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SUMMARY ASSESSMENT
ENVIRONMENTAL COMPLIANCE ACTIVITY
U.8. DEPARTMENT OF ENERGY
FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM
MAYWOOD INTERIM STORAGE SITE

BACRGROUND‘AND OVERVIEW

To evaluate the environmental compliance record of the Maywood
Interim Storage Site (MISS), managed as part of the Formerly
Utilized Sites Remedial Action Program (FUSRAP), it is necessary to
describe the history of the site.

From 1916 through 1956, Maywood Chemicai Works processed
monazite sand for use in menufacturing industrial products such as
mantles for gas lanterns. During that time, slurry containing
process wastes from the thorium opefations was pumped to diked
areas west of the plant. 1In 1932, New Jersey Route 17 was built
through this disposal area. Some of these process wastes were
removed from Maywood Chemical Works and used as mulch and fill on
nearby properties, thereby contaminating them. Some of the
material migrated off site via natural drainage formerly provided
by Lodi Brook.

In 1954, the U.S. Atomic Energy Commission (AEC) issued
License R-103 to Maywood Chemical Works, thereby allowing it to
continue to possess, process, manufacture, and distribute
radioactive materials under the auspices of the Atomic Energy Act
of 1954. Maywood Chemical Works was sold to the Stepan Company
in 1959.

In 1961, the Stepan Company was issued an AEC radioactive
materials license (STC-130). Based on AEC inspections and
information related to the property on the west side of Route 17,
Stepan Company agreed to perform remedial actions in the general

area. The cleanup was begun in 1963. In 1966, approximately
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6,400 m® (8,400 yd®) of waste was removed from the area east of
Route 17 and buried on site at Burial Site No. 1, which is now
overlain by grass. In 1967, approximately 1,600 m® (2,100 yd®) of
waste was removed from the same general area and buried on site at
Burial Site No. 2, which is now a parking lot. 1In 1968, the Stepan
Company obtained permission from AEC to transfer an additional
6,600 m®> (8,600 yd®) of waste from the south end of the property
and bury it on site‘at Burial Site No. 3, an area where a warehouse
was later built.

At the request of the Stepan Company, a radiological survey of
the property west of Route 17 was conducted by AEC in 1968. Based
on the findings of that survey, clearance was granted for release
of the property for use without radiological restrictions. At the
time of the survey, AEC was not aware that unexcavated waste
materials were present in the northeast corner of the property. 1In
1968, the Stepan Company sold the property west of Route 17 to a
private citizen, who later sold it to the current owners, Ballod
and Associates.

In 1980, the U.S. Nuclear Regulatory Commission (NRC) was
notified that elevated readings were obtained on the Ballod
property. This information prompted NRC to request a comprehensive
survey to assess the radiological condition of the property. This
was the first of many surveys of the area.

In September 1983, the U.S. Environmental Protection Agency
(EPA) added the Maywood site to the National Priorities List (NPL).

The Maywood site was assigned to the U.S. Department of Energy
(DOE) as part of the decontamination research and development
project initially authorized by Congress under the 1984 Energy and
Water Appropriations Act.

An interim storage pile was created in 1984 to store
contaminated materials removed from the vicinity properties. The
storage pile currently contains approximately 26,700 m® (34,900 yd?®)

of radioactively contaminated materials.

iv



During its history, MISS has been subject to evolving federal
and state environmental »egulations. The following summary
descrikes compliance requirements as they currently exist.

Clean Air Act (CAA) and National Emission Standards for Hazardous
Air Pollutants (NESHAPS)

MISS does not have any state or federal air permits. As a non-
operating facility, only Subparts H and Q of NESHAPs are
~applicable. Compliance with the non-radon radionuclide standard in
Subpart H will be determined by evaluating the site using a
computer model (e.g., AIRDOS-PC) approved by EPA. A strategy for
determining compliance with the radon flux standard in Subpart Q
was.submitted to EPA. Comments were received from EPA on the
proposed compliance strategy on April 19, 1990. The comments
require minor modifications to the compliance strategy. Radon flux
measurements of the pile will begin by July 18, 1990, absent
further comments from EFA.

DOE Orders for Radionuclide Releases

- Site releases must comply with specific DOE orders that place
guantitative limits, called derived concentration guides (DCGs),
and dose limits for radiological releases from DOE facilities.
Results of environmental monitoring conducted in 1989 show that
MISS exceeded the DOE guideline for thoron (Rn-220) (3.0 pCi/L) at
one location. The average for the site is below this guideline.
All other measurements indicate that the site is in compliance with
DOE orders. |

Clean Water Act (CWA)

MISS does not have any state or federal water permits and has

only stormwater discharge. An environmental compliance assessment



conducted by Oak Ridge National Laboratory (ORNL) in October 1989
did not find any deficiencies under the CWA. The amendments to the
CWA in 1987 required EPA to promulgate regulations requiring
permits for stormwater discharges from industrial facilities. EPA
has not yet promulgated regulations; however, a stormwater
discharge permit may be required in the future.

Resource Conservation and Recovery Act (RCRA)

As stated in CERCILA 121, Superfund remedial actions must comply
with substantive requirements of RCRA and other environmental laws
when they are applicable ox relevant and appropriate. RCRA permits
are not required for on-site actions. RCRA waste was present at
MISS, and an environmental compliance assessment conducted by ORNL
in October 1989 found 12 deficiencies under RCRA. Eight of the
deficiencies have been addressed; the remainder, which involve

waste management documentation, will be addressed by June 1990.

Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA)

MISS is on the NPL; therefore, a Federal Facilities Agreement
(FFA) is required for site remedial action. EPA and DOE have
developed an FFA that is awaiting signature.

Toxic Substances Control Act (TSCA)

As stated in CERCLA 121, Superfund remedial actions must comply
with substantive requirements of TSCA and other environmental laws
when they are applicable or relevant and appropriate. TSCA-
regulated waste is not present at MISS. The environmental
compliance assessment of the site by ORNL did not find any
deficiencies under TSCA.
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National Environmental Policy Act (NEPA)

In the past, compliance with NEPA has been accomplished through
the use of action description memoranda and corresponding
memoranda-to-file. Actions taken to date have been determined to
have had no significant impact on the environment. A formal NEPA
determination has been made for final cleanup of the site, and
completion of an environmental impact study (EIS) is required.

Compliance with NEPA for site remedial actions will be
accomplished by incorporating those elements required by an EIS
into the format of the CERCIA remedial investigation/feasibility
study. |



ABSTRACT

The environmental monitoring program, which began in 1984, was
continued in 1989 at the Maywood Interim Storage Site (MISS), a
U.S. Department of Energy (DOE) facility located in the Borough of
Maywood and the Township of Rochelle Park, New Jersey. MISS is
currently used for storage of soils contaminated with low-level
radiocactivity.

MISS is part of the Formerly Utilized Sites Remedial Action
Program (FUSRAP), a DOE program to identify and decontaminate or
otherwise control sites where residual radioactive materials
(exceeding current guidelines) remain from the early years of the
nation's atomic energy program or from commercial operations
causing conditions that Congress has authorized DOE to remedy. As
part of the decontamination research and development project
authorized by Congress under the 1984 Energy and Water Development
Appropriations Act, remedial action is being conducted at this site
and at vicinity properties by Bechtel National, Inc. (BNI), project
management contractor for FUSRAP. The environmental monitoring
program is also carried out by BNI.

The monitoring program at MISS measures thoron and radon
concentrations in air; external gamma radiation levels; and
thorium, uranium, and radium concentrations in surface water,
groundwater, and sediment. Additionally, several nonradiological
parameters are méasured in groundwater.

The radiation dose was calculated for a hypothetical maximally
exposed individual to verify that the site is in compliance with
the DOE radiation protection standard (100 mrem/yr) and to assess
its potential effects on public health. Based on the conservative
scenario described in this report, this hypothetical individual
receives an annual external exposure approximately equivalent to
1 percent of the DOE radiation protection standard. This exposure
is less than a person receives during a round-trip flight from New
York to Los Angeles (because of the greater amounts of cosmic
radiation present at higher altitudes). The cumulative dose to the

population within an 80~km (50-mi) radius of MISS that results
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from radioactive materials present at the site is indistinguishable
from the dose the same population receives from naturally occurring
radioactive sources.
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1.0 INTRODUCTION .

This repert presents the results of the environmental
monitoring program conducted at the U.S. Departmént of Energy's
(DOE) Maywood Interim Storage Site (MISS) during calendar year
1989. Environmental mcnitoring began at MISS in 1984. The
research and development decontamination program authorized by
Congress under the 1984 Energy and Water Development Appropriations
Act assigned MISS to the DOE Formerly Utilized Sites Remedial
Action Program (FUSRAP). Bechtel National, Inc. (BNI) serves as
the project managemént contractor for conducting remedial action at
the site and at vicinity properties.

1.1 LOCATION AND DESCRIPTION

MISS is located in the Borough of Maywood and the Township of
Rochelle Park, in Bergen Couaty, New Jersey, approximately 19 km
(12 mi) north-northwest of downtown Manhattan (New York City) ard
21 km (13 mi) northeast of Newark,‘New Jersey (Figures 1-1 and
1-2). Figure 1-3 is an aerial photograph of the site. MISS is
bounded by New Jersey Route 17 on the west, a railroad line on the
northeast, and commercial/industrial areas on the south and east.
The site occupies 4.73 ha (11.7 acres) and is fenced. The adjacent
Stepan Company (former Maywood Chemical Works) property is also
enclosed by a fence and is currently used for chemical processing
activities.

MISS is located within the glaciated section of the Piedmont
Plateau of north-central New Jersey (Ref. 1). The terrain is
generally level but includes intermittent shallow ditches and
slight mounds (Ref. 2). MiSS slopes gently toward the Saddle
River, which is west of the site (Figure 1-2). The site is
underlain by sedimentary rocks (sandstone, mudstone, and siltstone)
of the Brunswick formation (Refs. 3 and 4). Bedrock lies close to
the surface and is overlain by 0.9 to 4.6 m (3 to 15 ft) of
weathered bedrock debris and unconsolidated glacial deposits of
clay, silt, sand, and gravel. The depth of the glacial deposits
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varies considerably in the vicinity of the site. 1In addition, fill
materials consisting primarily of soil and building rubble were
placed on the site during its many years of industrial use
(Ref. 3).

