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Table 8
Radiological Toxicological Parameter Values for DSS Site 1110 COCs
Obtained from RESRAD Risk Coefficients?

CcOC {1/pCi) (1/pCi) (9/pCi-yr) Cancer Class®
U-235 4.70E-11 1.30E-08 2.70E-07 A

aYu et al. 1993a.
bEPA weight-of-evidence classification system for carcinogenicity (EPA 1983): A = Human carcinogen for

high dose and high dose rate (i.e., greater than 50 rem per year). For low-level environmental exposures,
the carcinogenic effect has not been observed and documented.

1/pCi = One per picocurie.
COC = Constituent of concern.
DSS = Drain and Septic Systems.

EPA U.S. Environmental Protection Agency.
g/pCi-yr = Gram(s) per picocurie year.

SF,, = External volume exposure slope factor.
SFn = Inhalation slope factor.
SF, = Oral (ingestion) slope factor.

the incremental TEDE and cancer risk for individual exposure pathways. Further discussion of
this process is provided in the “Manual for Implementing Residual Radioactive Material
Guidelines Using RESRAD” (Yu et al. 1993a). Although the designated land-use scenario for
this site is industrial, risk and TEDE values for a residential land-use scenario are also
presented.

Vi.6.2 Risk Characterization

Table 9 shows an HI of 0.00 for the DSS Site 1110 nonradiological COCs and the estimated
excess cancer risk is 8E-10 for the designated industrial land-use scenario. The numbers
presented include exposure from soil ingestion, dermal contact, and dust and volatile inhalation
for nonradiological COCs. Table 10 shows that for the DSS Site 1110 associated background
constituents, there is no quantifiable Hi or estimated excess cancer risk.

For the radiological COC, contribution from the direct gamma exposure pathway is included.
For the industrial land-use scenario, a TEDE was calculated that resulted in an incremental
TEDE of 8.6E-3 millirem (mrem)/year (yr). In accordance with EPA guidance found in Office of
Solid Waste and Emergency Response (OSWER) Directive No. 9200.4-18 (EPA 1997b), an
incremental TEDE of 15 mrem/yr is used for the probable tand-use scenario (industrial in this
case); the calculated dose value for DSS Site 1110 for the industrial land use is well below this
guideline. The estimated excess cancer risk is 2.5E-9.

For the nonradiological COCs under the residential land-use scenario, the Hl is 0.00 and the
estimated excess cancer risk is 3E-9 (Table 9). The numbers in the table include exposure
from soil ingestion, dermal contact, and dust and volatile inhalation. Although the EPA (1991)
generally recommends that inhalation not be included in a residential land-use scenario, this
pathway is included because of the potential for soil in Albuquerque, New Mexico, to be eroded
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Risk Assessment Values for DSS Site 1110 Nonradiological COCs

Industrial Land-Use

Residential Land-Use

Maximum Scenario? Scenario?
Concentration Hazard Cancer Hazard Cancer

coC (mg/kg) Index Risk Index Risk
Inorganic
Cyanide - 0.066 J 0.00 — 0.00 —
Mercury 0.0049 J 0.00 - 0.00 -
Selenium 0.333J 0.00 - 0.00 -
Silver 0.04420 0.00 - 0.00 -
Organic
Acetone 0.00384 J 0.00 - 0.00 —~
2-Butanone 0.0432 0.00 — 0.00 -
bis(2-Ethylhexyl) phthalate 0.154 J 0.00 8E-10 0.00 3E-9
Toluene 0.00134 0.00 - 0.00 -

7
Total 0.00 | 8E-10 0.00 [  3E-9

2aEPA 1989.

bMaximum concentration was one-half the detection limit.

COC = Constituent of concern.

DSS = Drain and Septic Systems.

EPA = U.S. Environmental Protection Agency.
J = Estimated concentration.

mg/kg = Milligram(s) per kilogram.
= Information not available.

Table 10

Risk Assessment Values for DSS Site 1110 Nonradiological Background Constituents

Industrial Land-Use Residential Land-Use
Background Scenario® Scenario®
‘ Concentration? Hazard Cancer Hazard Cancer
cOoC (mg/kg) Index Risk Index Risk
Cyanide NC - - - -
Mercury <0.1 - - - -
Selenium <1 - - - -
Silver <1 — - - ~
Total [ - | - - —
aDinwiddie September 1997, Southwest Area Supergroup.
PEPA 1989.
COC = Constituent of concern.
DSS = Drain and Septic Systems.
EPA = U.S. Environmental Protection Agency.
mg/kg = Milligram(s) per kilogram.
NC = Not calculated.

