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-
 RADIAN 
ENGINEERING - 1.0 Introduction 

-	 The purpose of this health risk assessment (HRA) is to evaluate potential risks from 

exposure to trichloroethene (TCE) in groundwater to residents living downgradient of the Erdle 

Perforating Site. Specifically, this HRA quantifies potential cancer risks to residents living 500 -
feet downgradient of the Erdle property who may inhale TCE vapors assumed to enter homes 

from ground water. The estimation of these potential risks involves the following: 

- • Estimation of the groundwater concentration 500 feet downgradient of the property 
by means of a groundwater model. In this HRA, groundwater modeling is performed 

- • 

by the RISKPRO AT123D groundwater model. Details of the groundwater modeling 
are provided in Section 2. 

Estimation of indoor air concentrations based on the projected groundwater 
concentrations. The indoor air concentrations are estimated by models of the 
American Society for Testing and Materials, Standard Guide for Risk-Based 
Corrective Action Applied to Petroleum Release Sites, E 1739-95, December 1996 
(RBCA). A description of the RBCA modeling is provided is Section 3. 

•	 Quantification of potential cancer risks from inhalation of TCE vapors. The -
- estimation of risk is performed according to guidelines of the U.S. EPA's Risk 

Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual 
(Part A), USEPA, December, 1989(RAGS-A). Details of the risk assessment 
methodology are provided in Section 4. 

This risk assessment follows guidance provided in the following documents: 

•	 Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation -
Manual (Part A), USEPA, December, 1989(RAGS-A). 

•	 U.S. Environmental Protection Agency, OSWER Directive 9285.6-03, Risk -	 Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual 
Supplemental Guidance, "Standard Default Exposure Factors", Interim Report, 
March 25, 1991. -

•	 Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation 
Manual (Part B, Development of Risk-Based Preliminary Remediation Goals), 
USEPA, December 1991(RAGS-B). 

•	 U.S. EPA Region IX Preliminary Remediation Goals, 1997 

•	 Soil Screening Guidance, Office of Solid Waste and Emergency Response, USEPA, -
December 1996. -

-
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., 
•	 American Society for Testing and Materials, Standard Guide for Risk-Based 

Corrective Action Applied to Petroleum Release Sites, E 1739-95, December 1996. 

• •	 RlSKPRO Environmental Pollution Modeling System, Analytical Transient 1-2-3 
Dimensional Model (AT123D), General Sciences Corporation, 1994. 

-
.. 
.. 
..
 
..
 
..
 
.. 
..
 
-

-
.. 

.. 
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2.0 Estimation of Groundwater Concentrations 

• 
The groundwater concentration of TCE downgradient of the Site was estimated by the 

Analytical Transient 123 Dimensional Model (ATI23D) of the RlSKPRO environmental 

•	 modeling system. The AT123D model is used in risk assessments by the U.S. EPA to evaluate a 

chemical's behavior when released into a groundwater system. The model has also been used by 

a number of state environmental departments, including Louisiana, Mississippi, Wisconsin, 

Pennsylvania, lllinois, New Jersey, by other Federal government agencies, by large corporations, 

by environmental consulting firms, and by other national governments, such as Environment 

Canada. The AT123D model produces results which estimate chemical groundwater 

concentrations (mg/L) at times (days), distances (meters), and depths (meters) specified by the 

user. 

Appendix A provides printouts of the complete input and output data of the AT123D - model. 

The following sections present and discuss the data used in the AT123D model to -
estimate groundwater concentrations. .. 
2.1 Groundwater Fate and Transport Data 

Since the purpose of AT123D model is to predict groundwater concentrations, data which .. 
affect groundwater flow and contaminant movement in the saturated zone are required by the 

model. Among these are porosity of the saturated zone, hydraulic conductivity, hydraulic ..	 gradient, dispersivity, potential chemical decay or attenuation, density of soil and water, and the 

mass of each chemical entering the aquifer. The following are the default fate and transport ..	 parameters used by the AT123D model: 

• Porosity of Saturated Zone - 0.20 (estimated) 

• Hydraulic Conductivity - 6.1 meter/hour (site-specific measurement) -
• Hydraulic Gradient - 0.001 (site-specific measurement) 