MISS is located within the Saddle River drainage basin
(Figure 1-2), approximately 0.7 km (0.4 mi) east of the Saddle
River (a tributary of the Passaic River) and approximately 1.6 km
(1 mi) west of the drainage divide lying between the Hackensack
River and the Saddle River (Ref. 4). MISS is poorly drained.
Rainwater runoff from MISS empties into the Saddle River via
Westerley Brook. The brook flows under the site through a concrete
storm drain, passes under New Jersey Route 17, and eventually
empties into the Saddle River. Neither the Saddle River nor
Westerley Brook is used as a source of drinking water (Ref. 5).

The groundwater table is generally shallow, lying 1.2 to 3.7 m
(4 to 12 ft) beiow the ground surface. Groundwater in the Maywood
area is available primarily from a bedrock aquifer and from
unconsolidated surficial deposits; the former ic generally
considered to be the more significant groundwater resource. Wells
that draw from the uriconsolidated surficial deposits generally have
low yields and are used for domestic purposes. However, some wells
located in areas with thicker surficial deposits of stratified
glacial drift have high yields and have been developed for
industrial and public uses.

The average frequency of precipitation in New Jersey is
120 days/yr; the mean annual precipitation is approximately 122 cn
(48.0 in.), with an average annual snowfall of 74 cm (29 in.) As
shown in Figure 1-4, winds in the area blow predominantly from the
west at a mean speed of 17.2 km/h (10.2 mph) (Refs. 6 and 7).

Populations of Maywood and Rochelle Park in 1980 were
approximately 9,900 and 5,600, respectively, a decline from 11,000
and 6,400 in 1970. The 1970 and 1980 populations of Bergen County
were approximately 898,000 and 845,000, respectively. The
population of Bergen County is expected to increase over the next
20 years (Ref. 1).

(8]
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Generalized land uses in the vicinity of MISS are shown in
Figure 1-5. The areas adjacent to the site are zoned primarily for
commercial, commercial/industrial, or residential use. Except for
one house on the eastern border of the Stepan Company property,
areas east and south of the site are used for industrial and
restricted commercial purposes. The New York, Susquehanna and
Western Railroad runs along the northern border of MISS.

1.2 SITE HISTORY

‘From 1916 through 1956, Maywood Chemical Works processed
monazite sand (thorium ore) for use in manufacturing industrial
products such as mantles for gas lanterns. During that time,
slurry containing process wastes from the thorium operations was
pumped to diked areas west of the plant. Some of these process
wastes were removed from Maywood Chemical Works and used as mulch
and fill on nearby properties, thereby contaminating them. Some of
the material migrated off site via natural drainage formerly
provided by Lodi Brook. 1In 1932, New Jersey Route 17 was built
through this disposal area (Figure 1-2).

In 1954, the Atomic Energy Commission (AEC) issued License
R-103 to Maywood Chemical Works, thereby allowing it to continue to
possess, process, manufacture, and distribute radicactive materials
under the auspices of the Atomic Energy Act of 1954 (Ref. 8).
Maywood Chemical Works was sold to the Stepan Company in 1959.

In 1961, the Stepan Company was issued an AEC radioactive
materials license (STC-130) (Ref. 8). Based on AEC inspections and
information related to the Ballod propertv on the west side of
Route 17, the Stepan Company agreed to take remedial action. The
cleanup was begun in 1963. In 1966, 6,392 m3 (8,360 yd3) of waste
was removed from the area east of Route 17 and buried on site at
Burial Site No. 1, which is now overlain by grass. In 1967,

1,570 m3 (2,053‘yd3) of waste was removed from the same general
area and buried on site at Burial Site No. 2, which is now a
parking lot. In 1968, the Stepan Company obtained permission from
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AEC to transfer an additional 6,576 n> (8,600 yd3) of waste from

the south end of the Ballod property and bury it on site at Burial
Site No. 3, an area where a warehouse was later built (Ref. 8).
Figure 1-6 shows the approximate locations of these burial sites.

At the request of the Stepan Company, a radiological survey of
the south end of the Ballod property west of Route 17 was conducted
by the AEC in 1968. Based on the findings of that survey,
clearance was granted for release of the property (Ref. 8). At the
time of the survey, AEC was not aware that unexcavated waste
materials were present in the northeast corner of the property. 1In
1968 this portion of the Stepan Company property was sold to a
private citizen, who later sold it to the current owners, Ballod
and Associates (Ref. 8).

In 1980 the U.S. Nuclear Regulatory Commission (NRC) was
notified that elevated gamma radiation readings were obtained on
the Balled and Associates property (Ref. 8). This information
prompted NRC to request a comprehensive survey to assess the
radiological condition of the property. The survey was performed
by Oak Ridge Associated Universities (ORAU) with the assistance of
a representative from the Region I office of NRC in February 1981
(Ref. 2). ‘

NRC also requested that an aerial radiological survey of the
Stepan Company site, the Ballod and Assoclates property, and the
surrounding area be conducted. This survey, which was conducted by
EG&G in January 1981, resulted in the discovery of other anomalies
(readings distinctly higher than those of surrounding areas)

(Ref. 9). Elevated gamma readings (greater than the local
background level) were detected directly over the Stepan Company
chemical plant, as well as immediately to. the west and south of the
plant. Two other points of elevated background gamma radiation
were detected approximately 0.8 km (0.5 mi) from the center of the
plant: one to the northeast and the other to the south. Follow-up
ground surveys were performed to determine the nature of these
aromalies. These surveys identified contaminated residential
properties on Davison and Latham streets.
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In 1984, DOE had Oak Ridge National Laboratory (ORNL) survey
the I~4i area with a mobile van (Ref. 10). Eight residential
vroperties were found to be contaminated with thorium-232;
additional properties were found to be contaminated with radium-226
and uranium. The presence of radium-226 and uranium appears to be
associated with the presence of natural uranium.

