SE-02 IRIS Liver toxicity (fatty change) 6E-02 IRIS Liver toxicity (fatty change) 
cis-1 ,2-Dichloroethene 1 E-02/1 E-01 PPRTV 
trans-1 ,2-Dichloroethene 2E-02 IRIS Increased serum alkaline phosphatase in male mice 
Tetrachloroethene 1E-02/1E-01 IRIS Hepatotoxicity in mice, weight gain in rats 1E-02 OEHHA Kidney; alimentary system (liver) 
Trichloroethene 3E-04 Region 9 2E-01 OEHHA Nervous system, eyes 
Vimrl Chloride 3E-03 IRIS Liver cell polymorphism 3E-02 IRIS Liver cell oolvmorohism 

Notes: 
, - Subchronic reference values, if available in HEAST, are listed following the slash mark. 
'- RIC (mg/m') values are converted to RID (mg/kg/day) values using the equation provided in the preface of HEAST. 
IRIS -Integrated Risk Information System (USEPA, 2005) 
HEAST- Health Effects Assessment Summary Tables (USEPA, 1997a) 
OEHHA- California Office of Environmental Health Hazard Assessment, Toxicity Criteria Database (OEHHA, 2005). 
PPRTV- Provisional Peer-Reviewed Toxicity Values 
Region 9- USEPA Region 9 Preliminary Remediation Goals (PRGs) (USEPA, 2004) 

Blanks indicate that information is not available. 

RID- Reference Dose 

RfC- Reference Concentration 

mg/kg/day- milligrams per kilogram per day 
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Table4-2 

USEPA Carcinogen Classification* 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


CARCINOGEN CATEGORIES 

A Human carcinogen 

B Probable human carcinogen 

C Possible human carcinogen 

D Not classifiable 

E Evidence of noncarcinogenicity 

WfiGl::II-QE-EYICE~QE QLASSIEICAIIQ~ MAIBI~ 

Animal Evidence 
Human Evidence Sufficient Limited Inadequate No Data No Evidence 

Sufficient A A A A A 

Limited B1 B1 B1 B1 B1 

Inadequate B2 c D D D 

No Data B2 c D D E 

No Evidence B2 0 0 0 E 

Notes: The B category is subdivided into 81 and 82, with the strength of any available human 
data being the deciding factor. 
USEPA =United States Environmental Protection Agency 

'FR, 1986 
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Table 4-3 

Cancer Toxicity Information 


for Chemicals of Potential Concern 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Weight-of- Oral Inhalation 
Evidence Slope Factor Slope Factor' 

Parameter Classification' 1/(mg/kg/davl Source 1/(mg/kg/day} Source Site of Tumor 
Volatiles 
1, 1-Dichloroelhene c 
cis-1 ,2-Dichloroelhene D 
trans-1 ,2-Dichloroethene 
Tetrachloroethene SE-01 OEHHA 2E-02 OEHHA Liver 
Trichloroethene 1E-02 OEHHA ?E-03 OEHHA Nervous system, eyes 
Vinyl Chloride A 8E-01 IRIS 2E-02 IRIS Liver 

Notes: 
' ·Weight of evidence classifications obtained from IRIS. 
'-Unit risk [1/(mg/m')] values are converted to slope factors [1/(mg/kg/day)] values using the equation provided in the 

preface of HEAST. 
IRIS· Integrated Risk Information System (USEPA, 2005) 
HEAST- Health Effects Assessment Summary Tables (USEPA, 1997a) 
OEHHA- California Office of Environmental Health Hazard Assessment, Toxicity Criteria Database (OEHHA, 2005). 
Blanks indicate that information is not available. 
mglm' - milligrams per cubic meter 
mg/kg/day- milligrams per kilogram per day 
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Table 5-1 

Formula for Inhalation of Vapor Phase Chemicals' 


Perkin Elmer 


Equation: 
IN= CA x IR x ET x EF xED I (BW x AT) 

Where: 

CA = Chemical concentrations in air (milligram per cubic meter [mg/m3

]) 


IR = Inhalation rate (cubic meter per hour [m3/hr]) 

ET = Exposure lime (hours/day) 

EF = Exposure frequency (days/year) 

ED = Exposure duration (years) 

BW = Body weight (kilogram [kg]) 

AT = Averaging time (days) 


Indoor Worker Variable Values: 

CA = Modeled to indoor air from groundwater data (See Table?) 

IR = 0.633 m3/hr (mean value for adults) (USEPA, 1997a) 

ET = 8 hours/day (Standard working day) 

EF = 250 days/year (USEPA, 1991) 

ED = 25 years (USEPA, 1991) 

BW = 70 kg (USEPA, 1989) 

AT = 9,125 days for noncancer effects [25 years (ED) x 365 days/year] (USEPA, 1989) 


25,550 days for cancer effects [70 years (Lifetime) x 365 days/year] (USEPA, 1989) 

Outdoor Worker Variable Values: 
CA = 	 Modeled to outdoor air from groundwater dala (See Table?) 
IR = 	 1.3 m'lhr (Hourly average for outdoor workers) (USEPA, 1997a) 
ET = 	 8 hrs/day (Standard working day) 
EF = 	 125 days/year (See text) 
ED = 	 25 years (USEPA, 1991) 
BW = 	 70 kg (USEPA, 1989) 
AT = 	 9,125 days for noncancer effects [25 years (ED) x 365 days/year] (USEPA, 1989) 

25,550 days for cancer effects [70 years (Lifetime) x 365 days/year] (USEPA, 1989) 

Construction Worker Variable Values: 

CA Modeled to ouldoor air from groundwater data (See Table?) 

IR = 2.5 m3/hr (mean value for outdoorworl<er- heavy activity) (USEPA, 1997a) 

ET = 8 hours/day (See text) 

EF = 	 130 days/year (See text) 

ED = 	 1 year (See text) 

BW = 	 70 kg (USEPA, 1989) 

AT = 	 180 days for noncancer effects 

25,550 days for cancer effects [70 years (Lifetime) x 365 days/year] (USEPA, 1989) 

'USEPA. 1989 
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Table 5-2 

Groundwater Data Set for Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals,Bold"Bold"Site 


Overland, Missouri 


Monitoring Well Date 

DTW 
(ft) 

Tetrachloroethane 

(mg/L) 

Calc Value 

Trichloroethane 

(mg/L) 

Calc Value 

cis-1,2~Dichloroethene 

(mg/L) 

Calc Value 

1,1 ~Dichloroethene 

(mg/L) 

Calc Value 

GMW-3 11/24/2003 4.48 0.084 J 0.084 0.984 0.984 0.888 0.888 0.250 u 0.125 

3/10/2004 0.035 0.035 0.040 0.040 0.095 0.095 0.005 u 0.003 

7/21/2004 0.003 J 0.003 0.351 0.351 0.652 0.652 0.003 J 0.003 

11/23/2004 5.17 0.025 u 0.013 0.120 0.120 1.010 1.010 0.025 u 0.013 

GMW-7 11/24/2003 3.07 0.052 J 0.052 0.487 0.487 0.282 0.282 0.125 u 0.063 

3/10/2004 0.008 0.008 0.468 0.468 0.302 0.302 0.002 J 0.002 

7/21/2004 0.010 0.010 0.534 0.534 0.270 0.270 0.002 J 0.002 

11/23/2004 3.47 0.006 J 0.006 0.335 0.335 0220 0.220 0.025 u 0.025 

GMW-8 11/24/2003 3.71 0.920 J 0.920 2.400 J 2.400 15.100 15.100 2.500 u 1.250 

3/10/2004 0.500 u 0.250 1.310 1.310 8.380 8.380 0.500 u 0.250 

7/21/2004 0.250 u 0.125 2.190 2.190 12.000 12.000 0.250 u 0.125 

11/2312004 4.78 0.500 u 0.250 3.030 3.030 19.000 19.000 0.500 u 0.250 

GMW-9 11/24/2003 4.03 0.083 J 0.083 0.980 0.980 0.831 0.831 0.250 u 0.125 

3/10/2004 0.125 u 0.063 0.592 0.592 1.020 1.020 0.125 u 0.063 

7/21/2004 0.100 u 0.050 0.591 0.591 1.150 1.150 0.100 u 0.050 

11/23/2004 5.31 0.100 u 0.050 0.676 0.676 0.655 0.655 0.100 u 0.050 

Notes: 

Column labeled "Calc Value" shows the value used in the upper confidence limit calculations. 

J - Qualified as estimated 


U -Chemical not detected at identified reporting reporting limit 

One-half the reporting limit was used as proxy value for undetected compounds. 
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Table 5-2 

Groundwater Data Set for Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals,Bold"Bold"Site 


Overland, Missouri 


trans~1 ,2~Dichloroethene Vinyl Chloride 

DTW (mg/L) (mg/L) 
Monitoring Well Date (It) Calc Value Calc Value 

GMW-3 1112412003 4.48 0.250 u 0.125 0.036 J 0.036 

311012004 0.005 u 0.003 0.003 0.003 

712112004 0.005 u 0.003 0.034 0.034 

1112312004 5.17 0.025 u 0.013 0.048 0.048 

GMW-7 11/2412003 3.07 0.125 u 0.063 0.050 u 0.025 

311012004 0.002 J 0.002 0.014 0.014 

712112004 0.005 u 0.003 0.013 0.013 

1112312004 3.47 0.025 u 0.013 0.009 J 0.009 

GMW-8 11/2412003 3.71 2.500 u 1.250 0.710 J 0.710 

3110/2004 0.500 u 0.250 0.459 0.459 

712112004 0.250 u 0.125 0.380 0.380 

1112312004 4.78 0.500 u 0.250 0.889 0.889 

GMW-9 1112412003 4.03 0.250 u 0.125 0.100 u 0.050 

311012004 0.125 u 0.063 0.050 u 0.025 

712112004 0.100 u 0.050 0.040 u 0.020 

1112312004 5.31 0.100 u 0.050 0.013 J 0.013 

Notes: 


Column labeled "Calc Value" shows the value used in the upper confidence limit calculations. 

J - Qualified as estimated 


U - Chemical not detected at identified reporting reporting limit 


One-half the reporting limit was used as proxy value for undetected compounds. 
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Table 5-3 

Groundwater Data Set for Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Tetrachloroethane Trichloroethane cis-1,2-Dichloroethene 1,1-Dichloroethene 
DlW (mg/L) (mgiL) (mg/L) (mgiL) 

Monitoring Well Date (ft) Calc Value Calc Value Calc Value Calc Value 

GMW-5 1112412003 

311012004 

712112004 

1112312004 

10.87 

11.78 

KMn04 

0.706 

1.250 

1.140 

KMn04 

0.706 

1.250 

1.140 

KMn04 

1.170 

1.680 

1.670 

KMn04 

1.170 

1.680 

1.670 

KMn04 
2.860 

4.670 

4.820 

KMn04 
2.860 

4.670 

4.820 

KMn04 KMn04 

0.200 u 0.100 

0.125 u 0.063 

0.250 u 0.125 

GMW-6 1112412003 

311012004 
712112004 

1112312004 

0.83 

5.80 

36.500 

54.400 

KMn04 

KMn04 

36.500 

54.400 

KMn04 

KMn04 

13.100 

23.100 

KMn04 

KMn04 

13.100 

23.100 

KMn04 

KMn04 

10.600 

23.300 

KMn04 

KMn04 

10.600 

23.300 

KMn04 

KMn04 

5.000 u 2.500 

1.250 u 0.625 

KMn04 KMn04 

KMn04 KMn04 

Notes: 

Column labeled "Calc Value" shows the value used in the upper confidence limit calculations. 

J -Qualified as estimated 


U -Chemical not detected at identified reporting reporting limit 


One-half the reporting limit was used as proxy value for undetected compounds. 
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Table 5-3 

Groundwater Data Set for Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Monitoring Well Date 

DTW 

(ft) 

trans~1,2-Dichloroethene 

(mg/L) 

Calc Value 

Vinyl Chloride 

(mg/L) 

Calc Value 
GMW-5 11/24/2003 

3/10/2004 

7/21/2004 

11/23/2004 

10.87 

11.78 

KMn04 

0.040 

0.038 

0.250 

J 
J 
u 

KMn04 

0.040 

0.038 

0.125 

KMn04 

0.390 

0.702 

0.657 

KMn04 

0.390 

0.702 

0.657 
GMW-6 11/24/2003 

3/10/2004 

7/21/2004 

11/23/2004 

0.83 

5.80 

5.000 

1.250 

KMn04 

KMn04 

u 
u 

2.500 
0.625 

KMn04 
KMn04 

2.000 

0.582 

KMn04 

KMn04 

u 1.000 

0.582 

KMn04 

KMn04 

Notes: 

Column labeled "Calc Value" shows the value used in the upper confidence limit calculations. 


J - Qualified as estimated 


U - Chemical not detected at identified reporting reporting limit 


One-half the reporting limit was used as proxy value for undetected compounds. 
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Table 5-4 

Exposure Concentrations in Groundwater 


Monitoring Wells GMW- 3, 7, 8, & 9 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Parameter 

Maximum Detected 
Concentration 

(mg/L) 

95 Percent Upper 
Confidence 
Limit (UCL) 

(mg/L) 

Exposure 
Concentration 

Used in HHBRA 
(mg/L) 

1, 1-Dichloroethene 
cis-1 ,2-Dichloroethene 
trans-1 ,2-Dichloroethene 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

1.25E+OO 

1.90E+01 
1.25E+OO 
9.20E-01 
3.03E+OO 
8.89E-01 

4.55E-01 
1.00E+01 
4.54E-01 
3.51E-01 
1.81E+OO 
4.53E-01 

4.55E-01 
1.00E+01 
4.54E-01 
3.51E-01 
1.81E+OO 
4.53E-01 

Notes: 


Concentration used in HHBRA represents the lower of the 95 percent UCL or maximum detected 

concentration (USEPA, 1992). 

95 percent UCL values were calculated using USEPA's ProUCL Software Version 3.00.02. 
One-half of the detection limit was used in 95 percent UCL calculations as a proxy 

concentration for results that were non-detect. 
HHBRA- Human Health Baseline Risk Assessment 
mg/L- milligrams per Liter 
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Table 5-5 

Exposure Concentrations in Groundwater 


Monitoring Wells GMW- 5 & 6 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Parameter 

Maximum Detected 

Concentration 
(mg/L) 

95 Percent Upper 
Confidence 
Limit (UCL) 

(mg/L) 

Exposure 
Concentration 
Used In HHBRA 

(mg/L) 

cis-1 ,2-Dichloroethene 
trans-1, 2-Dichloroethene• 

Tetrachloroethene 
Trichloroethane 
Vinyl Chloride• 

2.33E+01 
4.00E-02 
5.44E+01 
2.31 E+01 
7.02E-01 

1.72E+01 

.4.51E+OO 
4.28E+01 

1.74E+01 
8.77E-01 

1.72E+01 
4.00E-02 
4.28E+01 
1.74E+01 

7.02E-01 

Notes: 

Concentration used in HHBRA represents the lower of the 95 percent UCL or maximum detected 


concentration (USEPA, 1992). 
95 percent UCL values were calculated using USEPA's ProUCL Software Version 3.00.02. 
One-half of the detection limit was used in 95 percent UCL calculations as a proxy 

concentration for results that were non-detect. 

HHBRA- Human Health Baseline Risk Assessment 
mg/L- milligrams per Liter 
• UCL Exceeds Max Detection 
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Table 5-6 

USEPA Johnson & Ettinger Vapor Modeling Results 


for Indoor Air from Groundwater 

Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Parameter 

Chemical 
Concentration 

in Groundwater 

Cma/Ll 

Modeled Chemical 
Concentration in Indoor 

Air from Groundwater 
(mgtm'J 

1, 1-Dichloroethene 4.55E-01 1.49E-02 
cis-1 ,2-Dichloroethene 1.00E+01 4.34E-02 
trans-1 ,2-Dichloroethene 4.54E-01 4.67E-03 
Tetrachloroethane 3.51E-01 5.71E-03 
Trichloroethane 1.81E+OO 1.86E-02 
Vinvl Chloride 4.53E-01 1.82E-02 

Notes: 

Modeled chemical concentrations in air from groundwater taken from Appendix B. 

mg/m3

- milligrams per cubic meter 

mg!L - milligrams per liter 
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Table 5-7 

USEPA Johnson & Ettinger Vapor Modeling Results 


for Indoor Air from Groundwater 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Chemical Modeled Chemical 
Concentration Concentration In Indoor 

in Groundwater Air from Groundwater 
Parameter (mg/L) (mg/m') 

1, 1-Dichloroethene 3.92E+OO 1.29E-01 
cis-1 ,2-Dichloroethene 1.72E+01 7.46E-02 
trans-1, 2-Dichloroethene 4.00E-02 4.11E-04 
Tetrachloroethene 4.28E+01 6.97E-01 
Trichloroethane 1.74E+01 2.00E-01 
Vinyl Chloride 7.02E-01 2.82E-02 

Notes: 

Modeled chemical concentrations In air from groundwater taken from Appendix B. 
mglm3

- milligrams per cubic meter 

mg/L - milligrams per liter 

K:\ENVU&E vs MRBCA Indoor Vapor (GW only).x!s Paga 1 of 1 



Table 5-8 

Volatilization Factor to Outdoor Air from Groundwater • 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Equatjon· 

H xl03 _!:_l+[u,, xs,, xL.,,] m' 
Wx D'" 

'" 
~ 

Vfwamb = Volatilization factor from groundwater to outdoor air (Liters per cubic meter IUrn']) 
H' = Henry's law constant (unitless) 

Uair = Wind speed above ground surface in ambient mixing zone (centimeters per second [cm/s]) 
Sair = Ambient air mixing zone height (centimeters [em]) 
Lgw = Depth to groundwater, which= heap+ hv (em) 

W = Width of source area parallel to wind, or groundwater flow direction (em) 

Deffws = Effective diffusion coefficient between groundwater and soil surface (squared 


centimeters per second [cm'/s]) 


Varjables· 

VFwamb = Calculated 
H' = Chemical-specific(USEPA, 1996) 


Uair = 469 cm/s (MDNR, 2005) 

Sair = 200 em (default breathing zone height, MDNR, 2005) 

Lgw = 457 em (See Text) 


W = 4267 em (Site-specific) 

Deffws = Calculated (See Table 5-9) 


H' Deffws VFwamb 
Chemical (unitless) (cm'/s) (Urn') 
1, 1-Dichloroethene 1.07E+OO 1.90E-03 2.02E-04 
cis-1 ,2-Dichloroethene 1.67E-01 1.59E-03 2.65E-05 
trans-1 ,2-Dichloroethene 3.85E-01 1.51E-03 5.78E-05 
T etrachloroethene 7.54E-01 1.52E-03 1.14E-04 
Trichloroethane 4.22E-01 1.68E-03 7.04E-05 
Vinyl chloride 1.11E+OO 2.23E-03 2.46E-04 

•ASTM, 1995 
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Table 5-9 

Effective Diffusion Coefficient 


Between Groundwater and Soil Surface* 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


EQ!Jation· 

lillhllrll; 
Deffws = Effective diffusion coefficient between groundwater and soil surface (squared 

centimeters per second [cm'/s]) 
heap= Thickness of capillary fringe (centimeters [em]) 

hv = Thickness of vadose zone (em) 
Deffcap = Effective diffusion coefficient through capillary fringe (cm'/s) 

Delfs= Effective diffusion coefficient in soil based on vapor-phase concentration (cm'/s) 

Varjab!es· 
Deffws = Calculated 

heap = 30 em (See Appendix B) 
hv= 427.2 em 

Deffcap = Chemical-specific (See Table 5-10) 
Delfs= Chemical-specific (See Table 5-11) 

Deffcap Delfs Deffws 
Chemical (cm'isi (cm'/s) (cm'/s) 
1, 1-Dichloroethene 2.29E-04 3.90E-03 1.90E-03 
cis-1 ,2-Dichloroethene 1.96E-04 3.19E-03 1.59E-03 
trans-1 ,2-Dichloroethene 1.84E-04 3.06E-03 1.51E-03 
Tetrachloroethane 1.84E-04 3.12E-03 1.52E-03 
Trichloroethane 2.03E-04 3.42E-03 1.68E-03 
Vinvl chloride 2.68E-04 4.59E-03 2.23E-03 

•ASTM, 1995 
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Table 5-10 

Effective Diffusion Coefficient Through Capillary Fringe* 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Equation· 

, J e 3.33 ( e 3.33 JDeff ctn =Di~+ Dwx-'-x~ 

cap [ s 8} H' ei 

ll'illilJ:e; 

Deffcap = Effective diffusion coefficient through capillary fringe (squared centimeters per second (cm'/sJ) 
Di = Diffusion coefficient in air (cm'/s) 

Oacap = Air-filled porosity in capillary fringe soils (liters per liter (LILJ) 
Dw = Diffusion coefficient in water (cm'/s) 

Owcap = Water-filled porosity in capillary fringe soils (Lil) 

Ot = Total soil porosity (Lil) 

H' = Henry's law constant (unitless) 


Variable Vah1es· 
Deffcap = Calculated 


Di = Chemical-specific (USEPA, 1996) 

Oacap = 0.104 LIL (See Appendix B) 


Dw= Chemical-specific (USEPA, 1996) 

Owcap = 0.355 LIL (See Appendix B) 


Ot= 0.459 LIL (See Appendix B) 

H'= Chemical-specific (USEPA, 1996) 


Chemical 
Di 

(cm'/s) 
ow 

(cm'/s) 
H' 

(unltless) 
Deffcap 
(cm'/s) 

1, 1-Dichloroethene 
cis-1, 2-Dichloroethene 
trans-1 ,2-Dichloroethene 
Tetrachloroethane 
Trichloroethane 
Vinvl chloride 

9.00E-02 
7.36E-02 
7.07E-02 
7.20E-02 
7.90E-02 
1.06E-01 

1.04E-05 
1.13E-05 
1.19E-05 
8.20E-06 
9.10E-06 
1.23E-06 

1.07E+OO 
1.67E-01 
3.85E-01 
7.54E-01 
4.22E-01 
1.11E+OO 

2.29E-04 
1.96E-04 
1.84E-04 
1.84E-04 
2.03E-04 
2.68E-04 

• ASTM, 1995 
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Table 5-11 

Effective Diffusion Coefficient Through Soil* 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


EqtJatjon· 

D '"[em' ] = D' 8 !;' +(ow x_Ix8 ~;;' ) 
e 2 

s s H' ® 2 
T T 

Wb.em: 
Delfs= Effective diffusion coefficient in soil (squared centimeters per second [cm'/s]) 

Di = Diffusion coefficient in air (cm'/s) 
Oas = Air-filled porosity in vadose zone soils (liters per liter [Ul]) 
Dw = Diffusion coefficient in water (cm'/s) 

Ows = Water-filled porosity in vadose zone soils (UL) 

Ot = Total soil porosity (Lil) 

H' = Henry's law constant (unitless) 


Varjable Values· 

Delfs= Calculated 

Di= Chemical-specific (USEPA, 1996) 


Oas= 0.244 UL (See Appendix B) 

Dw= Chemical-specific (USEPA, 1996) 


Ows = 0.215 UL (See Appendix B) 

Ot= 0.459 UL (See Appendix B) 

H'= Chemical-specific (US EPA, 1996) 


Chemical 
Di 

lcm'/s\ 
Dw 

(cm'/s\ 
H' 

lunitless\ 
Delfs 

(cm'/s) 
1, 1-Dichloroethene 
cis-1 ,2-Dichloroethene 
trans-1 ,2-Dichloroethene 
T etrachloroethene 
Trichloroethane 
Vinyl chloride 

