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1 INTRODUCTION

The Middlesex Municipal Landfill is located in Middlesex, New Jersey,
about 29 km southwest ot Newark, New Jersey. It is one of several
properties in the Borrough of Middlesex and Township of Piscataway
that have been identified as being radioactively contaminated as a
result of work that was carried out on various uranium, thorium, and
beryllium ores at the Middlesex Sampling Plant (Figure 1). Most of
the contaminated properties have been cleaned up and the contaminated
materials are being stored in a large interim storage pile at the
sampling plant site (Argonne Natl. Lab. 1984).

In 1948, during some renovations at the sampling plant, about
4,600 nr of excess soil contaminated with uranium ore was apparently
transported and disposed in the landfill gully area next to Bound
Brook. In 1961, the Atomic Energy Commission removed about 500 nr* of
near-surface radioactively contaminated material from the landfill and
covered the area with 0.6 m of clean soil. From 1961 to 1974 when the
landfill was closed, an additional 2.4 to 3.0 m of fill material was
placed in the landfill.
Under the Formerly Utilized Sites Remedial Action Program, the

U.S. Department of Energy began excavating contaminated materials from
the landfill in 1984. A total of 16,000 m3 of landfill materials
covering a 0.2-ha area was excavated, of which 11,000 nP was con-
taminated and has been transported to the nearby sampling plant site
for interim storage. \

2 DESCRIPTION OF LANDFILL SITE

2.1 Current radiological conditions at the landfill

A recent survey of the remaining portions of the landfill site was
carried out by Bechtel National (1934a). The resulting gamma log data
indicated that there are elevated concentrations of radium-226 in the
surveyed area. By statistical interpretation of the gamna log data,
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Figure 1. Vicinity map of the Middlesex landfill site. Source:
modified from Bechtel National (1984a).

it was estimated that a minimum of 2,800 nr of landfill material is
contaminated with radium-226 at concentrations of 15 pCi/g or greater
(Yu 1985). [Note: DOE is using mill tailings regulations (40 CFR
Part 192) as guidelines in determining what residual contamination
levels are acceptable for releasing sites for unrestricted use.]

Approximately 18,000 nr of landfill material will have to be
excavated to remove all the contaminated material, and about 80% of
the contaminated material is 1.5 m below the surface. The total
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activity of radium-226 remaining in the landfill is estimated to be
0.5 Ci based on analysis of the radiological survey data (Yu 1985).
The concentration ratio of uranium-238 and radium-226 in the landfill
material is about unity (U.S. Dept. Energy 1980). Hence, it is
estimated that the total activity of uraniiun-238 remaining in the
landfill is about 0.5 Ci. The average background concentrations of
radium-226 and uranium-238 in surface soil near the landfill are
reported to be 0.55 pCi/g, and 0.50 pCi/g, respectively (Myrick et al.
1981). For the state of New Jersey, the total uranium background
concentration in surface water ranges from 0.01 to 2.8 pCi/L and
averages 0.11 pCi/Lj in groundwater, it ranges from 0.01 to 5 pCi/L
and averages 0.28 pCi/L (Drury et al. 1981).

2.2 Geohydrological conditions at the landfill

The Middlesex landfill has a gentle slope near its western edge and
increases to a steep slope near Bound Brook (Figure 2). The land
contour limits the flow of offsite water onto the site. Before
landfill operations began in the mid 1940s, the area was a gully that
extended from within 30 to 61 m of Mountain Avenue to the brook.
The 100-year flood level at the landfill is about 13 m mean sea

level (MSL). Therefore, during the 100-year flood, the eastern edge
of the site would be flooded about two-thirds of the way up the slope
(Figure 2). The discharge associated with the 100-year flood is esti-
mated to be about 115 m^/s at the landfill (Swanson 1984). Based on
drainage areas and stream-flow measurements for Bound Brook and Cedar
Brook at South Plainfield, it is estimated that the low flow cf Bound
Brook at the landfill is about 0.2 nr/s during the month of August
(U.S. Geol. Surv. 1983).
The soils and unconsolidated materials in the vicinity of the site

reflect 'ts relatively recent geologic history of glacial, post-
glacial, and fluvial environments. The site contained glacial outwash
deposits before it became a sanitary landfill (Lewis and Kummel 1911;
U.S. Dept. Agric. et al. 1976).
Three types of materials identified at the site are overburden,

weathered bedrock, and bedrock. The overburden consists of the lanJ-
fill materials and the underlying sedimentary units. The weathered
bedrock materials are predominantly a clayey layer that resulted from
weathering of the upper portion of the shale bedrock. This weathered
shale—a reddish-brown, soft to very soft clay--separates the over-
burden materials from the bedrock. The bedrock is a very thick layer
of shale (about 305 m) that is part of the Brunswick Formation of
Triassic age. It is a red-brown, moderately soft, highly fractured
rock (Bechtel Natl. 1984c).
Groundwater at the landfill is found in both the unconsolidated

overburden deposits and in the bedrock. The overburden is about 3.4
to 10 m thick, of which the upper 0 to 6.1 m consists of fill material
(Bechtel Natl. 1984c). Underlying the fill material are sedimentary
units of sandy clay, silt, and sand. The upper aquifer in the
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Figure 2. Topographic map of the Middlesex landfill site. Source:
adapted from Bechtel National (1984b).