In 1984, DOE negotiated an agreement with the Stepan Company
for access to a 4.73~ha (11.7-acre) portion of the Stapan Company
property on which to establish MISS, pending execution of an
agreement to transfer ownership of the site to DOE. Develupment of
the storage site commenced, and contaminated mate: lals rewoved from
17 vicinity properties in Maywood and Rochelle Park were brought to
the site in 1984. 1In 1985, remedial action was conducted at eight
residential properties in the Borough of Lodl and at tha Ballod
property in Rochelle Park. 1In September 1985, ownership of the
MISS property was transferred to DOE.

Radiological characterization surveys were conducted in 1986
on the Sears property and adjoining commercilal properties southeast
of MISS; or the New York, Susquehanna and Western Railroad property
adjoining the northern boundary of MISS; on a portion of Route 17;
and on the north Ballod property. Radiological surveys of the
following Lodi properties were also conducted in 1986:

1 commercial, 1 state-owned, 26 residential, and 1 municipal.
Remedial action is planned for certaln of these properties.

In 1987, several radiological surveys were conducted at
residential, commercial, and municipal properties 1n Lodi. 1In
addition, in late 1987, a layer of clean fill material was placed
along the MISS boundary to reduce elevated levels of radon and
external gamma radiation. Also in 1987, several groundwater
monitoring wells were installed on the Stepan property and adjacent
properties to monitor the shallow groundwater system and deep
aquifer. These wells, along with those added in the summer of 1988
on the MISS, railroad, and Grove Street properties, are used to
provide data on groundwater flow and quality. Data from the 1988
wells are presented in this report.
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There were no commercial, industrial, or remedial activities at
MISS in 19€9. Radioactive effluents were limited to radon and
thoron, which were barely detectable above background at the site
perimeter.

1.3 HYDROGEOLOGICAL CHARACTERISTICS OF THE SITE

The hydrogeological characteristios of the site observed in
1989 are the same as those reported in previous environmental
reports. The data and interpretations are based on groundwater
levels measured in calendar year 1989. Groundwater monitoring
wells (Figure 1-7) were first installed at MISS in late 1984
through early 1985 (Ref. 11). Additional monitoring wells were
installed during 1987 and 1988 in the propertles surrounding MISS.
A summary of construction information for wells sampled for this
report 1s shown in Table 1-1. An example of well construction
details is included as Appendix E.

The two groundwater systems monitored have previously been
designated "shallow" and "bedrock" (Ref. 11). This report uses
"upper" instead of "shallow." Monitoring wells installed in the
upper groundwater system are designated with an "A" or "s" suffix,
and wells installed in the bedrock system are designated with a "B"
or "D" suffix. Further background information on site geology,
hydrogeology, and well installation methods can be found in
Ref. 11.

1.3.1 Upper Groundwater Systam

The water table of the upper groundwater system is
approximately 1.2 to 3.7 m (4 to 12 ft) below ground surface.
(The water table, or potentiometric surface, is defined as the
level to which water will rise in tightly cased wells. Delineation
of the potentiometric surface of an aquifer indicates groundwater
gradient and flow direction.) Wells in this zone are screened in

