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Although other potential receptors could be identified for the general public (e.g.,
individuals driving by the FUSRAP Maywood Superfund Site, or visitors to the FUSRAP
Maywood Superfund Site), risks to these receptors were not evaluated because their exposures
would be substantially less than those estimated for the specific receptors identified in this
analysis.  In addition to assessing the potential health risks to individual receptors, the potential
collective health risks associated with exposures to airborne radioactive COCs were assessed for
the population within an 80-km (50-mi.) radius of the FUSRAP Maywood Superfund Site.

EXPOSURE PATHWAYS

The principal source of possible exposures at Maywood is radiologically contaminated
soil.  Remedial action activities such as excavation and loading for disposal could provide a
mechanism for COC release.  Fugitive dust would be generated during waste excavation, loading,
treatment, unloading, and waste placement activities.  Surface water and sediment transport would
be subject to engineering controls and would not be expected to contribute to COC migration.

The principal COC release mechanisms and transport media associated with such
activities are:

• Emission of gamma radiation from radioactively impacted material to the atmosphere,
• Resuspension of radioactively impacted particulate material to the atmosphere

through erosion of soil or agitation of soil during remediation,
• Emission of radon gas from radium impacted soil to the atmosphere, and

The potential routes of human exposure to FUSRAP Maywood Superfund Site COCs
presented in this assessment are:

• Inhalation of radon and its short-lived decay products,
• External gamma irradiation,
• Inhalation of radioactively impacted airborne dust,
• Incidental ingestion of radioactively impacted soil, and
• Groundwater ingestion.

EXPOSURE POINT CONCENTRATIONS

Soil

Exposure point concentrations of radioactive COCs were estimated for each alternative.
Because the different remedial action alternatives at the FUSRAP Maywood Superfund Site
involve the handling of material from several distinct source areas that are impacted with varying
concentrations of different COCs, and the workers are assumed to be relatively mobile, COC
concentrations were developed which are representative of the FUSRAP Maywood Superfund
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Site as a whole.  The data from all boreholes and soil samplings (both surface and subsurface)
from the individual areas site-wide were aggregated for Alternatives 3 and 4 and overall FUSRAP
Maywood Superfund Site exposure point concentrations for radionuclides were obtained.  The
upper confidence limit on the mean (i.e., UCL95) was calculated based on log-normally distributed
statistics and was used as the reasonable maximum exposure (RME) point concentration.  The
RME is reported in this assessment as a reasonable estimate of the maximum exposure likely to
be received to estimate all risk exposures.  The concentrations of radioactive COCs for the areas
undergoing remediation in each of the alternatives are presented in Table C-2.

Table C-2.  Radionuclide Concentrations (pCi/g) in FUSRAP Maywood Superfund Site
Soils

Th-232 + Db Ra-226 + D U-238 + D U-235 + Dc
Alternativea

Th-232 Ra-228 Th-228 Ra-226 Pb-210 U-238 U-234 Th-230 U-235 Pa-231 Ac-227
3 and 4 4.0 4.0 4.0 0.91 0.91 4.0 4.0 4.0 0.2 0.2 0.2

Shaded area indicates measured concentrations.
a All the soil that is remediated under an alternative is aggregated as a homogeneous unit.  The values are calculated

RME concentrations.
b + D denotes secular equilibrium was assumed to derive concentrations for associated decay products (non-shaded

areas)
c U-235 + D concentrations are 5% of U-238 value.

The soil data presented in the RI Report (BNI 1992) and historical data from the FUSRAP
Maywood Superfund Site were used in this assessment.  Soil samples were analyzed for U-238,
Ra-226, and Th-232.  The decay progeny associated with these nuclides are assumed to be in
secular equilibrium.  Alternatives involve either complete or substantial excavation of the impacted
material.  The exposure point concentrations for these alternatives were developed by aggregating
all soil data for the FUSRAP Maywood Superfund Site.  The data set includes between 4,848 and
5,020 individual samples, depending on the analyte.

Air

Airborne COCs concentrations of radionuclides other than radon were estimated from the
concentrations in soil being remediated.  Separate methods were used to estimate onsite
concentrations and fugitive emissions offsite.  The methods are discussed below.

Onsite

Onsite receptors will be exposed to airborne COCs resuspended from the soil.  A mass
loading value of 6 × 10-4 g/m3 was assumed to represent the concentration of dust in air at the
FUSRAP Maywood Superfund Site (Yu et al. 1993).  All of the dust was assumed to originate
from impacted soil.  The respirable portion of the total particulate concentration was assumed to
be 30% (Paustenbach 1989).

The COC concentration in onsite air (pCi/m3) potentially available for inhalation was
estimated for each radiological COC as follows:
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0.10.3DustC=C riaisoil,iair, ×××

where:
Csoil,i = soil concentration of radionuclide i (pCi/g),
Dustair = mass loading of dust in air (6 × 10-4 g/m3),
0.3 = 30% of the dust is of respirable size, and
0.1 = concentration reduction by respiratory protection.

Offsite

Particulate concentrations at the exposure points beyond the FUSRAP Maywood
Superfund Site perimeter were estimated by determining the concentration of each radionuclide
released from the FUSRAP Maywood Superfund Site.  The airborne release rate from the
FUSRAP Maywood Superfund Site was based on EPA-derived (EPA 1985) emission factors for
construction activities.  The alternatives (2 through 4) involve various combinations of dust
generating operations such as loading and unloading radioactive soil (batch drops), wind erosion
of exposed materials, and movement of equipment across impacted areas.  All volume, project
duration and other applicable data were taken from the 1997 Maywood detailed cost analysis.
To simplify modeling and to provide conservative dose estimates, it is assumed that the same
fugitive emissions are released by Alternatives 3 and 4.

