
RADIOLOGICAL RISK ASSESSMENT FOR RADIOACTIVE
CONTAMINATION AT A LANDFILL SITE*

J.S. Devgun, Ph.D.

Environmental Systems Engineer
Environmental Assessment and Information Sciences Division

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439 CONF-9004181—1

DE90 010061
ABSTRACT

A limited-scope preliminary assessment of radiological risk has been conducted
for a landfill site where radioactive residues resulting from past uranium ore processing
operations are present. Potential radiation doses to an individual under different
scenarios have been predicted using the RESRAD computer code. The assessment
provides useful input to the remedial action planning for the site that is currently
underway.

INTRODUCTION AND SITE BACKGROUND

A radiological risk assessment was performed to determine the potential dose
impacts of the radioactively contaminated material buried in an industrial landfill site.
The site is located in the town of Tonawanda, New York, and is known as the Seaway
Industrial Park. It covers an area of 40.5 ha (100 acres) and is currently owned by the
Seaway Industrial Park Development Co., Inc., and operated by Browning Ferris
Industries.

A small portion of the site was used in 1974 for disposal of uranium-
contaminated residue from a nearby processing plant (Linde Air Products plant) also
located in Tonawanda (ORNL 1978). There are no buildings on the radioactively
contaminated portion of the property, and the areas containing the radioactive residue
are about 0.8 km (0.5 mi) from the nearest residence. The Seaway site is located in an
industrial area and is bounded by the following: an inactive refinery owned by Ashland
Oil Company; Agway Fuel, Inc.; River Road; Murphy Trucking, Inc.; and property owned
by Niagara Mohawk Power Corporation.
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The radioactive material was placed in the northern end of the site in Areas A,
B, and C (Figure 1). Area A consists of 4 ha (10 acres) at the northern end of the site.
Area B is a small area, about 0.2 ha (0.5 acre), laterally central on the site and directly
south of Area A. Area C cce r s about 0.6 ha (1.5 acres) in a narrow crescent shape. The
residue was left in small, isolated mounds in Areas B and C, but was spread to a depth of
less than 0.6 m (2 ft) in most places in Area A (ORNL 1978). Since its deposition in 1974,
portions of the waste residue have become buried under refuse and fill material. Areas B
and C are entirely covered with up to 12 m (40 ft) of material, and 40% of Area A is
covered by a thin layer of refuse that ranges from 0 to 3 m (0 to 10 ft) (Bechtel Natl.
1987).

The topography of the Seaway site reflects current use of the site. A mound of
refuse and fill material about 29 m (95 ft) high has been constructed on a portion of the
site. The mound contains various types of industrial wastes and has slopes that drop
steeply to either side and at the back (south) end of the site. At the front (north) end,
the constructed mound slopes more gently and incorporates a series of ascending
benches. The more gentle slope facilitates the maintenance of a road to the hilltop for
access by trucks.

The Seaway site is located in the Two Mile Creek subbasin, which covers an area
of about 4,860 ha (12,000 acres) (Erie and Niagara Counties Regional Planning Board
1978). The subbasin topography is very flat and slopes west-northwesterly to the Niagara
River. Storm-water runoff from the Seaway site is controlled by a series of ditches and
surface-draining culverts that direct the water into a number of drainage ditches that
flow in a northeasterly direction toward Two Mile Creek. The drainage ditches cross
land that, for the most part, is vacant; the drainage empties into Two Mile Creek about
1.6 km (1 mi) from the Seaway site.

The radioactive material present at the site originated during the 1940s, when
Linde Division of Union Carbide Corporation processed uranium ores for the Manhattan
Engineer District and the U.S. Atomic Energy Commission at a plant in Tonawanda,
about 1.6 km (1 mi) from the Seaway site. Residue from this processing was disposed of
on a vacant parcel of land known as the Haist property, which later became part of the
Ashland Oil refinery site. In 1974, Ashland Oil Company transported approximately
4,600 m3 (6,000 yd ) of residue that consisted essentially of low-grade uranium ore
tailings (0.54% uranium) from the former Haist property to the adjacent Seaway property
and dumped it in three separate areas.

RADIOLOGICAL SURVEYS

In August 1976, ORNL — under contract to the U.S. Energy Research and
Development Administration, predecessor of the U.S. Department of Energy (DOE) —
conducted a radiological survey of the site to determine radiation levels and the extent
of movement of radioactive residue by natural means such as surface runoff (ORNL
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1978). The Seaway site was surveyed again in 1981 by Ford, Bacon & Davis Utah Inc.
(FBDU) at the request of Bechtel National, Inc. This survey was conducted as part of a
preliminary engineering evaluation and environmental assessment. The FBDU assessment
generally confirmed the earlier work by ORNL and identified some on-site erosion of
radioactive contaminants (FBDU 1981). In 1983, the current owner of the site
constructed a cutoff wall and a berm around the site to reduce off-site contaminant
transport in the surface water and groundwater. The DOE designated the site for
remedial action under its Formerly Utilized Sites Remedial Action Program (FUSRAP) in
1984, following a review to determine that it had the necessary authority.