12



10319 H3Q Cv0 4881

ALINIOIA ANV SSIN LV
STIEM DNIHOLINOW H31VMANNOYD 40 SNOILVOOT1 /-1 3ENOId

1333 N1 IS

¥ g
oot o5y

ISTIN 0, % .8,) WILSAS HIIVAONIOED
¥J0u028 NI 0FTWISNI 1734 INTHOLINON

ISTIN .S, 3 V.1 W3ISAS W3IVAONNOSD o, :
#3dan NI OFVIVISNT TTM INTHOLINOW > u f
V/IRBEE {0t SCIASEE

(] &
8L1#BES as1Rgig

Sviases
@®
Oy imscg

[-¥5-SSIN
¥5-SSTn (@
g85-SSIn

g81-SSIn
. L)
< Vi-SSTR
v3-SSIR
@ /, @

BRess . *. §3-SSIK

\

¥1-SSIn
L
g1-SSIn

gsmped

N-mmhz
vo-soim ®

0149 SSIN

QVONTIVE NHIIST 3 TVRNVHISIS TWH0L AN oNo”mmm sieaseg O

—




TABLE 1-1
MONI!TORING WELL CONSTRUCTION SUMMARY FOR MICS

, Total Monftored Interval

Well . tompletion Depth Below Ground Construction

Number Date (m (ft)] (m-m (ft-ft)) MaterialP

MISS-1A Nov. 1984 3.66 (12.0) 1.2-3.47 (4.0-11.4) pvC

MISS-18 Nov. 1984 16.3 (53.5) 7.01-16.3 (23.0-53.5);" Steel
Open hole

MISS-2A Oct. 1984 6.10 (20.0) 1.5-5.8 (5.0-18.9) c PVC

MISS-28 Nov. 1984 17.8 (58.5) 8.7-17.8 (28.5-58.5); Steel
Open hole

MISS-3A Dct., 1984 4,57 (15.0) 1.5-3.87 (5.0-12.7) c pvce

MISS-38 Nov. 1984 15.2 (50.0) 6.10-15.2 (20.0-50.0); Steel
Open hole

MISS-4A Oct., 1984 3.05 (10.0) 1.2-3.0 (3.8-9.7) c PVC

MISS-4B Nov. 1984 14.3 (47.0) 5.19-14.3 (17.0-47.0); Steel
Open hole

M1SS-5A Nov. 1984 4.58 (15.0) 3.1-4.5 (10.0-14.,6) pPVvC

HISS-5A1 Nov., 1984 2.4 (8.0) 0.8-2.4 (2.5-8.0) c A

MISS-58 Nov. 1984 16.8 (55.0) 7.6-16.8 (25.0-55.0); Steel
Open hole

MISS-6A Dect. 1984 4.88 (16.0) 1.5-4.64 (5.0-15.2) c pvCcC

MISS-68 Nov, 1984 16.2 (53.0) 7.02-16.2 (23.0-53.0); Steel
Open hole

MISS-T7A Nov. 1984 3.51 (11.5) 0.8-2.9 (2.5-9.6) . pPve

MI1Ss-78 Nov., 1984 15.0 (49.0) 5.79-15.0 (19.0-49.0); Steet
Open hole '

B38WO1S Nov. 1988 7.02 (23.0) 5.20-6.7 (17.0-22.0) ss'

R38W02D Nov. 1988 13.1 (43.0) 11.3-12.8 (37.0-42.0) $S

B38wW038 Aug. 1987 12.3 (40.5) 9.09-12.1 (29.8-39.5) SS

B38W04B Sept. 1987 11.1 (36.3) 4.03-8.5 (13.2-27.7) LR

B38W058 Sept. 1987 13.6 (44.5) 6.92-10.1 (22.7-33.0) SS

B38wWo6H Sept. 1987 1.1 (36.4) 4.85-€ .4 (15.9-20.9) 13

B38W078B Sept. 1987 12.0 (39.2) 5.64-8.8 (18.5-28.8) $S

14
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TABLE 1-1

‘(continued)

Total Monitored Interval
Well Completion Depth Below Ground Construction
Number Date tm (ft)] (m-m (fFt-ft)] MaterialP
B38W14S Nov. 1988 3.97 (13.0) 2.4-3.96 (8.0-13.0) SS
B38W14D Hov. 1988 15.6 (51.0) 14.0-15.4 (46.0-50.5) SS
B38W158 Oct. 1988 5.03 (16.5) 3.20-4.73 (10.5-15.5) SS
B38W15D Cct. 1988 14.0 (46.0) 12.2-13.7 (40.0-45.0) SS
B38WI1T7A Oct. 1987 4.30 (14.1) 2.6-3.87 (7.7-12.7) SS
B38wW178 Oct. 1987 13.5 (44.4) 5.67-8.81 (18.6-28.9) SS
B38W18D Oct. 1988 12.5 (41.0) 10.7-12.2 (35.0-40.0) SS

. ‘
Wells installed in the upper groundwater system are designated with an "A" or
installed in the bedrock system are designated with a "“B" or "C®.

ugn,; wells

b

PVC - polyvinyl chloride;

SS

stainless steel.

¢
Carbon steel casing extends through overburden and 0.6 m (2 ft) into bedrock;

monitored

interval is a 7.6-cm-

15

(3.0-in.-) diameter open hole

in bedrock.



unconsolidated materials at depths of 0.76 to 6.71 m (2.5 to

22.0 ft). Groundwater level measurements taken in 1989 with an
electric downhole probe water level indicator are shown as
hydrographs (Figures 1-8 through 1-1i1). No hydrographs are given
for wells 1A and 5Al1 because they were dry throughout 1989.

Precipitation records were not available for MISS. Records of
- precipitation collected at the Middlesex Sampling Plant (MSP),
which is approximately 48 km (30 mi) southwest, are presented with
the hydrographs (for reference only) in Figures 1-8 through 1-10.

The hydrographs for the upper groundwater system show slight
seasonal fluctuations in groundwater levels. Generally, the
highest levels t=2nd to be in the spring, and the lowest in the
fall and winter.

The gradient and flow direction of the upper groundwater
system were determined from two potentiometric surface maps
(Figure 1-12 for August 1 and Figure 1-13 for December 6), which
show the minimal seasonal variation in this system. The gradient
of the potentiometric surface on both days is on the order of 0.01.
The general flow direction is from east to west. The contours
suggest that the potentiometric surface is approximately parallel
to the regional surface topography.

1.3.2 Bedrock Groundwater System

The potentiometric surface of the semiconfined bedrock
groundwater system is from 2.1 to 5.2 m (7 to 17 ft) below the
ground surface. The 1984 bedrock wells are open holes (no screen
or filter pack), below a st=el surface casing set through the
overburden, emplaced with a cement grout seal in the top of the
Brunswick formation. These wells range in depth from 11.1 to
18.0 m (36.3 to 58.9 ft). The newer (1987-1988) bedrock wells have
stainless steel screens and sand filter packs installed in the
bedrock and bentonite seals isolating the screened section from the
upper groundwater system.