The following equation was used to estimate the COC release rate during material loading
and unloading:

YTI / 1,000MF101C=Ci/y UTorTalt,10,or310or3
12

R ××××× −

where:
CR = radionuclide concentration in soil (pCi/g),
1 × 10-12 = conversion from pCi to Ci (Ci/pCi),
F3or10 = emission factor for a 3 yd3 drop or a 10 yd3 batch drop (kilogram/megagram or

kg/Mg)
M5or10,alt,TorUT = total soil mass from 3 or 10 yd3 batch drops during a specified alternative with treated

or untreated soil (Mg),
1,000 = conversion from grams to kilograms (g/kg), and
YTI = years to implement or alternative duration is 6.0 for Alternatives 2, 3, and 4 and 7.0

for Alternative 5.

A 90 percent dust control efficiency is applied to treated soil due to a combination of
chemical and water treatment.  A 50 percent dust control efficiency is applied to untreated soil
from water spraying (EPA 1985).

Fugitive emissions from vehicular traffic (during excavation) was estimated using the
following equation:

YTI / 1,000MF101C=Ci/y altV,V
12

R ××××× −

where:
CR = radionuclide concentration in soil (pCi/g),
1 × 10-12 = conversion from pCi to Ci (Ci/pCi),
Fv = emission factor for a dust mass released per vehicular kilometer traveled (kg/VKT)
Mv,alt = total VKT during a specified alternative (km),



C-42

1,000 = conversion from grams to kilograms (g/kg), and
YTI = years to implement or alternative duration (years).

Vehicle miles were estimated assuming that a ten-wheel, 10 yd3 truck was used to transport
the impacted material.  The release fraction was developed using methodology from EPA 1985,
where the truck was assumed to weigh 25 tons empty, averaging 2 mph over 100 meters per trip
(one-way) between the excavation face and the loadout or treatment facility.  A 50% dust control
efficiency over general construction conditions was also assumed.

Fugitive emissions from wind erosion (during excavation) was calculated using the
following equation:

YTI / 1,000MF101C=Ci/y altW,W
12

R ××××× −

where:
CR = radionuclide concentration in soil (pCi/g),
1 × 10-12 = conversion from pCi to Ci (Ci/pCi),
Fw = emission factor for a dust mass released per unit surface area per day (kg/hectare/day)
Mw,alt = surface area times the number of days the material is exposed for each alternative

(hectare days),
1,000 = conversion from grams to kilograms (g/kg), and
YTI = years to implement or alternative duration (years).

The surface area was determined by assuming one week’s worth of excavated material
would be exposed year round (approximately 0.1 hectare for all alternatives).  A 40-week work
year is assumed.

The alternative-specific parameters and the resultant estimates of airborne dust emissions
for the cleanup period are presented in Table C-3.  Only estimates for fugitive dust originating
from impacted areas were used in this assessment; estimates of dust generated by the movement
of construction equipment on unimpacted areas were not included.

The fugitive dust emissions were used to estimate potential inhalation exposures for
offsite receptors.  The radionuclide emission rates for the various alternatives are presented in
Table C-4.  The predicted emissions are for the complete implementation of the given alternative.
Since the excavation/treatment phases of all alternatives exceed one work year, the calculated total
emissions were divided by the total number of years to complete action, representing the annual
emission rate.  Changes in the implementation time would change the annual fugitive dust release
rate, and hence the annual dose to the maximum exposed individual, but not the cumulative
collective population dose.

ESTIMATED DOSES AND INTAKES OF COCs

Estimates of exposure are based on the COC concentrations at the exposure points and
scenario specific assumptions and intake parameters.

For radioactive COCs the exposure is expressed in terms of the effective dose equivalent
for all exposure pathways.
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General Public

The general public could be exposed both to COCs released during the remediation
period and to materials remaining onsite after remediation.  Fugitive dust emissions are the
principal release mechanism during remediation.  After remediation, members of the general
public who reoccupy the FUSRAP Maywood Superfund Site could be exposed to residual COCs.

The CAP-88PC computer code (Parks 1991) was used to estimate both collective
population, and maximally exposed individual, dose and risk.  CAP-88PC is intended for use in
estimating radiation dose equivalents and risks from radionuclides emitted into the air.  The code
consists of computer models, databases, and associated utility programs developed by the EPA
for assessing compliance of radionuclide releases with limits established under the Clean Air
Act.  CAP-88PC considers exposures to emitted radionuclides from inhalation of and immersion
in impacted air; ingestion of meat, milk, and vegetables; and direct exposure to impacted land
surfaces.  The analysis was performed using the urban setting default parameters for ingestion
quantities and other exposure sources.  Radiation dose equivalents to the maximally exposed
individual and to regional populations within 80 km (50 mi) of the emission source were
calculated.  Doses for the maximally exposed individual are estimated for the location of highest
risk.  The collective population dose is found by summing, for all sector segments, the intake and
exposure rates multiplied by the appropriate dose conversion factor.  Collective population dose
is reported in person-rem/year.

CAP-88PC uses a modified Gaussian plume equation to calculate radionuclide-specific
average ground level air concentrations at selected locations.  Radon exposures were not modeled
because actual radon measurements at the FUSRAP Maywood Superfund Site indicate that radon
flux is minimal and would not significantly contribute to the dose and risk estimates.

Radiological exposures were calculated for an individual receptor with pathway-specific
equations and receptor-specific intake parameters.  For each pathway, the exposure point
concentration was multiplied by the quantity of the intake and the appropriate dose conversion
factor, which gives the dose (in mrem) for a unit intake of a radionuclide.  In addition to
inhalation, airborne COCs released during the cleanup period could settle on the ground,
resulting in three additional pathways: direct external gamma irradiation, incidental ingestion of
soil and ingestion of food.  Although these three potential exposure pathways are not expected to
be significant, the radiation doses from these pathways were included for completeness.