• • Longitudinal Dispersivity - 15.2 meters (Derived according to ASTM, E 1739) 

• Lateral Dispersivity - 5 meters (Derived according to ASTM, E 1739) 

• • Vertical Dispersivity - 0.76 meter (Derived according to ASTM, E 1739) 

• Molecular Diffusion - No molecular diffusion was assumed. -
M:\DATAIENGINEERINGIERDLE PERFORATlNGIHRA REPORT.DOC 2-1 -
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• •	 Dimensions of groundwater source - 10m x 10m ft x 3 m (30 x 30 x 10 ft3) 

•	 Decay Constant - The decay constant was set to zero, the model's default. This is 
considered as a conservative approach since it assumes that chemicals do not decay or 
are attenuated. .. 

2.2 Mass Input 
The AT123D model requires an initial chemical release rate in order to estimate 

groundwater concentrations. This rate is expressed in kg/hour and assumes a continuous release -
rate of chemicals into the saturated zone. -

-
The source of the TCE mass input term uses the concentration of TCE in Monitoring 

Well MW-6D, 1.0 mg/L. This concentration is multiplied by the site-specific volumetric flow 

rate through the source of4.7 m3/day. 

The following is the calculation of the mass loading rate: -
1.0 mgIL x 4.7 m3/day x 1,000 L/m3 x 10-6 kg/mg x 

1 day/24 hour = 1.96 x 10-4 kg/hour 

•	 For this risk assessment, the highest downgradient TCE concentration predicted by the 

model and the estimated concentration at 150 meters (the distance to the nearest residence) were 

used to estimate potential cancer risks from inhalation of vapors indoors. • 

• 

-
-
-
-
-
.. 
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• 
3.0 Estimation of Indoor Air Concentrations 

• Indoor air exposure point concentrations were estimated by the Risk-Based Corrective 

- Action (RBCA) equations developed by the American Society for Testing and Materials 

(ASTM). The indoor air models assume that vapors of constituents of concern are emitted from 

groundwater and pass through the capillary and vadose zones, through cracks in building 

• foundations, floors and carpeting, and into residences or commercial buildings. The product of 

the RBCA equations for indoor air is a Groundwater to Enclosed Space Volatilization Factor - (VFwesp) for each constituent of concern. VFwesp has units of milligrams per cubic meter of air 

per milligram per cubic meter of water (mg/m3-air/mg/L-water) and when multiplied by the 

• 
groundwater concentration of a constituent produces a vapor concentration in air. The equations 

describing the RBCA models and calculations of VFwesp and indoor air concentrations are 

presented in Appendix B. Table 1 presents parameters and values used to estimate the indoor air 

concentrations. The estimated indoor air concentrations and calculations for each constituent of 

concern are included in Appendix B. -
• 

• 

-
-
• 

• 

-
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- Table 1. Parameters Used to Estimate Indoor Air Concentrations Of 
Trichloroethene From Groundwater Emissions ASTM Risk-Based Corrective ..
 

..
 

..
 
-

-

-

..
 

-

-

..
 
•
 

..
 

..
 

..
 
-


Action (RBCA) Equations 

Parameter Value 

Henry's Law Constant (cm3-H20/cm3-air) -Dimensionless 0.422 

Depth to ground water (em) 90 

Enclosed-space air exchange rate (l/sec)- Residential 0.00014 

Enclosed space volume/infiltration area ratio (em) - Residential 200 

Thickness of capillary fringe (em) 30 

Thickness of vadose zone (em) 60 

Diffusion coefficient in air (cm2/sec) 0.079 

Volumetric air content in capillary fringe soils (cm3-air/cm3-soil) 0.043 

Total soil porosity (cm3-pore space/cm3-soil) 0.43 

Diffusion coefficient in water (cm2/sec) 9.10 x 10.6 

Volumetric water content in capillary fringe soils (cm3
- H20/cm3-soil) 0.387 

Volumetric air content in vadose zone soils (cm3-air/cm3-soil) 0.3 

Volumetric water content in vadose zone soils (cm3-H2O/cm3-soil) 0.13 

Volumetric air content in foundation/wall cracks (cm3-air/cm3-total volume) 0.12 

Volumetric water content in foundation/wall cracks (cm3-H20/cm3-total 0.26 
volume) 

Total soil porosity in foundation wall cracks (cm3-pore space/em3-soil) 0.38 

Foundation or wall thickness (em) 15 

Areal fraction of cracks in walls 0.01 
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4.0 Risk Characterization and Risk Assessment Results 

This section represents the final step in the risk assessment process. In the risk 

characterization stage exposure and toxicity data are combined to produce quantitative .. expressions of health risk. The steps involved in the risk characterization follow. 