16
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Hydrographs of the bedrock groundwater system (Figures 1-~14
through 1-19) show a seasonal variation similar to that of the
upper groundwater system, and there is better correlation of water
levels from well to well. Preclpitation records for the MSP site
are also shown beneath the hydrographs (for reference only) in
Figures 1-14 through 1-17.

The gradient and flow direction for the bedrock groundwater
system were determined from two potentiometric surface maps
(Figure 1-20 for August 1 and Figure 1-21 for December), which
indicate little seasonal variation. Both maps show the groundwater
flow direction to be divergent from east to west, and at a gradient
on the order of 0.01.

Water levels from B38W02D are anomalously high and are not
included in the contour interpretation. The water levels and well
screen are above the elevation of the railroad tracks, yet no water
seeps are observed. Well B38W02D was installed in November 1989;
therefore, no data exist for comparison with this apparent anomaly.

1.3.3 Discussion

The upper and bedrock groundwater systems at MISS appear to
have consistent gradilents and flow directions throughout the year,
as shown by the hydrographs and potentiometric surface maps. No
changes have been observed in basic conditions throughout the
monitoring program at MISS.

Potentiometric surface elevations, gradient, and flow
directions for the two groundwater systems vary only slightly.
Because the bedrock system water levels are above the top of
bedrock and because of the differences in hydraulic head between
the upper and bedrock system well pairs, the bedrock groundwater
system is considered to be a semiconfined system.
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2.0 SUMMARY OF MONITORING RESULTS

The environmental monitoring program at MISS, which began in
1984, was continued during 1989. The program includes quarterly
sampling and radiological analysis of air, water, and sediments and
chemical analysis of well water. The potential radiation dose that
might be received by a hypothetical maximally exposed individual
was calculated to determine the degree of compliance with the DOE
radiation protection standard of 100 mrem/yr (Ref. 12).

Annual average concentrations of radon (including background)
ranged from 4 x 10710 to 1.0 x 1072 pci/ml (0.4 to 1.0 pCi/L). The
average background radon concentration for MISS was ‘
4 x 10710 yci/ml (0.4 pCi/L). Thoron concentrations (including
background) ranged from 1 x 10710 to 7.3 x 1072 uci/ml (0.1 to
7.3 pCi/L). The average background thoron concentration for MISS
was less than the minimum detectable limit. A discussion of 1989
radon and thoron concentrations is provided in Subsection 3.1.

Annual average external gamma radiation levels measured at MISS
ranged from 9 to 173 mrem/yr above background. The maximum was
measured in an area of known contamination with no significant
occupancy factor (Ref. 3). These rates may be COmpared with the
external gamma radiation levels from natural radiaticn in the
vicinity of MISS, which averaged 61 mrem/yr. External radiation
levels are discussed in Subsection 3.2.

In surface waters at MISS (Subsection 3.3), measured
concentrations of uranium in 1989 were equal to concentrations
measured upstream of the site. Concentrations of radium-226 were
slightly below those measured at the upstream location.
Concentrations of thorium-232 were equal to or slightly higher than
those measured at the upstream location. Concentrations of
uranium, thorium-232, and radium-226 have remained stable since
1984 (Refs. 13-17).

In groundwater at MISS (Subsection 3.4.1), the highest annual
average concentration of uranium in 1989 was 8.0 X 10-2 pci/ml
(8.0 pCi/L). The highest measured concentration of thorium-232 was
3.4 x 10”9 uci/ml (3.4 pCi/L); for radium-226 it was
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3.8 x 10”2 uci/ml (3.8 pCi/L). These thorium-232 and radium-226
levels were both measured in well 4A, which was dry during three of
the four sampling attempts in 1989. The highest annual averages
for thorium-232 and radium-226 in a well sampled all four quarters
are 5 x 10710 pci/ml (9.5 pci/L) and 1.6 x 1072 uci/ml (1.6 pci/L),
‘respectively. These levels are similar to those found in
background wells. All groundwater radionuclide measurements are
within DOE derived concentration guidelines.

Chemical analyses of w2ll water show a total of 18 organic
pollutants at relatively low concentrations. Groundwater at MISS
is‘chemically of poor quality but is typical of groundwater
underlying areas with a long history of industrial use.

The highest annual average concentrations of total uraniunm,
radium-226, and thorium-232 in sediments (Subsection 3.5) were
1.7 pCi/g, 0.6 pCi/g, and 0.3 pCi/g, respectively. Currently there
are no DOE derived concentration guidelines for radionuclides in
sediment. Measured against soil guidelines, radionuclides in MISS
sediments are within limits.

Calculations were made of the radiological dose received by a
hypothetical maximally exposed individual (Subsection 3.6.1). This
hypothetical individual is one who is assumed to be adjacent to the
site and who, when all potential routes of exposure are considered,
receives the greatest dose. Exposure to external gamma radiation
was the only exposure pathway quantified because it is the only
feasibly significant pathway. The maximum exposure this individual
would receive is less than 1 mrem/yr above background. This
exposure is less than 1 percent of the DOE radiation protection
standard.

The cumulative dose to the population within an 80-km (50-mi)
radius of MISS that results from radioactive materials present at
the site is indistinguishable from the dose that the same
population receives from naturally occurring radioactive sources.