The estimated dose to the hypothetical maximally exposed member of the general public
at 50 m (160 ft) from the FUSRAP Maywood Superfund Site is 0.049 mrem/yr for Alternatives 3
and 4.  As shown on Table C-5, the estimated dose is even smaller for the other alternatives.  The
results of this analysis indicate that no individual would receive a dose from the combined
exposure pathways that could be associated with FUSRAP Maywood Superfund Site activities in
excess of 15 mrem/year.
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Table C-5.  Maximum Individual and Collective Population Dose and Risk Summary

Maximum Individual(a) Population Collective Dose(a)

Alternative Dose Rate
(mrem/yr)

Total Doseb

(mrem) Riskc Dose Rate
(mrem/yr)

Total Doseb

(mrem)
Alternatives 3 and 4 0.049 0.29 1.7 × 10-7 0.25 1.5
a To offsite member of the public from fugitive emissions.
b Total dose = (Dose Rate) × (Alternative Duration) where Alternative Duration is 6.0 years for Alternatives 2, 3, and 4, and 7.0

years for Alternative 5.
c Risk = (Total Dose) × (6 × 10-7) where 6 × 10-7 is the risk of excess cancers per mrem.

Radiological risks to the public were estimated using a dose to risk conversion factor.
The maximum individual dose for each alternative (Table C-5) was multiplied by 6 × 10-7 excess
cancers per mrem to estimate the annual risk from remediation.  The annual risk was multiplied by
the implementation time (in years) to estimate the total excess cancer risk from each alternative.

Offsite population doses from radioactive COCs were calculated for all persons residing
within a 80 km (50 mi.) radius of the FUSRAP Maywood Superfund Site (Table C-5).  The
population distribution assumed for the CAP-88 calculations was derived using 1990 census data
(von Buelow 1994).  The maximum estimated collective dose to the population residing within
this area during the remedial action period is 1.5 person-rem.

HEALTH RISK EVALUATION FROM EXPOSURE TO COCs

Radiological risks were determined using a dose to risk conversion factor of 6 × 10-7,
integrating the annual doses over the implementation time.  The health risk evaluated is the
induction of cancer related to exposure to low levels of ionizing radiation.  The lifetime
individual risks to members of the general public from radiation exposure during remedial action
activities would be low, i.e., much less than 1 × 10-6 for all receptors.  It is unlikely that any
cancer induction in offsite individuals would result from FUSRAP Maywood Superfund Site
cleanup.



C-46

REFERENCES

BNI 1992.  Remedial Investigation Report for the Maywood Site, Final, DOE/OR/21949-337,
prepared for U.S. Department of Energy (Oak Ridge Operations) by Bechtel National, Inc.,
December.

DOE 1993.  Baseline Risk Assessment for the Maywood Site, DOE/OR/21950-003, prepared for
U.S. Department of Energy (Oak Ridge Operations) by Science Applications International
Corporation, Oak Ridge, TN, March.

EPA 1985.  Compilation of Air Pollution Emission Factors, Volume I:  Stationary Point and
Area Sources, Fourth Edition, AP-42.

EPA 1991.  Risk Assessment Guidance for Superfund:  Volume I - Human Health Evaluation
Manual, Part B, Development of Risk-based Preliminary Remediation Goals, Interim, OSWER
Directive 9285.701B, Office of Emergency and Remedial Response, Washington, D.C.,
December (Memorandum dated December 13, 1991).

Parks, B.S., 1991.  User’s Guide for CAP88-PC, Version 1.0, U.S. Environmental Protection
Agency, EPA/520/6-91/022.

Paustenbach, D.J., 1989.  A Comprehensive Methodology for Assessing the Risks to Humans and
Wildlife Posed by Contaminated Soils:  A Case Study Involving Dioxin, in D.J. Paustenbach
(ed.), The Risk Assessment of Environmental and Human health Hazards:  A textbook of Case
Studies, John Wiley & Sons, New York, pp. 296-328.

von Buelow 1994.  CAP88-PC Population File for MISS, BNI Calculation No. 138-CV-58.

Yu, C., J. Loureiro, L. Cheng, Y. Jones, Y. Wang, E. Faillace 1993.  Data Collection Handbook
to support Modeling the Impacts of Radioactive Material in Soil, ANL/EAIS-8, Argonne
National Laboratory, Argonne, Illinois, April.



C-47

SECTION 5 TO APPENDIX C

ASSESSMENT OF REMEDIAL ALTERNATIVE PROTECTIVENESS
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1 INTRODUCTION

The U.S. Army Corps of Engineers (USACE) is addressing this site under its Formerly
Utilized Sites Remedial Action Program (FUSRAP) and has prepared a Feasibility Study (FS) to
which this document is attached as a section 5 of appendix (C).  Potential human health impacts due
to remedial action at the FUSRAP Maywood Superfund Site (the "Site") were assessed by estimating
the risks to workers and the general public that could result from exposure to radiological
contaminants on, or released from, the site.  Potential exposures include exposure to potentially
contaminated dust during remediation, exposure of workers preparing the site for release,
contaminants in fugitive emissions released during excavation activities, and exposure of future
occupants after the site is released.  Potential impacts for the remedial action alternatives were
evaluated to estimate the increased likelihood of cancer induction as a result of exposure to site
contaminants.  The approach used for the human health evaluation is based on the Environmental
Protection Agency (EPA) guidance in Risk Assessment for Superfund Volume I, Human Health
Evaluation Manual (Part A) (RAGS Part A) (EPA 1989).  Assessment of health impacts to workers
and the general public during the remediation action period was conducted in accordance with EPA
methodology provided in the Risk Assessment Guidance for Superfund, Part C - Risk Evaluation of
Remedial Alternatives (EPA 1991).