4.1 Estimation of Intake (Dose) 
This section explains the methodology for estimating daily intake or dose which is the 

amount of a chemical that enters the body on a daily basis. In this HRA, the factors used to .. determine daily intake were obtained from the U.S. EPA's Standard Default Exposure Factors, 

1991. The generic equation for calculating chemical intake is: ..
 
..
 

where: ..	 I 

C ..	 CR 

EFD 

..	 BW 

AT 

.. 

Daily Intake, or Dose (I) =(C x CR x EFD) 7 

Daily chemical intake or dose (mg/kg/day) 

Constituent concentration 

Contact rate 

=	 Exposure frequency and duration 

Body weight 

Time over which exposure is averaged 

(BW x AT) 

The following equation was used to compute doses for the indoor inhalation scenario 

evaluated in this HRA. .. 
4.2 Daily Intake for Inhalation of Vapors in Indoor Air Exposure Pathway 

.. Intake = (CA x IR x EF x ED) / (BW x AT) 
where: 

•	 CA Constituent concentration in air (mg/m3
) 

IR Inhalation rate .. 20 m3/day for residents 

EF Exposure frequency (days/year) ..	 350 days per year for residents 

MIDATAIENGINEERlNGIERDLE PERFORATING\HRA REPORTDOC 4-1 
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.. 

... 
ED Exposure duration (years) 

30 years for residents 

BW Body weight 

= 70 kg for adults .. AT Averaging time (period over which exposure is averaged) 

70 x 365 = 25,550 days for noncarcinogenic effects 

4.3 Determination of Carcinogenic Risks 
Carcinogenic risks are expressed as a probability of contracting cancer. This probability .. 

is defined as an "incremental probability of an individual developing cancer over a lifetime as a 

result of exposure to a potential carcinogen". Incremental refers to the cancer risk in excess of 

.. 

.. the individual's normal risk without this exposure. The means by which daily intake is converted 

to a probability of carcinogenic risk is the Carcinogenic Slope Factor (CSF). Oral and inhalation 

Carcinogenic Slope Factors (CSFs) are values published by U.S.EPA which assess the 

carcinogenic potential of a compound. They are used with the exposure data to quantify 

potential carcinogenic risks. CSFs are expressed in (mglkg-dayyl, denoting a numerical risk per 

mglkg-day of intake dose for each constituent. The inhalation CSF for TCE used in this HRA 

was obtained from U.S. EPA Region Ill's, Risk-Based Concentration Table, 1997. The .. following table lists the toxicological data provided by Region III. 

• 
Table 2. Toxicological Data for Trichloroethene .. 

Oral Reference Oral Slope Inhalation Slope 
Dose (Rfl)o) Factor (SFo) Factor (SFi) 

Constituent (mg!kg-day) (mg/kg-dayyl (mg!kg-daYrl• 
Trichloroethene 0.006 0.011 0.006 -

To compute the probability of contracting cancer, the daily intakes described above is 

multiplied by the chemical-specific CSFs listed in Table 2. Therefore, 

Carcinogenic Risk = Dose x CSF 

For this HRA the carcinogenic goal is 1 x 10-6 where a carcinogenic risk of 10-6 is 

• equivalent to one excess incidence of cancer in 1,000,000 persons. The U.S. EPA states that its 
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• 

carcinogenic goal range for the U.S. population is 10-6 to 10-4 (RAGS-A, 1989), where a 

carcinogenic risk of 10-6 is equivalent to one excess incidence of cancer in 1,000,000 persons and 

a 10-4 risk is equivalent to a risk of one in 10,000. 

• Carcinogenic risks quantified in this HRA are presented in Section 4 and calculations of 

the daily intakes and cancer risks are presented Appendix D. 