- = Information not quantified.
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and, subsequently, for dust to be present in predominantly residential areas. Because of the
nature of the local soil, other exposure pathways are not considered (see Appendix 1).

For the radiological COCs, the incremental TEDE for the residential land-use scenario is
2.2E-2 mrem/yr. The guideline being used is an excess TEDE of 75 mrem/yr (SNL/NM
February 1998) for a complete loss of institutional controls (residential land use in this case);
the calculated dose value for DSS Site 1110 for the residential land-use scenario is well below
this guideline. Consequently, DSS Site 1110 is eligible for unrestricted radiological release as
the residential land-use scenario resulted in an incremental TEDE of less than 75 mrem/yr to
the on-site receptor. The estimated excess cancer risk is 3.0E-7. The excess cancer risk from
the nonradiological and radiclogical COCs should be summed to provide risk estimates for
persons exposed to both types of carcinogenic contaminants, as noted in OSWER Directive
No. 9200.4-18, “Establishment of Cleanup Levels for CERCLA Sites with Radioactive
Contamination” (EPA 1997b). This summation is tabulated in Section V1.9, Summary.

VL7 Step 6. Comparison of Risk Values to Numerical Guidelines

The human health risk assessment analysis evaluated the potential for adverse health effects
for both the industrial (the designated land-use scenario for this site) and residential land-use
scenarios.

For the nonradiological COCs under the industrial land-use scenario, the HI is 0.00 (lower than
the numerical guideline of 1 suggested in the RAGS [EPA 1989]). The excess cancer risk is
8E-10. NMED guidance states that cumulative excess lifetime cancer risk must be less than
1E-5 (Bearzi January 2001); thus the excess cancer risk for this site is below the suggested
acceptable risk value. This assessment also determined risks considering background
concentrations of the potential nonradiological COCs for both the industrial and residential land-
use scenarios. Assuming the industrial land-use scenario, for nonradiological COCs there is
neither a quantifiable HI nor an estimated excess cancer risk. The incremental risk is
determined by subtracting risk associated with background from potential COC risk. These
numbers are not rounded before the difference is determined and, therefore, may appear to be
inconsistent with numbers presented in tables and within the text. For conservatism, the
background constituents that do not have quantifiable background screening values are
assumed to have a hazard quotient of 0.00. The incremental Hl is 0.00 and the incremental
estimated excess cancer risk is 8.03E-10 for the industrial land-use scenario. These
incremental risk calculations indicate insignificant risk to human health from nonradiological
COCs considering an industrial land-use scenario.

For the radiological COC under the industrial land-use scenario, the incremental TEDE is
8.6E-3 mrem/yr, which is significantly lower than EPA’s numerical guideline of 15 mrem/yr (EPA
1997b). The incremental estimated excess cancer risk is 2.5E-9.

For the nonradiological COCs under the residential land-use scenario, the calculated HI is 0.00,
which is below the numerical guidance. The excess cancer risk is 3E-9. NMED guidance
states that cumulative excess lifetime cancer risk must be less than 1E-5 (Bearzi January
2001); thus the excess cancer risk for this site is below the suggested acceptable risk vaiue.
For background concentrations of the nonradiological COCs there is neither a quantifiable HI
nor an estimated excess cancer risk. The incremental HI is 0.00 and the incremental cancer
risk is 3.48E-9 for the residential land-use scenario. These incremental risk calculations
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indicate insignificant risk to human heailth from nonradiological COCs considering a residential
land-use scenario.

The incremental TEDE from the radiological components for a residential land-use scenario is
2.2E-2 mrem/yr, which is significantly lower than the numerical guideline of 75 mrem/yr
suggested in the SNL/NM “RESRAD Input Parameter Assumptions and Justification” (SNL/NM
February 1998). The estimated excess cancer risk is 3.0E-7.