Four cleanup alternatives are considered as defined below:

Alternative 1 - No Action: Site is released for unrestricted use in its current condition;
Alternative 2 - Monitoring and Institutional Controls: Site is released for unrestricted use in its
current condition with continued monitoring of site conditions and institutional controls such as
access restrictions to prevent additional exposures beyond current uses of some properties at the Site
and to reduce exposures at other properties at the Site;
Alternative 3 – Excavation and Disposal of Accessible and Inaccessible Soils:  Site is released
after removal and offsite disposal of contaminated accessible and inaccessible soils above the
appropriate clean up criteria, with institutional controls for properties which are not remediated to
the unrestricted use criterion; and
Alternative 4 – Excavation, Treatment, and Disposal of Accessible Soils; and Excavation and
Disposal of Inaccessible Soils:  Site is released after removal and offsite disposal of contaminated
accessible and inaccessible soils above the appropriate clean up criteria, and, if treatment is proven
effective, treated soils are used as backfill on commercial properties, with institutional controls for
properties which are not remediated to the unrestricted use criterion.  A clean cover of at least 1 foot
in thickness is maintained over all areas subject to backfilling with treated materials.

Five exposure scenarios are evaluated including an onsite residential, an offsite residential,
an industrial worker, a maintenance worker, and a remediation worker.  The offsite residential
scenario is used to estimate the risks from release of fugitive emissions during remedial activities
for Alternatives 3 and 4.  The offsite resident and the remediation worker are evaluated to address
the short-term effectiveness (i.e., approximating risks that occur during the implementation of
remedial alternatives) of each alternative. The risks to the offsite resident and the remediation worker
are discussed in the Qualitative Assessment of Remediation Worker Risk and Exposure To the
General Public During Remediation sections of this appendix (See page C-37 and C-38).   All other
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scenarios are considered to evaluate the long-term effectiveness (approximating risks from exposure
to onsite residual contamination) of each alternative and are presented below.

The site Baseline Risk Assessment (BRA) (DOE 1993a) evaluated the baseline risk from
exposure to contaminants at the Site.  Risks from exposure to chemicals are estimated using standard
RAGS equations (EPA 1989) and slope factors found in Integrated Risk Information System (IRIS)
(EPA 1998) and Health Effects Assessment Summary Tables (HEAST) (EPA 1995).  The BRA is
summarized in section 2.6 of this document.  Since the release of the BRA for public comment,
additional site information has been collected.  Risks from post remedial action exposure to
radionuclides in soil for Alternatives 3 and 4 are estimated using the RESRAD computer code
Version 6.0 (which uses the RAGS methodology and HEAST factors, and which was developed by
Argonne National Laboratory).
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2 SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN (COPCs)

2.1 RADIONUCLIDE SCREENING

The FUSRAP Maywood Superfund Site is being addressed under FUSRAP because is
contains elevated concentrations of radionuclides as a result of processing monazite sands and
because the Site was assigned by the U.S. Congress to DOE, who then designated the Site for
FUSRAP.  In 1997-8 the USACE was then identified as the lead agency for FUSRAP
implementation.  Monazite sands are known to contain elevated concentrations of radionuclides from
the three naturally occurring decay series.  Radionuclide contaminants of potential concern (COPCs),
therefore, include all members of the uranium, thorium, and actinium series.  Cancer slope factors
are limited to radionuclides with half-lives of six months or longer.  Short-lived decay products are
included in slope factors for the long-lived radionuclides so that they need not be included explicitly.
 The list of long-lived radionuclides includes uranium-238 (U-238), U-234, thorium-230 (Th-230)
and radium-226 (Ra-226) from the uranium series, Th-232, Ra-228 and Th-228 from the thorium
series; and U-235, Pa-231 and Ac-227 from the actinium series. The site database contains mostly
data on U-238, Ra-226 and Th-232 and little or no data on remaining radionuclides. However, the
intimate relationship between radionuclides in these series can be used to estimate concentrations
for the other radionuclides.  Therefore, this is not considered to be a data gap.

While concentrations of U-238 and Ra-226 may be estimated by summarizing
characterization data, concentrations of U-234 and Th-230 must be estimated using different means.
Because U-238 and U-234 are chemically identical, and the uranium was neither depleted or
enriched, it can be assumed that these radionuclides are in equilibrium (i.e., are present at the same
concentration).  Because the thorium extraction process at Maywood would have removed Th-230
as well as Th-232, Th-230 is likely not in equilibrium with other radionuclides in the series. 

Radionuclides in the thorium series are assumed to be in " equilibrium" (when a long-lived
radionuclide decays into a short-lived daughter, and the activity of the daughter radionuclide
approaches that of the parent, reaching equilibrium) because sufficient time has passed since the last
extraction operations. In fact, an analysis of site data show Th-232 (the first long-lived radionuclide,
with a half-life of 14 billion years) in equilibrium with Th-228 (the last long-lived radionuclide, with
a half-life of 1.9 years).

Members of the actinium series are assumed to be present at approximately five % of the U-
238 concentration.  This is because the uranium was neither enriched nor depleted, thus all uranium
including U-235 is assumed to be present in natural abundance.  In nature, U-235 is present at 4.6
% of the U-238 concentration.  Because there is no evidence that the extraction process affected Pa-
231 or Ac-227, they are assumed to be present in equilibrium with (at the same concentration as) U-
235.  All members of the actinium series are, therefore, assumed to be present at 4.6 % of the U-238
concentration.

The relative radionuclde concentrations are calculated based on the relative magnitude of
measured Th-232, Ra-226, and U-238, concentrations in soils at the FUSRAP Maywood Superfund
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Site.  The concentration of Ra-226 is assumed to be approximately 25percent of the Th-232
concentration, based on a review of site characterization data (the Ra-226:Th-232 concentration ratio
ranges from approximately 0.05 to 0.28 for residential properties, and from 0.005 to 0.26 for
commercial\industrial properties, with a site-wide average of 0.23), and the composite concentration
of Ra-226 and Th-232 is constrained to 15 picocurries/gram (pCi\g) (EPA 1994).  Th-230
concentrations are assumed to be equivalent to Ra-226 concentrations in soil (a conservative measure
since Th-230 would have been removed in the MCW milling operation).  The 5 and 15 pCi/g criteria
are  not applicable to uranium, for which a site-specific concentration limit is derived; however, a
review of the site characterization data indicates that the U-238 concentration measurements in soil
are similar to the Th-232 concentrations (the U-238: Th-232 ratio ranges from 0.35 to 1.7 for
residential properties and from 0.14 to 3.3 for commercial\industrial properties, with a site-wide
average of 1.0), and the concentration of U-238 and progeny is assumed to be equal to the residual
Th-232 concentration for evaluation of residual risk (EPA 1994). 