• 

• 

Table 3 presents the potential cancer risks incurred by a resident who inhales the TCE in 

indoor air at the rate of20 m 3/day, 24 hours a day, 350 days a year for 30 years. These exposure 

factors are those recommended by the U.S. EPA (RAGS-A, 1989 and U.S. EPA Standard 

Default Exposure Factors, 1991) for quantifying residential risks by the inhalation pathway. 

• 

• 

4.4 Risk Assessment Results 
Table 3 summarizes the results of the risk assessment. As shown in the table, the 

predicted excess lifetime cancer risks from exposure to TCE in air are 5.9 x 10-7 for the worst 

case situation and 1.8 x 10-7 for the nearest downgradient receptor located 150 meters from the 

source. These risks are below the U.S. EPA's remediation goal range of 10-6 to 10 -4. 

Table 3. Risk Assessment Results, Exposure to TeE in Indoor Air 

Location 
Highest Predicted 
Concentration and Risk 

•	 50 m from Source 
Predicted Concentrations and 
Risks 
150 m from source 

• 

Estimated Ground 
Water 

Concentration 
(mgIL) 

0.11 

0.035 

Estimated Indoor 
Air Concentration Excess Lifetime 

(mglm3 
) Cancer Risk 

8.4 x 10-4 5.9 x 10-7 

2.6 x 10-4 1.8 X 10-7 

The predicted air concentrations are also below the risk-based residential remediation 

goal for TCE published by U.S.EPA Regions 3 and 9 (1.1 x 10-3 mg/m\
• 

Note that the U.S. EPA in Soil Screening Guidance Technical Background Document 

published in 1996 states "EPA has selected a default DAF (dilution-attenuation factor) of 20 to • 
account for contaminant dilution during transport through the saturated zone to a compliance 

point", and "A DAF of 20 is protective of sources up to 0.5 acres in size". The dilutions 
• 

• 
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• projected by the AT123D model in this assessment (lOX to 28X) from source to receptor 

correspond well with the EPA guidance for this source size. 

• 

• 

• 

•
 

•
 

.. 
•
 

•
 

•
 

• 

• 

-
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 AT046 ASTM Dispersivities 

.. NO. OF POINTS IN X-DIRECTION . 6 
NO. OF POINTS IN Y-DIRECTION . 5 
NO. OF POINTS IN Z-DIRECTION . 5 
NO. OF ROOTS: NO. OF SERIES TERMS . 400 
NO. OF BEGINNING TIME STEP . 61 
NO. OF ENDING TIME STEP . 361 - NO. OF TIME INTERVALS FOR PRINTED OUT SOLUTION . 60 
INSTANTANEOUS SOURCE CONTROL = 0 FOR INSTANT SOURCE 1 
SOURCE CONDITION CONTROL = 0 FOR STEADY SOURCE o

• INTERMITTENT OUTPUT CONTROL = 0 NO SUCH OUTPUT 1 
CASE CONTROL =1 THERMAL, = 2 FOR CHEMICAL, = 3 RAD 2 

.. AQUIFER DEPTH, = 0.0 FOR INFINITE DEEP (METERS) .,. 0.1000E+03 
AQUIFER WIDTH, = 0.0 FOR INFINITE WIDE (METERS) . 0.5000E+04 
BEGIN POINT OF X-SOURCE LOCATION (METERS) . -0.5000E+01 
END POINT OF X-SOURCE LOCATION (METERS) . 0.5000E+01 
BEGIN POINT OF Y-SOURCE LOCATION (METERS) . -0.5000E+01.. END POINT OF Y-SOURCE LOCATION (METERS) . 0.5000E+01 
BEGIN POINT OF Z-SOURCE LOCATION (METERS) . -0.1500E+01 
END POINT OF Z-SOURCE LOCATION (METERS) . 0.1500E+01 

.. 
• POROSITY . 0.2000E+00 

HYDRAULIC CONDUCTIVITY (METER/HOUR) . 0.6120E+01 
HYDRAULIC GRADIENT . 0.1000E-02 
LONGITUDINAL DISPERSIVITY (METER) . 0.1520E+02 
LATERAL DISPERSIVITY (METER) . 0.5000E+01 
VERTICAL DISPERSIVITY (METER) . 0.7600E+00 
DISTRIBUTION COEFFICIENT, KD (M**3/KG) . O.OOOOE+OO 
HEAT EXCHANGE COEFFICIENT (KCAL/HR-M**2-DEGREE C) .. O.OOOOE+OO.. 