V1.8 Step 7. Uncertainty Discussion

The determination of the nature, rate, and extent of contamination at DSS Site 1110 was based
upon an initial conceptual model that was validated with baseline sampling conducted at the
site. The baseline sampling was implemented in accordance with the SAP (SNL/NM October
1999) and FIP (SNL/NM November 2001). The DQOs contained in these two documents are
appropriate for use in risk assessments. The data from soil samples collected at effluent’
release points are representative of potential COC releases to the site. The analytical
requirements and results satisfy the DQOs, and data quality was verified/validated in
accordance with SNL/NM procedures. Therefore, there is no uncertainty associated with the
data quality for the risk assessment at DSS Site 1110.

Because of the location, history of the site, and future land use (DOE et al. September 1995),
there is low uncertainty in the land-use scenario and the potentially affected populations that
were considered in performing the risk assessment analysis. Because the COCs are found in
near-surface soil and because of the location and physical characteristics of the site, there is
little uncertainty in the exposure pathways relevant to the analysis.

An RME approach was used to calculate the risk assessment values. This means that the
parameter values in the calculations are conservative and that calculated intakes are probably
overestimated. Maximum measured values of COC concentrations are used to provide
conservative results.

Table 7 shows the uncertainties (confidence levels) in nonradiological toxicological parameter
values. There is a mixture of estimated values and values from the IRIS (EPA 2003), HEAST
(EPA 1997a), the Technical Background Document for Development of Soil Screening Levels
(NMED December 2000), and the EPA Region 6 (EPA 2002a) and the Risk Assessment
Information System (ORNL 2003) electronic databases. Where values are not provided,
information is not available from the HEAST (EPA 1997a), IRIS (EPA 2003), Technical
Background Document for Development of Soil Screening Levels (NMED December 2000), the
Risk Assessment Information System (ORNL 2003} or the EPA regions (EPA 2002a, EPA
2002b, EPA 2002c). Because of the conservative nature of the RME approach, uncertainties in
toxicological values are not expected to change the conclusion from the risk assessment
analysis.

Risk assessment values for nonradiological COCs are within the acceptable range for human
health under both the industrial and residential land-use scenarios compared to established
numerical guidance.

For the radiological COC, the conclusion of the risk assessment is that potential effects on
human health for both the industrial and residential land-use scenarios are within guidelines
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and represent only a small fraction of the estimated 360 mrem/yr received by the average
U.S. population (NCRP 1987).

The overall uncertainty in all of the steps in the risk assessment process is not considered to be
significant with respect to the conclusion reached.

V1.9 Summary

DSS Site 1110 contains identified COCs consisting of some inorganic and radiological
compounds. Because of the location of the site, the designated industrial land-use scenario,
and the nature of contamination, potential exposure pathways identified for this site included
soil ingestion, dermal contact, and dust and volatile inhalation for chemical COCs and soil
ingestion, dust inhalation, and direct gamma exposure for radionuclides. The same exposure
pathways were applied to the residential land-use scenario.

Using conservative assumptions and an RME approach to risk assessment, calculations for
nonradiological COCs show that for the industrial land-use scenario the HI (0.00) is significantly
lower than the accepted numerical guidance from the EPA. The estimated excess cancer risk
is 8E-10. Thus excess cancer risk is also below the acceptable risk value provided by the
NMED for an industrial land-use scenario (Bearzi January 2001). The incremental Hl is 0.00
and the incremental excess cancer risk is 8.03E-10 for the industrial land-use scenario. The
incremental risk calculations indicate insignificant risk to human heaith for the industrial land-
use scenario.

Using conservative assumptions and an RME approach to risk assessment, calculations for
nonradiological COCs show that for the residential land-use scenario the Hl (0.00) is also below
the accepted numerical guidance from the EPA. The estimated excess cancer risk is 3E-9.
Thus excess cancer risk is also below the acceptable risk value provided by the NMED for a
residential land-use scenario (Bearzi January 2001). The incremental Hi is 0.00 and the
incremental excess cancer risk is 3.48E-9 for the residential land-use scenario. The
incremental risk calculations indicate insignificant risk to human health for the residential land-
use scenario.

The incremental TEDE and corresponding estimated cancer risk from the radiological COC are
much fower than EPA guidance values; the estimated TEDE is 8.6E-3 mrem/yr for the industrial
land-use scenario, which is much lower than the EPA’s numerical guidance of 15 mrem/yr (EPA
1997b). The corresponding incremental estimated cancer risk value is 2.5E-9 for the industrial
land-use scenario. Furthermore, the incremental TEDE for the residential land-use scenario
that results from a complete loss of institutional controls is 2.2E-2 mrem/yr with an associated
risk of 3.0E-7. The guideline for this scenario is 75 mrem/yr (SNL/NM February 1998).
Therefore, DSS Site 1110 is eligible for unrestricted radiological release.