2.2 NONRADIONUCLIDE SCREENING

This appendix focuses upon the cancer risk associated with radiological contaminants at the
Site.  As indicated in the body of the FS, the U.S. Department of Energy's ["DOE", predecessor to
USACE for implementation of the FUSRAP)] BRA for the Site also calculated some potentially
significant ecological risk associated with some wetlands at the Site.  For this reason,  Alternative
1 (No Action) is considered unprotective for ecological risk, as well as for human health. 
Alternatives 3 and 4 are considered protective for ecological risk, as well as for human health,
because the sediment contamination in the wetlands is above the human health criterion for
soil/sediment, and the contaminated sediments would be removed from the wetland.  (Such activity
would comply with New Jersey's Freshwater Wetland Mitigation Requirements, which are
considered an  ARAR in this FS.)   Alternative 2, Monitoring and Institutional Controls, is also
presumed to be unprotective for ecological risk, since institutional controls would not be effective
for reducing nonhuman exposure to contamination.  However, the ecological assessment completed
by DOE in 1993 is considered  a screening level assessment.  It is possible that additional data could
be collected on the Site, and a more detailed ecological assessment completed, consistent with EPA
guidance, and find protective levels of ecological risk.  (As more data is collected in order to
complete more detailed ecological assessments, uncertainty is often reduced, resulting in lower levels
of ecological risk.)

DOE's 1993 BRA also addressed cancer risk from chemical, non-radiological contaminants.
 Except for groundwater, which is not addressed by this FS as part of this operable unit, no cancer
risks for chemicals above the CERCLA protective range were calculated for the Site.  While it is true
that both the radiological and chemical carcinogens at the Site may both present some human cancer
risk, the chemical cancer risk calculated by DOE in the 1993 BRA would not cause Alternatives 2,
3 or 4 to exceed the CERCLA protective range if chemical and radiological cancer risks were added.

Finally, DOE's 1993 BRA also addressed noncancer toxicity related to potential human
exposure to chemical contamination at the Site.  Again except for groundwater, which is not
addressed by this FS as part of this operable unit, no unprotective levels of human noncancer risk
were calculated (See section 2.6.2.3 of the Feasibility Study). 
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3 EXPOSURE ASSESSMENT

3.1 LAND USE

If the Site were released without restrictions or institutional controls after the final remedy
has been implemented, there are several potential land uses.  Areas surrounding portions of the Site
are residential, so one option is that the land is converted into residential parcels.  A residential
exposure scenario is evaluated under Alternatives 1, 3, and 4.  It is conceivable that a
commercial/industrial facility could be constructed on portions of the Site after its release.  Because
the industrial scenario is the current zoned land use, an industrial receptor is considered under
Alternatives 1, 2, 3, and 4.  Site security measures could continue after the final remedy is
implemented.  The future land uses which are considered reasonable, therefore, include residential
as well as industrial uses.

3.1.1 Identification of Receptors

Table C-1 summarizes the potential receptors and exposure pathways considered in this
assessment.  Exposure pathways include direct gamma, soil ingestion, soil/dust inhalation, drinking
water (although groundwater is not considered part of the operable unit addressed by this FS) and
produce consumption (resident only).  All receptors are exposed on site to contaminants in soil, or
in the case of the industrial worker, additional exposure to radiological contaminants in building
surfaces is also considered.  The offsite resident and the remediation worker are considered to
evaluate the short-term effectiveness of each alternative.  The onsite resident, industrial worker,
maintenance worker and recreational receptor are considered to evaluate the long-term effectiveness
of each alternative.  Exposure to drinking groundwater was included as a conservative measure,
however the potential for groundwater contamination is currently being investigated and will be
addressed under a separate operable unit.

Onsite Resident

The onsite resident is assumed to live on site for 365 days per year for 30 years. Each day the
resident is assumed to spend 16.4 hours indoors and 2.0 hours outdoors onsite. This individual
ingests 70 g of soil and breaths 6000 m3 of air per year. It is also assumed that the resident has a
small garden equating to 17.136 kilograms per year of homegrown crops and obtains all drinking
water (700 l/yr) from an onsite well.  No cover is assumed to be maintained.  However,
contamination onsite is  initially present in the subsurface soils and is assumed to be brought to the
surface (with mixing) during construction of the residence.  Exposure pathways include external
gamma, inhalation, ingestion, drinking water, and produce ingestion.

Industrial Worker

The industrial worker is assumed to be onsite for 6.3 hours per day while indoors and 1.75
hour per day while outdoors.  The worker is at the site for 250 days per year for 30 years.  It is
assumed that the industrial worker ingests 12.5 mg of soil and breaths 12000 m3 of air per year and
obtains 100% of his/her drinking water (700 l/yr) from an onsite well.  For Alternatives 1, 2, and 3,
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no clean cover is assumed to be present, however, contamination onsite is initially present in the
subsurface soils and is brought to the surface (with mixing) during facility construction so the
industrial worker is exposed to contaminants in soils.  A clean 1 ft cover is maintained over treated
backfill material for Alternative 4.  It is also assumed that the industrial worker has an office or work
space in a building built on a portion of the site with residual contamination or treated backfill for
Alternative 4.    Exposure pathways include external gamma, inhalation, ingestion, and drinking
water.

Table C-1.  Potential Receptors

Exposure Scenarios and Pathways

Alternative Scenario Pathways Assumptions

Residential Direct gamma, soil ingestion, dust
inhalation, drinking water, and produce
consumption.

Site released in current condition.1

Industrial Direct gamma, soil ingestion, dust
inhalation, and drinking water

Site released in current condition.

