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Dear Mr. Kurzanski:

In accordance with the May 11, 1999 ARCADIS Geraghty & Miller project
proposal, ARCADIS Geraghty & Miller completed the following tasks at the Inkster
Road site in Livonia, Michigan:

" Identified maximum levels of impacts through radioactive isotope soil
characterization.

" Completed site-specific modeling to evaluate the conservative total dose exposures
represented by the site.

The objective of this work was to determine if the thorium-impacted site soil can be
left in place without exceeding the Nuclear Regulatory Commission (NRC)
guideline concentrations.

The maximum acceptable total site dose exposure established by the NRC is 25
millirem per year (mrem/yr). Results of the ARCADIS Geraghty & Miller modeling,
completed using conservative site assumptions, indicate simulated site conditions
exceed the NRC dose exposure threshold. However, based on further evaluation of
the model as well as communications with the NRC, ARCADIS Geraghty & Miller
believes data refinement to reduce conservatism in the assumptions and additional
modeling may demonstrate site compliance with the NRC dose exposure limit.

Further information on the soil characterization event, the risk assessment model
construction, and the initial modeling results is provided below.

Soil Characterization

In May 1999, ARCADIS Geraghty & Miller reviewed previously collected
(February 1998) field screening measurements of total alpha, beta, and gamma
counts to determine if radioactivity ranges varied throughout the site. The field
screening measurements were obtained at approximately 5-foot intervals within a
rectangular grid that overlaid the site thorium investigation area (1,210 feet in length
and 38 feet in width). No distinct patterns of total alpha, beta, and gamma counts
were observed during the data review, and field screening measurements were noted
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to be variable throughout the site. The random pattern of field measurements is
consistent with thorium impacts from atmospheric deposition, with the source being
the vents at the adjacent former thorium manufacturing facility.

Because distinct areas of impacts do not exist, the site was randomly divided into
four zones of varying lengths. The location of the highest field screening
measurement within each zone was selected for radioactive isotope characterization.
On June 8, 1999, Mr. Kevin Wilson of ARCADIS Geraghty & Miller collected a
surface soil sample from each of the four pre-selected locations and submitted them
to Core Laboratory of Casper, Wyoming for isotopic thorium analysis. To confirm
the most impacted area within each zone was sampled, Mr. Wilson utilized the same
type of field instrument that had been used during the February 1998 field survey
(Victoreen Survey and Count Meter Model 190 fitted with a Victoreen GM Probe
Model RP-l). The isotopic thorium analytical results are summarized in Table 1.

RESRAD Model Construction

ARCADIS Geraghty & Miller used the NRC-approved RESRAD (RESidual
RADioactivity) model to evaluate this site. Using site-specific input parameters,
RESRAD can calculate the potential human exposure to radiation through various
pathways (i.e., direct contact, inhalation, and ingestion through air, surface water,
groundwater, soil and food media) over a 1,000 year period. Site-specific input
parameters and a current (initial) site concentration dataset are input into the
program. RESRAD then evaluates all exposure pathways and calculates the total
exposure resulting from the initial input concentration dataset.

Based on the known site source, the following three thorium isotopes were
considered in the risk assessment model: thorium-228 (228Th), thorium-230 (230Th),
and thorium-232 (232Th). In addition, ARCADIS Geraghty & Miller utilized the
following site-specific RESRAD input parameters for the model:

" The volume of impacted soil was assumed to encompass a 1,210-foot by 38-foot
rectangle extending 1.5 feet below ground surface, based on the February 1998
field survey.

" The radioactive material was assumed to be deposited at least 15 years ago, based
on the known site history.

" The groundwater infiltration rate was set at 4 inches per year, based on existing
hydrogeologic studies of the area.

" Surface water was not assumed to leave the site as run-off, based on the site
topography and field observations.

" No significant level of erosion was assumed to occur at the site, based on the site
topography and field observations.

The results of the June 8, 1999 soil characterization sampling event were used as the
initial concentrations input dataset for the RESRAD model (see Table 1). These
sample concentrations represent the maximum impacts within each of the four
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designated site zones and were conservatively used as input to represent the
concentrations present throughout each zone.