In 1986, TMA/Eberline conducted a walkover scan to establish the current
radiological conditions at the site (TMA/Eberline 1986). This survey found contamination
in the same locations identified by ORNL in 1976, except that some of the previously
detected contaminated areas had been covered by substantial amounts of refuse and fill
material and were not detected in the 1986 survey.

The contamination in Areas A, B, and C is being studied by the DOE as part of
the remedial action planning for the four Tonawanda sites (Ashland 1, Ashland 2, Seaway,
and Linde). A full-scope environmental analysis process through a Remedial
Investigation/Feasibility Study - Environmental Impact Statement is planned for these
four sites collectively.

DOSE RISE ASSESSMENT

This assessment provides a very preliminary and limited-scope analysis of
radiological risk to an individual for the Seaway site for two cases. Case 1 assumes that
the current "as is" conditions prevail in the future. Case 2 assumes "in-situ disposal"
with a landfill waste cover and a clayey soil cap.

For the individual dose analysis, simulations were performed using the RESRAD
computer code developed by Argonne National Laboratory (Gilbert, et al. 1989). The
radiological data (Bechtel Natl. 1988) summarized in Table 1 were used as the basis for
this analysis. For the purpose of RESRAD analysis, a uniform thickness of 1.4 m (4.7 ft)
was assumed for the contaminated zone, and the radionuclide concentrations were
proportionally adjusted, conserving total activity; i.e., the average concentrations of
radionuclides over the 1.4-m (4.7-ft) contaminated zone used in the analysis were (in
pCi/g): 4.7 (radium-226), 67 (thorium-230), 7.3 (uranium-234), 0.3 (uranium-235), and 7.3
(uranium-238) for Area A; 5.3 (radium-226), 78 (thorium-230) 11.7 (uranium-234), 0.4
(uranium-235) and 11.7 (uranium-238) for Area B/C. Site-specific values were used for
input parameters that were available; where site-specific values were not available,
approximate values from literature were assumed. For Area A, a uniform cover depth of
1.5 m (5 ft) was assumed. For Case 2, the clayey soil cap of 0.6 m (?. ft) was assumed in
addition to the landfill waste cover.

For both cases, the potential exposure scenarios considered assumed use of the
site without radiological restrictions. Simulations were performed for up to 1,000 years
into the future for two potential scenarios. Scenario 1 considers industrial use of the site



TABLE 1 Summary of Radiological Data from Soil
Sampling at the Seaway Site

Radionuclide

Radium-226

Thorium-230

Uranium-234b

Uranium-235b

Concentration

Area

14

67

22

l.i

(pCi/g)

A Area

16

B/C

78a

35

0 1.3

Thickness

Area A

1.6

4.7

1.6

1.6

(ft)

Area B/C

1.4

4.7

1.4

1.4

Uranium-238 22 35 1.6 1.4

Calculated based on the assumption that the
radium-226 to thorium-230 ratio is the same
for Area A and Area B/C.

Calculated based on the assumption that the
material is natural uranium.

1 ft = 0.3048 m.

Source: Bechtel National, Inc. (1988); data from
ORNL (1978), FBDU (1981), and recent
Bechtel National Inc. surveys.

and is a more realistic scenario because the site is currently used as a landfill operation
and is zoned industrial. Under Scenario 1, a hypothetical future worker is assumed to
work at the Seaway site 8 hours per day (6 hours outdoors and 2 hours indoors), 5 days per
week, and 50 weeks per year. Drinking water is assumed to come from either the town
water supply or the nearby Niagara River. The worker does not ingest any foods (plants,
meat, or milk) grown or raised on the site. Under Scenario 2, a hypothetical future
resident/farmer builds a house near the site, ingests food grown in a vegetable garden
planted in the area, and ingests meat and milk from livestock raised in the area. The
hypothetical future resident/farmer spends 50% of his/her time indoors, 25% outdoors,
and 25% away from the site. Because drinking water can be easily drawn from the
nearby Niagara River channel (less than 0.5 km from the site), use of well water for
drinking is not assumed in this scenario. Also, water from the perched water table in the



landfill would be of poor quality for household use because the site is an
industrial/sanitary landfill, and it would not provide a sufficiently reliable source of
usable water over the long term. The deeper groundwater aquifer, which exists at a
depth of about 20 m (65 ft) below the original ground surface elevation, can produce
usable amounts of drinking water; however, this groundwater has a naturally occurring
high content of degrading material, such as chlorides and sulfates, and its use is also
unlikely for household water supply. An analysis using the RESRAD code showed that the
contaminated residue would not reach the lower groundwater aquifer within 1,000 years
because the overburden clay is sorptive and would retard the migration of radioisotopes.
However, ior a conservative analysis, it has been assumed that the resident/farmer builds
a pond adjacent to the site near the site drainage outflow and uses this pond water for
irrigation and livestock. The perched water in the landfill is assumed to be in contact
with the contaminated waste.