2 Monitoring Direct gamma, soil ingestion, and dust
inhalation.

Cover and institutional controls
assumed to preclude exposures
greater than the criteria.

Residential Direct gamma, soil ingestion, dust
inhalation, drinking water, and produce
consumption.

Exposed to residual contaminants
in soil after remedial action.

3

Industrial Direct gamma, soil ingestion, dust
inhalation, and drinking water

Exposed to residual contaminants
in soil after remedial action.

Residential Direct gamma, soil ingestion, dust
inhalation, drinking water, and produce
consumption.

Exposed to residual contaminants
in soil after remedial action.

4

Industrial Direct gamma, soil ingestion, dust
inhalation, and drinking water

Exposed to residual contaminants
in soil after remedial action
potentially including backfill with
treated material.

Maintenance Worker 

Given the discussion for an industrial worker above, the industrial worker receptor
represents a reasonable maximum risk for a maintenance worker that visits the Site routinely and
whose activities involves limited soil disturbances, such as lawn mowing.

Treated material may be used as backfill in Alternative 4.  It is assumed that a 1ft clean
cover will be maintained and any maintenance requiring breaching of the cover will be conducted
using methods designed to reduce exposures to radiological contaminants thus risks would be
controlled accordingly.  The industrial worker receptor represents a maximum risk for a
maintenance worker without breaching the cover.  
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3.1.2 Short-term Effectiveness

The offsite resident and the remediation worker are evaluated to address the short-term
effectiveness (i.e., approximating risks that occur during the implementation of remedial
alternatives) of each alternative. The risks to the offsite resident and the remediation worker are
discussed in the Qualitative Assessment of Remediation Worker Risk and Exposure To the General
Public During Remediation sections of this appendix (See page C-37 and C-38).

3.1.3 Long-term Effectiveness

Long-term effectiveness is an evaluation of those risks that occur after the implementation
of each alternative. Three potential receptors are considered in this evaluation including an onsite
resident, a maintenance worker, and an industrial worker.  These potential receptors are considered
the most plausible and maximum exposed individuals as defined by the remedial alternative.  Each
potential receptor is defined below.  Tables C-2 and C-3 include site-specific parameters used in
RESRAD calculations to complete exposure calculations.  Exposure parameters were taken from the
1997 Exposure Factors Handbook Volumes 1, 2, and 3, where available.  When acceptable exposure
assumptions could not be obtained from the 1997 Exposure Factors Handbook, then values from
RESRAD, the State of New Jersey guidance, or other EPA risk assessment guidance were then used.
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Table C-2.  RESRAD Input Parameters

Parameter Units Value
Breathing Rate m3/yr 6000
Soil ingestion rate g/yr 70
Onsite crop ingestion g/yr 17,136
Drinking water intake l/yr 700
Shielding factors none 0.8 (basement)
Outside shielding factor none 1
Fraction of time indoors none 68%
Fraction of time
outdoors

none 8%

Exposure duration yr 30
Contaminated area m2 1000
Percolation rate m/yr 0.54
Soil density g/cm3 1.6
Unsaturated zone
thickness

m 0.5

Contaminated zone
thickness

m 0.3

Length parallel to
aquifer flow

m 32

Density of fill g/cm3 1.5
Soil erosion rate m/yr 6E-5
Fraction of drinking
water from onsite well

none 1

Commercial/Industrial (If Different from Residential)
Parameter Units Value
Breathing Rate m3/yr 12000
Soil ingestion rate g/yr 12.5
Crop ingestion kg/yr 0
Shielding factors none 0.56

(slab assumed)
Outside shielding factor none 1
Fraction of time indoors none 18%
Fraction of time
outdoors

none 5%

Exposure duration yr 30



C-61

Table C-3.  Site Specific Geotechnical and Other Assumptions.

Parameter Units Value
Contaminated zone
porosity

- 0.45

Contaminated zone
hydraulic conductivity

m/yr 1.23

Saturated zone porosity - 0.45
Saturated zone effective
porosity

- 0.26

Saturated zone hydraulic
conductivity

m/yr 123

Hydraulic gradient - 0.01
Unsaturated zone
thickness

m 1-4 (0.5 assumed)

Unsaturated zone porosity - 0.45
Unsaturated zone effective
porosity

- 0.26

Unsaturated zone
hydraulic conductivity

m/yr 1.23

Precipitation rate m/yr 1.07
Run off coefficient - 0.25
Soil b parameter - 5.3
Well intake depth m 10
Soil erosion rate m/yr 6E-5
Distribution Coefficients
(Kd)

cm3/g Thorium – 60,000
Radium – 450
Uranium – 250

Lead – 900
Actinium – 1,500

Protactinium – 2,500

3.2 MIGRATION AND EXPOSURE PATHWAYS

Radiologically contaminated soil is the principal source of contamination at the FUSRAP
Maywood Superfund Site.  Exposure pathways associated with COPCs in soil include direct gamma
radiation, soil ingestion, soil inhalation, drinking water, and produce ingestion (resident only).

3.3 EXPOSURE POINT CONCENTRATIONS

There are two potential modes of exposure at the Site including exposure to contaminants
in soil and exposure to contaminants in the site building.  Development of the exposure
concentrations for each mode is provided below.
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3.3.1 Soil

Exposure point concentrations of radiological contaminants were estimated for each
alternative.  The Alternative 1 (No Action) source term (e.g. activity of radiologically contaminated
soil) is from the BRA.  Because Alternative 2 only requires monitoring and institutional controls,
the source term for Alternative 2 is the same as for Alternative 1 for all potential receptors.  The
Alternative 3 and 4 source terms are developed to estimate residual concentrations in site soil after
remedial actions are complete and change based on the expected land use (residential or industrial).