overburden material, with a permeability of 1,100 to 12,000 m/yr, is
separated from the lower bedrock aquifer by a layer of lower-
permeability (2.0 to 0.2 m/yr) clay, about 1 m thick, formed from
weathered shale bedrock. The lower aquifer, which is the major
reservoir in the region, occurs in the fractured upper surface of the
Brunswick Shale Formation.
The groundwater table varies seasonally. It was reported as high as

12 m MSL at two wells located near the eastern edge of the excavated
area in 1984 (Figure 2). Thus, groundwater may be found about 3 m
below the surface of the landfill in the excavated area. If the
groundwater table follows surface contours, water may be encountered
1.6 m below the surface in the excavated area. The general direction
of groundwater flow at the landfill is east-northeast toward Bound
Brook. The groundwater discharge from the landfill site into Bound
Brook is estimated to be about 0.002 nr/s, which gives a dilution
factor of about 100 under low-flow conditions in Bound Brook.
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3 DESCRIPTION OF SCENARIOS

Two major scenarios identified for the Middlesex landfill pathway
analysis are: (1) onsite resident scenario, and (2) near-site
resident scenario. Each scenario is further divided into two cases:
short-term (20 years) and long-term (1,000 years). The assumptions
for the short-term and long-term cases of the scenarios are presented
in Table 1.
The short-term case assumes that residents will live on the site or

near the site during the next 20 years. The erosion of onsite soils
by wind and water in the short-term case is assumed to be negligible.
The long-term scenario assumes that the soils will be eroded by wind
and water or physically removed by man's activities to a depth of
1.5 m during the first 20 years, thereby exposing the more contami-
nated materials.

Table 1. Assumptions in scenarios for the Middlesex landfill pathway
analysis

Assumption

External exposure

Internal exposure

Onsite farming

Erosion of onsite
soil

Well distance from
landfill

Resident distance
from landfill

Onsite

Short-Term
(20 yr)

Yes

Yes

Yes

Negligible

0.1 m

0.1 m

Resident

Long-Term
(1,000 yr)

Yes
Yes

Yes

To 1.5 m

0.1 m

0.1 in

Near-Site

Short-Term
(20 yr)

Yes

Yes

No

Negligible

91 m

91 m

Resident

Long-Term
(1,000 yr)

Yes

Yes

No

To 1.5 m

91 m

91 m

For the onsite resident scenario, it is assumed that the residents
raise part of their food (such as vegetables and meats) in the land-
fill, which is contaminated by radioactive isotopes. Part of the meat
and milk ingested by the onsite residents is assumed to be from live-
stock raised onsite. Fish is not considered because it is assumed
that there is no pond on the site. The residents are assumed to be
exposed by external radiation and by inhalation of resuspended radio-
nuclides in soil. The residents are assumed to use a water supply
(well) contaminated by radionuclides in the landfill for irrigation
and drinking. Both the well and the onsite residents are assumed to
be 0.1 m from the landfill.
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For the near-site resident scenario, it is assumed that the resi-
dents ingest offsite foods and water, which could be contaminated by
the onsite radionuclides. It is also assumed that the near-site
residents inhale downwind air and use a water supply (well) that may
be contaminated by radionuclides in the landfill. Both the well and
the near-site residents are assumed to be 91 m from the landfill.

4 MODEL CALCULATION AND RESULTS

4.1 Model description

Radiation and risks to onsite and near-site residents from the land-
fill were calculated using the PRESTO-CPG computer code (U.S. Environ.
Prot. Agency 1984). The PRESTO-CPG is one of the PRESTO family codes,
which calculates the critical population group doses and risks result-
ing from land disposal of wastes (the critical population group in
this analysis is the onsite and near-site maximally exposed individ-
uals). The pathways considered in the PRESTO-CPG code include ground-
water transport, chemical exchange, erosion, resuspension, atmospheric
transport, deposition, inhalation, and ingestion. The major input
parameter values used by the PRESTO-CPG code for the pathway analysis
are listed in Table 2. Due to the unavailability of daily temperature
and hourly rainfall data for the Middlesex site, data for West Valley,
New York, are used. These data are used in the INFIL subroutine of
the PRESTO-CPG code. According to the EPA's sensitivity analysis, use
of these data for INFIL may result in an error of ^0% in the analysis
(Hung 1985). However, it should be noted that the annual average
precipitation at West Valley is about the same as that at Middlesex,
i.e., 1.04 m/yr for West Valley (U.S. Dept. Energy 1982) and 1.07 m/yr
for Middlesex (Natl. Ocean. Atmos. Admin. 1976). Hence, the error
induced by using West Valley INFIL data may be minimal.