Results of the 1989 monitoring show that MISS is in compliance
with the DOE radiation protection standard.
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3.0 DATA COLLECTION, ANALYSIS, AND EVALUATION

This section provides the results of 1989 environmental
monitoring at MISS and includes descriptions of the sampling,
monitoring, and analytical procedures. Calculations were made to
determine the estimated maximum possible radiation dose based on
environmental conditions, measurements recorded, and evaluation of
potential exposure pathways.

Data are presented in summary tables that include number of
data points collected, and minimum, maximum, and average values.
Individual sources of error (e.g., analytical error or sampling
error) were not estimated. The "less than" notation (<) is used to
denote specific sample analysis results that are below the limit of
sensitivity of the analytical method, based on a statistical
analysis of parameters. When computing annual averages, quarterly
values reported as less than a given limit of sensitivity
(detection limit) are considered equal to that limit of
sensitivity. 1In previous environmental monitoring reports, when
two or more such values were involved in calculating an annual
average, the reported value carried the "less than" notation. This
year, because limits of sensitivity varied from quarter to quarter,
an increasing number of results are at or bzlow the limit of
sensitivity, and because data error terms are not reported, a more
conservative method of computing annual averages is being employed.
Annual averages carry the "less than" notation only if all of the
guarterly values involved in the calculation were less than the
limit of sensitivity.

During 1989, the routine environmental monitoring program for
MISS included measurement of radon, thoron, and external gamma
radiation levels, and sampling of surface water, sediments, and
groundwater monitoring wells.

Tables 3-10 through 3-13 show radon and thoron concentrations,
external gamma radiation levels, and radionuclide concentrations in
surface water and groundwater at MIsS. These tabkhle$ list annual
averages for each monitoring location for 1985 through 1989 to
allow for comparisons of data and identification of trends in
monitoring results (see Subsection 3.7).
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3.1 RADON MONITORING

Two forms of radon are present at MISS. The more common form,
radon-222, is part of the natural uranium decay chain. The other
form, radon-220, is part of the natural thorium decay chain. To
distinguish between these two forms of radon, the term thoron (the
common name for radon-220) is used in this report.

Radon detectors are maintained on site near the storage pile
and at approximately equal intervals along the site perimeter. One
of the detectors is designated for gquality control. The locations
of the radon monitors are shown in Figure 3-1.

Radon and thoron concentrations are determined using monitors
purchased from the Terradex Corporation. These devices (Terradex
Type F and Type M Track-Etch) consist of an alpha-sensitive film
contained in a small plastic cup covered by a membrane through
which radon and/or thoron can diffuse. The type of membrane used
is dictated by the analyte desired. Radon and/or thoron will
diffuse through the membrane (in or out of the cup) when a
concentration gradient exists; therefore, they will equilibrate
with radon and/or thoron in the outside air. Alpha particles from
the radioactive decay of radon and/or thoron and their daughters in
the cup create tiny tracks when they collide with the film. When
returned to Terradex for processing, the films are placed in a
caustic etching solution to enlarge the tracks. Under strong
magnification, the tracks can be counted. The number of tracks per
unit area (i.e., tracks/mm?) is related through calibration to the
concentration of thoron and/or radon in air. Fresh Track-Etch
monitors are obtained from Terradex each quarter. Site personnel
place these units in each sampling station and return the exposed
monitors to Terradex for analysis.

Table 3~1 lists thoron and radon concentrations (including
background) recorded at MISS in 1989. Annual average
concentrations of thoron ranged from 1 x 10710 to 7.3 x 1072 uci/ml
(0.1 to 7.3 pCi/L). The average background concentration, as
measured over three locations, was below the limit of sensitivity
[1 x 10-10 yci/ml (0.1 pCi/L)]. Annual average concentrations of
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TABLE 3-1

(continued)
Page 2 of 2

Arocations of sampling stations are shown in Figure 3-1.
b1 x 1079 uci/ml is equivalent to 1 pCi/L.

CAll results include background.

dgtation 13 is a quality control for station 1.

@Located at the Department of Health, Paterson, NJ, approximately
23 km (14 mi) west of MISS.

flocated at the Rochelle Park Fire Department, Rochelle Park, NJ,

approximately 0.8 km (0.5 mi) south of MISS. Established in
January 1989.

9pata available only for last three quarters.

hlocated at the Rochelle Park Post Office, Rochelle Park, NJ,

approximately 0.8 km (0.5 mi) south of MISS. Established in
January 1989.

ipata available only last two quarters.
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radon ranged from 4 x 10710 to 1.0 x 1079 uci/ml (0.4 pCi/L to
1.0 pci/L). The 1989 background radon concentration, averaged from
three locations, was 4 x 10~10 uci/ml (0.4 pci/L).

Radon and thoron levels were highest at station 5, reflecting
its proximity to the storage pile and the prevailing wind
directions at MISS (see Figures 1-4 and 3-1). Except for
station &, thoron levels were at or near background and radon
levels were essentially equal to background. For a comparison of
radon and thoron concentrations measured at MISS from 1985-1989,
see Subsection 3.7.1.

3.2 EXTERNAL GAMMA RADIATION

External gamma radiation levels were measured at 12 monitoring
stations. Sampling locations (shown in Figure 3-1) were selected
to monitor radiation levels at the site boundary and in the area
adjacent to the contaminated storage pile.