9.00E-02 
7.36E-02 
7.07E-02 
7.20E-02 
7.90E-02 
1.06E-01 

1.04E-05 
1.13E-05 
1.19E-05 
8.20E-06 
9.10E-06 
1.23E-06 

1.07E+OO 
1.67E-01 
3.85E-01 
7.54E-01 
4.22E-01 
1.11E+OO 

3.90E-03 
3.19E-03 
3.06E-03 
3.12E-03 
3.42E-03 
4.59E-03 

•ASTM, 1995 
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Table 5-12 

MRBCA Vapor Modeling Results for Outdoor Air from Groundwater 


Monitoring Wells GMW-3, 7, 8, & 9 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Parameter 

Chemical 

Concentration 

In Groundwater 

imo/Ll 

Volatilization Factor 

in Groundwater 

(Lim') 

Modeled Chemical 

Concentration in Outdoor 

Air from Groundwater 

(mg/m 3) 

1,1·Dichloroethene 4.55E-01 2.02E-04 9.19E-05 
cis·1 ,2-Dichloroethene 1.00E+01 2.65E-05 2.65E-04 
trans-1,2-Dich!oroethene 4.54E-01 5.78E-05 2.62E-05 
Tetrachloroethene 3.51E-01 1.14E-04 4.00E-05 
Trichloroethene 1.81E+OO 7.04E-05 1.27E-04 
Vinvl Chlortde 4.53E-01 2.46E-04 1.11E-04 

Notes: 
Modeled chemical concentration in outdoor air from groundwater calculated by multiplying the chemical 

concentration in groundwater by the volatilaization factor in groundwater. 
Llm3

- liters per cubic meter 

mg/l - milligrams per liter 
mg/m3

- milligrams per cubic meter 
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Table 5-13 

MRBCA Vapor Modeling Results for Outdoor Air from Groundwater 


Monitoring Wells GMW-5 & 6 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Chemical Modeled Chemical 

Concentration Volatilization Factor Concentration In Outdoor 
In Groundwater in Groundwater Air from Groundwater 

Parameter (mg/L) (Um3
) (mg/m3

) 

1,1-Dichloroethene 3.92E+OO 1.90E-03 7.45E-03 

cis-1,2-Dichloroelhene 1.72E+01 1.59E-03 2.73E-02 

trans-1 ,2-Dichloroethene 4.00E-02 1.51E-03 6.04E-05 

Tetrachloroethane 4.28E+01 1.52E-03 6.51E-02 

Trichloroethene 1.74E+01 1.68E-03 2.92E-02 

Vlnyl Chloride 7.02E-01 2.23E-03 1.57E-03 

Notes: 
Modeled chemical concentration in outdoor air from groundwater calculated by multiplying the chemical concentration in 
groundwater by the vo!atilaization factor In ground\vater. 
Um3 

- liters per cubic meter 
mgll - milfigrams per liter 
mg/m3

- milligrams per cubic meter 
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Table 6-1 

Hazard Index Estimates for 


Indoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


2.2E-03 NAv NAp 
2.3E-04 NAv NAp 
2.8E-04 3E-021E-02 
9.2E-04 2E-01 SE-03 
9.0E-04 3E-02 

Notes: 
NAv- Not available 
NAp - Not applicable 
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Table 6-2 

Hazard Index Estimates for 


Indoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Chemical 

Daily 
Intake 

lma/ka/davl 
RID 

lma/kaldavl 
Hazard 

Quotient 

Pathway 
Hazard 
Index 

Total 
Hazard 
Index 

Exnosure Pathwav: Inhalation of Indoor Air Nanor Intrusion\, GMW-5 & 6 
Volatiles 
1, 1-Dichloroethene 
cis-1 ,2-Dichloroethene 
trans-1 ,2-Dichloroethene 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

6.4E-03 
3.7E-03 
2.0E-05 
3.5E-02 
9.9E-03 
1.4E-03 

6E-02 
NAv 
NAv 

1E-02 
2E-01 
3E-02 

1E-01 
NAp 
NAp 

3E+OO 
SE-02 
SE-02 

4E+OO 
4E+OO 

Notes: 
NAv- Not available 
NAp - Not applicable 
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Table 6-3 

Excess Lifetime Cancer Risk Estimate for 


Indoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-3, 7, 8, &9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


1.0E-04 
3.3E-04 
3.2E-04 

Pathway 
Cancer 

Risk 

Total 
Cancer 

Risk 

Notes: 
NAv- Not available 
NAp - Not applicable 
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Table 6-4 

Excess Lifetime Cancer Risk Estimate for 


Indoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


1.2E-02 
3.5E-03 
5.0E-04 

2E-05 

Notes: 
NAv- Not available 
NAp - Not applicable 
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Table 6-5 

Hazard Index Estimates for 


Outdoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Chemical 
II'Ynn•urA 

Dally 
Intake 

(mg/kglday) 
onfOoo 

RID 
.(mg/kglday) 

' tr.MW.~ 7 

Hazard 
Quotient 
R R. Q\ 

Pathway 
Hazard 
Index 

Total 
Hazard 
Index 

Volatiles 
1,1-Dichloroethene 
cis-1 ,2-Dichloroethene 
trans-1 ,2-Dichloroethene 
Tetrachloroethane 
Trichloroethane 
Vinyl Chloride 

4.7E-06 
1.3E-05 
1.3E-06 
2.0E-06 
6.5E-06 
5.7E-06 

6E-02 
NAv 
NAv 

1E-02 
2E-01 
3E-02 

BE-05 
NAp 
NAp 

2E-04 
3E-05 
2E-04 

5E-04 
5E-04 

Notes: 
NAv- Not available 
NAp - Not applicable 
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Table 6-6 

Hazard Index Estimates for 


Outdoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Daily Pathway Total 
Intake RID Hazard Hazard Hazard 

Chemical (ma/ka/davl lma/ka/dayl Quotient Index Index 
Vanors '&I\\ 


Volatiles 

1, 1-Dichloroethene 
 3.8E-04 6E-02 6E-03 
cis-1 ,2-Dichloroethene 1.4E-03 NAv NAp 
trans-1 ,2-Dichloroethene 3.1 E-06 NAv NAp 
Tetrachloroethene 3.3E-03 1E-02 3E-01 
Trichloroethene 1.5E-03 2E-01 ?E-03 
Vinyl Chloride B.OE-05 3E-02 3E-03 

3E-01 
3E-01 

Notes: 
NAv · Not available 
NAp · Not applicable 
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Table 6-7 

Excess Lifetime Cancer Risk Estimate for 


Outdoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Daily Slope Excess Pathway Total 
Intake Factor Cancer Cancer Cancer 

Chemical rma/ka/davl (mg/kg/day)-1 Risk Risk Risk 
, of' ' IGMW-3. 7. 8. & 9\ 

Volatiles 
1,1-Dichloroethene 1.7E-06 NAv NAp 
Tetrachloroethane 7.3E-07 1E-02 ?E-09 
Trichloroethane 2.3E-06 ?E-03 2E-08 
Vinyl Chloride 2.0E-06 2E-02 3E-08 

5E-08 
5E-08 

Notes: 
NAv · Not available 
NAp · Not applicable 
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Table 6-8 

Excess Lifetime Cancer Risk Estimate for 


Outdoor Commercial/Industrial Worker Scenario 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Chemical 

Dally Slope Excess 
Intake Factor Cancer 

(mg/kg/day) ! (mg/kg/day)-1 Risk 
onfO" ; R. Rl 

Pathway 
Cancer 

Risk 

Total 
Cancer 

Risk 

Volatiles 
1, 1-Dichloroethene 
Tetrachloroethane 
Trichloroethane 
Vinyl Chloride 

1.4E-04 
1 .2E-03 
5.3E-04 
2.8E-05 

NAv 
1E-02 
?E-03 
2E-02 

NAp 
1E-05 
4E-06 
4E-07 

2E-05 
2E-05 

Notes: 
NAv- Not available 
NAp -Not applicable 
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Table 6-9 

Hazard Index Estimates for 


Construction Worker Scenario 

Monitoring Wells GMW-3, 7, 8, & 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Daily Pathway Total 

Intake RID Hazard Hazard Hazard 


Notes: 
NAv ~ Not available 
NAp - Not applicable 
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Table 6-10 

Hazard Index Estimates for 


Construction Worker Scenario 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Notes: 
NAv • Not available 
NAp- Not applicable 
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Table 6-11 

Excess Lifetime Cancer Risk Estimate for 


Construction Worker Scenario 

Monitoring Wells GMW-3, 7, 8, &9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Chemical 

Daily 
Intake 

lma/ka/davl 

Slope 
Factor 

lmg/kg/day)-1 

Excess 
Cancer 

Risk 

Pathway 
Cancer 

Risk 

Total 
Cancer 

Risk 
Exposure Pathway: Inhalation of Outdoor Va ors IGMW-3 7 8 & 91 
Volatiles 
1, 1-Dichloroethene 
Tetrachloroethane 
Trichloroethane 
Vinyl Chloride 

1.3E-07 
5.8E-08 
1.9E-07 
1.6E-07 

NAY 
1E-02 
?E-03 
2E-02 

NAp 
6E-10 
1E-09 
2E-09 

4E-09 
4E-09 

Notes: 
NAv- Not available 
NAp - Not applicable 

K:\ENWAQRKNE-1.\1\1<4 Page 1of1 



Table 6-12 

Excess Lifetime Cancer Risk Estimate for 


Construction Worker Scenario 

Monitoring Wells GMW-5 & 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Notes: 
NAv- Not available 
NAp - Not applicable 
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Table 7-1 

Allowable Chemical Concentrations in Groundwater 


for Noncancer Effects 

Indoor Commercial/Industrial Worker Scenario 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Equation· 

C ~ ---===-'rTHc;:l,'-x'-;:B""W'-'x"'A,;T~==;;--
ED X EF X ET X IRa X VF X (1/RfDi) 

Varjables· 
C ~ Allowable concentration in groundwater (mg/L) 

THI ~ Target hazard index (unilless) 
BW ~ Body weight (kg) 
AT~ Averaging time (days) 

ED~ Exposure duration (years) 

EF ~ Exposure frequency (days/year) 

ET ~ Exposure time (hours/day) 


IRa ~ Inhalation rate of air (m'/hr) 
VF ~ Volatilization factor for indoor air (Um') 

RfDi ~ lnhalalion reference dose (mg/kg/day) 

Indoor 

Worker 


Chemical-specific 

1 


70 

9,125 


25 

250 


8 
0.633 

Chemical-specific 
Chemical-specific 

Allowable 
Chemical 

Chemicals with a Concentration 
Hazard Index VF RfDi in Groundwater 
Over0.1 (Um') (mg/kg/day) (mg/L) 

1, 1-Dichloroethene 3.28E-02 6E-02 3.69E+01 
Tetrachloroethane 1.63E-02 1E-02 1.24E+01 

Note: 

VF values obtained from USEPA's Johnson & Ettinger Spreadsheets (See Appendix C). 
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Table 7-2 

Allowable Chemical Concentrations in Groundwater 


for Cancer Effects 

Indoor Commercial/Industrial Worker Scenario 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Equation· 

C = -----.==='T'-'R"'x,;;B:.:,W;,;x""A"'T';-;;o.,.,-;;,--- 
EDx EFx ETx IRaxVF xSFi 

Varjab!es· 
C = Allowable concentration in groundwater (mg/L) 

TR = Target risk level (unitless) 
BW = Body weight (kg) 
AT= Averaging time (days) 

ED = Exposure duration (years) 

EF = Exposure frequency (days/year) 

ET = Exposure time (hours/day) 


IRa= Inhalation rate of air (m'/hr) 
VF = Volatilization factor for indoor air (Um') 

SFi = Inhalation slope factor 1/(mg/kg/day) 

Indoor 
Worker 

Chemical-specific 

1E-05 


70 

25,550 


25 

250 


8 
0.633 

Chemical-specific 
Chemical-specific 

Allowable 
Chemical 

Chemicals with Concentration 
a Cancer Risk of VF SFi in Groundwater 
Over 1 E-07 (Um') 1/(mg/kg/day) (mg/L) 

Tetrachloroethane 1.63E-02 2E-02 1.65E+OO 
Trichloroethane 1.03E-02 7E-03 7.84E+OO 
Vinyl Chloride 4.02E-02 2E-02 9.13E-01 

Note: 
VF values obtained from USEPA's Johnson & Ettinger Spreadsheets (See Appendix C). 
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Table 7-3 

Allowable Chemical Concentration in Groundwater 


for Cancer Effects 

Outdoor Commercial/Industrial Worker Scenario 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Equation· 

C=-------------r~~T~R~x~B~W~xA~T~~r,-------------
EDx EFxETxiRaxVFxSFi 

Varjab!es· 
C = Allowable concentration in groundwater (mg/L) 

TR = Target risk level (unitless) 
BW = Body weight (kg) 
AT= Averaging time (days) 

ED= Exposure duration (years) 

EF = Exposure frequency (days/year) 

ET = Exposure time (hours/day) 


IRa = Inhalation rate of air (m'/hr) 
VF = Volatilization factor for outdoor air (Urn') 

SFi = Inhalation slope factor 1/(mg/kg/day) 

Allowable 
Chemical 

Chemicals with Concentration 
a Cancer Risk of VF SFi in Groundwater 
Over 1E-07 (Urn') 1/(mglkg/day) (mg/L) 

Tetrachloroethane 1.14E-04 2E-02 2.30E+02 
Trichloroethane 7.04E-05 ?E-03 1.12E+03 

Note: 
VF values obtained from Table 5·8. 

Outdoor 
Worker 

Chemical-specific 

1E-05 


70 

25,550 


25 

125 

8 

1.3 
Chemical-specific 
Chemical-specific 
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Table 7-4 

Allowable Chemical Concentrations in Groundwater 


for Noncancer Effects 

Construction Worker Scenario 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Equation· 

c~------------~~~T~H~I~x~BW~x~A~T~~~-----------
ED x EF x ET x IRa x VF x (1/RfDi) 

Varjab!es· 

C ~ Allowable concentration in groundwater (mg/L) 
THI ~ Target hazard index (unitless) 
BW ~ Body weight (kg) 
AT~ Averaging time (days) 

ED~ Exposure duration (years) 

EF ~ Exposure frequency (days/year) 

ET ~ Exposure time (hours/day) 


IRa ~ Inhalation rate of air (m'/hr) 
VF ~ Volatilization factor for outdoor air (Um') 

RfDi ~ Inhalation reference dose (mg/kg/day) 

Allowable 
Chemical 

Chemicals with a Concentration 
Hazard Index VF RfDi in Groundwater 
Over0.1 (Um') (mg/kg/day) (mg/L) 

Tetrachloroethene 1.14E-04 6E-02 2.55E+03 

Note: 

VF value obtained from Table 5·8. 


Construction 
Worker 

Chemical-specific 
1 

70 
180 
1 

130 
8 

2.5 
Chemical-specific 
Chemical-specific 
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Table 7-5 

Allowable Chemical Concentrations in Groundwater 


for Cancer Effects 

Construction Worker Scenario 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


EqtJatjon· 

C=-------------r~~T~R~x~B~W~x~A~T~~~-----------
EDxEFxETx IRaxVF x SFi 

Varjables· 
C = Allowable concentration in groundwater (mg/L) 

TR = Target risk level (unitless) 
BW = Body weight (kg) 
AT= Averaging time (days) 

ED= Exposure duration (years) 

EF = Exposure frequency (days/year) 

ET = Exposure time (hours/day) 


IRa= Inhalation rate of air (m'/hr) 
VF = Volatilization factor for outdoor air (Lim') 
SFi = Inhalation slope factor 1/(mg/kg/day) 

Allowable 
Chemical 

Chemicals with Concentration 
a Cancer Risk of VF SFi in Groundwater 
Over 1E-07 (Lim') 1/(mg/kg/day) (mg/L) 

Tetrachloroethane 1.14E-04 2E-02 2.87E+03 
Trichloroethane 7.04E-05 7E-03 1.40E+04 

Note: 
VF values obtained from Table 5-8. 

Construction 
Worker 

Chemical-specific 

1E-05 


70 

25,550 


1 
130 
8 

2.5 
Chemical-specific 
Chemical-specific 
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Table 7-6 

Preliminary Remediation Goals in Groundwater for Commercial/Industrial Land Use 


Based on Target Cancer Risk Level of 1 E-07 and Target Hazard Quotient of 0.1 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Chemical 

Indoor Worker 
Cma/Ll 

Outdoor Worke 
Cma/Ll 

Construction Worker 
Cma/Ll 

1Kecommenaea 
Preliminary 
Remediation 

Goals 
(mg/L)Noncancer I Cancer Cancer Noncancer I Cancer 

Volatile Organic Compounds 
1, 1-Dichloroethene 
Tetrachloroethane 
Trichloroethane 
Vinyl Chloride 

3.69E+01 
1.24E+01 

NA 
NA 

NA 
1.65E+OO 
7.84E+OO 
9.13E-01 

NA 
2.30E+02 
1.12E+03 

NA 

NA 
2.55E+03 

NA 
NA 

NA 
2.87E+03 
1.40E+04 

NA 

3.69E+01 
1.65E+OO 
7.84E+OO 
9.13E-01 

Notes: 

Preliminary Remediation Goals (PRGs) were calculated only for those scenarios resulting in a noncancer hazard quotient greater than or equal to 

one or a cancer risk greater than or equal to 1 E-06. PRGs were not calculated for noncancer effects to outdoor workers because the total hazard 

index was less than 1. 

Recommended PRG represents the most conservative value calculated for a given chemical. 

NA- PRG not calculated because the individual chemical hazard quotient or cancer risk value was below 0.1 or 1 E-07, respectively. 
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Appendix A 
USEPA ProUCL Version 3.00.02 Statistical Output Sheets 
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Monitoring Wells GMW-3, 7, 8, & 9 
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General Statistics 

Data File IK:IENVIPERKINELMER INC\site\26682\DeliviVariable: 11,1-Dichloroethene 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 17 Shapiro-Wilk Test Statisitic 0.481392 
Number of Unique Samples 12 Shapiro-Wilk 5% Critical Value 0.892 
Minimum 0 Data not normal at 5% significance level 
Maximum 1.25 
Mean 0.140959 95% UCL (Assuming Normal Distribution) 
Median 0.05 Student's-t UCL 0.26667 
Standard Deviation 0.296881 
Variance 0.088138 
Coefficient of Variation 2.106151 
Skewness 3.646452 

Gamma Statistics Not Available 

I 
Lognormal Statistics Not Available I I I 

95% Non-parametric UCLs 
CLTUCL 0.259395 
Adj-CLT UCL (Adjusted for skewness) 0.327438 
Mod-I UCL (Adjusted for skewness) 0.277283 
Jackknife UCL 0.26667 
Standard Bootstrap UCL 0.258316 
Bootstrap-! UCL 0.55743 

RECOMMENDATION Hall's Bootstrap UCL 0.671616 
Data are Non-parametric (0.05) Percentile Bootstrap UCL 0.275318 

BCA Bootstrap UCL 0.3572 
Use 95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL 0.454818 

97.5% Chebyshev (Mean, Sd) UCL 0.590624 
99% Chebyshev (Mean, Sd) UCL 0.857391 
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General Statistics 

Data File IK:IENVIPERKINELMER INC\site\26682\DelijVariable: cis-1 ,2-Dichloroethene 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 17 Shapiro-Wilk Test Statisitic 0.63109 
Number of Unique Samples 17 Shapiro-Wilk 5% Critical Value 0.892 
Minimum 0 Data not normal at 5% significance level 
Maximum 19 
Mean 3.638529 95% UCL (Assuming Normal Distribution) 
Median 0.831 Student's-t UCL I 6.197163 
Standard Deviation 6.042508 
Variance 36.5119 
Coefficient of Variation 1.660701 
Skewness 1.742804 

Gamma Statistics Not Available 

Lognormal Statistics Not Available 

95% Non-parametric UCLs 
CLT UCL 6.049101 
Adj-CLT UCL (Adjusted for skewness) 6.711008 
Mod-I UCL (Adjusted for skewness) 6.300407 
Jackknife UCL 6.197163 
Standard Bootstrap UCL 5.989062 
Bootstrap-! UCL 8.332317 

RECOMMENDATION Hall's Bootstrap UCL 6.125192 
Data are Non-parametric (0.05) Percentile Bootstrap UCL 6.010412 

I BCA Bootstrap UCL 6.846882 
Use 95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL 10.0266 

97.5% Chebyshev (Mean, Sd) UCL 12.79072 
99% Chebyshev (Mean, Sd) UCL 18.2203 
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General Statistics 

Data File K:IENV\PERKINELMER INC\site\26682\DelivjVariable: trans-1 ,2-Dichloroethene 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 17 Shapiro-Wilk Test Statisitic 0.481324 
Number of Unique Samples 9 Shapiro-Wilk 5% Critical Value 0.892 
Minimum 0 Data not normal at 5% significance level 
Maximum 1.25 
Mean 0.140241 95% UCL (Assuming Normal Distribution) 
Median 0.05 Student's-t UCL I 0.266084 
Standard Deviation 0.297192 
Variance 0.088323 
Coefficient of Variation 2.119152 
Skewness 3.641734 

Gamma Statistics Not Available 

I I 
Lognormal Statistics Not Available 

95% Non-parametric UCLs 
CLT UCL 0.258802 
Adj-CL T UCL (Adjusted for skewness) 0.326828 
Mod-t UCL (Adjusted for skewness) 0.276695 
Jackknife UCL 0.266084 
Standard Bootstrap UCL 0.255768 
Bootstrap-! UCL 0.573858 

RECOMMENDATION Hall's Bootstrap UCL 0.675885 
Data are Non-parametric (0.05) Percentile Bootstrap UCL 0.280135 

BCA Bootstrap UCL 0.318771 
Use 95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL 0.454429 

97.5% Chebyshev (Mean, Sd) UCL 0.590379 
99% Chebyshev (Mean, Sd) UCL 0.857425 

Page 1 




General Statistics 

j-


Data File K:IENVIPERKINELMER INC\site\26682\DelivjVariable: Tetrachloroethene 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 17 Shapiro-Wilk Test Statisitic 0.533507 
Number of Unique Samples 15 Shapiro-Wilk 5% Critical Value 0.892 
Minimum 0 Data not normal at 5% significance level 
Maximum 0.92 
Mean 0.117612 95% UCL (Assuming Normal Distribution) 
Median 0.05 Student's-t UCL 1 o.211o44 
Standard Deviation 0.220651 
Variance 0.048687 
Coefficient of Variation 1.876099 
Skewness 3.370769 

Gamma Statistics Not Available 

I 
Lognormal Statistics Not Available I 

95% Non-parametric UCLs 
CLTUCL 0.205637 
Adj-CLT UCL (Adjusted for skewness) 0.252386 
Mod-t UCL (Adjusted for skewness) 0.218336 
Jackknife UCL 0.211044 
Standard Bootstrap UCL 0.202457 
Bootstrap-! UCL 0.404301 

RECOMMENDATION Hall's Bootstrap UCL 0.494585 
Data are Non-parametric (0.05) Percentile Bootstrap UCL 0.214935 

I BCA Bootstrap UCL 0.274382 
Use 95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL 0.350882 

97.5% Chebyshev (Mean, Sd) UCL 0.451818 
99% Chebyshev (Mean, Sd) UCL 0.650087 
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General Statistics 

Data File IK:IENVIPERKINELMER INC\site\26682\DeliviVariable: ITrichloroethene 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 17 Shapiro-Wilk Test Statisitic 0.825846 
Number of Unique Samples 17 Shapiro-Wilk 5% Critical Value 0.892 
Minimum 0 Data not normal at 5% significance level 
Maximum 3.03 
Mean 0.887529 95% UCL (Assuming Normal Distribution) 
Median 0.591 Student's-t UCL 1.256374 
Standard Deviation 0.87107 
Variance 0.758763 
Coefficient of Variation 0.981455 
Skewness 1.420452 