Specification of an initial concentration dataset causes RESRAD to perform two
functions. First, the model calculates exposure rates based on the input
concentrations. Second, the model calculates a guidance concentration for each
contaminant initialized ( 228Th, 23°Th, and 232Th). The guidance concentrations
represent maximum levels of contaminants ( in picoCuries per gram [pCi/g])
currently allowable at the site that would result in a total dose exposure below the
NRC guideline of 25 mrem/yr. After the modeling is completed, the current site
concentrations can be compared against the calculated guidance concentrations to
determine whether additional activities are necessary to reduce and/or prevent
unacceptable exposure.

Model Results

When evaluating potential exposures, the NRC conservatively assumes the site use
will be a residential farm for the next 1,000 years (resident farmer scenario). If site
compliance with the resident farmer scenario is demonstrated, the NRC site closure
process is straightforward. The NRC does allow alternative land use scenarios to be
considered; however, strong justification must be provided to the NRC to
demonstrate the land use for the next 1,000 years will not include a residential farm.
In addition, a more-involved NRC review and approval process is required if an
alternate scenario is presented.

To ensure potential alternative scenarios were included in the site evaluation, several
RESRAD simulations were completed. The model simulations used the previously
identified site-specific input parameters as well as additional site assumptions.
These additional site assumptions can be divided into three categories: site zoning,
site vegetation, and the site shape. Two alternatives were simulated for each
assumption category.

Site Zoning

The site zoning assumptions included a future industrial site use alternative and a
future residential site use alternative. The two alternatives have differing lengths
and types of daily exposure. If the site is maintained as an industrial facility, the
potential exposure for any single person can be limited to eight hours per day of
outdoor exposure. If the site is rezoned as residential, the exposure for a single
person increases to six hours of outdoor exposure and twelve hours of indoor
exposure. The indoor exposure pathway affects the guidance concentration
calculation because radon (a decay product of 230Th and 232Th) can accumulate
within a building, thereby creating an additional long-term exposure component. In
the outdoor exposure scenario, however, the surrounding clean air is assumed to mix
with the radon and, therefore, results in a lower level of exposure.
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Site Vegetation

The ingestion of plants growing in the area of impacts is another exposure pathway
evaluated by RESRAD. The first alternative simulated during the RESRAD
analyses assumed that plants growing at the site would be consum-ned by humans
(farmer scenario). However, plant ingestion may not be a relevant exposure pathway
for this site. Therefore, a second alternative was simulated that did not include plant
ingestion.

Site Shape

The plan-view shape of the impacted site area is a very long, thin rectangle (1,210
feet by 38 feet). The RESRAD input data includes specifying the total area of the
impact source but not its shape; the source area is assumed to be circular. To
account for irregularly shaped areas of impacts, RESRAD allows the input of a
shape factor. The shape factor is calculated by enclosing the area of impacts in a
circle and relating the area of the circle to the area of impacts. RESRAD simulations
were completed with, and without, the calculated shape factor.

Calculated Guidance Concentrations

Table 2 summarizes the guidance concentrations calculated by each of the RESRAD
simulations. A bolded number in the table indicates at least one result of the June 8,
1999 sampling event exceeded the RESRAD-calculated guidance concentration. An
italicized number in the table indicates all results of the June 8, 1999 sampling event
(with laboratory uncertainty considered) are below the RESRAD-calculated
guidance concentration. Finally, a number in regular font indicates all results of the
June 8, 1999 sampling event (regardless of the laboratory uncertainty) are below the
RESRAD-calculated guidance concentration.

The conservative site characterization results (see Table 1) compared with the
RESRAD-calculated guidance concentrations (see Table2) indicate the following:

For all industrial site use model simulations, the maximum concentrations reported
in Zones I and 3 are below the calculated guidance concentrations, indicating the
caiculated total dose exposure within these zones are below the NRC threshold
limit of 25 mrem/yr.

" The analytical results reported for Zone 3 are below the calculated guidance
concentrations for all model simulations, including the resident farmer scenario.