The summation of the nonradiological and radiological carcinogenic risks is tabulated in
Table 11.
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Table 11
Summation of Radiological and Nonradiological Risks from
DSS Site 1110, Building 6536 Drain System Carcinogens
Scenario Nonradiological Risk Radiological Risk Total Risk
Industrial 8.03E-10 2.5E-9 3.3E-9
Residential 3.48E-9 3.0E-7 3.0E-7

DSS = Drain and Septic Systems.

Uncertainties associated with the calculations are considered small relative to the conservatism
of the risk assessment analysis. Therefore, it is concluded that this site poses insignificant risk
to human health under both the industrial and residential land-use scenarios.

VIL. Ecological Risk Assessment

VIl.1 introduction

This section addresses the ecological risks associated with exposure to constituents of potential
ecological concern (COPECs}) in the soil at DSS Site 1110. A component of the NMED Risk-
Based Decision Tree (NMED March 1998) is to conduct an ecological risk assessment that
corresponds with that presented in EPA’s Ecological RAGS (EPA 1997¢). The current
methodology is tiered and contains an initial scoping assessment which is followed by a more
detailed risk assessment if warranted by the results of the scoping assessment. Initial
components of NMED's decision tree (a discussion of DQOs, data assessment, and
evaluations of bioaccumulation as well as fate and transport potential) are addressed in
previous sections of this report. At the end of the scoping assessment, a determination is made
as to whether a more detailed examination of potential ecological risk is necessary.

VIL.2 Scoping Assessment

The scoping assessment focuses primarily on the likelihood of exposure of biota at, or adjacent
to, the site to constituents associated with site activities. Included in this section are an
evaluation of existing data with respect to the existence of complete ecological exposure
pathways, an evaluation of bioaccumulation potential, and a summary of fate and transport
potential. A scoping risk management decision (Section VI1.2.4) involves summarizing the
scoping results and determining whether further examination of potential ecological impacts is
necessary.

VIi.2.1 Data Assessment
As indicated in Section |V, all COCs at DSS Site 1110 are at depths greater than 5 feet bgs.

Therefore, no complete ecological exposure pathways exist at this site and no COCs are
considered to be COPECs.
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Vil.2.2 Bioaccumulation

Because no COPECs are associated with this site, bioaccumulation potential was not
evaluated.

VIL2.3 Fate and Transport Potential

The potential for the COCs to migrate from the source of contamination to octher media or biota

is discussed in Section V. As noted in Table 6 (Section V), wind, surface water, and biota (food
chain uptake) are expected to be of low significance as transport mechanisms for COCs at this

site. Degradation, transformation, and radiological decay of the COCs also are expected to be

of low significance.

Vil.2.4 Scoping Risk-Management Decision

Based upon information gathered through the scoping assessment, it was concluded that
complete ecological pathways are not associated with COCs at this site; therefore, no COPECs
exist at the site, and a more detailed risk assessment was not deemed necessary to predict the
potential level of ecological risk associated with the site.
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APPENDIX 1
EXPOSURE PATHWAY DISCUSSION FOR CHEMICAL
AND RADIONUCLIDE CONTAMINATION

Introduction

Sandia National Laboratories/New Mexico (SNL/NM) uses a default set of exposure routes and
associated default parameter values developed for each future land-use designation being
considered for SNL/NM Environmental Restoration (ER) Project sites. This default set of
exposure scenarios and parameter values are invoked for risk assessments unless site-specific
information suggests other parameter values. Because many SNL/NM solid waste
management units (SWMUs) have similar types of contamination and physical settings,
SNL/NM believes that the risk assessment analyses at these sites can be similar. A default set
of exposure scenarios and parameter values facilitates the risk assessments and subsequent
review.

The default exposure routes and parameter values used are those that SNL/NM views as
resulting in a Reasonable Maximum Exposure (RME) value. Subject to comments and
recommendations by the U.S. Environmental Protection Agency (EPA) Region VI and New
Mexico Environment Department (NMED), SNL/NM will use these default exposure routes and
parameter values in future risk assessments.