Gamma Statistics Not Available 

Lognormal Statistics Not Available I 

95% Non-parametric UCLs 
CLTUCL 1.23503 
Adj-CLT UCL (Adjusted for skewness) 1.3128 
Mod-! UCL (Adjusted for skewness) 1.268505 
Jackknife UCL 1.256374 
Standard Bootstrap UCL 1.220867 
Bootstrap-! UCL 1.426585 

RECOMMENDATION Hall's Bootstrap UCL 1.31036 
Data are Non-parametric (0.05) Percentile Bootstrap UCL 1.253294 

I BCA Bootstrap UCL 1.314118 
Use 95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL 1.808414 

97.5% Chebyshev (Mean, Sd) UCL 2.206882 
99% Chebyshev (Mean, Sd) UCL 2.989595 
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General Statistics 

I 

I 


t-


Data File K:IENVIPERKINELMER INC\site\26682\Deli~Variable: Vinyl Chloride 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 17 Shapiro-Wilk Test Statisitic 0.621495 
Number of Unique Samples 16 Shapiro-Wilk 5% Critical Value 0.892 
Minimum 0 Data not normal at 5% significance level 
Maximum 0.889 
Mean 0.160465 95% UCL (Assuming Normal Distribution) 
Median 0.025 Student's-t UCL 0.277453 
Standard Deviation 0.27628 
Variance 0.076331 
Coefficient of Variation 1.721751 
Skewness 1.861751 

Gamma Statistics Not Available 

I 
Lognormal Statistics Not Available I I 

95% Non-parametric UCLs 
CLT UCL 0.270683 
Adj-CLT UCL (Adjusted for skewness) 0.303013 
Mod-t UCL (Adjusted for skewness) 0.282495 
Jackknife UCL 0.277453 
Standard Bootstrap UCL 0.267715 
Bootstrap-! UCL 0.353269 

RECOMMENDATION Hall's Bootstrap UCL 0.289396 
Data are Non-parametric (0.05) Percentile Bootstrap UCL 0.269529 

I BCA Bootstrap UCL 0.314106 
Use 95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL 0.452545 

97.5% Chebyshev (Mean, Sd) UCL 0.578928 
99% Chebyshev (Mean, Sd) UCL 0.827184 

Page 1 




Monitoring Wells GMW-5 & 6 

j--- 

I 


I 

I 


I 



General Statistics 

Data File K:IENVIPERKINELMER INC\site\26682\DeliVariable: 11,1-Dichloroethene 
I(GMW-5 & 6) 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 5 Shapiro-Wilk Test Statisitic 0.70276 
Number of Unique Samples 5 Shapiro-Wilk 5% Critical Value 0.762 
Minimum 0.0625 Data not normal at 5% significance level 
Maximum 2.5 
Mean 0.6825 95% UCL (Assuming Normal Distribution) 
Median 0.125 Sludent's-1 UCL 1.675712 
Standard Deviation 1.041768 
Variance 1.085281 Gamma Distribution Test 
Coefficient of Variation 1.5264 A-D Test Statistic 0.504621 
Skewness 1.98798 A-D 5% Crilical Value 0.70394 

K-S Test Statistic 0.329512 
Gamma Statistics K-S 5% Crilical Value 0.368886 

khat 0.63808 Data follow gamma distribution 
k star (bias corrected) 0.388565 at 5% significance level 
Theta hat 1.069614 
Theta star 1.756461 95% UCLs (Assuming Gamma Dislribution) 
nu hal 6.380804 Approxl I I I 3.91857 
nu star 3.885655 Adjusted Gamma UCL I 9.652081 
Approx.Chi Square Value (.05) 0.676767 
Adjusted Level of Significance 0.0086 Lognormal Distribution Test 
Adjusted Chi Square Value 0.274755 Shapiro-Wilk Test Statisitic I 0.893408 

Shapiro-Wilk 5% Critical Value I 0.762 
Loll-transformed Statistics Data are loQnormal at 5% siQnificance level 

Minimum of log data -2.77259 
Maximum of loa data 0.916291 95% UCLs (Assuminq Loanormal Distribution) 
Mean of log data -1.34167 95% H-UCL 218.2735 
Standard Deviation of log data 1.530799 95% Chebyshev (MVUEl UCL 2.190395 
Variance of log data 2.343345 97.5% Chebyshev (MVUE) UCL 2.880224 

99%-GhebvsheviMVUEJ·UGl: 4.235262 

95% Non-parametric UCLs 
CLT UCL 1.448826 
Adi-CL T UCL (Adjusted for skewness) 1.891408 
Mod-I UCL (Adjusted for skewness) 1.744746 
Jackknife UCL 1.675712 
Standard Bootstrap UCL 1.36915 
Bootstrap-! UCL 22.5555 

RECOMMENDATION Hall's Bootstrap UCL 12.58969 
Data follow gamma distribution (0.05) Percentile Bootstrap UCL 1.525 

BCA Bootstrap UCL 1.65 
Use A 'proximate Gamma UCL 95% Chebyshev (Mean, Sd) UCL 2.71328 

97.5% Chebyshev (Mean, Sd) UCL 3.592001 
99% Chebyshev (Mean, Sd) UCL 5.318076 

Recommended UCL exceeds the maximum observatio~ I I 
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General Statistics 

Data File IK:IENV\PERKINELMER INC\site\26682\Dei!Variable: lcis-1,2-Dichloroelhene 
I(GMW-5 & 6) 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 5 Shapiro-Wilk Test Statisitic 0.803326 
Number of Unique Samples 5 Shapiro-Wilk 5% Critical Value 0.762 
Minimum 2.86 Data are normal at 5% significance level 
Maximum 23.3 
Mean 9.25 95% UCL (Assuming Normal Distribution) 
Median 4.82 Studenl I I 17.23601 
Standard Deviation 8.376431 
Variance 70.1646 Gamma Distribution Test 
Coefficient of Variation 0.90556 A-D Test Statistic 0.400599 
Skewness 1.653283 A-D 5% Critical Value 0.684936 

K-S Test Statistic 0.30848 
Gamma Statistics K-S 5% Crilical Value 0.360771 

khat 1.874744 Data follow gamma distribution 
k star (bias corrected) 0.883231 at 5% siqnificance level 
Theta hat 4.934007 
Theta star 10.47291 95% UCLs (Assuming Gamma Distribution) 
nu hat 18.74744 Approximate Gamma UCL 25.33111 
nu star 8.83231 Adjusted Gamma UCL 42.22946 
Approx.Chi Square Value (.05) 3.225238 
Adjusted Level of Significance 0.0086 Lognormal Distribution Test 
Adjusted Chi Square Value 1.934642 Shapiro-Wilk Test Statisitic 0.930992 

Shapiro-Wilk 5% Critical Value 0.762 
Loq-transformed Statistics Data are loqnormal at 5% siqnificance level 

Minimum of log data 1.050822 
Maximum of loq data 3.148453 95% UCLs (Assuminq Loqnormal Distribution) 
Mean of log data 1.934812 95% H-UCL 54.19396 
Standard Deviation of log data 0.824911 95% Chebyshev (MVUE) UCL 23.04635 
Variance of log data 0.680478 97.5% Chebyshev (MVUE) UCL 29.13028 

99%-Ghebvshev-(MV!:JE)·!:Jet 41.08098 

95% Non-parametric UCLs 
CLT UCL 15.41171 
Adj-CLT UCL (Adjusted for skewness) 18.3712 
Mod-t UCL (Adjusted for skewness) 17.69763 
Jackknife UCL 17.23601 
Standard Bootstrap UCL 14.76279 
Bootstrap-! UCL 52.99168 

RECOMMENDATION Hall's Bootstrap UCL 65.247 
Data are normal (0.05) Percentile Bootstrap UCL 15.516 

I BCA Boolstrap UCL 13.368 
Use Student's-t UCL 95% Chebyshev (Mean, Sd) UCL 25.57867 

97.5% Chebyshev (Mean, Sd) UCL 32.6441 
99% Chebyshev (Mean, Sd) UCL 46.52277 

I I I 
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General Statistics 

Data File K:\ENV\PERKINELMER INC\site\26682\DeliviVariable: ltrans-1 ,2-Dichloroethene 
j(GMW5 & 6) 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 5 Shapiro-Wilk Test Statisitic 0.710856 
Number of Unique Samples 5 Shapiro-Wilk 5% Critical Value 0.762 
Minimum 0.038 Data not normal at 5% significance level 
Maximum 2.5 
Mean 0.6656 95% UCL (Assuming Normal Distribution) 
Median 0.125 Studenl's-t UCL 1.670532 
Standard Deviation 1.054061 
Variance 1.111044 Gamma Distribution Test 
Coefficient of Variation 1.583625 A-D Test Statistic 0.431781 
Skewness 1.964911 A-D 5% Critical Value 0.710004 

K-S Test Statistic 0.274049 
Gamma Statistics K-S 5% Critical Value 0.371248 

khat 0.518798 Data follow gamma distribution 
k star (bias corrected) 0.340853 at 5% significance level 
Theta hat 1.282965 
Theta star 1.95275 95% UCLs (Assuming Gamma Distribution) 
nu hat 5.187983 Approxil I I 4.511654 
nu star 3.408527 Adjusted Gamma UCL 11.755 
Approx.Chi Square Value (.05) 0.502857 
Adjusted Level of Significance 0.0086 Lognormal Distribution Test 
Adjusted Chi Square Value 0.193 Shapiro-Wilk Test Statisitic 0.896315 

Shapiro-Wilk 5% Critical Value 0.762 
Log-transformed Statistics Data are lognormal at 5% significance level 

Minimum of log data -3.270169 
Maximum of log data 0.916291 95% UCLs (Assuming Lognormal Distribution) 
Mean of log data -1.62444 95% H-UCL 2503.869 
Standard Deviation of log data 1.819733 95% Chebyshev (MVUE) UCL 2.425933 
Variance of log data 3.311428 97.5% Chebyshev (MVUE) UCL 3.215003 

99% Chebyshev (MVUE) UCL 4.764979 

95% Non-parametric UCLs 
CLTUCL 1.440968 
Adi-CLT UCL (Adjusted for skewness) 1.883576 
Mod-t UCL (Adjusted for skewness) 1.739569 
Jackknife UCL 1.670532 
Standard Bootstrap UCL 1.372943 
Bootstrap-! UCL 14.05972 

RECOMMENDATION Hall's Bootstrap UCL 10.46514 
Data follow gamma distribution (0.05) Percentile Bootstrap UCL 1.516 

BCA Bootstrap UCL 1.75 
Use Approximate Gamma UCL 95% Chebyshev (Mean, Sd) UCL 2.720343 

97.5% Chebyshev (Mean, Sd) UCL 3.609432 
99% Chebyshev (Mean, Sd) UCL 5.355875 

Recommended UCL exceeds the maximum observation I I I 
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General Statistics 

I


Data File K:\ENV\PERKINELMER INC\sile\26682\Deliv\Variable: ITetrachloroethene 
I(GMW5&6) 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 5 Shapiro-Wilk Test Statisitic 0.773433 
Number of Unique Samples 5 Shapiro-Wilk 5% Critical Value 0.762 
Minimum 0.706 Data are normal at 5% significance level 
Maximum 54.4 
Mean 18.7992 95% UCL (Assuming Normal Distribution) 
Median 1.25 Student! I I 42.76669 
Standard Deviation 25.13922 
Variance 631.9802 Gamma Distribution Test 
Coefficient of Variation 1.337249 A-D Test Statislic 0.679445 
Skewness 0.887289 A-D 5% Critical Value 0.717191 

K-S Test Statistic 0.372737 
Gamma Statistics K-S 5% Critical Value 0.373452 

khat 0.455808 Data follow gamma distribution 
k star (bias corrected) 0.315657 at 5% significance level 
Theta hat 41.24366 
Theta star 59.55585 95% UCLs (Assuming Gamma Distribution) 
nu hat 4.558082 Approximate Gamma UCL I 141.2611 
nu star 3.156566 Adjusted Gamma UCL I 375.808 
Approx.Chi Square Value (.05) 0.42008 
Adjusted Level of Significance 0.0086 Lognormal Distribution Test 
Adjusted Chi Square Value 0.157902 Shapiro-Wilk Test Stalisitic I 0.790174 

Shapiro-Wilk 5% Critical Value I 0.762 
Log-transformed Statistics Data are lognormal at 5% significance level 

Minimum of log data -0.34814 
Maximum of log data 3.996364 95% UCLs (Assuming Lognormal Distribution) 
Mean of log data 1.519942 95% H-UCL 1197198 
Standard Deviation of log data 2.094554 95% Chebyshev (MVUE) UCL 81.55031 
Variance of log data 4.387158 97.5% Chebyshev (MVUE) UCL 108.6451 

99% Chebyshev (MVUE) UCL 161.8675 

95% Non-parametric UCLs 
CLT UCL 37.29163 
Adj-CLT UCL {Adjusted for skewness) 42.05843 
Mod-I UCL (Adjusted for skewness) 43.51022 
Jackknife UCL 42.76669 
Standard Bootstrap UCL 35.33118 
Bootstrap-! UCL 1729.877 

RECOMMENDATION Hall's Bootstrap UCL 1481.357 
Data are normal (0.05) Percentile Bootstrap UCL 36.588 

I I BCA Bootstrap UCL 33.0092 
Use Student's-1 UCL 95% Chebyshev (Mean, Sd) UCL 67.80456 

97.5% Chebyshev (Mean, Sd) UCL 89.00921 
99% Chebyshev (Mean, Sd) UCL 130.6617 

I I I 
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General Statistics 

r-


Data File JK:IENVIPERKINELMER INC\site\26682\DeliviVariable: ITrichloroethene 
j(GMW-5 & 6) 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 5 Shapiro-Wilk Test Statisitic 0.789391 
Number of Unique Samples 5 Shapiro-Wilk 5% Critical Value 0.762 
Minimum 1.17 Data are normal at 5% significance level 
Maximum 23.1 
Mean 8.144 95% UCL (Assuming Normal Distribution) 
Median 1.68 Student! I I 17.44355 
Standard Deviation 9.754185 
Variance 95.14413 Gamma Distribution Test 
Coefficient of Variation 1.197714 A-D Test Statistic 0.61213 
Skewness 1.161254 A-D 5% Critical Value 0.696193 

K-S Test Statistic 0.370577 
Gamma Statistics K-S 5% Critical Value 0.365997 

khat 0.824417 Data follow approximate gamma distibution 
k star (bias corrected) 0.4631 at 5% significance level 
Theta hat 9.878501 
Theta star 17.58584 95% UCLs (Assuming Gamma Distribution) 
nu hat 8.244166 Approximate Gamma UCL 38.27653 
nu star 4.631 Adjusted Gamma UCL 85.95812 
Approx.Chi Square Value (.05) 0.985326 
Adjusted Level of Significance 0.0086 Lognormal Distribution Test 
Adjusted Chi Square Value 0.438759 Shapiro-Wilk Test Statisitic 0.818714 

Shapiro-Wilk 5% Critical Value 0.762 
Log-transformed Statistics Data are lognormal at 5% significance level 

Minimum of log data 0.157004 
Maximum of log data 3.139833 95% UCLs (Assuming Lognormal Distribution) 
Mean of log data 1.380213 95% H-UCL 894.3526 
Standard Deviation of log data 1.370103 95% Chebyshev (MVUE) UCL 26.9493 
Variance of log data 1.877181 97.5% Chebyshev (MVUE) UCL 35.23127 

99% Chebyshev (MVUE) UCL 51.4996 

95% Non-parametric UCLs 
CLT UCL 15.31919 
Adj-CLT UCL (Adjusted for skewness) 17.73982 
Mod-I UCL (Adjusted for skewness) 17.82112 
Jackknife UCL 17.44355 
Standard Bootstrap UCL 14.66703 
Bootstrap-! UCL 246.9364 

RECOMMENDATION Hall's Bootstrap UCL 217.4302 
Data are normal (0.05) Percentile Bootstrap UCL 14.814 

I BCA Bootstrap UCL 12.714 
Use Student's-t UCL 95% Chebyshev (Mean, Sd) UCL 27.15841 

97.5% Chebyshev (Mean, Sd) UCL 35.38596 
99% Chebyshev (Mean, Sd) UCL 51.54738 

I I I 
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General Statistics 

Data File IK:IENVIPERKINELMER INC\site\26682\DeiiVariable: !Vinyl Chloride 
I(GMW-5 & 6) 

Raw Statistics Normal Distribution Test 
Number of Valid Samples 5 Shapiro-Wilk Test Statisitic 0.961795 
Number of Unique Samples 5 Shapiro-Wilk 5% Critical Value 0.762 
Minimum 0.39 Data are normal at 5% significance level 
Maximum 1 
Mean 0.6662 95% UCL (Assuming Normal Distribution) 
Median 0.657 Studenl I I 0.877331 
Standard Deviation 0.221452 
Variance 0.049041 Gamma Distribution Test 
Coefficient of Variation 0.332411 A-D Test Statistic 0.233618 
Skewness 0.597384 A-D 5% Critical Value 0.678857 

K-S Test Statistic 0.191203 
Gamma Statistics K-S 5% Critical Value 0.357537 

khat 11.22802 Data follow gamma distribution 
k star (bias corrected) 4.624541 at 5% significance level 
Theta hat 0.059334 
Theta star 0.144058 95% UCLs (Assuming Gamma Distribution) 
nu hat 112.2802 Approximate Gamma UCL 0.973739 
nu star 46.24541 Adjusted Gamma UCL 1.163916 
Approx.Chi Square Value (.05) 31.63957 
Adjusted Level of Significance 0.0086 Lognormal Distribulion Test 
Adjusted Chi Square Value 26.46985 Shapiro-Wilk Test Statisitic 0.973262 

Shapiro-Wilk 5% Critical Value 0.762 
Log-transformed Statistics Data are lognormal at 5% significance level 

Minimum of log data -0.94161 
Maximum of log data 0 95% UCLs (Assuming Lognormal Distribution) 
Mean of log data -0.45136 95% H-UCL 1.031465 
Standard Deviation of log data 0.340091 95% Chebyshev (MVUE) UCL 1.106888 
Variance of log data 0.115662 97.5% Chebyshev (MVUE) UCL 1.297367 

--99% Ghebyshev-(MVUE}UG~ 1.67Hi24 

95% Non-parametric UCLs 
CLT UCL 0.829101 
Adj-CLT UCL (Adjusted for skewness) 0.857372 
Mod-t UCL (Adjusted for skewness) 0.88174 
Jackknife UCL 
Standard Bootstrap_ UCL 
Bootstrap-! UCL 

0.877331 
0.81048 

0.905227 
RECOMMENDATION Hall's Bootstrap UCL 1.011151 

Data are normal (0.05) Percentile Bootstrap UCL 0.8122 

I I I BCA Boolstrap UCL 0.8718 
Use Student's-t UCL 95% Chebyshev (Mean, Sd) UCL 1.09789 

97.5% Chebyshev (Mean, Sd) UCL 1.284683 
99% Chebyshev (Mean, Sd) UCL 1.651601 

I I I 
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Appendix 8 
USEPA Johnson and Ettinger Model Data Entry and 

Intermediate Calculations Worksheets for Indoor Air Concentrations 



Monitoring Wells GMW-3, 7, 8, & 9 



~~ 

DATA ENTRY SHEET 


1,1-Dichloroethene in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


GW-ADV CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" In "YES" box) 
Version 3.1; 02/04 

YES 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT R CONCENTRATION (enter"X" In "YES" box and Initial groundwater cone. below) 

YES X 

ENTER 

Chemical 
CAS No. 

(numbers onty, 
no dashes) 

ENTER 
Initial 

groundwater 
cone., 

Cw 
(~:~g/L) 

75354 4 55E;.02 

ENTER ENTER ENTER 
Depth 

Average below gradeI M~RE I 
soil/ to bottom Depth 


groundwater or enclosed below grade 

temperature, space floor, to water table, 


T, Le LM 

fCl rom) rom> 


, 15 457.2 

ENTER ENTER ENTER 
Stratum A Stratum A Stratum A I M~RE I scs soli dry soli total 
soli t.{pe bulk density, porosity, 
looku~ Sell ,: o' 
Param!l!el'!lI I (Q/c:m' lunitlessl 

I c 1.43 I 0.459I 
ENTER ENTER ENTER 

Endosed EnclosedI M~RE I space Soil-bldg. space 
floor pressure floor 

thickness, differential, length, 

"" 4'~~ 
(om) (glan-s~ (om) 

,I I 40 I 1000 

ENTER ENTER ENTERI M~RE I 
Averaging Averaging 
time for time for Exposure 

cardnogens, noncarcinogens, duration, 
AT, AT~ ED 
lyrsl lyrsl lyrsl 

Chemical 

11-Dichloroethylene 

JI 
ENTER ENTER ENTER 

Totals mu add up to value of Lwr{cell G28) 
Thickness 

Thickness [, Thl""'~of soil of soil 
of soil stratum 8, stratum C. 

stratum A, rnter value or 0) (Enter value orO) 
h, h, ho 

(om) rom> rom) 
I 

457.2 I 

ENTER ENTER ENTER 
Stratum A Stratum B Stratum B 

soli water-filled scs soli dry 
porosity, soil type bulk density. ,,.

Lookup SoU 
3 PQrameten~{cm

... 
/cm' I I (glcm~ 

I 

I 0.215 I I c I 1.43 

ENTER 
Enclosed 

space 
noor 

width, 
w, 
(om) 

ENTER 

Enclosed 
space 
height, 

"•
(om) 

ENTER 

Floor-wall 
seam crack 

width, 
w 

(om) 

I 1000 I I 366 I 0.1 

ENTER 

Exposure 
frequency, 

EF 
(daysty0 

ENTER ENTER 
Target Target hazard 
risk for quotient for 

carcinogens. noncarclnogens, 
TR THO 

lunltlessl (unitless\ 
I 

ENTER ENTER 

Soil 
mtum 

directly above 
water table, 

!Enter A B or Cl 

scs 
soil type 

dlmctly above 

water table 

c sc 

ENTER 
Stratum B 
soli total 
porosity,,. 
lunltlessl 

ENTER 
Stratum B 

soil water-filled 
porosity, 

e.' 
(cm3/cm3) 

ENTER 
Soil 

stratum A 
scs 

soU type 
(used to estimate 

soil vapor 

oermeabllltvl 

OR 

ENTER 

User-defined 
stratum A 
soil vapor 

permeability, 
k. 