4.2 Results and Discussion

The calculated radiation dose rates and risks for both the onsite and
near-site scenarios are presented in Table 3. The well water peak
concentrations are also listed. For both the onsite and near-site
resident scenarios, the radiation doses and risks for the short-term
cases would be negligible. The increases in concentrations of
radium-226 and uranium-238 above normal background concentrations in
the well water would also be negligible for the short-term cases.
For the long-term cases, the onsite residents would receive a maxi-

mum dose rate of 75 ySv/yr, which is about 25? higher than that of the
near-site residents, i.e., 60 pSv/yr. This result is expected because
the onsite residents are assumed to live onsite and ingest onsite
vegetables and meats that are contaminated by radionuclides. Hence,
both external and internal doses for the onsite residents would be



ECP/CY2-FtCol 10/30/85

Table 2. Parameters used for pathway analysis

Parameter

/.nnual precipitation

Evapotranspiration rate

Runoff coefficient

Infiltration rate

Effective porosity

Soil bulk density

Hydraulic gradient

Hydraulic conductivity

Longitudinal dispersivity

Transverse diaparsivity

Vertical dispersivity

Distribution coefficient:

Radium-226

Uranium-238

Rainfall factor

Erodibility factor

Slope factor

Cover factor

Erosion control factor

Sediment delivery factor

Source activity:

Radium-226

Uranium-238

Unit

m/yr

m/yr

m/yr

-

kg/m3

-

m/yr

m

m

m

m3/kg

Ci

Value

1.07

0.69

0.15

0.22

0.15

1,600

0.047

4,000

1.0

0.1

0.1

0.1

0.05

180

0.24

0.45

1.0

1.0

1.0

0.5

0.5

higher than those for the near-site residents. These calculated radi-
ation dose rates are about 30? and 2k% ot the NRC (10 CFH Part 61)
limits of 250 ySv/yr for the onsite and near-site resident scenarios,
respectively. The calculated internal doses of radium-226 and
uranium-238 are about 2 to 3.5 times those of the external doses for
both the onsite and near-site resident scenarios.
The exhalation of radon (daughter nuclide of radium-226) through the

basement wall of an onsite resident's house cannot be considered by
use of the PRESTO-CPG code (U.S. Environ. Prot. Agency 1984). Such
radon exhalation may result in a higher dose rate in the bronchial
epithelium and the lung for the onsite resident. Using the method
described by Gilbert et al. (1984), it is estimated that the increase
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Table 3. Middlesex landfill pathway analysis results

Maximum dose rate*a

(uSv/yr)

Maximum dose time
(yr)

Lifetime fatal
cancer risk

Genetic risk

Well water peak
concentration
(pCi/L)*b:

Radium-226

Uranium-238

0nsite

Short-Term Long-Term

0.0

20

0.0

0.0

0.0

0.0

75

1,000

1.3 x 10~4

4.5 x 10~5

3.9
7.4

Near-Site

Short-Term

0.0

20

0.0

0.0

0.0

0.0

Long-Term

60

1,000

1.0 x 10~4

3.6 x 10~5

2.3
8.0

*a Dose rates reported are the organ-weighted dose-commitment rates.
*b Well water concentrations calculated by the PRESTO-CPG code are

the above-background concentrations. The years that the well water
peak concentrations occur are the same as the years in which the
maximum dose rate occurs.'

in effective (organ-weighted) internal dose rate due to radon inhala-
tion may be insignificant; the increase in effective external dose
rate to the whole body due to radon in the basement air would be less
than 1/t of the calculated external do;;e rate.
The health risk for the maximum individual calculated by using the

PRESTO-CPG code is presented in Table 3. For the long-term cases, the
total health risk (fatal cancers + genetic disorders) for the long-
term scenario are estimated to be 1.8 x 10 for onsite residents and
1.4 x 10"^ for near-site residents.
Radionuclide concentrations in well water for the onsite resident

long-term scenario would be 3.9 and 7.4 pCi/L above background for
radium-226 and uranium-238, respectively; for the near-site resident
long-term scenario, they would be 2.3 and 8.0 pCi/L above background
for radrun-226 and uranium-238, respectively. These values are below
the EPA Interim Primary and Secondary Drinking Water Standard of
5 pCi/L for radium-226 and the recommended level of 10 pCi/L for
uranium-238. They are also below the NRC (10 CFR Part 20) limits of
30 pCi/L for radium-226 and 40,000 pCi/L for uranium-238, and DOE
Order 5480.1 (Chg. 2) limits of 30 pCi/L for radium-226 and 600 pCi/L
for uranium-238.
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5 CONCLUSION

Based on the pathway analysis for the onsite and near-site resident
scenarios, the radiation dose rates and radionuclide concentrations in
groundwater would be below the regulatory requirements for both the
short-term and long-term scenarios. Hence, the potential health risks
to maximally exposed individuals due to radioactive releases from the
Middlesex landfill would be insignificant.
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