At SNL/NM, all SWMUs exist within the boundaries of the Kirtland Air Force Base.
Approximately 240 potential waste and release sites have been identified where hazardous,
radiological, or mixed materials may have been released to the environment. Evaluation and
characterization activities have occurred at all of these sites to varying degrees. Among other
documents, the SNL/NM ER draft Environmental Assessment (DOE 1996) presents a summary
of the hydrogeology of the sites and the biological resources present. When evaluating
potential human health risk the current or reasonably foreseeable land use negotiated and
approved for the specific SWMU/AOC, aggregate, or watershed will be used. The following
references generally document these land uses: Workbook: Future Use Management Area 2
(DOE et al. September 1995); Workbook: Future Use Management Area 1 (DOE et al. October
1995); Workbook: Future Use Management Areas 3, 4, 5, and 6 (DOE and USAF January
1996); Workbook: Future Use Management Area 7 (DOE and USAF March 1996). At this
time, all SNL/NM SWMUs have been tentatively designated for either industrial or recreational
future land use. The NMED has also requested that risk calculations be performed based upon
a residential land-use scenario. Therefore, all three land-use scenarios will be addressed in
this document.

The SNL/NM ER Project has screened the potential exposure routes and identified default
parameter values to be used for calculating potential intake and subsequent hazard index (Hl),
excess cancer risk and dose values. The EPA (EPA 1989) provides a summary of exposure
routes that could potentially be of significance at a specific waste site. These potential
exposure routes consist of:

e [ngestion of contaminated drinking water

¢ |ngestion of contaminated soil
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Ingestion of contaminated fish and shellfish
¢ Ingestion of contaminated fruits and vegetables
¢ Ingestion of contaminated meat, eggs, and dairy products
- o |ngestion of contaminated surface water while swimming
e Dermal contact with chemicals in water
e Dermal contact with chemicals in soil
¢ Inhalation of airborne compounds (vapor phase or particulate)

¢ External exposure to penetrating radiation (immersion in contaminated air;
immersion in contaminated water; and exposure from ground surfaces with
photon-emitting radlonuclldes)

Based upon the location of the SNL/NM SWMUs and the characteristics of the surface and
subsurface at the sites, we have evaluated these potential exposure routes for different land-
use scenarios to determine which should be considered in risk assessment analyses (the last
exposure route is pertinent to radionuclides only). At SNL/NM SWMUs, there is currently no
consumption of fish, shellfish, fruits, vegetables, meat, eggs, or dairy products that originate on
site. Additionally, no potential for swimming in surface water is present due to the high-desert
environmental conditions. As documented in the RESRAD computer code manual (ANL 1993),
risks resulting from immersion in contaminated a|r or water are not significant compared to risks
from other radiation exposure routes.

For the industrial and recreational land-use scenarios, SNL/NM ER has, therefore, excluded the
following four potential exposure routes from further risk assessment evaluations at any
SNL/NM SWMU:

Ingestion of contaminated fish and shellfish

Ingestion of contaminated fruits and vegetables

Ingestion of contaminated meat, eggs, and dairy products
ingestion of contaminated surface water while swimming
Dermal contact with chemicals in water

That part of the exposure pathway for radionuclides related to immersion in contaminated air or
water is also eliminated.

Based upon this evaluation, for future risk assessments the exposure routes that will be
considered are shown in Table 1.
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Table 1
Exposure Pathways Considered for Various Land-Use Scenarios
I Industrial Recreational Residential
Ingestion of contaminated drinking | Ingestion of contaminated Ingestion of contaminated drinking
water drinking water water
Ingesticn of contaminated soil Ingestion of contaminated soil Ingestion of contaminated soil
Inhalation of airborne compounds | Inhalation of airborne Inhalation of airborne compounds
(vapor phase or particulate) compounds (vapor phase or (vapor phase or particulate)
particulate)
Dermal contact (nonradiological Dermal contact (nonradiological | Dermal contact (nonradiological
constituents only) soil only constituents only) soil only constituents only) soil only
External exposure to penetrating External exposure to External exposure to penetrating
radiation from ground surfaces penetrating radiation from radiation from ground surfaces
ground surfaces