The net (above background) concentrations of radioactive contaminants are given in
Table C-4.  Analytical data collected near the Site show background values for soil to be
approximately 0.7 pCi/g for Ra-226, 1 pCi/g for Th-230, 1 pCi/g for Th-232 and 1 pCi/g for U-238
(USACE 2000).   Note that Table C-4 also lists source terms assuming the remedial action leaves
soil concentrations for the entire Site at the FS soil criteria (e.g., Ra-226 + Th-232 = 5 pCi/g above
background resulting in total uranium = 9 pCi/g).  Although residual risk is  not always modeled at
the concentration limits, given that residual concentrations can be estimated using a database of soil
sampling results, the limits are modeled in this assessment as requested by EPA Region II.  The
actual residuals are expected to be less for Alternatives 3 and 4.

The soil data presented in the Remedial Investigation Report (DOE 1992), and historical data
from the Site were used in this assessment.  Over a thousand soil samples were analyzed for U-238,
Ra-226, and Th-232.  Decay progeny associated with these radionuclides are assumed to be in
secular equilibrium.  The Th-230 concentration is assumed to be equal to the Ra-226 concentration
based on an analysis of the Th-230 data set and the fact that Th-230 would have been removed in
the process extracting Th-232, thus reducing the Th-230 concentration compared to U-238.

The residual radionuclide concentrations assumed for this analysis are considered to be
conservative based on an analysis of post-remediation data at the vicinity properties previously
cleaned up by USACE to the proposed criteria.  A review of these data indicate that residual
concentrations of Th-232 are generally below 2 pCi\g  (i.e., in only 10% of the 811 final status
soil samples collected;  Th-232 was greater than 2 pCi\g above background; with only 4 samples
greater than 5 pCi/g), and the data suggests the radium source term considered in this analysis is
conservative.
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Table C-4.  Net Residual Radionuclide Concentrations in Soil (pCi/g)a

Th-232 +Db Ra-226 +D Th-230 U-238 +D U-235 +Dc

Alternative Th-232 Ra-228 Th-228 Ra-226 Pb-210 Th-230 U-238 U-234 U-235 Pa-231 Ac-227

1 and 2f 47 47 47 5 5 27 27 27 1.3 1.3 1.3

3d residential 4 4 4 0.91 0.91 1 4 4 0.18 0.18 0.18

3 and 4 industrial 12 12 12 3 3 3 12 12 0.55 0.55 0.55

4d maximum treated
backfill (industrial

only)

12 12 12 3 3 3 12 12 0.55 0.55 0.55

3 and 4 e 2 2 2 .45 .45 1 2 2 0.01 0.01 0.01

Shaded area indicates measured concentrations
a Background has been subtracted from listed values. If the net value is less than 0.0, 0.0 is listed. Background is assumed to be
0.7 pCi/g for Ra-226, 1 pCi/g for Th-230, 1 pCi/g for Th-232 and 1 pCi/g for U-238. Relevant decay products are assumed to be in
equilibrium with their respective long-lived parent. Background for U-235 and decay products assumed to be 0.05 pCi/g.
b +D denotes secular equilibrium was assumed to derive concentrations for associated decay products (non-shaded boxes)
c U-235 +D concentrations are 5% of U-238 value
d Estimated assuming the final concentration = the target cleanup criteria
e Estimated residual concentrations after removing contaminant concentrations above the cleanup criteria
f       Mean surface concentrations from maximum risk property (7H in BRA)  Note: the BRA assumed Th-230 = U-238   

The exposure point concentrations for Alternatives 1 and 2 were taken from the BRA
property (7H) with the maximum risk calculated in the BRA (the property at 96 Park Way was
excluded as previously addressed under a removal action).  The exposure point concentrations for
Alternative 3 and 4 (without treatment) were derived by applying the site isotopic ratios (see section
2.1) to the dispute resolution criteria.  For Alternative 4 with treatment, the residual soil data was
derived by applying the site isotopic ratios to the maximum allowable concentration for treated
backfill as stated in the dispute resolution.  [The EPA and DOE (USACE's predecessor on the
FUSRAP) had a dispute regarding soil cleanup levels on this site.  This dispute was resolved in
1994, and the dispute resolution is contained in section 1 this appendix (C)].   The residual exposure
point concentration was developed through analysis of the final status survey samples from
properties addressed in recent removal actions. 

3.3.2 Onsite Buildings

Buildings on the former Maywood Chemical Works Property may have been
contaminated as a result of site activities.  All existing buildings have industrial uses.  Exposure
to residual contamination in buildings as well as site soils results in a cumulative dose and risk to
employees which should be considered.  Additional data collection is necessary to adequately
address site buildings (as explained in FS sections 2.1.5 and 2.4.6) and this concern.   
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4 RISK CHARACTERIZATION

4.1 METHODOLOGY

Cancer risk from radionuclides is estimated using the RESRAD code Version 6.0 (Yu et al.
1993). The code uses the RAGS methodology to estimate risks from the uptake of radionuclides and
the exposure to external gamma radiation over time.  In addition to providing results consistent with
the basic RAGS methods, RESRAD supplements RAGS by considering the following:

• Decay and ingrowth of radionuclides over time;
• Physical removal of radionuclides (erosion, leaching, etc.) over time; and
• Radiation shielding from material used as clean cover.

RESRAD uses cancer slope factors tabulated in HEAST and lists risks over time so that an assessor
may select the year of maximum exposure.

Risk and dose for Alternative 1 are from the BRA.  Estimated risk and dose from Alternative
2 is based on institutional controls being implemented to preclude human exposures to site soils in
excess of the FS's soil cleanup criteria. 

To estimate risks and dose from Alternatives 3 and 4, the parameter values listed in Table
C-2, C-3, and the soil concentrations listed in Table C-4 were entered into the RESRAD model. 
Other scenario-specific information such as exposure pathways and possible cover depths were
entered and the model was executed to provide final risk estimates.  Results were obtained for years
0 (current year), 1, 3, 10, 30, 100, 300 and 1000.

4.2 UNCERTAINTIES

Exposure parameters were selected to provide a conservative, yet reasonable, estimate of
potential exposure and then risks to each receptor.  Site-specific measurements and data were used,
as appropriate, to describe site conditions as accurately as possible.  Where site-specific data were
not available, parameter values were chosen to provide reasonably conservative estimates of risk,
or standard default values recommended by the RESRAD code or the Exposure Factors Handbook
(EPA 1997) were used.