-
MOLECULAR DIFFUSION MULTIPLY BY POROSITY (M**2/HR) O.OOOOE+OO 
DECAY CONSTANT (PER HOUR) . O.OOOOE+OO 
BULK DENSITY OF THE SOIL (KG/M**3) . 0.1800E+04 
ACCURACY TOLERANCE FOR REACHING STEADY STATE . 0.1000E-01 
DENSITY OF WATER (KG/M**3) . 0.1000E+04 
TIME INTERVAL SIZE FOR THE DESIRED SOLUTION (HR) .. 0.7300E+03 
DISCHARGE TIME (HR) . 0.4380E+05 - WASTE RELEASE RATE (KCAL/HR), (KG/HR), OR (CI/HR) . 0.1960E-03 

RETARDATION FACTOR . 0.1000E+01 
RETARDED DARCY VELOCITY (M/HR) . 0.3060E-01 
RETARDED LONGITUDINAL DISPERSION COEF. (M**2/HR) .. 0.4651E+00 
RETARDED LATERAL DISPERSION COEFFICIENT (M**2/HR) . 0.1530E+00 -
RETARDED VERTICAL DISPERSION COEFFICIENT (M**2/HR). 0.2326E-01 .. 

.. 
DISTRIBUTION OF DISSOLVED CHEMICALS IN PPM AT O.OOOOE+OO HRS 

(ADSORBED CHEMICAL CONC. = O.OOOOE+OO * DISSOLVED CHEMICAL CONC.).. 
Z 0.00 

Y O. 50. 100. 150. 200. 250 ... X 

30. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
15. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO -

-



-, 
• O. 

-15. 
-30. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO .. 

.. 
-

Y 

30. 
15. 

O. 
-15. 
-30. 

O. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

Z 

50. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

5.00 

100. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

150. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

X 
200. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

250. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O,OOOE+OO 

- y O. 

Z 10.00 

50. 100. 150. 
X 

200. 250. 

-
-

30. 
15. 

O. 
-15. 
-30. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

- Y O. 

Z 20.00 

50. 100. 150. 
X 

200. 250. 

• 

-
-
.. 

30. 
15. 

O. 
-15. 
-30. 

y 

30. 
15. 

O. 
-15 . 
-30 . 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 

Z 30.00 

50. 100. 

O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

150. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

X 
200. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

250. 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

.. 

.. DISTRIBUTION OF DISSOLVED CHEMICALS IN PPM AT 0.4380E+05 HRS 
(ADSORBED CHEMICAL CONC. = O.OOOOE+OO * DISSOLVED CHEMICAL CONC.) 

• y O. 

z 

50. 

0.00 

100. 150. 
X 

200. 250. 

.. 

.. 
30. 
15. 

O. 
-15. 
-30. 

0.200E-01 
0.637E-01 
0.914E-01 
O.637E-01 
O.200E-01 

0.357E-01 
0.833E-01 

_0. 112E+00'
0.833E-01 
0.357E-01 

0.305E-01 
0.445E-01 
0.510E-01 
0.445E-01 
0.305E-01 

0.249E-01 
0.318E-01 

-0.347E-01_ 
0.318E-01 
0.249E-01 

0.204E-01 
0.244E-01 
0.260E-01 
O.244E-01 
0.204E-01 

0.172E-01 
o.l98E-01 
0.208E-01 
0.198E-Ol 
0.172E-01 

-



-
. 
• Z 5.00 

Y O. 50. 100. 150. 200. 250. .. 
X 

30. 0.158E-01 0.302E-01 0.279E-01 0.234E-01 0.195E-01 0.166E-01 
15. 0.474E-01 0.663E-01 0.403E-01 0.298E-01 0.233E-01 0.191E-01 

O. 0.673E-01 0.874E-01 0.460E-01 0.325E-01 0.248E-01 0.201E-01 
-15. 0.474E-01 0.663E-01 0.403E-01 0.298E-01 0.233E-01 o.19IE-01 
-30. 0.158E-01 0.302E-01 0.279E-01 0.234E-01 0.195E-01 0.166E-01 

Z 10.00

• X 
Y O. 50. 100. 150. 200. 250. 