Equations and Default Parameter Values for Identified Exposure Routes

In general, SNL/NM expects that ingestion of compounds in drinking water and soil will be the
more significant exposure routes for chemicals; external exposure to radiation may also be
significant for radionuclides. All of the above routes will, however, be considered for their
appropriate land-use scenarios. The general equation for calculating potential intakes via these
routes is shown below. The equations are taken from “Assessing Human Health Risks Posed
by Chemicals: Screening-Level Risk Assessment” (NMED March 2000) and “Technical
Background Document for Development of Soil Screening Levels” (NMED December 2000).
Equations from both documents are based upon the “Risk Assessment Guidance for
Superfund” (RAGS): Volume 1 (EPA 1989, 1991). These general equations also apply to
calculating potential intakes for radionuclides. A more in-depth discussion of the equations
used in performing radiological pathway analyses with the RESRAD code may be found in the
RESRAD Manual (ANL 1993). RESRAD is the only code designated by the U.S. Department of
Energy (DOE) in DOE Order 5400.5 for the evaluation of radioactively contaminated sites (DOE
1993). The Nuclear Regulatory Commission (NRC) has approved the use of RESRAD for dose
evaluation by licensees involved in decommissioning, NRC staff evaluation of waste disposal
requests, and dose evaluation of sites being reviewed by NRC staff. EPA Science Advisory
Board reviewed the RESRAD model. EPA used RESRAD in their rulemaking on radiation site
cleanup regulations. RESRAD code has been verified, undergone several benchmarking
analyses, and been included in the International Atomic Energy Agency’s VAMP and BIOMOVS
Il projects to compare environmental transport models.

Also shown are the default values SNL/NM ER will use in RME risk assessment calculations for
industrial, recreational, and residential land-use scenarios, based upon EPA and other
governmental agency guidance. The pathways and values for chemical contaminants are
discussed first, followed by those for radionuclide contaminants. RESRAD input parameters
that are left as the default values provided with the code are not discussed. Further information
relating to these parameters may be found in the RESRAD Manual {(ANL 1993) or by directly
accessing the RESRAD websites at: http://web.ead.anl.gov/resrad/home2/ or
http://web.ead.anl.gov/resrad/documents/.

AL/3-04/WP/SNLD4:rs5473.doc B-31 840858.01 03/10/04 8:50 AM



RISK ASSESSMENT FOR DSS SITE 1110 3/10/2004

Generic Equation for Calculation of Risk Parameter Values

The equation used to calculate the risk parameter values (i.e., hazard quotients/HI, excess
cancer risk, or radiation total effective dose equivalent [TEDE] [dose]) is similar for all exposure
pathways and is given by:

Risk (or Dose) = Intake x Toxicity Effect (either carcinogenic, noncarcinogenic, or radiological)
= C x {CR x EFD/BW/AT) x Toxicity Effect (1)
where;

C = contaminant concentration (site specific)
CR = contact rate for the exposure pathway
EFD= exposure frequency and duration

BW = body weight of average exposure individual
AT =time over which exposure is averaged.

For nonradiological constituents of concern (COCs), the total risk/dose (either cancer risk or HI)
is the sum of the risks/doses for all of the site-specific exposure pathways and contaminants.
For radionuclides, the calculated radiation exposure, expressed as TEDE is compared directly
to the exposure guidelines of 15 millirem per year (mrem/year) for industrial and recreational
future use and 75 mrem/year for the unlikely event that institutional control of the site is lost and
the site is used for residential purposes (EPA 1997).

The evaluation of the carcinogenic health hazard produces a quantitative estimate for excess
cancer risk resulting from the COCs present at the site. This estimate is evaluated for
determination of further action by comparison of the quantitative estimate with the potentially
acceptable risk of 1E-5 for nonradiclogical carcinogens. The evaluation of the noncarcinogenic
health hazard produces a quantitative estimate (i.e., the HI) for the toxicity resuiting from the
COCs present at the site. This estimate is evaluated for determination of further action by
comparison of this quantitative estimate with the EPA standard HI of unity (1). The evaluation
of the health hazard from radioactive compounds produces a guantitative estimate of doses
resulting from the COCs present at the site. This estimated dose is used to calculate an
assumed risk. However, this calculated risk is presented for illustration purposes only, not to
determine compliance with regulations.

The specific equations used for the individual exposure pathways can be found in RAGS
(EPA 1989) and are outlined below. The RESRAD Manual (ANL 1993) describes similar
equations for the calculation of radiological exposures.