(cm2\ 

c 

ENTER 
Stratum C 

scs 
soil type 

I LcckupSoll 
ParaiT\6tan~ I 

ENTER 
Stratum C 

soil dry 
bulk density, 

,,o 

(glcm' 

ENTER 
Stratum C 
soil total 
porosity, 

,o 

lunitless) 

ENTER 
Stratum C 

soil water-filled 
porosity,

'·0 
(cm3/cm' 

I 0.459 I 0215 I c I 143 I 0.459 I 0.215 I 

ENTER 

Indoor 
air exchange 

rate, 
ER 

ENTER 
Average vapor 

flow rate Into bldg. 
OR 

Leave blank to calculate 
a~, 

(11h) IUml 

I 025 I 

O!!LJ 

70 30 30 350 1.0E-06 1 

Used to calculate risk-based 
qroundwater concentration. 
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INTERMEDIATE CALCULATIONS SHEET 
1,1-Dichloroethene in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 
Missouri Metals Site 
Overland, Missouri 

Stratum A Stratum B Stratum c StratpmA Stratum A Stratum A Stratum A Total Air·filled Water-filled Floor-
Source- soil soil soil effeCtive soil soil soli Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled air-filled air-filled tota~uid intrinsic relative air effective vapor capillary capillary capillary capillary •eam 
duration, 

(sec) 

separation, 

L, 
(em) 

porosity,

e: 
(cm3/cm1 

porosity, 

e'• 
(cms/cm3) 

porosity, 
e,c 

(cm3/cm3
) 

satu 
1 

tion, 

"" (cm3Vcm3
) 

permeability, 

'(cm2) 

permeability, 

"" (cm2) 

permeabihty, 

I< 
(cm2) 

zone, 

""(em) 

zone, 

"~ 
{cm3/cm3) 

zone, 

e.,cz 
(cm3/cm3

) 

zone, 
9w,cz 

(cm3/cm3
) 

perimeter, 

x.~, 

(em) 

I 
9.46E+08 442.2 0.244 0.244 0.244 0,324 2.26E-09 0,821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Area of 
enclosed Crack- Crack Enthalpy of Heo~law Henry's law Vapor 

Stratum 
A 

Sb"atum 
8 

Stratum 
c 

Capillary 
zone 

Total 
overall 

Bldg. space to-total depth vaporization at cons nt at constant at viscosity at effective effective effective effective effective Diffusion 
ventilation below area below ave. groundwater ave. groLndwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion difl'usion path 

rate, 

Qbulldlt~>~ 
(cm3/s) 

grade, 

A, 
(cm2) 

ratio, 

"(unitless) 

grade, 

Zctack 

(em} 

temperature, 

aHv,TS 

(cal/mol? 

temp~rature, 
H' 

(atm-m3/mol) 

temperature, 

H'm 

(unitless) 

temperature, 

"" Cg/cm-s) 

coefficient, 

D"', 
(cm2/s) 

coefficient, 

D"", 
(cm2/s) 

coefficient, 

D"'c 
(cm2/s) 

coeffiCient, 

D"'~ 
(cm2/s) 

coefficient, 

D"', 
(cm2/s) 

length, 

" (em) 

I 
2.54E+04 1.06E+06 3.77E-04 15 6,392 1.47IE-02 6.33E-01 1.75E-04 3.90E-03 O.OOE+OO O.OOE+OO 2.31E-04 1.88E-03 442.2 

Convection 
path 

length, 

Source 
vapor 
cone., 

Crack 
radius, 

Average 
vapoc 

flow rate 
into bldg., 

Crack 
effective 
diffUSIOn 

coefficient, 

j.
c ck, 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

Infinite 
source 
indoor 

attenuation 
coefficient, 

Infinite 
source 
bldg. 

cone., 

Uort,. 
factor, 

Reference 
cone., 

L, 

~em~ 

Caourca 

~!:!ILmJ~ 
raack 

'cml 

a,., 
~cm 3/s~ 

ocrack 

(cm2/s~ 
{~
~CI']n2) 

exp(Pe~ 

'unrtlessl 
• 

~unitiessl 

cbulldlng 

~~/mJ~ 
URF 

~~m3r1 
RIC 

~m2/mJl 

15 2.88E+05 0.10 1.86E+OO 3.90E-03 4.00E+02 1.57E+05 5.19E-05 1.49E+01 NA 2.0E-01 

END 
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--- --- --- ---__, 
~---- --- --- --- --- --- --t-- --- --- --- --- --- --

DATA ENTRY SHEET _, 
in Groundwater Wells GMW 3, 7, 8, 9 
Perkin Elmer 

Missouri Metals Site 
overland, Missouri 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enl ~r "X" In "YES" box)I, .IGW-ADV 

Version 3,1: 02/04 


YES I 
Reset to OR 
Defaults CALCUL.ti.TE INCREMENTAL RISKS oo•I I 

YES I X I 
ENTER ENTER 

Jnltlal 
Chemical groundwater 
CAS No. cone., 

(num~only, Cw 
no dashesl ~~Ill 

156592 1.00E+04I I I I 
ENTER ENTER ENTER 

Depth 

Average below gradeI M~RE I soil/ to bottom Depth 
groundwater of enclosed below grade 
temperature, space floor, to water table, 

L, LM;~ (om) loml 

ENTER ENTER ENTER 
Stratum A Stratum A Stratum A I M~RE I 

soli dry soil total ,~';;',. bulk density, porosity,,., ,,I ;::::;~ I ,,;;m~ '"'"."' 
I 

ENTER ENTER ENTER 
Endosed EnclosedI M~RE I 

space Soil-bldg. space 
floor pressure floor 

thickness, differential, length, 

c.... L, 
(om) (om)(a/~-•'> 

I 

ENTER ENTER ENTERI M~RE I 
Averaging Averaging 
time for time for Exposure 

noncarclnogens, duration, 

-~~- ~~ ~~~I 

~ 

·~:·~ 

Thickness 
of soil 

stratum A, 
h, 

loml 

ENTER 

Stratum A 


soil water-filled 

porosity, 


(m>~:,,, 

I 
ENTER 

Enclosed 
space 
floor 

Width, 
w, 
(om) 

I 
ENTER 

Exposure 
frequency, 

(do";:Nrl 

CONCENTRATION (enter ''X" in "YES" box and initial groundwater cone. below) 

Chomloal 
I 

I _j 
I 

ENTER ENTERI 
· ·~~:~alooof~ 

1"~C.:,~Iss T of soil 
 Soil 

stratumS, stratum C, 
 stratum scs 

orO) (Enter value or 0) directly above soil type 
h, water table, directly above 

(om\ (om) IEolerA~ ~ 

I 

ENTER ENTER ENTER ENTER 
Stratum 8 Stratum 8 Stratum B Stratum B 

scs soil dry soli total soli water-filled 
soil type bulk density, porosity, eo="r. ,. ,. , , ;:~::.":~ I ,,;.;,~ '"'ltle"l ~ 

E~~~K ""'"" 
stratum A User-defined 

scs stratum A 
soil type soil vapor 

(used to estimate OR permeability, 
soil vapor k. 

IIi ~ 

ENTER ENTER ENTER ENTER 
Stratum C Stratum C Stratum c Stratum C 

scs soli dry soli total soli water-filled 
bulk density, porosity, porosity,"" lype ,,I Loolwp Soil J eo' ' ' ParameterB 
~ ~ ~ 

I 

ENTER 

Enclosed 
space 
height, 

H, 
(om) 

I 
I 

ENTER 
Target 
risk for 

carcinogens, 

'"':,, 

I 
ENTER 

Floor-wall 
seam crack 

width, 
w 

--"'"!_ 

I 
ENTER 

Target hazard 
quotient for 

noncarclnogens, 

-'"~~~.) 

I 

I 

ENTER 

Indoor 
air exchange 

rate, 
ER 

(1/h) 

I 

I I 
ENTER 

Average vapor 
flow rate Into bldg. 

OR 
Leave blank to calculate 

a.. 
(Um) 

I 

I 

Used I I risk-based 

1 of 1 
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~ 
I 

~NTERMEDIATE CALCULATIONS SHEET 
cis-1,2-Di hloroethene in Groundwater Wells GMW 3, 7, 8, 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Stratum A Stratum B Stratum C Strat~m A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor
Source- soil soil soil effective SOLI soil soil Thickness of porosity in porosity in porosity in wall 

Exposure bulldmg air-filled air-filled air-filled totaJifluid intrinsic relative a1r effective vapor capillary capillary capillary capLIIary seam 
duration, separation, porosity, porosity, porosity, saturrtion, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,,,

' L, 

cm~:m3 1\ " L~ "~ aa,c;: Xcrotek 

em' em' cm3/cm1 (cm3/cm3 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0,355 4,000 

Bldg. 
ventilation 

rate, 

mao! 
endosed 

space 
below 
grade, 

Crack-
to-total 
acea 
ratio, 

"unitless 

Crack 
depth 
below 
grade, 

z=~ 
em 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

t..Hv,TS 
cal/mol 

Hen~slaw 
con nt at 

ave. groundwater 

tempe~ture, 
H' 

atm-nt~2/mol 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'Ts 
unitless 

Vapor 
viscosity at 

ave. soil 
temperature, 

Stratum 
A 

effective 
diffUSIOn 

coefficient, 

o"'A 

Stratum 
B 

effective 
diffusion 

coefficient, 
Deffe 

cm2/s 

Stratum 
c 

effedive 
diffusion 

coefficient, 
De!fc 

(cm2/s 

Capillary 
zone 

effective 
diffusion 

coefficient, 

o"'~ 
cm2/s 

Total 
overall 

effective 
diffusion 

coefficient, 

o"', 
cm2/s 

Diffusion 
path 

length, 

L., 

em 

2.54E+04 1.06E+06 3.77E-04 15 7,734 2.04E-03 8.77E-02 1.75E-04 3.19E-03 O.OOE+OO O.OOE+OO 2.07E-04 1.61E-03 442.2 

Convection 
path 

length, 

L, 

Source 
vapor 
cone., 

Cao~rce 

m' 

Crack 
radius, 

rcrilCk 

em 

Average 
vapor 

flow rate 
into bldg., 

a., 
cm3/s 

Crack 
effective 
diffusion 

coefficient, 
ocr""k 

cm2/s 

mao! 

t· 
em' 

Exponent of 
equivalent 
foundation 

Peclet 
number, 
exp(Pe1) 

unitless 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" 

Infinite 
source 
bldg. 

cone., 

Unit 
risk 

factor, 

URF 

Reference 
cone., 

RIC 
mg/m 

15 8.77E+05 0.10 1.86E+OO 3.19E-03 4.00E+02 2.22E+06 4.95E-05 4.34E+01 NA 3.5E-02 

END 
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DATA ENTRY SHEET 
trans-1 ·Dichloroethene in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter"X" in "YES" box) 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. cone., 

(numbers only, Cw 
no dashes) (ff!IL) 

156605 4 54E+02 

ENTER ENTER ENTER 
Depth 

I M~RE I Average 
ooiO 

below grade 
to bottom Depth 

groundwater of enclosed below grade 
temperature, space floor, to water table, 

T, L, l.w; 
tel (on) (on) 

YES 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT 

YES X 

10 15 457.2 

I M~RE I 
ENTER 

Stratum A 
scs 

soit i;pe 

ENTER 
Stratum A 

soil dry 
bulk density, 

ENTER 
Stratum A 
soil total ,...,, 

l Lookl.lp SoU 
Paramatera J 

, ' 
(Qion'l 

o' 
(unitlessl 

c 1.43 0.459 

I M~RE I 
ENTER 

Enclosed 
space 

ENTER 

Soil-bldg. 

ENTER 
Enclosed 

space 
floor pressure flooc 

thickness, differential, length, 

c..~ 
om\ 

;P 
(~/QTl·S2) 

'• 
Ion\ 

10 40 1000 

ENTER ENTER ENTERI M~RE I Averaging Averaging 
time tor time for Exposure 

carcinogens, noncardnogens, duration, 
AT, AT~ EO 
ryrsl ryrsl lyrsl 

R CONCENTRATION (enter "X" in ''YES" box and Initial groundwater cone. below) 

Chemical 

traris-1 2 Dichloroethylene -
I 

ENTER ENTER ENTERI 
Totals musl add up to value of Lwr (cell G28)lThl""" Thickness 

Thickness of soil of soil 
ot soil stratum 6, stratum C, 

stratum A, Enter value or 0) (Enter value or 0) 

h, h, h, 
(om) (om) (om) permeability)(Enter A B, or C) water table 

457.2 c sc c 

ENTER 
Stratum A 

soil water-filled 
porosity,... 
(cm3/cmi 

ENTER 
Stratum B 

scs 
soil i;pe 

Lookl.lp Soli 
P8lametera J 

ENTER 
Stratum B 

soil dry 
bulk density, 

Pb:~
(g/on 

ENTER 
Stratum B 
soil total 
porosity, 

o' 
lunitless) 

ENTER 
Stratum 8 

soil water-filled 
porosity,... 

(cm3/0Tl:; 

ENTER 
Stratum C 

scs 
soil type 

l Lookup S~l 
Parameters I 

ENTER 
Stratum C 

soil dry 
bulk density, 

,' 
(Oion') 

ENTER 
Stratum C 
soil total 
porosity, 

o' 
(unltless) 

ENTER 
Stratum C 

soil water-filled 
porosity, 

o.' 
(cm0/cm~ 

0.215 c 1.43 0.459 0.215 c 1.43 0.459 0.215 

ENTER 
Enclosed 

space 
flooc 

width, 
w, 

ENTER 

Enclosed 
space 
height, 

H, 

ENTER 

Floor-wall 
seam crack 

width, 
w 

ENTER 

Indoor 
air exchange 

rate, 
ER 

ENTER 
Average vapor 

flow rate Into bldg. 
OR 

Leave blank to calculate 
a~, 

<om\ <om\ rem\ 1/h\ IUml 

1000 I ,.. 0.1 0.25 

ENTER 

Exposure 
frequency, 

EF 
ldaysJyO 

I 

ENTER 
Target 
risk for 

carcinogens, 
TR 

lunitlessl 

ENTER 
Target hazard 

quotient for 
noncarclnogens, 

THO 
/unitlessl 

ENTER ENTER ENTER ENTER 
Soil 

stratum A User-defined 
Soil scs stratum A 

stratum scs soli type soil vapor 
directly above soli type (used to estimate OR permeability, 
water table, directly above soil vapor ,,;')" 

~ 

70 30 30 350 1 OE-06 1 

Used to calculate risk-based 
oroundwater concentration. 

1 of 1 
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~ 
I 

INTERMEDIATE CALCULATIONS SHEET 
trans-1,2~Dichloroethene in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 
Missouri Metals Site 
Overland, Missouri 

Exposure 
duration. 

' 
sec 

Sou<eo
building 

separation, 

L; 

Stratum A 
soil 

air-filled 
porosity, 

Stratum B 
sod 

air-filled 
porosity, 

a.' 
cm 3/cm3 

Stratum C strat~m A Stratum A Stratum A Stratum A 
soil effeCtive soil soil soil Thickness of 

air-filled totallfluid intrinsic relative air effective vapor capillary 
porosity, saturation, permeability, permeability, permeability, zone, 

cm~~m3 " I< 
'""' 

Total 
porosity in 
capillary 

zone, 

'~ 
{cm3/cm~ 

Air-filled 
porosity in 
capillary 

zone, 

Water-filled 
porosity in 
capillary 

zone, 

Floor-
wall 

.eam 
perimeter, 

x.~, 

em 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Bldg. 
ventilation ..... 

Qbujldlr-.g: 

(em~is) 

2.54E+04 

Area of 
enclosed 

space 
below 
grade, 

A, 
(cm2) 

1.06E+06 

Crack-
to-total 

area 
ratio, 

"(unitless) 

3.77E-04 

Crack 
depth 
below 
grade, 

Zctack 

(em) 

15 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

t..Hv,TS 

(callmol) 

7.136 

Hen 1.• law 

con~ntat 
ave. gro!llndwater 

' tempe~ture, 

H' 
{atm-n:r3/mol) 

I 
4.94E-03 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H';, 

(unitless) 

2.13E-01 

Vapor 
viscosity at 

ave. soil 
temperature, 

""Cg/cm-s) 

1.75E-04 

Stratum 
A 

effective 
diffusion 

coefficient, 

D"', 
(cm2/s) 

3.06E-03 

S'b"atum 
B 

effective 
diffusion 

coefficient, 

D"', 
(cm2/s) 

O.OOE+OO 

Stratum 
c 

effective 
diffusion 

coefficient, 

D"'c 
(cm2/s) 

O.OOE+OO 

Capillary 
zone 

effective 
diffusion 

coefficient, 

D"'~ 
(cm2/s) 

1.88E-04 

Total 
overall 

effective 
diffusion 

coefficient, 

D'", 
{cm2/s) 

1.50E-03 

Diffusion 
path 

length, 

L., 
(em) 

442.2 

Convecbon 
path 

length, 

L., 
em 

Source 
vapor 
cone., 

Crack 
radius, 

'=~ 

Average 
~po' 

flow rate 
into bldg., 

Crack 
effective 
diffusion 

coefficient, 
octack 

cm 2/s 

Area of 
c~ck, 

I
"'!·~ 
em' 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1) 

unitless 

Infinite 
source 
indoor 

attenuation 
coefficient, 

• 

Infinite 
source 
bldg. 

Unit 
risk. 

factor, 

URF 

Reference 
cone., 

RfC 
m 1m3 

9.66E+04 0.10 1.86E+OO 3.06E-03 4.00E+02 4.08E+06 4.84E-05 4.67E+OO NA 7.0E-02 

END 

1 "'' 
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1 DATAENTRYSHEET 
Tetrachloroethane in Groundwater Wells GMW 3, 7, 8, 9 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


CALCULA..TE RISK-BASED GROUNDWATER CONCENTRATION (enter"X" in "YES" box) 

YES 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT R CONCENTRATION (enter"X" In ''YES" box and lnJtlal groundwater cone. below) 

YES X 

ENTER ENTER 
Initial 


Chemical groundwater 

CAS No. cone., 


(numbers only, Cw 

no dashesl Chemical
~~ 

127184 351E+02 Tetrachloroethylene 

ENTER ENTER ENTER ENTER ENTER 
Dopth 

Average below gradeI M~RE I soiU to bottom Depth Soil 
groundwater of enclosed below grade stratum scs 
temperature, space floor, to water table, directly above soil type 

T, L, water table, dJrectly above 
fC) Iom) Iom) (Enter A, B or C) water table '"" 
10 15 4572 c sc 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum BI M~RE I scs soil dry soil total soil water-filled scs soil dry soli total soil water-f1lled 
soli type bulk density, porostty, porosity, soil "tv-pe bulk density, porosity, porosity,,,. ,.

I ~ookup Soli ... Lookup Soil ...eo' o' 
Paramuter• ParametersI li::crnll 1unltlessl ~cm3/an~ I I ~~an~ ~unitlessl ~an3/cmll 

I 
ENTER ! ENTER ENTER 

Totals mus add up to value of Lwr (cell G28) 
Thickness) Thloi<O"' 

Thickness of soil of soil 
of soil stratum B, stratum C. 

stratum A, rnter value or 0) (Enter value or 0) 
h, h, 

(om) Iom) (om) "" 
4572 I 

ENTER ENTER 
Soil 

stratum A User-def1ned 
scs stratum A 

soil type soli vapor 
(used to estlmate OR permeabJHty, 

soil vapor ~ 
oermeabli!M <om'> 

c 

ENTER 
Stratum C 

scs 
soil type 

I Lookup Soil 
PeramM&!ll J 

ENTER 
Stratum C 

soil dry 
bulk density, 

eo' 
IS'cm~ 

ENTER 
Stratum C 
soli total 
porosity,,, 
1unitlessl 

ENTER 

Stratum C 


soil water-filled 

porosity, 


Ow' 
1cm3tcrn~ 

c 1.43 0459 0.215 I c 1.43 0.459 0215 c 1.43 0.459 0.215 

ENTER ENTER ENTER ENTER 
Enclosed Enclosed EnclosedI M~RE I space Soli-bldg. space space 

floor pressure floor flooc 
thickness, differential, length, width, 

;p w,'•
(em) (gfcrn-s2) (em) lcm) ""' 

ENTER ENTER ENTER ENTER 
Average vapor 

Enclosed Floor-wall Indoor flow rate Into bldg. 
space seam crack air exchange OR 
height, width, rate, Leave blank to calculate 

"· w ER a~, 

(em) (cml (11hl ILiml 

I

I 10 I 40 I 1000 I 1000 I I 366 I 0.1 I 025 I 

I M~RE I ENTER 
Averaging 
time tor 

carcinogens, 
AT, 

~~rsl 

70 

ENTER 
Averaging 
time for 

noncarclnogens, 
AT~ 

~rsl 

30 

ENTER 

Exposure 
duration, 

ED 
[>:rsj 

30 

ENTER 

Exposure 
frequency, 

EF 
'da~Q 

350 

ENTER 
Target 
risk for 

carcinogens, 
TR 

I 
(unltlessl 

1.0E-06 

ENTER 
Target haZard 
quotient tor 

noncarcinogens, 
THO 

(unltlessj 

1 

Used to calculate risk-based 

~ Qroundwater concentration. 

1 of1 



Convection 
path 

length, 

L, 

Source 
vapor 
cone., 

Cacun:e 

Crack 
radius, 

rcrack 

em 

Average 
vapor 

flow rate 
into bldg., 

OaoU 

cm 3/s 

Crack 
effective 
diffusion 

coefficient, 
om~ 

(cm2/s) 

::totck, 

A!~, 
' ' 

Exponent of 
equivalent 
foundation 

Pedet 
number, 

exp(Pe1) 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" 

Infinite 
sou~ 

bldg. 
cone., 

Unit 
risk 

factor, 

URF 

Reference 
cone., 

RfC 

15 1.18E+05 0.10 1.86E+OO 3.12E-03 4.00E+02 3.12E+06 4.84E~05 5.71E+OO 5.9E~06 6.0E-01 

END 

~ 

I 

IINTERMEDIATE CALCULATIONS SHEET 
Tetracliloroethene in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 
Misouri Metals Site 
Overland, Missouri 

Exposure 
duration, 

' sec 

Source-
building 

separation, 

Lr 
em 

Stratum A 
soil 

air-filled 
porosity,

e: 
cm~/cm~) 

Stratum B 
soil 

air-filled 
porosity, 

e'• 
cm 3/cm3 

Stratum c 
soil 

air-filled 
porosity, 

e,c 

cm3/cm3
) 

Stratum A 
soil 

intrinsic 
permeability, 

" 

Stratum A 
soil 

relative air 
permeability, 

~, 

em' 

Stratum A 
soil 

effective vapor 
permeabdrty, 

" 

Thickness of 
capillary 

zone, 

'""' em 

Total 
porosity in 
capillary 

zone. 

Air-filled 
porosity in 
capillary 

zone, 

Water-filled 
porosity in 
capillary 

zone, 

Floor-
wall 

seam 
perimeter, 

x.~, 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Bldg. 
ventilation 

rate, 

abuilding 

(cm3/s) 

Area of 
enclosed 

space 
below 
grade, 

"" (cm2) 

Crack-
to-total.... 
ratio, 

"<unitless? 

Crack 
depth 
below 
grade, 

Zcrack 

(em) 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

..lHv,TS 

(cal/mol) 

"i~cons nt at 
ave. gro ndwater 

temp~ture, 

(atm~m3/mol) 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'Ts 

(unitless? 

Vapor 
viscosity at 

ave. soil 
temperature. 

""Wcm~s? 