For Scenario 1, the potential radiation exposure pathways include (1) direct
exposure to external radiation from the contaminated material and (2) internal radiation
from inhalation of dust. For Scenario 2, the potential exposure pathways are (1) direct
exposure to external radiation from the contaminated material, (2) internal radiation
from inhalation of dust, (3) internal radiation from ingestion of plant foods grown in the
area and irrigated with water drawn from the adjacent pond, (4) internal radiation from
ingestion of meat from livestock fed with fodder grown in the area and water drawn from
the adjacent pond, and (5) internal radiation from ingestion of milk from livestock fed
with fodder grown in the area and water drawn from the adjacent pond. The results of
these RESRAD analyses are summarized in Tables 2 and 3 and Figures 2 through 6.

For Area A, for Case 1, Scenario 1, the hypothetical worker could receive a dose
through the external exposure and dust inhalation pathways because the cover depth is
only 1.5 m (5 ft) and, at an assumed erosion rate of 0.01 m/yr, the contaminated zone
could be uncovered after 150 years. If it is conservatively assumed that the uncovered
contaminated ZOP« erodes at a very small rate the highest predicted dose is 74 mrem/yr
(all predicted doses reported here are above background) and occurs at 1,000 years in the
future (Figure 2). The ingrowth of radium-226 from thorium-230 and Th-230 are the
primary contributors to this dose.

For Area B/C, for Case 1, Scenario 1, the predicted dose to a worker is less than
1 x 10 mrem/yr up to 1,000 years into the future. This is because the contaminated
zone in Area B/C is already covered with about 12 m (40 ft) of industrial landfill
material, and the cover is not expected to erode within 1,000 years.

For Area A, for Case 1, Scenario 2, similar to Scenario 1 discussion above, the
1.5-m (5-ft) cover could erode after 150 years. The highest predicted dose within
1,000 years is 240 mrem/yr. External exposure is the dominant pathway. Other
pathways contributing to the dose include ingestion of plant foods, inhalation of dust, and
ingestion of meat and milk.

For Area B/C, for Case 1, Scenario 2, the highest predicted dose within
1,000 years is 3.2 mrem/yr. The major pathway is ingestion of plant foods, with an
additional contribution from ingestion of meat.



TABLE 2 Highest Predicted Annual Dose Contributions to a Hypothetical Individual
for Case 1 within 1000 Years

1.

2.

3.

4.

5.

6.

Pathway

External exposure

Inhalation of dust

Ingestion of plant foods

Ingestion of meat

Ingestion of milk

Ingestion of water

Total

Dose Contribution (mrem/yr)

Industrial Use
(Scenario 1)

Area A Area B/C

67 0

6.7 0

-

-

-

-

74 0

Resident/Farmer
(Scenario

Area A

191

18

24

5.9

0.2

-

240

2)

Area B/C

0

0

2.9

0.3

0.005

-

3.2

TABLE 3 Highest Predicted Annual Dose Contributions to a Hypothetical Individual
for Case 2 within 1000 Years

Pathway

1. External exposure

2. Inhalation of dust

3. Ingestion of plant foods

4. Ingestion of meat

5. Ingestion of milk

6. Ingestion of water

Total

Dose Contribution (mrem/yr)

Industrial Use
(Scenario 1)

Area A Area B/C

0 0

0 0

-

-

-

-

0 0

Resident/Farmer
(Scenario

Area A

0

0

12.5

3.0

0.054

-

16

2)

Area B/C

0

0

2.9

0.3

0.005

-

3.2
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FIGURE 6 Predicted Dose to the Resident/Farmer at Area B/C: Case 2

For Case 2, Scenario 1 (industrial use), no dose is predicted to a worker for either
Area A or Area B/C. For Scenario 2 (resident/farmer), the highest predicted doses to the
hypothetical individual within 1,000 years are 16 mrem/yr for Area A and 3.2 mrem/yr
for Area B/C. Groundwater-related pathways are the only pathways contributing to the
total dose; ingestion of plant foods is the predominant pathway, followed by ingestion of
meat and ingestion of milk. Thorium-230 and radium-226 contribute almost all of the
dose (>99%). Although thorium-230 is not leached out during the time period of concern
(because of a very large distribution coefficient, kd = 60,000, which was assumed based
on literature data), thorium-230 decay products (e.g., radium-226 ingrowth; doses
resulting from decay products are summed under the parent radionuclide in the code)
contribute about 86% of the dose and radium-226 in the contaminated material
contributes over 13% of the total dose.

CONCLUSIONS

The results of this preliminary analysis show that the "as is" current conditions
case (for Area A) does not meet the DOE's radiation protection criterion of less than
100 mrem/yr dose to an individual member of the public. After the erosion of the thin
cover on Area A in about 150 years, the dose to an individual in the resident/farmer
scenario is more than two times the DOE dose limit; for the industrial worker scenario,
the dose is about three quarters of the dose limit. Given the DOE's policy of keeping
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potential doses as low as reasonably achievable (ALARA), the "as is" current conditions
case is not a viable alternative in the long term. However, it should be noted that the
highest predicted doses occur after the erosion of the cover on Area A, and at the
present time, the predicted dose to a current industrial worker is well below the DOE
dose limit. For the "in-situ disposal" case with a landfill cover and a clayey soil cap, the
highest predicted individual doses are also below the DOE dose limit.
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