Soil Ingestion

A receptor can ingest soil or dust directly by working in the contaminated soil. Indirect ingestion
can occur from sources such as unwashed hands introducing contaminated soil to food that is
then eaten. An estimate of intake from ingesting soil will be calculated as follows:

, _C.*IR*CF %EF * ED
‘ BW * AT
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where:

I, = Intake of contaminant from soil ingestion (milligrams [mg}/kilogram [kg]-day)
C, = Chemical concentration in soil (mg/kg)

IR = Ingestion rate (mg soil/day)

CF = Conversion factor (1E-6 kg/mg)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (period over which exposure is averaged) (days)

It should be noted that it is conservatively assurmed that the receptor only ingests soil from the
contaminated source.
Soil Inhalation

A receptor can inhale soil or dust directly by working in the contaminated soil. An estimate of
intake from inhaling soil will be calculated as follows (EPA August 1997):

- C, *IR*EF*ED*(}{/For%EF)
BW * AT

where:

I, = Intake of contaminant from soil inhalation (mg/kg-day)

C, =Chemical concentration in soil (mg/kg)

IR = Inhalation rate (cubic meters [m3)/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

VF = soil-to-air volatilization factor (m3kg)

PEF = particulate emission factor (m3/kg)

BW = Body weight (kg)

AT = Averaging time (period over which exposure is averaged) (days)

Soil Dermal Contact

_C *CF*SA* AF * ABS *EF *ED

Da
BW * AT

where:

D, = Absorbed dose (mg/kg-day)

C. = Chemical concentration in soil (mg/kg}

CF = Conversion factor (1E-6 kg/mg)

SA = Skin surface area available for contact (cm?/event)
AF = Soil to skin adherence factor (mg/cm?)

ABS= Absorption factor (unitiess)

EF = Exposure frequency (events/year)
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ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (period over which exposure is averaged) (days)

Groundwater Ingestion

A receptor can ingest water by drinking it or through using household water for cooking. An
estimate of intake from ingesting water will be calculated as follows (EPA August 1997):

[ = C,*IR*EF *ED
" BW x AT
where:
I, = Intake of contaminant from water ingestion (mg/kg/day)

C,, = Chemical concentration in water (mg/liter [L}}

IR = Ingestion rate (L/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (period over which exposure is averaged) (days)

Groundwater Inhalation

The amount of a constituent taken into the body via exposure to volatilization from showering or
other household water uses will be evaluated using the concentration of the constituent in the
water source (EPA 1991 and 1992). An estimate of intake from volatile inhalation from
groundwater will be calculated as follows (EPA 1991):

; _Cu*K*IR *EF*ED

v BW * AT
where:
I, = Intake of volatile in water from inhalation (mg/kg/day)
C,, = Chemical concentration in water (mg/L)
K = volatilization factor (0.5 L/m?3)
IR; = Inhalation rate (m3/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (period over which exposure is averaged—days)

For volatile compounds, volatilization from groundwater can be an important exposure pathway
from showering and other household uses of groundwater. This exposure pathway will only be
evaluated for organic chemicals with a Henry’s Law constant greater than 1x10-° and with a
molecular weight of 200 grams/mole or less (EPA 1991).

Tables 2 and 3 show the default parameter values suggested for use by SNL/NM at SWMUs,
based upon the selected iand-use scenarios for nonradiological and radiological COCs,
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respectively. References are given at the end of the table indicating the source for the chosen
parameter values. SNL/NM uses default values that are consistent with both regulatory
guidance and the RME approach. Therefore, the values chosen will, in general, provide a
conservative estimate of the actual risk parameter. These parameter values are suggested for
use for the various exposure pathways, based upon the assumption that a particular site has no
unusual characteristics that contradict the defauit assumptions. For sites for which the
assumptions are not valid, the parameter values will be modified and documented.