Stratum 
A 

effecbve 
diffusion 

coefficient, 

o"', 
(cm2/s} 

Stratum 
B 

effective 
diffusion 

coefficient, 

o"', 
(cm2/s) 

Stratum 
c 

effective 
diffusion 

coefficient, 

D"'c 
(cm2/s) 

Capillary 
zone 

effective 
diffusion 

coefficient, 

Del'l'"" 

(cm2/s) 

Total 
overall 

effective 
diffusion 

coefficient, 

o"', 
(cm2/s) 

Diffusion 
path 

length, 

L, 
(em) 

2.54E+04 1.06E+06 3.77E~04 15 9,553 
I 

7.81!E~03 3.36E~01 1.75E~04 3.12E~03 O.OOE+OO O.OOE+OO 1.87E~04 1.51E-03 442.2 
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DATA ENTRY SHEET 


Trirhloroethene in Groundwater weus GMW s, 1, s, 9 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


GW-ADV CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (ant r"X" In "YES" box) 
Version 3.1: 02104 

YES 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT R CONCENTRATION (enter "X" In "YES" box and Initial groundwater cone. below) 

YES X 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. cone., 

(numbers only, c. 
no dashes) (usJLl Chemical 

79016 1 61E+03 

ENTER ENTER ENTER 
Depth 

Average below gradeI M~RE I 
soil/ to bottom Depth 

groundwater of enclosed below grade 
temperature, space floor, to water table, 

T, L, LM
rc) (om) (om) 

10 15 457.2 

ENTER ENTER ENTER 
Stratum A Stratum A Stratum AI M~RE I scs soli dry soil total 
soil type bulk density, poros<y, 

Lookup Soli ,: o' 
Parametel'llI J (glom') (unltless) 

I c I 143 I 0.459 

ENTER ENTER ENTER 
Enclosed EnclosedI M~RE I space Soil-bldg. space 

floor pressure floor 
thickness, dlfferenUal, length,., L,"- (g/cm-s2) lomlloml 

I 10 I 40 I 1000 

ENTER ENTER ENTERI M~RE I Averaging Averaging 
Ume for time for Exposure 

carcinogens, noncarclnogens, duradon, 
AT0 AT" ED 
Msl \yr3l ryrs) 

70 30 30 

~ 

I Trichloroethylene 

JI 
ENTER ENTER ENTER 

Totals mu add up to value of Lwr(cell G28) 

Thickness 
of soil 

stratum A, 
h, 

(om) 

4572 

ENTER 

Stratum A 


Thickness Thickness 

of soli of so!! 


stratum 8, stratum C, 

Enter value or 0) (Enter value or 0) 


h, ho 

(om) _lorn)_ 

I 

ENTER ENTER 

Stratum 8 Stratum 8 


soil water-filled scs soli dry 
porosity, 

e.' 
(cm3/cm:; 

I 0.215 

ENTER 

Enclosed 

•pa~ 

floor 
width, 
w, 

(om) 

soil type bulk density, 
Lookup So1l ,.. 
Paramete111 J (glom') 

II c I 1.43 

ENTER ENTER 

Enclosed Floor-wall 
•pa~ seam crack 
height, width, 

H, w 
loml (om) 

I 
I 1000 I I 366 I 0.1 

ENTER 

Exposure 
1Tequency, 

EF 
(days'Yr) 

3SO 

ENTER ENTER 
Target Target hazard 
risk for quotient for 

carcinogens, noncardnogens, 
TR THO 

!uniUessl (unltlessl 
I 

1.0E-06 1 

Used to calculate risk-based 
oroundwater concentration 

1 of 1 

ENTER ENTER 

Soil 
stratum scs 

directly above soli type 
water table, directly above 

(Enter A, 8, or C) watertabie 

c sc 

ENTER ENTER 
Stratum 8 Stratum 8 
soli total soil water-filled 
porosity, porosity,,. ... 
{uniUess) (cm31cm1 

ENTER 
Soil 

stratum A 
scs 

soil type 
(used to estimate 

soil vapor 
OR 

ENTER 

User-deflned 
stratum A 
soil vapor 

permeabiHty, 
~ 

permeabi!iM_ (om~ 

c 

ENTER 
Stratum C 

scs 
soU type 

l Lookup SoJI 
Parameta111 J 

ENTER 
Stratum C 

soil dry 
bulk density, 

"'0 
(glom') 

ENTER 
Stratum C 
soli total 
porosity, 

,o 

{uniUess) 

ENTER 
Stratum C 

soil water-filled. 
porosity, 

e." 
(cm 3/cmi 

I 0.459 I 0.215 I c I 1.43 I 0.459 I 0.215 I 
ENTER 

Indoor 
air exchange 

rate, 
ER 

ENTER 
Average vapor 

flow rate Into bldg. 
OR 

leave blank to calculate 
a.., 

(1/hl (Urn) 

I 0.25 I 



-


roethene in Groundwater Wells GMW3, 7, 8, 9 Trichll~~~"~"'~-
Missouri Metals Sitel -··~OVerland, Missouri 

Stratum A Stratum B Stratum C Stra m A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor
Source- soil soil soH effed1ve SOli SOli SOl[ Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled air-filled air-filled tota~uid intrinsic relative a1r effective vapor capillary capillary capillary capillary seam 
duration, separation. porosity, porosity, porosity, satu tion, penneability, permeability, permeability, zone, zone, zone, zone, perimeter. 

L, a: a,' a,' s. k, I< L~ ea,<:Z a..~ Xcrack"~ 
(sec) (em) (cm3/cmj (cm3/cm3

) (cm3/cm3
) (cm3Vcm3

) (cm' 2) (cm2) (cm2) (em} (cm3/cmj (cm3/cm3
) {cm3/cm3

) (em) 

I 
9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30,00 0.459 0.104 0.355 4,000 

Bldg. 
ventilation 

rate, 

abuilding 

(cm3/s) 

2.54E+04 

Area of 
enclosed 

space 
below 
grade, 

As 
(cm2) 

1.06E+06 

Crack-
to-total 
area 
ratio, 

"{unitiess) 

3.77E-04 

Crack 
depth 
below 
grade, 

z=~ 
(em) 

15 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

6Hv,TS 

(cal/mol) 

8,557 

Heo 1., law 

con~ntat 
ave. gro ndwater 

tem;ture, 
H s 

(atm-m~/mo!) 

I 
4.78E-03 

Henry's law 
cons1ant at 

ave. groundwater 
temperature, 

H', 

(unitiess) 

2.06E-01 

Vapor 
viscosity at 

ave. soil 
temperature, 

""<glcm-s) 

1.75E-04 

Stratum 
A 

effective 
diffusion 

coefficient, 

o"'A 
(cm2/s) 

3.42E-03 

Statum 
B 

effective 
diffusion 

coefficient, 
oe"s 

(cm2/s) 

O.OOE+OO 

Stratum 
c 

effective 
diffusion 

coefficient, 
oel'l'c 

(cm2/s) 

O.OOE+OO 

Capillary 
zone 

effective 
diffusion 

coefficient, 

o"'~ 
(cm2/s) 

2.0BE-04 

Total 
overall 

effective 
diffusion 

coefficient, 

o", 
(cm2/s) 

1.67E-03 

Diffusion 
path 

length, 

L, 
(em} 

442.2 

Convection 
path 

length, 

L, 

em 

Source 
vapor 
cone., 

Ceourca 

m' 

Crack 
radius, 

rcreck 

em 

Average 
vapor 

flow rate 
into bldg., 

O..oll 

cm 3/s 

Crack 
effecbve 
diffusion 

coefficient, 
ocr~ck 

cm2/s 

Area of 
cnlck, 
"4~· 
' ' 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1
) 

umtless 

Infinite 
source 
mdoor 

attenuation 
coefficient, 

" 
unitless 

Infinite 
source 
bldg. 

cone., 

Unit 
risk 

factor, 

URF 
m~ -1 

Reference 
cone., 

RIC 
m lm 

15 3.72E+05 0.10 1.86E+OO 3.42E-03 4.00E+02 8.27E+05 S.OOE-05 1.86E+01 1.1E-04 4.0E-02 

END 

1 of 1 
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DATA ENTRY SHEET 
Vi yl Chloride in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


GW-ADV CALCUlATE RISK-BASED GROUNDWATER CONCENTRATION (en~r"X" In ''YES" box) 
!version 3.1; 021041 

YES I 
Reset to 
Defaults CALCUlATE INCREMENTAL RISKS FROM ACTUALGROUNDWAT R CONCENTRATION (enter "X" In ''YES" box and ini1Jal groundwater cone. below)I I OR 

YES I X I 
ENTER 

Chemical 
CAS No. 

(numbers only, 
no dashesl 

I 75014 I 

ENTER 
Initial 

groundwater 
cone., 

Cw 
~~ILl 

4.53E+02 I I 

Chemical 
I 

Viny~ chloride (chiOroethene) I 
ENTER ENTER ENTER 

Depth 
Average below gradeI M~RE I 

soil/ to bottom Depth 
groundwater of enclosed below grade 
temperature, space floor, to water table, 

;; L, 
'Cl /om) /om\ '""' 

10 15 4572 

ENTER ENTER ENTER 
Stratum A Stratum A Stratum AI M~ I• 

I 
scs soil dry soil total soil water-filled 

soil type bulK density, porosity, porosity, 
LoolcupSoll .: n' e.' 
Psramete~ I lunitless\ (cm3/cm~''"-.,., 

I 
ENTER ' ENTER ENTER 

Totals muJ add up to value of Lwr (cell G28) 

ThicKness 
of soil 

stratum A, 
h, 

(om\ 

457.2 

ENTER 

Stratum A 


ThicKness Thickness 

of soil of soil 


stratum 8, stratum C, 

Enter value or 0) (Enter value orO) 


h, h, 

(om) (om) 
I 
I 

ENTER ENTER 
Stratum B Stratum B 

scs soil dry 
soil tYpe bulk density, 
Lookup SoU ,.. 
Paramlll&l':i I lot,;,'l 

I 

ENTER ENTER 

Soil 
stratum scs 

directly above soil type 
water table, directly above 

(Enter A. B. or Cl water table 

c sc 

ENTER ENTER 
Stratum 8 Stratum B 
soli total soil water-filled 
porosity, porosity,,. 
(unltless) (cmJ/cmJl 

ENTER 
Soil 

stratum A 
scs 

soil type 
{used to estimate 

soli vapor 
permeability) 

OR 

ENTER 

User-defined 
stratum A 
soli vapor 

penneability, 
k,,,;, 

c 

ENTER 
Stratum C 

scs 
soil type 

l Lookup Soil JParametera 

ENTER 
Stratum C 

soli dry 
bulK denslty, , ' 
~ 

ENTER 
Stratum C 
soil total ,...,. 

n' 
.J!!nitles_& 

ENTER 
Stratum C 

soil water-filled 
porosity, 

'·0 
_i_cm3/c~ 

I c I 1.43 I 0.459 I 0.215 I! c I 1.43 I 0.459 I 0.215 I c I 1.43 I 0.459 I 0215 I 
ENTER ENTER ENTER ENTER 

Enclosed Enclosed EnclosedI M~RE I space Soil-bldg. space 
noor pressure floor ''""'floor 

thicKness, dlfferendal, length, width, 
l,,.ok 6P w,'•
(om) (glom~') (om) (om) 

ENTER ENTER ENTER ENTER 
Average vapor 

Enclosed Floor-wall Indoor flow rate Into bldg. 

''""' seam cracK air exchange OR 
height, width, "'"· Leave blanK to calculate 

H, w ER a.." 
(om) _[o®_ __(1/h) ~Uml 

I 10 I 40 I 1000 I 1000 I! 366 I 0.1 I 0.25 I 
ENTER ENTER ENTER ENTERI M~RE I 

Averaging Averaging 
time for dme tor Exposure Exposure 

carcinogens, noncarclnogens, duration, frequency, 
AT, AT~ ED EF 
(yrsl rvrsl (yrsl (daysJyQ 

ENTER ENTER 
Target Target hazard 
risK for quotient for 

carcinogens, noncarcinogens, 
TR THO 

(unltlessl <unitlessl 
I 

~ 

70 30 30 350 I 

I 

1.0E-06 1 

Used to calculate risk-based 
groundwater concentradon. 
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INTERMEDIATE CALCULATIONS SHEET 
Vinyl Chloride in Groundwater Wells GMW 3, 7, 8, 9 

Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Exposure 
durabon, 

' 
{sec) 

9.46E+08 

Source-
building 

separation, 

L, 
(em) 

442.2 

stratum A 
soil 

air-filled 
porosity, 

a.' 
(ems/ems) 

0.244 

Stratum B 
soil 

air-filled 
porosity, 

a.' 
(cm3/cm1 

0.244 

Stratum C 
soil 

air-filled 
porosity, 

a.' 
(cm2/cm3 

) 

0.244 

Stratpm A 
effective 

tota~uid 
satu 

1 

tion, 

(cmtmj 
I 

0.324 

Stratum A 
soil 

mtrinsic 
permeability, 

~ 
(cm2) 

2.26E-09 

Stratum A 
soil 

relative air 
permeability, 

"" (cm2) 

0.821 

Stratum A 
soil 

effective vapor 
permeability, 

"' (cm2) 

1.86E-09 

Thickness of 
capillary 

zone, 

L., 
(em) 

30.00 

Total 
porosity in 
capillary 

zone, 

""(cm3/cm3
) 

0.459 

Air-filled 
porosity in 
capillary 

zone. 
a.~ 

(cm3/cm3
) 

0.104 

Water-filled 
porosity 1n 
capillary 

zone, 

e..~ 
(cm3/cm3

) 

0.355 

Floor-
wall 

seam 
perimeter, 

x..~ 
(em) 

4.000 

Bldg. 
ventilation 

rate, 

abuilding 

(cm3/s) 

2.54E+04 

Area of 
enclosed 

space 
below 
grade, 

Aa 
(cm2) 

1.06E+06 

Crack.
to-total.,.. 
ratio, 

"(unitless? 

3.77E-04 

Crack 
depth 
below 
grade, 

Z.:rack 

(em) 

15 

Enthalpy of 
vaporization at 

ave. groundwater 
temperatu~. 

.bHv,TS 

(cal/mol? 

5,000 

"i~cons nt at 
ave. gro ndwater 

temp~ture, 

(atm-1"(1.3/mol) 

I 
1.72E-02 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'Ts 

(unitless} 

7.41E-01 

Vapor 
viscosity at 

ave. soil 
temperature, 

""Wcm-s} 

1.75E-04 

Stratum 
A 

effective 
diffusion 

coefficient, 
o~, 

(cm2/s) 

4.59E-03 

Stratum 
B 

effective 
diffusion 

coefficient, 

o"", 
(cm2/s) 

O.OOE+OO 

Stratum 
c 

effecbve 
diffusion 

coeffic1ent, 

D~, 

(cm2/s) 

O.OOE+OO 

Capillary 
zone 

effective 
diffUSIOn 

coefficient, 

o·'~ 
(cm2/s) 

2.72E-04 

Total 
overall 

effective 
diffusion 

coefficient, 
o~, 

(cm2/s) 

2.21E-03 

Diffusion 
path 

length, 

Lo 
(em) 

4422 

Convection 
path 

length, 

L, 
om 

Source 
vapor 
cone.• 

Csourca 

m' 

Crack 
radius, 

'~~ 
om 

Average 
vapor 

flow rate 
into bldg., 

a~, 

(cm3/s 

Crack 
effective 
diffusion 

coefficient, 
ocrack 

cm 2/s 

Jcl 
oolok, 

1~ 
om' 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1) 

unitless 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" 
unitiess 

Infinite 
source 
bldg. 

cone., 

Unit 
risk 

factor, 

URF 
ma -1 

Reference 
cone., 

RfC 

mg/m 

15 3.36E+05 0.10 1.86E+OO 4.59E-03 4.00E+02 2.58E+04 5.43E-05 1.82E+01 a.aE-06 1.0E-01 

END 
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Monitoring Wells GMW-5 & 6 

j------------------1 



1, 

I 
OR 

I 

•cr 0000 

X I 

DATA ENTRY SHEET 
I in Groundwater Wells GMW-5 6 

Perk.in Elmer 
Missouri Metals Site 
Overland, Missouri 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (en1 ~r "X'' In "YES" box)1\ GW-ADV .I 
Version 3.1; 02/04 

YES 

Reset to 

Defaults 
 CALCULATE INCREMENTAL RISKS CONCENTRATION (enter "X" In "YES" box and initial groundwater cone. below)I I 

YES I 
ENTER ENTER 

Initial 

Chemical groundwater 

CAS No. cone., 


(numbers only, Cw 

no dashesl 
 Chemical~~gq 

75354 3.92E+03 I II I I I 

ENTER ENTER ENTER .NO<R 

Daplh ~ 
ENTER ENTER ENTER ENTER 

Soil 
stratum A user-defined 

o1' son of soli Soli scs stratum A 
stratum B, stratum C, stratum scs soil type soil vapor 

orO) (Enter value or 0) directly above soil type (used to estimate OR pe~~:lllty,,, water table, directly above soil vapor 

'""'' I om\ IEolor A B. or Cl watortabla iii 

Average below gradeI M~RE I soil/ to bottom Depth 
groundwater of enclosed below grade 
temperature, space floor, to water table, 

T, L, Lm 
fCl loml '""'' 

Thickness 
of soil 

stratum A.,, 
'""'' 

ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum AI M~RE I scs soil dry soil total soil water-f1lled 
soil type bulk density, porosity, porosity, 

' o'I ;:::".:.':"~ I ,,;o:,~ (om~:,~'"'111&•1 

I I 
ENTER ENTER ENTER ENTER 

Enclosed Enclosed EnclosedI M~RE I 
,,.~ Soil-bldg space space 
floor pressure floor floor 

thickness, differential, length, width, 
c..~ <IP L, w, 
(om) (glom-•'l (om) (om) 

I I 

ENTER ENTER ENTER ENTERI M~RE I Averaging Averaging 
time for time for Exposure Exposure 

carcinogens, noncarclnogens, dura~on, frequency, 

~;;, ~;, ~~) ,,~:;," 

~ 

ENTER 
Stratum B 

scs 
soil type 

;:~':~~ 

ENTER 

Enclosed 
space 
height, 

"•
(om) 

ENTER 
Target 
risk for 

carcinogens,

(00:,, 

ENTER 
Stratum B 

soil dry 
bulk density, 

I ' ,:o:,~ 

I 
ENTER 

Floor-wall 
seam crack 

width, 
w 

(om) 

I 

ENTER 
Target hazard 
quo~entfor 

noncarcinogens,

,,;;;::',,, 

I 

I 

ENTER 
Stratum B 
soil total 
porosity, ,. 
'"'"'"' 

ENTER 

Indoor 
air exchange 

rata, 
ER 

(1/h) 

ENTER ENTER ENTER 
Stratum 8 Stratum C Stratum C 

soil water-filled scs soil dry 
porosity, soil type bulk density, 

e.' I ;:;::!~ I ,., 
rom'fom~ roi,;,~ 

I I 

ENTER 
Average vapor 

flow rate into bldg. 
OR 

Leave blank to calculate 
o., 
IUm~ 

ENTER 
Stratum C 
soil total 
porosity,,, 

- ("'"'") 

ENTER 
Stratum C 

soil water-filled 
porosity, 

e.' 
(om'fom~ 

I 

U~d I '"''"'"''' 
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INTERMEDIATE CALCULATIONS SHEET 
1,1 ichloroethene in Groundwater Wells GMW-5 6 

Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Stratum A Stratum B Stratum C strat~m A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor
Source- soil soil soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled air-filled air-filled tota~uid intrinsic relative air effective vapor capillary capillary capillary capillary seam 
duration, separation, porosity, porosity, porosity, satu tion, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

I 
LT a: e,' s. 9w,cz x.,.,' 

cm 3/cm3 '·' cm3}cm3 (cm" 2 em'sec em cm 3/cm3 crn3/cm1 "' "' "" cm 3/cm3 em 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Area of 
I 

Stratum Stratum Stratum Capillary Total 
endosed Crack- Crack Enthalpy of Henry's law Vapor A B c zone overall 

Bldg. space to-total depth vaporization at cons nt at constant at viscosity at effective effective effective effective effective Diffusion 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion path 

rate, grade, ratio, grade, temperature, tempe~ature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, coefficzent, length, 

Zaack .1.Ho.TS H', D~A D~, D'\ L. 

Hen~slaw 

H' 
cal/mol atm-ni13/mol unitless ""' (cm2/s cm2/s (cm2/s" /em-s em 

2.54E+04 1.06E+06 3.77E-04 15 6,392 1.47E-02 6.33E-01 1.75E-04 3.90E-03 O.OOE+OO O.OOE+OO 2.31E-04 1.88E-03 442.2 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Convection Source vapoc effective foundation indoor source Unit 
path vapoc Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, cone., radiUS, into bldg., coefficient, c~ck, number, coefficient, cone., factor, cone., 

L, c~~ '~~ Ae\ack exp(Per) a URF RfC 

em tm' em (cm2 unitless unitless /m3 _, mg/m3 

15 

END 

2.48E+06 0.10 1.86E+OO 3.90E-03 4.00E+02 1.57E+OS 5.19E-OS 1.29E+02 NA 2.0E-01 
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1 OATA ENTRY SHEET 

cis~~~.2-0ichloroethene in Groundwater Wells GMW~S 6 
Perkin Elmer 

Missouri Metals Site 
I overland, Missouri 

GW-ADV 
Version 3.1: 02/04 

:::=:~_::::::.+:~::,_··-·~····~--
YES I X I I 

ENTER ENTER 
lnJtlal 

Chemical groundwater 
CAS No. cone., 

(numbers only, Cw 
d h \00 '"' '""'"' Chem1ca 

I 

I 158592 I 1.72E+04 I I cisf-1.2-Dic:hloroethylene I 
I 

ENTER ENTER 
Dopth 

ENTER ENTER ~ ENTER ENTER 
Totals mus add up to value of Lwr(cell G28) 

ENTER ENTER ENTER 
Soil 

stratum A 

ENTER 

User-definedAverage below grade Thickness Thickness 

"'" to bottom Depth Thickness or soil of soil Soil scs stratum A 
groundwater of enclosed below grade of soil stratum B, stratum C, stratum scs soil type soli vapor 
temperature, space floor, to water table, stratum A, Enter value or O) (Enter value or 0) directly above .soil type (used to estimate OR penneablltty, 

;~, L, 
Com 

lm 
lcm\ 

h, h, "' (om\ om\ Com\ 

water table, 

!Enter A, B, or C\ 

directly lilove 

water table 

soli vapor 

oenneabJIIM ,o:;, 
10 15 4572 457.2 c sc c 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C 

scs soil dry soil total soil water-filled scs soil dry soil total soil water-f1lled scs soil dry soil total soil water-filled 

I 
soil type 

Lookup Soli 
Parameter• I 

bulk density, 

' ,,:o:.,, 
po<os.,, 

o' 
_(unltless) 

porosity, 

e.' 
(cm3/cm~ 

soil type 

lco~pSoil 

JParamete111 

bulk density, 

•"' '''""" 
porosity, ,. 
{unltless) 

porosity, soil type 

e.j' l Lool<upSoll 

J_lcm3fcm1 Parametaro 

bulk density, 

p,' 

. (glom'> 

porosity,,, 
{unitless)_ 

porosity, 

a.' 
(cm3/cm~ 

c 1.43 0.459 0.215 I c 1.43 0.459 0215 c 1.43 0.459 0.215 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Enclosed Enclosed Enclosed Average vapor 

space Soli-bldg. space ,,., Enclosed Floor-wall Indoor flow rate Into bldg. 
floor pressure floor floor space seam crack air exchange OR 

thickness,

'·
differential, 

;p 
length, 

L, 
width, 
w, 

height, 
H, 

width, 
w 

rate, 
ER 

Leave blank to calculate 
a~, 

(om) {g/an-s2) (om\ (om) (om) (om) (1/h) ILiml 

10 40 1000 1000 366 0.1 025 

ENTER ENTER ENTER ENTER ENTER ENTER 
Averaging Averaging Target Target hazard 
time for time for Elq:losure Exposure risk for quotient for 

carcinogens, noncan::inogens, duration, frequency, carcinogens, noncarcinogens, 
AT~ ED EF TR THO 

~~ ~~i (y~) ldo'f'~O (unltless) (unltless) 
I 

70 30 30 350 I 1.0E-06 1 

Used to calculate risk-based 
qroundwater concentration. 
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INTERMEDIATE CALCULATIONS SHEET 

Perkin Elmer·~r~,.----··

Missouri Metals Site 
Overland, Missouri 

Exposure 
duration, 

' 
(sec) 

9A6E+08 

Source-
building 

separation, 
L, 

(em) 

442.2 

Stratum A 
soil 

air-filled 
porosity, 

e'• 
(cm3/cm3 

) 

0.244 

Stratum B 
soil 

air-filled 

porosity, 
e,' 

(cm3/cmj 

0.244 

Stratum C 
soil 

air-filled 
porosrty, 

e,' 
(cm3/cm3

) 

0.244 

Stra m A 

eff~ve 
tota fluid 

saturtion, 

s. 
(om'itom'l 

I 
0.324 

Stratum A 
soil 

intrinsic 
permeability, 

~ 
(cm2} 

2.26E-09 

Stratum A 
soil 

relative air 
permeability, 

k, 
(cm2) 

0.821 

Stratum A 
soil 

effedive vapor 
permeability, 

" (cm2) 

1.86E-09 

Thickness of 
capillary 

zone, 
L., 

(em) 

30.00 

Total 
porosity in 
capillary 

zone, 

""(cm3/cm3
) 

0.459 

Air~filled 

porosity in 
capillary 

zone. 