" All site analytical results (all zones and all isotopes) were below the calculated
guidance concentrations in the model simulation that assumed future industrial site
use, assumed no plant ingestion, and included the shape calculation factor (see
shaded area of Table 2).
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Conclusions

The modeling results indicate that the site is below the NRC dose exposure limit of
25 mrern/year, provided the following assumptions apply for the next 1,000 years:

" The site will not be zoned for residential use.

" Human exposure will be limited to an eight-hour work day outdoors.

" Plants that grow at the site will not be consumed by humans.

The NRC indicated that deed restrictions and institutional controls are not enough to
demonstrate control over future land use for a 1,000 year time frame, and a more
detailed argument to justify the alternative land use scenario (identified in the bullets
above) must be provided.

An alternate option, that may demonstrate site restrictions are not necessary, is to
refine the model input parameters to reduce the conservatism in the current
simulations. The calculated guidance concentrations in Table 2 have only been
compared against the maximum thorium concentrations observed at the site.
Additional soil characterization sampling could be completed at the site to more
accurately represent the current site impacts and refine the model. Although it is
unknown if compliance with the NRC dose exposure limit would be achieved with
the refined model, the additional sampling should help identify specific zones in
which concentrations exceed guidelines and enable remedial activities to be limited
to those particular zones, if necessary.

ARCADIS Geraghty & Miller appreciates the opportunity to work with you on this
site. Please contact Ms. Katie Panczak at (248) 305-9400 if you have any questions
or comments during your review of this letter.

Sincerely,

ARCADIS Geraghty & Miller, Inc.

Katherine A. Panczak
Project Engineer

Scott T. Potter, Ph.D., P.E.
Principal Engineer
Copies:
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Table 1. Summary of Isotopic Thorium Analytical Results, June 1999, Inkster Road, Livonia, Michigan.

Sample ID: S-1 S-2 S-3 S-4
Zone ID: 1 2 3 4

Zone Length: 445 feet 110 feet 530 feet 125 feet
Zone Width: 38 feet 38 feet 38 feet 38 feet

Sample Date: 6/8/1999 6/8/1999 6/8/1999 6/8/1999

Isotopic Thorium (pCi/g)

Thorium-228 2.4 ±0.6 12.8 ±3.0 0.5 ±0.3 21.8±6.6

Thorium-230 6.0 ±1.3 19.9 +4.5 1.2 ±0.4 45.2 ±13.3

Thorium-232 2.6 +0.7 12.0 +2.8 0.2 ±0.2 22.8 ±6.8

Notes:

pCi/g picoCuries per gram.
± # Laboratory limits of uncertainty associated with reported concentration.
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Table 2. RESRAD-calculated Guidance Concentrations for Acceptable Dose Exposure,

Inkster Road, Livonia, Michigan.
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Model
Simulation Thorium Guidance Concentration (pCi/g)
Assumptions Isotope Industrial Use' Residential Use 2

Baseline 228Th 8.146 4.016
(Plant Ingestion Included) 23°Th 15.52 2.351

(No Shape Factor) 232Th 3.045 1.558

No Plant Ingestion 228Th 8.242 4.063

(No Shape Factor) 2 30 Th 35.18 2.83
232Th 4.513 2.335

Shape Factor Calculated 3  228Th 81.59 35.74
(Plant Ingestion Included) 230Th 22.32 2.59

232Th 6.411 3.366

Shape Factor Calculated 3  228Th 92.3• 39.81
(No Plant Ingestion) 230 Th 3.183

232 11.97

Notes:

pCi/g picoCuries per gram.
228Th Thorium-228 isotope.
230Th Thorium-230 isotope.

232Th Thorium-232 isotope.
I Industrial use assumes 8 hours of outdoor exposure per day.
2 Residential use assumes 6 hours of outdoor exposure and 12 hours of

indoor exposure per day.
3 Shape factor calculated based on 1,210-foot by 38-foot rectangle enclosed

in a 764.5 foot radius.
Bold Indicates one or more June 1999 site sample results exceeds guidance concentration.
Italic Indicates one or more June 1999 site sample results are below guidance concentration

when reported laboratory uncertainty is considered.
Areas shaded in gray represent alternatives where June 1999 site sample results are
below guidance concentrations for all isotopes present.
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