Summary

SNL/NM will use the described default exposure routes and parameter values in risk
assessments at sites that have an industrial, recreational, or residential future land-use
scenario. There are no current residential land-use designations at SNL/NM ER sites, but
NMED has requested this scenario to be considered to provide perspective of the risk under the
more restrictive land-use scenario. For sites designated as industrial or recreational land use,
SNL/NM will provide risk parameter values based upon a residential land-use scenario to
indicate the effects of data uncertainty on risk value calculations or in order to potentially
mitigate the need for institutional controls or restrictions on SNL/NM ER sites. The parameter
values are based upon EPA guidance and supplemented by information from other government
sources. |f these exposure routes and parameters are acceptabie, SNL/NM will use them in
risk assessments for all sites where the assumptions are consistent with site-specific
conditions. All deviations will be documented.
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Table 2
Default Nonradiological Exposure Parameter Values for Various Land-Use Scenarios
Parameter | Industrial [ Recreational l Residential
General Exposure Parameters
8.7 (4 hr/iwk for
Exposure Frequency (day/yr) 25020 52 wkfyr)a® 3503p
Exposure Duration (yr) 253b¢ 302bc 302bc
702bc 70 Adultab.e 70 Adultab.c
Body Weight (kg) 15 Childabe 15 Childabe
Averaging Time (days)
for Carcinogenic Compounds 25,550ab 25,5502p 25,550 ab
(= 70 yr x 365 day/yr)
for Noncarcinogenic Compounds 9,125ab 10,9503.b 10,950 20
(= ED x 365 day/yr)
Soil Ingestion Pathway
Ingestion Rate (mg/day) 1002b 200 Childab 200 Child &b
100 Adultap 100 Adultab
Inhalation Pathway
15 Child? 10 Child?
Inhalation Rate (m%/day) 202b 30 Aduit2 20 Adult?
Volatilization Factor (m3/kg) Chemical Specific | Chemical Specific Chemical Specific
Particulate Emission Factor (m%kg) 1.36E92 1.36E92 1.36E92
Water Ingestion Pathway
2.43 2.42 2.423
Ingestion Rate (liter/day)
Dermal Pathway
0.2 Child? 0.2 Child2
Skin Adherence Factor (mg/cm?) 0.22 0.07 Adult2 0.07 Adult?
Exposed Surface Area for Soil/Dust 2,800 Child? 2,800 Child?
(cm?/day) 3,300 5,700 Aduit3 5,700 Adult2

Skin Adsorption Factor

Chemical Specific

Chemical Specific

Chemical Specific

aTechnical Background Document for Development of Soil Screening Levels (NMED December 2000).
bRisk Assessment Guidance for Superfund, Vol. 1, Part B (EPA 1991).
CExposure Factors Handbook (EPA August 1997).

ED = Exposure duration.

EPA =U.S. Environmental Protection Agency.
hr  =Hour(s).

kg = Kilogram(s).

m = Meter(s).

mg = Milligram(s).

NA = Not available.

wk = Week(s).

yr = Year(s).
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Table 3

3/10/2004

Default Radiological Exposure Parameter Values for Various Land-Use Scenarios

Parameter l Industrial l Recreational I Residential
General Exposure Parameters
8 hr/day for
Exposure Frequency 250 day/yr 4 hriwk for 52 wkiyr 365 dayfyr
Exposure Duration (yr) 253, 30ab 3020
Body Weight (kg) _ 70 Adultab 70 Adultab 70 Adultab
Soil Ingestion Pathway
ingestion Rate 100 mg/day® 100 mg/day*® 100 mg/day*®
Averaging Time (days)
(= 30 yr x 365 day/yr) 10,9509 10,950¢ 10,9504
Inhalation Pathway
Inhalation Rate (m3/yr) 7,300de 10,950¢ 7,30049e
Mass Loading for Inhalation g/m3 1.36 E-5¢ 1.36 E-59 1.36 E-5¢
Food Ingestion Pathway
ingestion Rate, Leafy Vegetables
(kg/yr) NA NA 16.5°¢
Ingestion Rate, Fruits, Non-Leafy
Vegetables & Grain (kg/yr) NA NA 101.8
Fraction Ingested NA NA 0.25bd

2Risk Assessment Guidance for Superfund, Vol. 1, Part B (EPA 1991).
bExposure Factors Handbook (EPA August 1997).
CEPA Region VI guidance (EPA 1996).

8For radionuclides, RESRAD (ANL 1993).

eSNL/NM (February 1998).

EPA = U.S. Environmental Protection Agency.

g = Gram(s)

hr  =Hour(s).

kg =Kilogram(s).
m = Meter(s).

mg = Milligram(s).
NA = Not applicable.
wk = Week(s).

yr = Year(s).
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