··~(cm3/cm3
) 

0.104 

Water-filled 
porosity in 
capillary 

zone, 

e..~ 
(cm3/cm3

) 

0.355 

Floor-
wall 

seam 
perimeter, 

X.,.~ 

{em) 

4,000 

Bldg. 
ventilation 

rate. 

ObuUdlng 
(em3/s) 

2.54E+04 

Area of 
enclosed 

space 
below 
grade, 

A, 
(em2) 

1.06E+06 

Crack-
to-total 
area 
ratio, 

" (unitless) 

3.77E-04 

Crack. 
depth 
below 
grade, 

Z.:rack 
(em) 

15 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

6.Hv,TS 
(cal/mol) 

7,734 

HenJ.Iaw 
constant at 

ave. gro~ndwater 
tempe!rature, 

~,. 
(atm-m3/mol) 

I 
2.041E-03 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H\s 
(unitless) 

8.77E-02 

Vapor 
viscosity at 

ave. soil 
temperature, 

""(g/em-s) 

1.75E-04 

Stratum 
A 

effective 
diffusion 

coefficient, 

o", 
(em2/s) 

3.19E-03 

Stratum 
B 

effective 
diffusion 

coefficient, 

D", 
(cm2/s) 

O.OOE+OO 

S'lratum 
c 

effective 
diffusion 

coefficient, 

o", 
(cm2/s) 

O.OOE+OO 

Capillary 
zone 

effective 
diffusion 

coefficient, 

o"~ 
(em2/s) 

2.07E-04 

Total 
overall 

effective 
diffusion 

coefficient, 
Del\ 

(em2/s) 

1.61E-03 

Diffusion 
path 

length, 

L, 
(em) 

442.2 

Convection 
path 

length, 

L, 
(em) 

15 

-
Source 
vapor 
cone., 

Csourca 
()!Q/m3) 

1.51E+06 

Crack. 
radius, 

fcrack 

(em) 

0.10 

Average 
vapor 

flow rate 
into bldg., 

O..oll 
(cm3/s) 

1.86E+OO 

Crack 
effective 
diffusion 

coefficient, 
DCrllCk 

(cm2/s) 

3. 19E-03 

J.cl 
dck, 

"1~· 
(cm2) 

I 
4.00E+02 

Exponent of 
equivalent 
foundation 

Peclet 
number, 
exp(Pe1) 

(unitless) 

2.22E+06 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" (unitless) 

4.95E-05 

Infinite 
source 
bldg. 

cone., 

CbuUdlng 
(!J,fl/m3) 

7.46E+01 

Unit 
risk. 

factor, 

URF 
{f19/m3r1 

NA 

Reference 
cone., 

RIC 
(mglmj 

3.5E-02 

END 

1 of 1 
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I DATA ENTRY SHEET 

trans~1 ,2-Dichloroethene in Groundwater Wells GMW-5 6 
Perkin Elmer 

Missouri Metals Site 
overland, Missouri 

I 
1

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enrr "X" In ''YES'' box) 

YES 

OR 


CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in ''YES" box and lnldalgroundwater cone. below) 

YES X 

ENTER ENTER 
Inidal 

Chemical groundwater 
CAS No cone., 

(numbers only, Cw 
no dashes) (tLgJLl Chemical 

156605 4 OOE+01 traMs-1 2 Diehloroethylene -
I 

ENTER ENTER 
Depth 

ENTER ENTER I ENTER ENTER 
Totals mus,t add up to value Of LVIIT (cell G28) 

ENTER 

Soil 
stratum 

directly above 
water table, 

(Enter A, 9, or Cl 

c 

ENTER 

scs 
soil type 

directly above 

water table 

sc 

ENTER 
Soil 

stratum A 
scs 

soil type 
(used to estimate 

soil vapor 

oenneabitltvl 

c 

OR 

ENTER 

User-defined 
stratum A 
soil vapor 

penneability, 

" ,~, 

Average 
soU/ 

groundwater 
temperature, 

T, 

tc1 

10 

below grade 
to bottom 

of enclosed 
space floor,,, 

(om) 

15 

Depth 
below grade 

to water table, 

'~ 
(om) 

457.2 

Thickness Thickness 
Thickness of soil of soil 

of soil stratum 8, stratum C, 
stratum A, Ent~r value or 0) (Enter value or 0) 

h, h, h, 
(om) (om) (omI 

I 
457.2 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum A Stratum 8 Stratum 8 Stratum 8 Stratum 8 Stratum C Stratum C Stratum C Stratum C I M~RE I scs soil dry soil total soil water-filled scs soil dry soil total soil water-filled scs soli dry soil total soil water-filled 

bulk density, porosity, porosity, soil type bulk denslty, porosity, porosity, soil type bulk density, porosity, porosity,
,,• ,. ... Lookup Sell .,• ,. ... .,o ,o 

2 Parameters 3 '·' (g/an' runltlessl (cm /cm' (gtcmj (unitlessl (cm /an' (g.lc.mj (unltless) (cm3/cm) 
I 

c 1.43 0.459 0.215 I I c 143 0.459 0.215 c 1.43 0.459 

ENTER ENTER ENTER ENTER 
Enclosed Enclosed EnclosedI M~RE I 

space Soil-bldg. space'"~ flooc pressure floor floor 
thickness, dlfferentJal, length, width, 

L.:raok ;p L, w, 
~cml Ci!cm-s

2l (cml 'cml 

ENTER ENTER ENTER ENTER 
Average vapor 

Enclosed Floor-wall Indoor flow rate Into bldg 

'""' seam crack air exchange OR 
height, width, "'"· Leave blank to calculate 

H, w ER a.., 
(cml (cml ~1/hj (Uml 

366 01 0.25 

ENTER ENTER 
Target Target hazard 
rlskfor quo~entfor 

carcinogens, noncardnogens, 
TR THO 

~unltlessl ~unltlessj 

10 40 1000 1000 

I rKJ.J,RE I ENTER 
Averaging 
tJmefor 

carcinogens, 
AT, 

~~rsl 

ENTER 
Averaging 
time for 

noncarcinogens, 
AT~ 

~~rs~ 

ENTER 

Exposure 
duratJon, 

ED 
~~rsl 

ENTER 

Exposure 
frequency, 

EF 
lda~rj 

70 30 30 350 1.0E-06 

Used to calculate risk-based 

DRLl groundwater concentratJon. 

1 of 1 
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! 

1NTERMEDIATE CALCULATIONS SHEET 
trans-1 -Dichloroethene in Groundwater Wells GMW-5 6 

I 

I 

I 

Perkin Elmer 
Missouri Metals Site 
Overland, Missouri 

Exposure 
duration, 

(sec) 

9.46E+08 

Source-
building 

separation, 

L, 

(em) 

442.2 

Stratum A 
soil 

air-filled 
porosity,

a: 
(cm3/cmj 

0.244 

Stratum B 
soil 

air-filled 
porosity, 

'·' {cm3/cm3
) 

0.244 

stratum C 
soil 

air-filled 
porosity, 

'·' (cm3/cm3
) 

0.244 

Stratum A 

efft.ve 
tota fluid 
satutation, 

s. 
(cm1/cm3 

)

I 
0.324 

Stratum A 
SOL] 

intrinsic 
penneabilrty, 

1\ 
(cm2) 

2.26E-09 

Stratum A 
soil 

relative air 
permeability, 

k, 
(cm2) 

0.821 

Stratum A 
soil 

effective vapor 
permeability, 

"' (cm2) 

1.86E-09 

Thickness of 
capillary 

zone, 

L~ 

(em) 

30.00 

Total 
porosity in 
capillary 

zone, 

n~ 

(cm3/cmj 

0.459 

A1r-filled 
porosity in 
capillary 

zone, 

Ba,c::: 

(cm3tcm3) 

0.104 

Water-filled 
porosity in 
capdlary 

zone. 
Ow.~ 

(cm3/cm3
) 

0.355 

Floor-
wall 

seam 
perimeter, 

X:rack 

(em) 

4,000 

Bldg. 
ven'hlation 

rate, 

abuilding 

(cm3/s) 

2.54E+04 

Area of 
endosed 

space 
below 
grade, 

As 
{cm2) 

1.06E+06 

Crack-
to-total 
area 
ratio, 

" {unitiess) 

3.77E-04 

Crack 
depth 
below 
grade, 

z~~ 

{em) 

15 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

6-Hv,Ts 

(cal/mol) 

7.136 

Hen±slaw 
con nt at 

ave. gro~ndwater 
tempe;rature, 

HI, 
(atm-mJ/mol) 

I 

4.9-'IIE-03 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'rs 
{unitiess) 

2.13E-01 

Vapor 
viscosity at 

ave. soil 
temperature, 

"" {81cm-s) 

1.75E-04 

Stratum 
A 

effective 
diffusion 

coefficient, 

o~A 

{cm2/s) 

3.06E-03 

S'lratum 
B 

effec:bve 
diffusion 

coefficient, 

0"', 
(cm2/s) 

O.OOE+OO 

Stratum 
c 

effective 
diffUSIOn 

coefficient, 

D"', 
(cm2/s) 

O.OOE+OO 

Capillary 
zone 

effective 
diffusion 

coefficient, 

D~a 

{cm2/s) 

1.88E-04 

Total 
overall 

effective 
diffusion 

coefficient, 

0"', 
(cm2/s) 

1.50E-03 

Diffusion 
path 

length, 

L, 
<em) 

442.2 

Convection 
path 

length, 

L, 

Source 
vapor 
cone., 

Crack 
radius, 

'=< 

Average 
vapor 

flow rate 
into bldg., 

Crack 
effective 
diffusion 

coeffioent, 
ocr&el< 

I 

Art:Jaot 
'crc:ck, 

"r•< 
(om 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1) 

unitless 

Infinite 
source 
1ndoor 

attenuation 
coefficient, 

" 
unitiess 

Infinite 
source 

bldg. 
cone.• 

Unit 
risk 

factor, 

URF 

Reference 
cone., 

RfC 

mg/m2 
) 

15 8.51E+03 0.10 1.86E+OO 3.06E-03 4.00E+02 4.08E+06 4,84E-05 4.11E-01 NA ?.OE-02 

END 
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1 DATAENTRYSHEET 
Tetrachloroethene in Groundwater Wells GMW-5 6 

I Perkin Elmer 
Missouri Metals Site 
overland, Missouri 

GW-ADV 
I

CALCUlATE RISK-BASED GROUNDWATER CONCENTRATION (enr··x" in "YES"" box) 
Version 3.1; 02/04 

YES 

OR 
CONCENTRATION (enter "X" in "YES~ box and initial groundwater cone. below)CALCUlATE INCREMENTAL RISKS FROM "'"', 

YES XI I 
ENTER ENTER 

Initial 

Chemical groundwater 

CAS No. cone., 


(numbers only, Cw 

no dashes~ 
 I Chemloal 


I 

127184 4.28E+04 


~~IL~ 

I I 
I 

I I I I 
ENTER 

Depth 
ENTER ENTER ENTER ENTER ENTER E~!~RE~~~~~ I 

. E~T~~oluo OIL~ 
Average below grade stratum A User-defined 

soli/ to bottom Depth Tn~c:~lss of soil scs stratum A 
groundwater of enclosed below grade 

Thickness Soli 
soU type soil vapor 

temperature, space floor, to water table, 
stratum scsof soil stratum 8, strntum C, 

orO) (Enter value or 0) directly above soil type (used to estimate OR permeability, 
L, LM 

stratum A, 
soli vapor


J~) (om) (om) 


h, water table, directly aboveho (o~'lrEoteO .. 8, oc C) wotertablo Ill(om) (om) roml 
I 
I 
I 

I 
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum 8 Stratum B Strawm a Stratum C StraWmC Stratum C Stratum C 
scs soli dry soli total scs soU dry soil total soil water-filled scs soil dry soil total soli water-filled 

I 
"" water-fillod I 

"ll~po bulk density, porosity, poros~. soil type bulk density, porosity, pores~. soil type bulk density, porosity, porosity,,. 
Lcok~~ Soli • ,. .... l Lookup SoU 

,., ,,• ' .I ;:;:o:..~~ I ,:;,.., Poramoters Parameter-.(om'7om') J r:om'l (om'Jom') J ,,;;.,.., rom~;:,..,'"'"'"' I '"'"''"' '"'"''"' 
I I I II I I I I I 

ENTER ENTER ENTER ENTERENTER ENTER ENTER ENTER 
Average vapor 


space Soli-bldg. space space 

Enclosed Enclosed Enclosed 

Enclosed Floor-Wall Indoor flow rate into bldg. 

floor pressure floor floor 
 space seam crack a1r exchange OR 


thickness, differential, length, width, 
 height, width, rate, Leave blank to calculate 
oP L, w, 

~ 
H, w ER o~, 


(glom-•~ /om) roml 
 I /om) (om) (11h) (Uml 
I 

II I II I I 
ENTER ENTER ENTER ENTER ENTER ENTER 

Target Target hazard 

tJmefor time for Exposure Exposure 


Averaging Averaging 
risk for quo~enttor

I 
noncasgens, dura~on, frequency, carcinogens, noncarc.lnogens, 

Tl<Q~~~- ~~~) I 

I 
'"'~~.., '"''"'")'"~~" 
Used to calculate rlsk-OO.sed 

I 

I 
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INTERMEDIATE CALCULATIONS SHEET 
Tetrachloroethane in Groundwater Wells GMW-5 6 

Perkin Elmer 
Missouri Metals Site 
Overland, Missouri 

Exposure 
duration, 

' 
(sec) 

9.46E+08 

Source-
building 

separation, 

L, 

(em) 

442.2 

stratum A 
soil 

air-filled 
porosity,

a: 
(cm3/cm3

) 

0.244 

Stratum B 
soil 

air-filled 
porosity, 

'·' (cm3/cm3
) 

0.244 

Stratum C 
soil 

air-filled 
porosity, 

'·' (cm3/cm3
) 

0.244 

Stra "mA 
effective 

totaifluid 
satu 

1 

tion, 

s. 
(cm3Vcmj 

I 

0.324 

Stratum A 
soil 

intrinsic 
permeability, 

~ 
(cm2

) 

2.26E-09 

Stratum A 
soil 

relative air 
penTleability, 

"'(cm2) 

0.821 

Stratum A 
soil 

effechve vapor 
permeability, 

k, 
(cm2) 

1.86E-09 

Thickness of 
capillary 

zone, 

"" (em) 

30.00 

Total 
porosity in 
capillary 

zone, 

"~ 
(cm3/cm3

) 

0.459 

Air~filled 

poros1ty in 
capillary 

zone, 

··~(cm3/cm3
) 

0.104 

Water-filled 
porosity in 
capillary 

zone, 
ew,cz 

(cm3/cm3
) 

0.355 

Floor-
wall 

seam 
perimeter. 

x..~ 
(em) 

4,000 

Bldg. 
ventilation 

rate, 

abuilding 

(cm3/s) 

2.54E+04 

Area of 
enclosed 

space 
below 
grade, 

A, 
(cm2) 

1.06E+06 

Crack-
to--total.... 
ratio, 

" (unitless) 

3.nE-04 

Crack 
depth 
below 
grade, 

Zcrac~ 
(em) 

t5 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

.C.Hv,TS 
(cal/mol) 

9,553 

Hen±. law 
cons nt at 

ave. groLndwater 

temp~ture, 

(atm-m3/mol) 

I 
7.81IE-03 

Henry's taw 
constant at 

ave. groundwater 
temperature, 

H\s 
(unitless) 

3.36E-01 

Vapor 
viscosity at 

ave. soil 
temperature, 

""Cg/cm-sl 

1.75E-04 

Stratum 
A 

effective 
diffusion 

coefficient, 

D"", 
(cm2/s) 

3.12E-03 

Stratum 
B 

effective 
diffusion 

coefficient. 

o"', 
(cm2/s) 

O.OOE+OO 

Stratum 
c 

effective 
diffusion 

coefficient, 

D"", 
(cm2/s) 

O.OOE+OO 

Capillary 
zone 

effective 
diffusion 

coefficient, 
QeTTcz 

(cm2/s) 

1.87E-04 

Total 
overall 

effective 
diffusion 

coefficient, 
QeffT 

(cm2/s) 

1.51E-03 

Diffusion 
path 

length, 

L, 

(em) 

442.2 

Convection 
path 

length, 

L, 
(em? 

15 

Source 
vapor 
cone., 

Csource 
(p.g/m3) 

1.44E+07 

Crack 
radius. 

·~~ 
(em) 

0.10 

Average 
vapo• 

flow rate 
into bldg., 

a,., 
(cm3/s) 

1.86E+OO 

Crack 
effective 
diffUSIOn 

coefficient, 
D"'""k 

(cm2/s) 

3.12E-03 

Jcl 
cracK, 

AJ.~ 
(c~2) 

I 
4.00E+02 

Exponent of 
equivalent 
foundation 

Peclet 
number, 
exp(Pe1) 

{unitless) 

3.12E+06 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" 
<unitless) 

4.84E-05 

Infinite 
source 
bldg. 

cone., 

cbulldlng 

(flf!/ms) 

6.97E+02 

Unit 
risk 

factor, 

URF 
<ualm3r1 

5.9E-06 

Reference 
cone., 

RfC 
(mg/m3) 

S.OE-01 

END 

1cl1 
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DATA ENTRY SHEET 


iTrichloroethene in Groundwater Wells GMW-5 6 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


CALCULATE RISK-BAS:::ROUNDWAT::ONCENTRATION (oT"X" lo ''YES" box) 

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATiR CONCENTRATION (enter "X" in ''YES" ~ox and lnltlalgroundwater cone. below) 

YES I X I I. 
ENTER ENTER 

Initial 
Chemical groundwater 
CAS No. cone., 

(numbers only, Cw 
no dashes) i@ 

79016 1 74E+04 

ENTER 

Average 
soil/ 

grOIJndwater 
temperature, 

T, 
tc1 

ENTER 
Depth 

below grade 
to bottom 

ofendosed 
space floor, 

L, 
(om) 

ENTER 

Dopth 
below grade 

to water table, 
LM 
(om) 

10 200 135 

ENTER 
Stratum A 

ENTER 
Stratum A 

ENTER 
Stratum A 

I Chemical 

1 Trichloroethylene 
I 

ENTER J ENTER ENTER 
Totals mu add up to value of Lwr(cell G28) 

Thickness Thickness 
Thickness of soil of soil 

of soil 
stratum A. 

I stratum B, 
1Enter value or OJ 

stratum C, 
(Enter value or 0) 

h, h, h, 
(om) . (om) (om) 

I 
135 I 

ENTER ENTER ENTER 
Stratum A Stratum B Stratum B 

scs soil dry soil total soil water-filled scs soil dry 
soil type bulk density, porosity, porosity, soil type bulk density, 

Lookup Soli ,, o' a.: Lookup Soli ,,• 
PBroometero 3 Paroomete"' II J (Q/cm3l (unltless) (cm /crn' (g{c.m'

I 

ENTER ENTER 

Soil 
stratum 

directJy above 
water table, 

(Enter A 8 or C) 

scs 
soli type 

directly above 

water table 

c sc 

ENTER 
Stratum B 
soli total 
porosity, 

o' 
(unltlessl 

ENTER 
Stratum B 

soil water-filled 
porosity, 

'·' (cm3/cm3) 

ENTER 
Soil 

stratum A 
scs 

SOil type 
(used to estimate 

soil vapor 

permeability) 

OR 

ENTER 

User-defined 
stratum A 
soil vapor 

permeability, 
k. 

(om') 

c 

ENTER 
Stratum C 

scs 
soli type 

I Lookup Soil 
Parame\<1"' I 

ENTER 
Stratum C 

soil dry 
bulk density, 

Po ' 
(gfcm' 

ENTER 
Stratum C 
soil total 
porosity, 

o' 
{unltless) 

ENTER 
Stratum C 

soil water-filled 
porosity, 

' ' 
(cm

3
/cm' 

I c I 1.43 I 0.459 I 0.215 I I c I 1.43 I 0.459 I 0.215 I c I 1.43 I 0.459 I 0215 I 

ENTER ENTER ENTER ENTER 
Enclosed Enclosed Enclosed 

'"'"' Soil-bldg. space space 
flooc pressure floor floor 

thicl<ness, dlfferendal, length, width, 
L.raol! aP L, w, 
~cml (i!cm-s2) ~cml ~cml 

ENTER ENTER ENTER ENTER 
Average vapor 

Enclosed Floor-wall Indoor flow rate Into bldg. 
space seam crack air exchange OR 
height, 

H, 
~cml 

width, 
w 

~cml 

"'"·ER 

111hl 

Leave blank to calculate 

a.." 
'Lim) 

10 40 1000 1000 366 0.1 025 

ENTER ENTERENTER ENTER ENTER ENTERI M~RE I 
T•'9'1 Target haZardAveraging Averaging 

time for time for .,,"" Exposure risk for quotientfor 
carCinogens, noncarclnogens, duration, frequency, carcinogens, noncarcinogens, 

TR THQAT, AT~ ED EF 
,,~ ,,~,,,,;, (davslvr\ unitless (unitless 

70 30 30 350 1.0E.Q6 

Used to calculate risk-based 
oroundwater concentration. ~ 

1 of1 
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INTERMEDIATE CALCULATIONS SHEET 
Trichloroethene in Groundwater Wells GMW-5 6 

Perkin Elmer 

Missouri Metals Site 

OVerland, Missouri 


Exposure 
duration, 

' 
sec 

Source-
building 

separation, 
L, 

em 

Stratum A 
soil 

air-filled 
porosity, 

e.' 
cm 3/cm3 

Stratum B 
soil 

air-filled 
porosity, 

Stratum C 
soil 

air-filled 
porosity, 

Stratum A 
effebtive 
tota~ fluid 
satur;ation, 

s. 

Stratum A 
soil 

intrinsic 
permeability, 

"em' 

Stratum A 
soil 

relative air 
permeability, 

Stratum A 
soil 

effective vapor 
permeability, 

"' 

Thickness of 
capillary 

zone, 

""em 

Total 
porosity in 
capillary 

zone, 

Air-filled 
porosrty 1n 
capillary 

zone, 
Ga,cz 

(cm3/cm3 

Water-filled 
porosity in 
capillary 

zone, 

Floor-
wall 

seam 
perimeter, 

""""" 
9.46E+08 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Bldg. 
ventilation 

rate. 

abuilding 

{cm3/s) 

Area of 
enclosed 

space 
below 
grade, 

Aa 
{cm2) 

CraCk.
to-total 
area 
ratio, 

" (unitiess? 