30. 0.841E-02 0.194E-01 0.216E-01 0.196E-01 0.171E-01 0.149E-01 
15. 0.210E-01 0.366E-01 0.304E-01 0.247E-01 0.203E-01 0.172E-01 - O. 0.286E-01 0.460E-01 0.344E-01 0.269E-01 0.216E-0l o.180E-01 

-15. 0.210E-01 0.366E-01 0.304E-01 0.247E-01 0.203E-01 o.172E-01 
-30. 0.841E-02 0.194E-01 0.216E-01 0.196E-01 O.l71E-Ol 0.149E-01

• 
Z 20.00 

- X 
Y O. 50. 100. 150. 200. 250. 

30. 0.169E-02 0.543E-02 0.871E-02 0.100E-01 0.102E-01 0.984E-02 
15. 0.261E-02 0.787E-02 o.1l5E-01 0.123E-01 0.120E-01 o.113E-01

• O. 0.306E-02 0.899E-02 0.127E-01 o.133E-01 0.127E-01 o.1l8E-01 
-15. 0.261E-02 0.787E-02 o.1l5E-01 0.123E-01 0.120E-01 o.1l3E-01 
-30. 0.169E-02 0.543E-02 0.871E-02 0.100E-0l o.102E-0l 0.984E-02 

• Z 30.00
 

Y O. 50. 100. 150. 200. 250.
 .. 
X 

30. 0.328E-03 0.121E-02 0.255E-02 0.379E-02 0.464E-02 0.512E-02 
15. 0.433E-03 o.157E-02 0.317E-02 0.452E-02 0.538E-02 0.581E-02 

O. 0.479E-03 o.172E-02 0.342E-02 0.482E-02 0.567E-02 0.607E-02 
-15. 0.433E-03 0.157E-02 0.317E-02 0.452E-02 0.538E-02 0.581E-02 
-30. 0.328E-03 0.121E-02 0.255E-02 0.379E-02 0.464E-02 0.512E-02 

DISTRIBUTION OF DISSOLVED CHEMICALS IN PPM AT 0.8760E+05 HRS 
(ADSORBED CHEMICAL CONC. = O.OOOOE+OO * DISSOLVED CHEMICAL CONC.) 

z 0.00 

• X 
Y O. 50. 100. 150. 200. 250. 

..
 30 . O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO
 
15. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 

O. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
-15. O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
-30 . O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.O.QOE+OO O.OOOE+OO.. 

Z 5.00 
X 

-

-
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-. 
- Calculation of Volatilization Factor from Groundwater 

from Risk-Based Corrective Action (RBCA) Equations 

VFwesp = Groundwater to Enclosed Space Volatilization Factor (mglm3-air/mgIL-HzO) 

H = Henry's Law Constant (cm3-H20/cm3-air) -Dimensionless -
-

Lgw = Depth to ground water (em) 
ER Enclosed-space air exchange mte (l/sec} Residential 

Lb = Enclosed space vohunelinfiltration area mtio (em) - Residential 
D(efl)ws = Effective diffusivity above water table (em2/sec) 

(D(eft)wslLgw)/(ER x Lb)- Residential 
Numerator - Residential - Calculation ofD(eff)ws 

hcap = Thickness ofcapillary fringe (em) 
hv = Thickness ofvadose zone (em) 

D(efl)cap = Effective diffusivity in the capilliary zone - calculated (em2/sec) - D(efl)s = Effective diffusivity in vadose zone soils - calculated (cm2/sec) 

Calculation ofD(eff)cap -
Dair = Diffusion coefficient in air (cm2/sec) 

THacap = Volumetric air content in capilliary fringe soils (em3-air/cm3-soil)

•	 TIlt = Total soil porosity (em3-pore spacelem3-soil) 

Dwat = Diffusion coefficient in water (cm2/sec) 

• 
H = Henry's Law Constant (cm3-H20/cm3-air) -Dimensionless 

TIlwcap = Volumetric water content in capilliary fringe soils (cm3-H20/em3-soil) 

Calculation ofD(eff)s 
Dair = Diffusion coefficient in air (cm2/sec)