The accuracy of risk calculations is ultimately limited to the accuracy of the site data and risk
models.  The data used in the assessment include results from several characterization efforts and
include different target analytes, analysis methods, and reporting requirements.  The data in this
assessment are used assuming the best knowledge of the distribution of contaminants in site soils
with the goal of providing conservative, yet reasonable, estimates of risk.  As an example: 
Characterization data indicates the typical depth of contamination is greater than 4 feet (site average
of 6.5 feet with maximum of 14 feet) resulting in a post remedial action depth of clean backfill (not
a maintained cover) greater than 6 feet.  To ensure a conservative estimate, contamination was
modeled at a 3 foot depth (accounts for regrading of site).  The depth of a slab footing was set at 4
feet and a basement was 7 feet below grade.  This meant that in either a slab or basement
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construction scenario some contaminated material would be mixed with the backfill and brought to
the surface during construction.  Modeling the contamination at other depths would not change the
concentration on the surface as long as it is 4 feet or less for the slab scenario and 7 feet or less for
the basement scenario.  Characterization data indicates, and the requirements for clean backfill and
a cover over treated backfill in excavated areas ensures, minimal post remedial action surface
contamination.  Modeling the cleanup criteria at the surface would be extremely conservative as it
is not representative of site conditions and would result in exposures exceeding the NJAC 7:28-12
criteria.

The models used to calculate risks are accepted by EPA and are assumed to provide a
reasonable prediction of site risks.  After implementation of the final remedial alternative, additional
post remedial action data may be used to improve residual risk estimates.

Lifetime cancer risk estimates are provided for exposure to radiological and are compared
to the CERCLA target risk range of 10-4 to 10-6 (defined here as 3E-4 to 1E-6).  Radiological risk
slope factors have been developed primarily using data from Japanese atomic bomb survivors. 
These individuals received large doses of radiation over a short period of time.  By contrast, potential
receptors in this assessment receive relatively small radiological doses over a long period of time.
 Although cancerous effects have only been detected at doses several orders of magnitude larger than
those estimated at the Site, it is assumed that the slope factors apply to both large and small
radiological doses. 

4.3 RESULTS

Estimated radiological risks for each alternative and receptor are summarized in the
following sections.  Results are compared to the CERCLA target risk range of 10-4 to 10-6 and 15
mrem/yr dose limit.  Only Alternative 1 is not protective of human health given the ARAR dose
criteria and the CERCLA risk range.

The results of the radiological risk assessment for the FUSRAP Maywood Superfund Site
are presented in Table C-5.

Table C-5.  Radiological Risk Estimates

Receptor Risks (lifetime-1) (a)

Alternative Residential Industrial Transient/Maintenance

1 2 E-2 4 E-3 b

2 b 3 E-4 b

3  (criteria) 1 E-4 1 E-4 1 E-4

3 (residuals) 5 E-5 b b

4(c) (treated backfill) b 5 E-5 5 E-5

(a) All values rounded to one significant digit.
(b) Not evaluated for this alternative.
(c) Same risks for Alternative 3 if treatment not utilized. Treated fill requires minimum of 1 foot cover
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The results of the radiological dose assessment for the Site are presented in Table C-6.

Table C-6.  Radiological Dose Estimates

Receptor Dose (mrem/yr) (a)

Alternative Residential Industrial Transient/Maintenance

1 859 281 191(d)

2 b 15 b

3  (criteria) 7 6 6

3 (residuals) 3.5 b b

4(c) (treated  back fill) b 4.5 4.5

(a) All values rounded to significant digit.
(b) Not evaluated for this alternative.
(c) Same dose for Alternative 3 if treatment not utilized.  Treated fill requires minimum of 1 foot cover.
(d) Maximum as reported from BRA property 6H.  Property 7H not evaluated.

The risks to the future resident were estimated for Alternatives 1, 3, and 4.   Radiological
risks for Alternatives 1 which assumes no remediation, is estimated to be 2 E-2, which significantly
exceeds the upper bound of the CERCLA target cancer risk range.  Risks to residents under
Alternative 2 were not analyzed since this alternative would preclude residential receptors. The
radiological risk for Alternative 3 and 4 (without treatment) is estimated to be 1.2 E-4 if it is
assumed that all of the site soils are at the limit (i.e., 5 pCi/g above background for Th-232 + Ra-
226) or 5.4 E-5 using residual concentration estimates.  Treated backfill would not be utilized on
properties that may become residential.

The risks to a future industrial worker were estimated for Alternatives 1, 2, 3, and 4. 
Radiological risks for Alternatives 1 which assumes no remediation, is estimated to be 4 E-3, which
exceeds the upper bound of the target risk range.  The BRA estimates risks to current employees
exceed the CERCLA risk range on some properties, however, under Alternative 2 these exposures
would be controlled to ensure that cancer risks do not exceed the CERCLA cancer risk range nor
cause a dose of 15 mrem/year to be exceeded.  The radiological risk for Alternative 3 and 4 (without
treatment) is estimated to be 1.0 E-4 if it is assumed that all of the site soils are at the limit (i.e., 15
pCi/g above background for Th-232 + Ra-226). 

If treatment is proven effective, the use of treated material as backfill on some properties
in Alternative 4 would be protective.  It is assumed that a 1ft clean cover will be maintained and
any maintenance requiring breaching of the cover will be conducted using methods designed to
reduce exposures to radiological contaminants thus risks would be controlled accordingly.  The
radiological risk for Alternative  4 (with treatment) is estimated to be 5.4 E-5 if it is assumed that
all of the treated fill is at the criterion(i.e., 15 pCi/g above background for Th-232 + Ra-226) and
the cover remains intact.  The industrial worker receptor represents a maximum risk for a
maintenance worker without breaching the cover.  
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