Crack 
depth 
below 
grade, 

z~~ 
(em? 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

b.Hv,TS 

(cal/mol) 

-t~cons nt at 
ave. g 

1 

ndwater 
temperature,

H,. 
(atm-rh3/mol) 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'Ts 

(unitless) 

Vapor 
viscosity at 

ave. soil 
temperature, 

""<glcm-s) 

Stratum 
A 

effective 
diffusion 

coefficient, 
o~, 

{cm2/s) 

Stratum 
B 

effective 
diffusion 

coefficient, 
o~, 

(cm2/s) 

Stratum 
c 

effective 
diffusion 

coefficient, 
D~, 

{cm2/s) 

Capillary 
zone 

effective 
diffusion 

coefficient. 
D~ 

~ 

{cm2/s) 

Total 
overall 

effective 
diffusion 

coefficient, 
o~rrT 

(cm2/s) 

Diffusion 
path 

length, 

L, 
(em) 

2.54E+04 1.8CE+C6 2.22E-04 200 8.557 
I 

4.78E-03 2.06E-01 1.75E-04 3.42E-03 C.CCE+CC C.CCE+CC 2.08E-04 7.35E-06 

Convecbon 
path 

length, 

L, 

em 

Source 
vapor 
cone., 

CIIOUICD 

m' 

Crack 
radius, 

'~~ 
em 

Average 
~por 

flow rate 
into bldg., 

o,., 
cm 3/s 

Crack 
effective 
diffusion 

coefficient, 

0 cr..,k 

cm 2/s 

Area of 
cr$ck, 

N..~ 
cl-n2 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1) 

unitless 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" 

Infinite 
::.our~ 

bldg. 
cone., 

Unit 
risk 

factor, 

URF 

Reference 
cone., 

RfC 

200 3.5BE+06 0.10 1.2BE+OO 3.42E-03 4.00IE+C2 1.17E+C4 4.60E-05 1.65E+C2 1.1E-04 4.CE-02 

END 
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-,
DATA ENTRY SHEET 


Vinyl Chloride in Groundwater Wells GMW~S 6 

Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


:::::::;~::r~::·-··~·~-···---
YES I X I I 

ENTER ENTER 
Initial 

Chem1cal groundwater 
CAS No. cone., 

(numbers only, c. 
no dashes) (\LQ/Ll I Chemical 

75014 7 02E+02 Vln'A d'lloride (chloroethene) 
I 

ENTER ENTER ENTER ENTERENTER ENTER ENTER ENTER J ENTER ENTER 
Totals mu add up to value of Lwr(cell G28)Depth Soil 

Average below grade stratum A User-definedThicKness ThicknessI M~RE I scs stratum A 
groundwater ofendosed below grade 

soil/ to bottom Depth Thickness of soli of soil Soil 
soil type soil vapor 

temperature, space floor, to water table, 
of soil stratum B, stratum C, scs""""m 

diroctly above soli type (used to estimate OR permeability, 
T, L, LM 

stratum A, Enter value or 0) (Enter value or 0),, soli vaporwater table, directly above'• ,, 
tel (om) (om) (om) (om) (om) (Enter A, B, or C) water table permeabi_lity) (om') " 


I 

10 15 457.2 
 c sc457.2 c 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 

I M~RE I Stratum A 
scs 

Stratum A 
soil dry 

Stratum A 
soil total 

Stratum A 
soli water-filled 

Stratum 8 
scs 

Stratum B 
soil dry 

Stratum B 
soli total 

Stratum 8 
soil water-filled 

Stratum C 
scs 

Stratum C 
soil dry 

Stratum C 
soil total 

Stratum C 
soli water-filled 

I 
soil !y-pe 

Lca~pSoll 

Parametera J 

bulk density, 
p,' 

(glcm' 

porosity, 

"'!unitlessl 

porosity,

a: 
(cm~/cmj I 

soli type 
L.oallu~Soll 
Parametera J 

bulk density, 

p,' 

(g/cm) 

porosity,,. 
(unitlessl 

porostty,... 
(cm3/emj 

soil type 

I Laol<up SoU 
Parametera J 

bulk density, 
p,' 

(glcmj 

porostty,,, 
(unltless) 

porosity, 

'·' (cm'tcm) 
I 

I c I 1.43 I 0459 I 0.215 II c I 143 I 0459 I 0.215 I c I 143 I 0.459 I 0.215 I 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 

I M~RE I Enclosed 
,,.~ Soil-bldg. 

Enclosed 
,,.~ 

Enclosed 
space Enclosed Floor-wall Indoor 

Average vapor 
flow rate Into bldg. 

flooc pressure floor floor space seam aack air exchange OR 
thickness, 

L...,,.ok 
differential,

•• 
length, 

L, 
width, 
w, 

height, 
H, 

width, 
w "'"· ER 

Leave blank to calculate 
a.., 

Iom) (glcm-s~) lorn) <=> <=> (om) 11/hl ~Uml 

I 10 I 40 I 1000 I 1000 II ,.. I 0.1 I 0.25 I 

I M~RE I ENTER 
Avernglng 

ENTER 
Avernging 

ENTER ENTER ENTER 
Target 

ENTER 
Target hazard 

time for time for Exposure Exposure risk for o;uo~enttor 
carcinogens, noncarclnogens, duration, frequency, carcinogens, noncarcinogens, 

AT, AT~ ED EF TR THQ 
ryrsl !yrsl (yrs) ldaystvQ (unitlessl lunltlessl 

70 30 30 350 
I 
I 1.0E-06 , 

Used to calculate risk-based 
oroundwater concentration.~ 

1 Of1 



INTERMEDIATE CALCULATIONS SHEET 
Vinyl Chloride in Groundwater Wells GMW..S 6 

I Perkin Elmer 
Missouri Metals Site 
Overland, Missouri 

Source-
Stratum A 

•o• 
Stratum B 

soil 
Stratum C 

soil 

1 

stra~um A 
effective 

Stratum A 
soil 

Stratum A 
soil 

Stratum A 
soil Thickness of 

Total 
porosity in 

Air-filled 
porosity in 

Water-filled 
porosity in 

Floor-
wall 

Exposure building air-filled aiHilled air-filled totatu1d intrinsic effective vapor capillary capillary capillary capillary seam 
duration, separation, porosity, porosrty, porosity, satu tion, permeability, permeability, zone, zone, zone, zone, perimeter, 

' L, '·' a,c s. " "' La x.,.,, 
cm3/cmJ) (cm2/cm3 (cm3Vcm (cm2 em 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4.000 

Area of Stratum Stratum Stratum Capillary Total 
enclosed Crack- Crack Enthalpy of Heo±•Jaw Henry's law Vapor A B c zone overall 

Bldg. space to-total depth vaporization at cons nt at constant at viscosity at effecbve effective effective effective effective Diffusion 
ventilation below area below ave. groundwater ave. groLndwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion pa1h 

rate, 

Qbt,;kfl~ 
(cm3/s) 

grade, 

A, 

(cm2) 

ratio, 

"(unitless) 

grade, 

z_, 
(em) 

temperature, 

Miv,TS 

(cal/mol) 

temptture, 

H' 
{atm-m3/mol) 

temperature, 

H'rn 
lunitless) 

temperature, 

""(o/cm-s) 

coefficient, 

Jl"'A 
(cm2/s) 

coefficient, 

ll"', 
(cm2/s) 

coefficient, 

D"c 
(cm2/s) 

coefficient, 

o"'~ 
(cm2/s) 

coefficient, 

D'", 
(cm::ols) 

length, 

L., 
(em) 

. I 

2.54E+04 1.06E+06 3.77E-04 15 5 000 1.72IE-02 7.41E-01 1.75E-04 4.59E-03 O.OOE+OO O.OOE+OO 2.72E-04 2.21E-03 442.2 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Convection Source vapor effective I foundation indoor source Unit 
pa1h 

length, 
vapor 
cone., 

Crack 
radius, 

flow rate 
into bldg., 

diffusion 
coefficient, 

Arelaofe<,ck. Peclet 
number, 

attenuation 
coefficient, 

bldg. 
cone., 

risk 
factor, 

Reference 
cone., 

L, C~o~rce rcr..,k Oeoll 
ocrQCk 

AJ~< exp(Pe1) " Cb~Udlnc URF RIC 

'em~ ~~mJ ~cml ~em%) ~cm 2/s~ ~cJ,2~ ~unitlessl ~unitlessl ~~Q;!mal ~~'m3r1 (mglm1 

15 5.20E+05 0.10 1.86E+OO 4.59E-03 4.00E+02 2.58E+04 5.43E-05 2.82E+01 S.SE-06 1.0E-01 

END 
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Appendix C 
USEPA Johnson and Ettinger Model Data Entry and 

Intermediate Calculations Worksheets for PRG Volatilization Factors 
Monitoring Wells GMW-3, 7, 8, & 9 and 5, 6 



-,
DATA ENTRY SHEET 

VF forPRGs 
1,1-Dich oroethene in Groundwater Wells GMW3, 7, 8,9 and 5, 6 

Perkin Elmer 
MiSsouri Metals Site 

GW-ADV 
I Overland, Missouri 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter"X" In ''YES" box) 
Version 3.1; 02104 

YES I X I I 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTAATION (enter "X" In ''YES" box and lnJtlal groundwater cone. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. cone., 

(numbers only, Cw 
d h lno as as ( oiL)~ Ch Iom~I 

I 

I 75354 I I I 1,1-0ichloroethylene I 
I 

ENTER ENTER 
Doplh 

ENTER ENTER 
! 

ENTER ENTER 
Totals mus~ add up to value of Lwr (cell G28) 

ENTER ENTER ENTER 
Soil 

stratum A 

ENTER 

User-definedAverage below grade Thickness Thickness 
soitl to bottom Depth Thickness of soil of soil Soil scs stratum A 

groundwater of enclosed below grade of soil stratum B, stratum C, stratum scs soil zype soil vapor 
temperature, space floor, to water table, stratum A, Enter value or O) (Enter value or 0) directly above soli tjpe (used to estJmate OR permeabllltj, 

T, 

rc) 
L, 

<=> 
LM 

=' 
h, h, h, 

1om (om) I om 

water table, 

Enter A, 8, or C 
directly above 
water table 

soli vapor 

permeabl!!hl_ 
,;;, 

10 15 457.2 457.2 I c sc c 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum A Stratum 8 Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C 

scs soli dry soli total soli water-filled scs soli dry soil total soli water-filled scs soli dry soil total soil water-filled 
soil tjpe bulk densltt, porosltj, porosltj, ,.
Looku~ Soil .: ... 
Par~~mete111I I (Qicm3) (unltless) (cm31cmj 

I 

soli zype 
Lookup SoU 
Parameter5 

c 

I 
bulkdenslzy, ,.. 

(glcm' 

1.43 

porosltj, ,. 
(unltless) 

0.459 

po!tiSity, 

'·' (cmJ/cm3) 

0.215 

solltjpe 

I Lookup soli 

JParameters 

bulk densltj, 

••' 
(g/cm? 

c 143 

porosOy, 
o' 

(un~lassl 

0.459 

porositj, 

'·' (cm 
3
/cm' 

0.215 

I 

ENTER 

Enclosed 
space 
height, 

H, 

<=> 

ENTER 

Floor-wall 
seam crack 

width, 
w 

(om) 

ENTER 

Indoor 
air exchange 

rate, 
ER 

(11h) 

ENTER 
Average vapor 

flow rate Into bldg. 
OR 

Leave blank to calculate 

a.." 
(Lim) 

c 

ENTER 
Enclosed 

space 
floor 

thickness, 

c.
(om) 

143 

ENTER 

Soli-bldg. 
pressure 

differential, 
;p 

(g1cm-s2) . 

I 10 I 40 I 

ENTER ENTER 
Averaging Averaging 
tJmefor tJmefor 

carclnogens, noncarclnogens, 
AT, AT~ 

fy~l 'Yrsl 

0.459 

ENTER 
Enclosed 

space 
floor 

length, 
L, 

l=l 

0.215 

ENTER 

Enclosed 

,,.~ 

floor 
width, 
w, 
<=> 

1000 I 1000 

ENTER ENTER 

Exposure Exposure 
duration, frequency, 

ED EF 
Nrsl ldaysNr) 

II I a 1 I 0.25 I""' 
ENTER ENTER 

Target Target hazard 

risk for quotient for 


carcinogens, noncarcinogens, 
TR THO 

(unltless) (unitlessl 

I 


70 30 30 350 I 1.0E-06 1 

Used to calculate risk-based 
I Clroundwater concentration. 

1 of1 



----+--

J~~~·~""~~..,~
VF!orPRGs 
1,1~Dichlor ethene in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


stratum A Stratum B Stratum C Stra~pmA Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor
Source- soil soil soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 

Exposure building a1r-filled air-filled air-filled tota~uid intrinsic relative air effective vapor capillary capillary capillary capillary •eam 
duration, separation, porosity, porosity, porosity, satu tion, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

L; a: s. L~ n~ E'la,c:z 8w,c:z x.~,' '·' '·' "' 2 ~sec~ ~cml ~cm3/cms~ " "" ~cm ~ ~cml ~cma/cm3~ ~cml~cm3/cmJ ~cm3/cm3~ ~cm3Ycm3~ ~cm2l ~cm2) ~cm3/cmj {cm3/cm3~ 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E~09 30.00 0.459 0.104 0.355 4.000 

Areaof Stratum Stratum Stratum Capillary Total 
enclosed Crack~ Crack Enthalpy of Hen 'slaw Henry's law Vapor A B c zone overall 

Bldg. space to-total depth vaporization at con. nt at constant at viscosity at effective effective effecbve effective effective Diffusion 
ventilation below area below ave. groundwater ave. groLndwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion path 

rate, 

abuilding 

{cm3/s) 

grade, 

A, 

(cm2) 

ratio. 

" (unitless? 

grade, 

Zcrack 

(em? 

temperature, 

.6.Hv,Ts 

(cal/mol) 

temptture, 

I
(atm-m2/mol) 

temperature, 

H'Ts 

(unitless? 

temperature, 

""(g/cm~s) 

coefficient, 

o", 
(cm2/s) 

coefficient, 

o", 
(cm2/s) 

coefficient, 

o"', 
(cm2/s) 

coefficient. 
oerrcz 

(cm2/s) 

coefficient, 
DerrT 

(cm2/s) 

length, 

L, 
(em) 

I 
2.54E+04 1.06E+06 3.77E-04 15 6.392 1.471E-02 6.33E-01 1.75E-04 3.90E-03 O.OOE+OO O.OOE+OO 2.31E-04 1.88E-03 442.2 

Exponent of Infinite 
Average Crack equivalent "'urce Infinite 

Convection Source vapor effective foundation indoor source Unit 
path vapor Crack flow rate diffusion ArEjaOf Peclet attenuation bldg. risk Reference 

length, cone., radius, mto bldg., coefficient. crack, number, coefficient, cone., factor, cone., 

L, c~~ r~r~ck Cecil 
ocr~ck 

Alack exp(Pef) a cbulldm~ URF RIC 

~em~ ~~/m3~ 'cml ~cm 3/s~ ~cm 2/s~ ~crin2~ ~unitlessl 'unitlessl ~!!;21m3 ~ ~~/m3t ~mg/m3 ~ 
I 

15 6.33E+02 0.10 1.86E+OO 3.90E-03 4.00E+02 1.57E+05 5.19E-05 3.28E-02 NA 2.0E-01 

END 

1 of 1 



DATA ENTRY SHEET 
VF forPRGs 

cis-1,2-Di loroethene in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 
Perkin EJmer 

Missouri Metals Site 
Overland, Missouri 

GW-ADV CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter"X" In ''YES" box) 

Version 3.1: 02/04 

YES I ~R I I 

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT+ CONCENTRATION (enter "X" In "YES" box and Initial groundwater cone. below) 

YES 

ENTER 

Chemical 
CAS No. 

(numbers only, 
no dashesl 

ENTER 
Initial 

groundwater 
cone., 

Cw 
~~Lj Chemical 

I 156592 I I I ci$-1,2-Dichloroethylene I 
ENTER ENTER ENTER 

Depth 
Average below gradeI M~RE I soil/ to bottom Depth 


groundwater of enclosed below grade 

temperature, space floor, to water table, 


T, L, LM 

r6 loml loml 


" 
 15 457.2 


ENTER ENTER ENTER 
Stratum A Stratum A Stratum AI M~RE I 

I 
ENTER ENTER ENTER ENTER ENTERI 
Totals must add up to value of Lwr (cell G28) 

Thickness 
of soil 

stratum A, 
h, 

roml 

457.2 

ENTER 
Stratum A 

Thickness Thickness 

of soil of soil 
 Soil 


stratum B, stratum C, 
 stratum scs 
Enter value or 0) (Enter value or 0) directly above soil type,, water table, directly aboveho 

rom loml !Enter A. B or Cl water table 

c sc 
. 

ENTER ENTER ENTER ENTER 
Stratum B Stratum B Stratum B Stratum 8 

scs sol! dry soil total soil water-filled scs soil dry soil total sol! water-filled 
soil type bulk density, po=.,, porosity, soli type bulk density, porosity, porosity, , ' ,. ...I Lookup SoU ,, o' e.' Lockup Soli 

Parametel1i Par&mole11iI (glanj runltlessl rcm~/cm) I (glcmj (unltlessl (cm3/cmj 
I 

ENTER 
Soil 

stratum A 
scs 

soil type 
(used to estimate 

soil vapor 

oermeabilitvl 

OR 

ENTER 

User-defined 
stratum A 
soil vapor 

permeability, 
k. 

(cm2) 

c 

ENTER 
Stratum C 

scs 
soil type 

I Lookup Soil 
Parameter"& I 

ENTER 
Stratum C 

soil dry 
bulk density,,., 

(glan) 

ENTER 
Stratum C 
soil total 
porosity, 

o' 
(unltless) 

ENTER 
Stratum C 

soil water-filled 
porosity, 

e.' 
(cm31anj 

c 1.43 0.459 I 0215 II c I 1.43 I 0.459 I 0.215 I c I 1.43 I 0.459 I 0.215 II I I 
ENTER ENTER ENTER ENTER 

Enclosed Enclosed EnclosedI M~RE I Soil-bldg. space space'""'floor pressure flooc floor 
thickness, differential, length, width, 
L,~ "" L, w, 
(om) (g/om-o') (om) (om) 

10 40 1000 1000 

ENTER ENTER ENTER ENTERI M~RE I 
Averaging Averaging 
time for time for Exposure Exposure 

carcinogens, noncarclnogens, duration, frequency, 
AT0 AT~ ED EF 
~rsl ~~rsl '~rsl ~da~rj 

70 30 30 350 

~ 

ENTER 

Enclosed. 
space 
height, 

H, 
(om) 

ENTER 

Floor-wall 
seam crack 

width, 
w 

(om) 

ENTER 

Indoor 
air exchange 

rate, 
ER 

(1/h) 

ENTER 
Average vapor 

flow rate Into bldg. 
OR 

Leave blank. to calculate 
Oooll 

IUmj 

366 0.1 025 

ENTER 
Target 
risk. for 

cardnogens, 
TR 

~unitlessl 

ENTER 
Target hazard 
o;uo~entfor 

noncardnogens, 
THO 

~unltlessl 
I 

I 1.0E-06 1 

I 

Used to calculate risk-based 
t:jroundwater concentration. 

1 of 1 



~~-· T 
IINTERMEDIA TE CALCUL.A TIONS SHEET 


VFforPRGs 

cis-1,2-Dichloethene in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 


Perkin Elmer 

Missouri Metals Site 

Overland, Missouri 


Stratum A Stratum 8 Stratum C Stratum A Stratum A stratum A Stratum A Total Air·filled Water-filled Floor
Source- soil soil soil etr.letive soil soil soli Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled a1r-filled air-filled totaj fluid intrinsic effective vapor capillary capillary capillary capillary •eam 
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, zone, zone, zone, zone, penmeter, 

L, a: e,' s. n~ 9w,c:z X.:r~~e~'~ 
.ee cm~/cm1 cm 3/cm3 em /cm3 "' "" cm 3/cm3 cm 3/cm3 em 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Area of Stratum SVatum Stratum Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Vapor A B c zone overall 

Bldg. space to-total depth vaporization at constant at viscosity at effective effective effective effective effective Diffusion 
ventilation below acea below ave. groundwater ave. groundwater ave, sod diffusion diffusion diffusion diffusion path 

rate, grade, ratio, grade, temperature, temperature, temperature, coefficient, coefficient, coefficient, length, 
DeffA

Qbulk!lng A, Zcrock t.Hv,TS H',-s D"', L," "" cm2/s) cm2/scm 3/s cm2) unitless em cal/mol unitless em 

2.54E+04 1.06E+06 3.77E-04 15 7734 2.04E-03 
I 

8.77E-02 1 .75E-04 3.19E-03 O.OOE+OO O.OOE+OO 2.07E-04 1.61E-03 4422 

Convection 
path 

length, 

L, 

Source 
vapor 
cone.• 

Crack 
radius, 

raack 

Average 
vapo• 

flow rate 
into bldg., 

o,., 
cm3/s) 

Crack 
effective 
diffusion 

coefficient, 
ocre.ck 

cm 2/s 

I 
Area of 
c~ck, 
AJ..~ 
(ein'l 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp{Pe1) 

unitless 

\ 

Infinite 
source 
indoor 

attenuation 
coefficient, 

• 
unitless 

Infinite 
source 
bldg. 

cone., 

Unit 

"''factor, 

URF 
ms ·1 

Reference 
cone.. 

RfC 

mg/m3 

15 8.77E+01 0.10 1.86E+OO 3.19E-03 4.001E+02 2.22E+06 4.95E-05 4.34E-03 NA 3.5E-02 

END 

1 of 1 
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I' GW-ADV 41
Version 3.1; 02/04 

I I
Reset to 
Defaults 

DATA ENTRY SHEET 
VF for PRGs _, in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 
Perkin Elmer 

Missouri Metals Site 

ier "X'' Overland, Missouri
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (en in ''YES" box) 

YES I X I 
OR 

CALCULATE INCREMENTAL RISKS •o• CONCENTRATION (enter "X" in "YES" box and initial groundwater cone. below) 

YES 

ENTER 

Chemical 
CAS No. 