•	 THas = Volumetric air content in vadose zone soils (cm3-air/cm3-soil) 

TIlt = Total soil porosity (cm3_pore spacelem3-soil) 

• 
Dwat = Diffusion coefficient in water (em2/sec) 

H = Henry's Law Constant (cm3-H20/em3-air) -Dimensionless 

TIlws= Volumetric water content in vadose zone soils (em3_H20/cm3_soil) 

Calculation ofD(eff)crack 

•	 Dair = Diffusion coefficient in air (cm2/sec) 

D(eft)ws = 

D(eft)cap= 

D(eft)s = 

THacmck = Volumetric air content in foundation/wall cmcks (cm3-air/em3-total volume)
 

- TIlt = Total soil porosity (em3-pore spacelcm3-soil)
 

Dwat = Diffusion coefficient in water (cm2/sec)
 

H = Henry's Law Constant (cm3-H20/cm3-air) -Dimensionless
 

TIlwcrack = Volumetric water content in foundation/wall cracks (cm3-H20/cm3-total volume)
 
D(eft)crack =
 -

(Deeff)s I Lgw) I (D(efficrack I Lcrackl 
D(efl)ws = 

Lgw= -	 D(efl)crack = 
Foundation or wall thickness (em) - Lcmck = 

areal fraction ofcracks in walls - h = •	 (D(eft)s I Lgw) I (D(eft)crack I Lcrack) h = 

• 
Calculation of VFwesp 

Numerator (Residential)= 

-

(D(eff)wsILgw)/(ER x Lb) =
 

(D(eff)s I Lgw) I (D(eff)cmck I Lcrack) h =
 
VFwesp (Residential)=
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Calculation of Indoor Air Concentrations 
50 Meters Downgradient 

CONSTITUENT 

Trichoroethene 

VFWesp 

(mglm3-air)/ 

(mg/L-H2O) 
7.46E-03 

Water 
Concentration 

(mg/L-H2O) 
1.12E-ol 

Air 
Concentration 

(mglm3-air) 
8.36E-Q4 

IndoorAir.xls 3/2198 8:02 PM 
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Calculation of Indoor Air Concentrations 
150 Meters Downgradient 

CONSTITUENT 

Trichoroethene 

VFWesp 

(mg/m3-air)1 

(mgIL-H2O) 
7.46E-Q3 

Water 
Concentration 

(mgIL-H2O) 
3.47E-Q2 

Air 
Concentration 

(mg/m3-air) 

2.59E-Q4 

IndoorAir.xls 3/2/98 8:04 PM 





_.
 

1M 

.. 
-
..
 
..
 
.. 
.. 
• 

APPENDIXC .. 
RISK ASSESSMENT CALCULATIONS 

..
 

..
 
1M 

.. 
• 

..
 

..
 

.. 



I I I I I I I I I I I I I I I I I I ,I 

RISK ASSESSMENT CALCULATIONS - OFF-SITE RESIDENTIAL EXPOSURES 
mBALATIONOFmrnOORAMBmNTAm 
50 Meters Downgradient 

Residential 
COMPOUND Air Inhalation Exposure Exposure Body Averaging Dose CSF Cancer 

Concentration Rate Frequency Duration Weight Time Cancer inhalation Risk 

Cancer 

mgfm3 m3/day days years kg days (mg!kgfday) (mgfkgfdayr1 

Trichloroethene 8.36E"()4 20 350 30 70 25,550 9.82E-05 6.00E-03 5.89E-07 

IndoorAir.xls Risks Page 1 oft 3/2/98 8:32 PM 
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RISK ASSESSMENT CALCULATIONS - OFF-SITE RESIDENTIAL EXPOSURES 
INHALATION OF INDOOR AMBIENT AIR 
150 Meters Downgradient 

Residential 
COMPOUND Air Inhalation Exposure Exposure Body Averaging Dose CSF Cancer 

Concen1ration Rate Frequency Duration Weight Time Cancer inhalation Risk 

Cancer 
mglm3 m3/day days years kg days (mglkglday) (mglkg/day)"1 

Trichloroethene 2.59E-04 20 350 30 70 25,550 3.04E-05 6.00E-03 l.82E-07 

IndoorAir.xls Risks Page 1 of 1 3/2/98 8:34 PM 