(numbers only, 
no dashes~ 

ENTER 
lnlllal 

groundwater 
cone., 

Cw 
~~ Chomloal 

I 156605 
I I I tra js-1, ; I I 

ENTER ENTER 

I M~RE I 
Soil 

~<atum scs 
dl~lyabove soil type 
water table, directly above 

lEo~•A. B, o• Cl wo~nablo 

ENTER ENTER ENTER 

Depth 
 E~;~~' E~~~':.loo "''·~~ 

Average below grade Th~':~lss Tl of soilsoil/ to bottom Dopth Thickness 
groundwater of enclosed below grade of soil stratum B, stratum C, 
temperature, space floor, to water table, stratum A, orO) {Enter value or 0) 

T, L, h, ho,::,fCI rom\ I om\ I om\ (om) 

E~~~R ENTER 

stratum A User-defined 
scs 

soli type 
stratum A 
soil vapor 

(used to estimate 
soil vapor 

OR pe~~:)il~. 
Ill 

ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum AI M~RE I scs soil dry soli total soil water-filled 
soi-l "t;pe bulk density, porosity, porosity, ,.p,'I i:::::!~ I rom~;,'>,,;;m'> '""'""" 

I 

ENTER ENTER ENTER ENTER 
Enclosed Enclosed EnclosedI M~ I space Soil-bldg. space ...~ 

pressure floor floor'"" differential, width,thickness, length, 
;pL.:,.ok L, w, 

(om) (glom~') (om) (om) 

ENTER ENTER ENTER ENTERI M~RE I Averaging Averaging 
time for time for Exposure Exposure 

noncarclnogens, duration, frequency, 

~~ ~';:) ,;~, '"':;:No 

DEL] 

ENTER 
Stratum B 

scs 
soil type 

;:::::~ I 

ENTER 
Stratum B 

soil dry 
bulk density, 

,,;;;:,'> 

ENTER 
Stratum B 
soil total 
porosity,,. 
'""llloMl 

ENTER 
Stratum B 

soil water-filled 

,::;;:::, 

ENTER 
Stratum C 

"~';;".. 
I ;:~":.~~ I 

ENTER 
Stratum C 

soil dry 
bulk dens1ty, 

0 

,::m'> 

ENTER 
Stratum C 
soil total 
porosrty, 

,o 

'"""''"' 

ENTER 
Str.atumC 

soil water-filled 
porosity, 

' 0 

lom'7om'l 

I I I I I 

ENTER 

Enclosed 

'"'"height, 
H, 

(om) 

ENTER 

Floor-wall 
seam crack 

width, 
w 

(om) 

ENTER 

Indoor 
air exchange 

"'"· ER 

(1/h) 

ENTER 
Average vapor 

now rate Into bldg. 
OR 

Leave blank to calculate 
o.... 
~Uml 

ENTER 
Target 
risk for 

carcinogens, 

'"";:,, 

ENTER 
Target hazard 

quotlentfor 
noncarclnogens, 

THO 

'"""""' 
Used to calculate risk-based 

1 of1 
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INTERMEDIATE CALCUL.A TIONS SHEET 

VFforPRGs 


roethene in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 
Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


trans-1 ,2-Dichl 

Stratum A Stsatum 8 Stratum C Stratpm A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor
Source- soil soil soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled air-filled air-filled tota~uid intrinsic relative air effechve vapor capillary capillary capillary capillary seam 
duration, separation, porosity, porosity, porosity, satu , tJon, permeability, permeability, permeability, zone. zone, zone, zone, perimeter, 

' 
'L; ••• a,' ~ "~ e~,ez 8w,c:z X...ack 

2cm~:ns em'' cm ) om' cm3/cm3 cm3/cm3 cm3/cm1 cm3/cm "' "' em cm3/cm em 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Areaof Stratum stratum Stratum Capillary Total 
enclosed Crack- Crack Enthalpy of Hen 'slaw Henry's law Vapor A 8 c zone overall 

Bldg. space to-total depth vaporization at ccns ntat constant at viscosrty at effective effective effective effective effective Diffusion 
ventilation below area below ave. groundwater ave. gro ndwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion path 

rate, 

abuilding 

grade, 

Ae 
ratio, 

" 
grade, 

Z.:rack 

temperature, 

aHv.TS 
temp~~ture, temperature, 

H'Ts 

temperature, 

"" 
coefficient, 

D"I'I'A 
coefficient, 

o"', 
coefficient, 

D"'o 

coefficient, 

o"'~ 
coefficient, 

o"', 
length, 

L, 

~cm 3/s~ ~cm 2 ~ ~unitless~ ~cml ~cal/moll ~atm-m?/mol~ ~unitless2 ~!ij/cm-sl ~cm 2/s~ ~cm 2/s~ (cm2/s~ ~cm 2/s~ ~cm 2/s~ ~cml 

2.54E+04 1.06E+06 3.77E-04 15 7,136 4.94E-03 2.13E-01 1.75E-04 3.06E-03 O.OOE+OO O.OOE+OO 1.88E-04 1.50E-03 442.2 

J~ 
Exponent of Infinite 

Average Crack equivalent SOU<CO Infinite 
Convection Source vapor effective foundation indoor source Unit 

path vapoc Crack flow rate diffusion Peclet attenuation bldg. risk Reference 

length, cone., radius, into bldg., coefficient, crElck, number, coefficient, cone., factor, cone., 


o=~ exp(Pef) RICL, Coource fcrack Oooll a URF"'i"'em im' em cm3/s crn2/s e ' unitless unitless /m3 -1 mgfm3 

15 2.13E+02 0.10 1.86E+OO 3.06E-03 4.00E+02 4.08E+06 4.84E-05 1.03E-02 NA 7.0E-02 

END 

1 of 1 



GW-ADV 

Version 3.1; 02/04 


I M'1RE I 

I M~RE I 

I DATAENTRYSHEET 
VF for PRGs 

Tetrn ethene in Groundwater Wells GMW3, 7, 8, 9 and 5, 6 
Perkin Elmer 

Missouri Metals Site 
I Overland, Missouri 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter"X" in "YES" box) 

YES X 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT 

YES 

ENTER ENTER 
lnltlal 

Chemical groundwater 
CAS No. cone., 

(numbers only, Cw 
no dashes) {f19/Ll 

127184 

ENTER ENTER ENTER 
Depth 

Average below grade 
soil/ to bottom Depth 


groundwater of enclosed below grade 

temperature, space floor, to water table, 


T, L, Lm 

tCl (om) <=l 


10 15 457.2 

I 

ENTER 
Stratum A 

scs 
soil type 

Looltup So~ 
PQrameiDrll I 

ENTER 
Stratum A 

soil dry 
bulk density, ,.' 

(glan' 

ENTER 
Stratum A 
soil total 
o=s'Y. 

o' 
(unitlessl 

R CONCENTRATION (enter "X" In "YES" box and Initial groundwater cone. below) 

Chemical 

Tetrachloroethylene 
I 

ENTER ~ ENTER ENTER 
Totals mus add up to value of Lwr(cell G2S) 

Thickness Thickness 
Thickness of soil of soli 


of soil 
 stratum B, stratum C, 
stratum A. Enter value or 0) (Enter value or 0) 

h, '• ho 

457.2 I c sc c 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Stratum A Stratum 8 Stratum B Stratum 8 Stratum B Stratum C Stratum C Stratum C Stratum C 

soil water-filled scs soil dry soil total soil water-filled scs soli dry soil total soli water-filled 
porosity, soil type bulk density, porosity, porosity, soli type bulk density, porosity, porosity,... 	 ..0Lookup Soli • o' 	 I Lookup Solia,: 

Par~me!llrs 	 Pe.ramDfllt'!iI " 	 I "'0 ,o 

(cm3/emj 	 I (glanj (uniUessl (em3tanj (glanj (uniUessl (cm3tanj 
I 

(om) (Enter A, B, or Cl water table permeability)<=l <=> 

ENTER ENTER ENTER ENTER 
Soil 

stratum A User-defined 
Soli scs 	 stratum A 

stratum scs soil type soil vapor 
directly above soil type (used to estimate OR peiT!'leabllity, 
water table, directly above soil vapor ,,;," 

c 1.43 0.459 0215 

ENTER ENTER ENTER ENTER 
Enclosed Enclosed EnclosedI M~RE I 

space Soil-bldg. space space 
floor pressure floor floor 

thickness, differential, length, width, 
L.,,. "" L, w, 

_(om) <w=_,'l lcml Iom 

c 1.43 0.459 0.215 c 1.43 0459 0.215 

ENTER ENTER ENTER 	 ENTER 
Average vapor 

Endosed Floor-wall Indoor flow rate Into bldg. 
space seam crack air exchange 	 OR 
height, width, 	 Leave blank to calculate 

w 


Iom <=> 1/hl ~Uml 


H, 	 ""'·ER o... 

I 10 I 40 I 1000 I 1000 II 366 I 01 I 025 I 

ENTER ENTER ENTER ENTERI M~RE I 
Averaging Averaging 
time for time for Exposure Exposure 

carcinogens, noncarclnogens, duration, frequency, 
AT0 AT~ ED EF 
~,;., dayslyr)~''"' 
70 30 30 350 

~ 

ENTER ENTER 
Target Target hazard 
risk for quotient tor 

carcinogens, noncarclnogens, 
TR THO 

(uniUess) lunrtlessl 

I 

I 

1.0E-06 1 

Used to calculate risk-based 
groundwater concentration 

1 of1 



,--

INTERMEDIATE CALCULATIONS SHEET 
VFforPRGs 

Tetrachlor ethene in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 
Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor
Source- soil soil soil etrdctive soil soil soil Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled air-filled air-filled to~uid intrinsic effective vapor capillary capillary capillary capillary seam 
duration, separation, porosity, porosity, porosity, satu tion, permeability, permeability, zone, zone, zone, perimeter, 

'L, a: a,' s. La a,a X,.~ 

seo om (cm3/cm cm3/cm3 cm~/cm3) {cm' 2) " cm"" 3/cm3 (cm3/cm3 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Area of Stratum Stratum Stratum Capillary Total 
enclosed Crack- Crack Enthalpy of Henls law Henry's law Vapor A B c zone overall 

Bldg. space to-total depth vaporization at con~ nt at constant at VISCOSity at effective effective effective effective effective Diffusion 
ventilation below area below ave. groundwater ave. gf9Undwater ave. groundwater ave. soil drffusion diffusion diffusion diffusion diffusion pa1!> 

cate, 

abuilding 

grade, 

A, 

ratio, 

" 
grade, 

Zcr..,k 

temperature, 

l!.Hv,TS 
temp1rature, 

" 
temperature, 

H';, 
temperature, 

"" 
coefficient, 

De!TA 

coefficient, 

o", 
coefficient, 

o"', 
coefficient, 

D"'a 
coefficient, 

o"', 
length, 

L, 
cm3/s) om' unitless om cal/mol atm-~;n3/mol unitless /em-s cm 2/s cm2/s cm 2/s cm2/s (cm2/s ""' 

2.54E+04 1.06E+06 3.nE-04 15 9553 7.81 E-03 3.36E-01 1.75E-04 3.12E-03 O.OOE+OO O.OOE+OO 1.87E-04 1.51E-03 442.2 

Convection 
pa1!> 

length, 

L, 

om 

Source 
vapoc 
cone., 

Crack 
radius, 

'=~ 

Average 
~po' 

flow rate 
into bldg., 

Crack 
effective 

Area of 
crack, 

~raeJ< 
ccfn2 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1) 

unitless 

Infinite 
source 
indoor 

attenuation 
coefficient, 

• 

Infinite 
source 
bldg. 

cone., 

Unit 
risk 

factor, 

URF 

Reference 
cone., 

RfC 

15 3.36E+02 0.10 1.86E+OO 3.12E-03 4.0CIE+02 3.12E+06 4.84E-05 1.63E-02 5.9E-06 S.OE-01 

END 

1 of 1 



DATA ENTRY SHEET 

VF forPRGs 


Trichloroethene in Groundwater Wells GMW 3, 7, 8, 9 and 5, 6 

Perkin Elmer 


Missouri Metals Site 


GW-ADV I OVerland Missouri 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (ant r "X" in "'r'ES" box) ' 

Version 3.1; 02/04 
YES X 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT R CONCENTRATION (enter "X~ in ''YES" box and Initial groundwater cone. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. cone., 

(numbers only, Cw 
no dashes) hffill.l 

79016 

ENTER ENTER ENTER 
Depth 

Average below grade 
roiU to bottom Depth 

groundwater of enclosed below grade 
temperature, space floor, to water table, 

L, Lw; 

. ~~~ (om) (om) 

10 15 4572 

ENTER ENTER ENTER 
Stratum A Stratum A Stratum A 

scs soil dry soil total 
soil type bulk density, porosity, ,.. ,.Lookup Soli 
Pan~me\eroI I (gfcmj lunitlessl 

Chemical 

I 
1 Trichloroethylene 

ENTER ENTER ENTERJ 
Totals mu add up to value of Lwr (cell G28) 

Thickness 
ot soil 

stratum A, 
h, 

(om) 

457,2 


ENTER 

Stratum A 


Thickness Thickness 

of soil of soil 


stratum B, stratum C, 

Enter value or 0) (Enter value or 0) 


h, h, 
(om) (om) 

I 
I 

ENTER ENTER 

Stratum B Stratum B 


soli water-filled scs soli dry 
porosity, soil type bulk density, 

Lao~pSoll Po" 
Parometero 

a,: 
(cmJfcmj I J (g/cm' 

I 

ENTER ENTER 

Soil 
stratum scs 

directly above soil type 
water table, directly above 

(Enter A, 8, or C) water table 

c sc 

ENTER ENTER 
Stratum B Stratum B 
soil total soil water-filled 
porosity, porosity, 

o" e." 
(unitlessl (cm

3
/cm' 

ENTER 
Soil 

stratum A 
scs 

soli type 
(used to estimate 

soil vapor 
permeability) 

OR 

ENTER 

User-defined 
stratum A 
soli vapor 

permeability, 

" (om') 

c 

ENTER 
Stratum C 

scs 
soil type 

I Lookup Soli 
Paromataro J 

ENTER 
Stratum C 

soil dry 
bulk density, 

Po ' 
(glcm' 

ENTER 
Stratum C 
soil total 
porosity, 

o' 
(unitlessl 

ENTER 
Stratum C 

soli water-filled 
porosity, 

e.' 
(cm 3fcmj 

c 

ENTER 

Enclosed 

'pa~ 

floor 
thickness, 

c... 
(om) 

1.43 

ENTER 

Soll-tlldg. 
pressure 

differential, 

""(gfcm-s~ 

I 10 I 40 I 
ENTER ENTER 

Averaging Averaging 
time for time for 

carcinogens, noncarcinogens, 
AT, AT_, 
!'yrs) <yrs) 

0.459 

ENTER 
Enclosed 

space 

''"length, 
L, 

(om) 

1000 

ENTER 

Exposure 
duration, 

ED 
lyrs) 

0.215 

ENTER 
Enclosed 

space 
floor 

width, 
w, 
(om) 

I 1000 

ENTER 

Exposure 
fmquency, 

EF 
(daMr) 

II 

I 

c 

ENTER 

Enclosed 
space 
height, 

H, 
(om) 

1.43 

ENTER 

Floor-wall 

seam crack 


width, 

w 


(om) 

366 I 0., I 
ENTER 
Target 
risk for 

cardnogens, 
TR 

(unltlessl 

ENTER 
Target hazard 
quo~entfor 

noncarclnogens, 
Tl<Q 

lunltlessl 

0.459 0.215 c 

ENTER 

Indoor 
air exchange 

""'· ER 
(1/h) 

ENTER 
Average vapor 

flow rate into bldg. 
OR 

Leave blank to calculate 
a., 

!Uml 

025 I 

1.43 0.459 0.215 

70 30 30 350 1 OE-06 1 

Used to calculate risk-based 
croundwater concentrntion. 

1 "1 
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INTERMEDIATE CALCULATIONS SHEET 
VFforPRGs 

Trichlor hene in Groundwater Wells GMW3, 7, 8, 9 and 5, 6 
Perkin Elmer 

Missouri Metals Site 
Overland, Missouri 

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor-
Source- soil soil soil soil soil soil Thickness of porosity in porosity in porosity in wall 

Exposure building air-filled air-filled air-filled intrinsic relative air effecbve vapor capillary capillary capillary capillary seam 
duration, 

' sec 

separation, 

L, 

em 

porosity, 

a: 
cm 3/cm3 

porosity, 

e,' 
cm~/cm3 

porosity, permeability, 

'em' 

permeability, 

k, 
em' 

penTieability, 

k, 

zone, 

"' 
zone, 

n~ 

(cm3tcm3 

zone, zone, perimeter, 

""~' em 

9.46E+08 442.2 0.244 0.244 0.244 0.324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Bldg. 
ventilation 

rate, 

Qbullding 

(cm3/s) 

Neaof 
enclosed 

space 
below 
grade, 

A, 

(em) 

Crack-
to-total 
area 
ratio, 

"(unitless) 

Crack 
depth 
below 
grade, 

Zcrac~ 

(em) 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

.6.Hv,TS 

(cal/mol) 

Hen±slaw 
cons ntat 

ave. groLndwater 

temp~rature, 

" (atm~m3/mol) 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'rs 

(unitless) 

Vapor 
viscosity at 

ave. soil 
temperature, 

""(g/cm~s) 

Stratum 
A 

effective 
dLffusion 

coefficient, 
Del\ 

(cm2/s) 

Stratum 
B 

effective 
diffusion 

coefficient, 

o"', 
(cm2/s) 

Stratum 
c 

effective 
diffusion 

coefficient, 

D"'c 
(cm2/s} 

Capillary 
zone 

effective 
diffusion 

coefficient, 

D"'~ 
(cm2/s) 

Total 
overall 

effective 
diffusion 

coefficient, 

o"', 
(cm2/s) 

Diffusion 
path 

length, 

L., 
(em) 

2.54E+04 1.06E+06 3.77E~04 15 8557 4.7SE--03 2.06E~01 1.75E~04 3.42E-03 O.OOE+OO O.OOE+OO 2.08E~04 1.67E-03 442.2 

Convection 
path 

length, 

L, 

em 

Source 
vapor 
cone., 

Csouroe 

Crack 
radius, 

fcro.ck 

Average 
vapor 

flow rate 
into bldg., 

Osoll 

cm3/s) 

Crack 
effective 
diffusion 

coefficient, 
ocrack 

cm 2/s 

Anjaof 
',ck, 

Adrack 
cJn2 

Exponent of 
equivalent 
foundation 

Peclet 
number, 

exp(Pe1) 

unitless 

Infinite 
source 
indoor 

attenuation 
coefficient, 

" 
unitless 

Infinite 
source 

bldg. 
cone.• 

Unit 
risk 

factor, 

URF 

Reference 
cone., 

RfC 
mg/m3 

15 2.06E+02 0.10 1.86E+OO 3.42E-03 4.00E+02 8.27E+05 5.00E-05 1.03E--02 1.1E~04 4.0E-02 

END 

1 of 1 
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DATA ENTRY SHEET 
VF forPRGslVinyl I hloride in Groundwater Wells GMW3, 7, 8, 9 and 5, s 
Perkin Elmer 

l 
Missouri Metals Site 
over1and Missouri 

GW-ADV CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" 10 "YES" box) ' 
Version 3,1; 02104 

YEslxl 
OR 

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWAT R CONCENTRATION (enter "X" In ''YES" box and mltlal groundwater cone below) 

YES 

ENTER ENTER 

Initial 


Chemical groundwater 

CAS No. cone., 


(numbe~ only, Cw 

no dashesl I!!S,_l 
 Chemical 


I 


I 75014 I I I Vill)ft chloride (chloroethene) I 

I 


ENTER ENTER ENTER 
 ENTER ENTER 
Depth 

ENTER I ENTER ENTER ENTER ENTER 
Totals must add up to value of Lwr(cell G28) Soil 

Average below grade I M~RE I 
soil/ to bottom Depth ThicKness 

groundwater of enclosed below grade of soil 
temperature, space floor, to water table, stratum A, 

T, Lc Lm h, 

fCl loml loml loml 

10 15 4572 457.2 

ENTER ENTER ENTER ENTER 
Stratum A Stratum A Stratum A Stratum A I M~RE I 

I 
scs soli dry soil total soil water-filled 

soil type bulk dens1ty, porosity, eo='Y. 
Lookup Soil ,: cl' a: 
Paramt11an1 I ~em~ ~unitlessl lcm3/cm3l 

Thickness Thickness stratum A User-defined 

of soil of soH 
 Soli scs stratum A 


stratum 8, stratum C, 
 stratum scs soil type soil vapor 
(Enter value orO) (Enter value or 0) directly above soil type (used to estimate OR permeability, 


h, he 
 soil vaporwater table, directly above ~,,;,/Enter A 8 or C\ water table oermeablliM!om loml 

c sc c 

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER 
Stratum 8 Stratum B Stratum B Stratum 8 Stratum C Stratum C Stratum C Stratum C 

scs soil dry soil total soil water-filled scs soil dry soli total soil water-filled 
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, 
Lookup Soil ,.• I Lookup SoU ,.o o',. ... ' ' Par;~mata111 PQ111metar~~I I ~~cmj (unltlessl lcm3/cm~ I ~gcmJ 1unttlassl 1cm3/cmJ 

I c I 1.43 I 0.459 I 0.215 II c I 143 I 0.459 I 0.215 I c I 143 I 0.459 I 0215 I 

ENTER ENTER ENTER ENTER 
Enclosed Enclosed EnclosedI M~RE I 

space Soli-bldg. space space 
floor pressure flooc flooc 

thickness, differential, length, Width, 

L- •P L, w, 
(om) (9fcm-s~ (om) (om) 

ENTER ENTER ENTER ENTER 
Average vapor 

Enclose<! Floor-wall Indoor flow rate Into bldg. 
space seam crack atr exchange OR 
height, width, rate, Leave blank to calculate 

H, w ER o~, 

(om) (om) (1/h) (Uml 
I 

I 10 I 40 I 1000 I 1000 II 366 I 0.1 I 0.25 I 

ENTER ENTER ENTER ENTERI M~RE I Averaging Averaging 
time for time for Exposure Exposure 

carcinogens, noncartinogens, duration, frequency, 
AT, AT_, EO EF 
fyr.;) <yrsl /yrsl ldaystyrl 

ENTER ENTER 
Target Target hazard. 
risk for quotient for 

carcinogens, noncardnogens, 
TR THO 

/unitlessl /unltless) 
I 

~ 

70 30 30 350 I 1.0E-06 1 

Used to calculate risk-based 
aroundwater concentration 

1 of1 



INTERMEDIATE CALCULATIONS SHEET 
VFforPRGs 

Vinyl Ch oride in Groundwater Wells GMW3, 7, 8, 9 and 5, 6 
Perkin Elmer 


Missouri Metals Site 

Overland, Missouri 


Exposure 
duration, 

' 
sec 

Source-
building 

separation, 

L, 

em 

Stratum A 
soil 

air-filled 
porosity,

a: 
cm 3/cm3 

Stratum B 
soil 

air-filled 
porosity, 

Stratum C 
soil 

air-filled 
porosity, 

e,c 

cm3/cm1 

Sl"'lumA 
effective 
tottuid 
satu tion, 

':>. 
em /cm3 

Stratum A 
soil 

intrinsic 
permeability, 

'em' 

Stratum A 
soil 

relative air 
permeab1lrty, 

"' em' 

Stratum A 
soil 

effecbve vapor 
permeability, 

"' em' 

Thickness of 
capillary 

zone, 

L.. 
em 

Total 
porosity in 
capillary 

zone, 

"~ 
cm3/cm3

) 

Air-filled 
porosity in 
capillary 

zone, 

Ga,c:r 

cm 3/cm3 

Water-filled 
poros1ty 1n 

capillary 
zone, 

8w,cz 

cm 3/cm 

Floor-
wall 

seam 
perimeter, 

""~· em 

9.46E+OS 442.2 0.244 0.244 0.244 0.1324 2.26E-09 0.821 1.86E-09 30.00 0.459 0.104 0.355 4,000 

Bldg. 
ventilation ..... 

Qbulldlng 

cm3/s) 

Area of 
enclosed 

space 
below 
grade, 

A, 

Crack· 
to--1 
area 
ratio, 

" 

Crack 
depth 
below 
grade, 

Zcrack 

Enthalpy of 
vaporization at 

ave. groundwater 
temperature, 

!1-Hv.TS 

cal/mol 

I 
Henlt's law 
con tant at 

ave. grclundwater 
temperature, 

I 
~TS 

atm·m3/mol 

Henry's law 
constant at 

ave. groundwater 
temperature, 

H'rn 

Vapor 
viscosity at 

ave. soil 
temperature, 

"rn 

Stratum 
A 

effective 
diffusion 

coefficient, 

Stratum 
B 

effective 
diffusion 

Stratum 
c 

effective 
diffusion 

Capillary 
zone 

effective 
diffusion 

coeffiCient, 

o"'~ 
cm2/s) 

Total 
overall 

effective 
diffusion 

Diffusion 
path 

length, 

L. 

2.54E+04 1.06E+06 3.77E·04 15 5,000 1.72E.Q2 7.41E·01 1.75E·04 4.59E..03 O.OOE+OO O.OOE+OO 2.72E·04 2.21E·03 442.2 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Convection Source vapor effeetjve foundation indoor source Unit 
path vapor Crack flow rate diffusion Peclet attenuation bldg. nsk Reference 

length, cone., radius, into bldg., coefficient, number, coefficient, cone., factor, cone., 
ocrackL, Csou~e Tcrack O..oll exp(Pe1) URF RIC" 

em m em cm 3/s) cm2/s unitless unitless 

15 7.41E+02 0.10 1.86E+OO 4.59E.03 4.00E+02 2.58E+04 5.43E·05 4.02E.Q2 8.8E·06 1.0E·01 

END 

1 of 1 

http:4.02E.Q2
http:4.59E.03

	barcode: *40393303*
	barcodetext: 40393303