External gamma radiation levels are measured using lithium
fluoride thermoluminescent dosimeters (TLDs). Since 1988, the
measurement system has utilized tissue-equivalent dosimeters to
provide values that are more realistic in terms of radiation dose
to tissues of the body at a depth of 1 cm (0.4 in.). Each
monitoring station contains a minimum of four dosimeters, which are
axchanged after approximately one year of accumulated exposure.

For example, a dosimeter placed in a station in October 1988 would
be removed in October 1989 and replaced with a new dosimeter. Each
dosimeter contains five individual lithium fluoride chips (each
group of five chips is preselected on the basis of having a
reproducibility of +3 percent across a series of laboratory
exposures), the responses of which are averaged. Analysis is
performed by Thermo Analytical/Eberline (TMA/E). The average value
is then corrected for the shielding effect of the shelter housing
(approximately 8 percent). The corrected value is then converted
to millirem per year by dividing by the number of days of exposure
and subsquently multiplying by 365 days.
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Because the current measurement system allows for dosimeter
detection intervals of approximately a year versus the 3-month
interval previously used, the ourrent system is more sensitive to
low radiation levels. Although the tissue-equivalent TLDs used are
"gtate~of-the-art," one should keep in mind when examining the
external gamma radiation results that the dosimeter accuracy is
approximdtely 10 percent at levels from 100 mrem/yr to 1 rem/yr
and izsvbercent at radiation levels around 70 mrem/yr. Therefore,
some stétions that previously demonstrated no measurable external
gamma radiation value in excess of background now exhibit a small
measurable value. Similarly, at other stations values are higher
or lower because of the improved method of measurement, not because
of deterloration of site conditions or remedial action.

Monitoring results for external gamma radiation are presented
in Table 3-2. For each gquarter, an average of the measured
background levels was subtracted from the site boundary
measurements to provide an estimate of radiation levels resulting
from residual materials at the site. Of the seven stations (on the’
northern and western boundaries of the site) to which members of
the public might have access, but which have no significant
occupancy factor, the highest average external gamma radiation
level (173 mrem/yr) was recorded at station 10 (near Route 17), an
area known to be contaminated before DOE acquired the property
(Ref. 3).

In April 1988, two additional background monitoring stations
were established at the Rochelle Park Fire Station and the Rochelle
Park Post Office. Because of the measurement system operating
parameters, data from the new sites were not available for the
first quarter of 1989. The background value for first quarter came
solely from station 14 (Department of Health, Paterson). Data for
the other quarters were obtained from all three background sites.

The background external gamma radiation value for a given
location is not a constant. Because the background value is a
combination of both natural terrestrial sources and cosmic
radiation sources, factors such as the location of the detector in
relation to surface rock outcrops, stone or concrete structures, or
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TABLE 3-2
EXTERNAL GAMMA RADIATION LEVELS AT MISS, 1989

Sampling Number of __Radjation Level (mrem/yr)P
Station Measurements Minimum Max imum Average
Fenceline
3 4 18 41 29
4 4 87 140 112
5 4 130 175 154
7 4 - 23 13
8 4 3 15 9
9 3 9 24 17
10¢ 4 146 230 173
11 4 25 53 35
12 4 73 117 90
on Site
1 4 21 42 28
2 4 27 43 35
6 4 17 1.02 68
139 4 13 42 27
Background
14€ 4 53 80 63
18f 39 59 70 64
19h 39 50 60 56

8Locations of sampling stations are shown in Figure 3-1.

bMeasured background radiation has been subtracted from
external gamma radiation levels measured at the site
boundary and at on-site locations.

“station 10 is in an area of known contamination (Ref. 3).

dstation 13 is a quality control for station 1.

®station 14 is located at the Department of Health, Paterson, NJ,
approximately 22.5 km (14 mi) west of MISS.

fstation 18 is located at the Rochelle Park Fire Department,
Rochelle Park, NJ, approximately 0.8 km (0.5 mi) south of MISS.
Established in April 1988.

9Because sampling parameters dictate that a station be in place
for a full year before sampling, the station was not ready to
be sampled until second quarter.

Nstation 19 is located at the Rochelle Park Post Office, Rochelle
Park, NJ, approximately 0.8 km (0.5 mi) south of MISS.
Established in April 1988.
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highly mineralized soill can affect the value measured. Independent
of the placement of the detector are the factors of site altitude,
annual barometric pressure cycles, and the occurrence and frequency
of solar flare activity (Ref. 18).

Because of these factors, the background radiation level is not
constant from one location to another even over a short time. Thus
i1t is not abnormal for stations at the boundary of a site to have
an external gamma radiation value less than the background level
measured some distance from the site.

For comparisons of external gamma radiation levels measured
from 1985 through 1989, see Subsection 3.7.2.

3.3 SURFACE WATER SAMPLING

During 1989, quarterly sampling was performed to determine the
concentrations of total uranium, thorium-232, and radium=-226 in
surface water at both on-site and off-site locations (Figure 3-2).

Ssurface water sampling locations were established on the Saddle
River (location 1) and on Westerley Brook (locations 2, 3, and 4).
Location 4 was formerly accessible by way of a manhole that is now
welded shut. Locations 5 and 6 were established on the Ballod
property west of MISS.

Because no standing water was present at locations 5 and 6
during 1989 quarterly sampling, no surface water samples could be
obtained from these locations. Surface water collection locations
were selected based on migration potential and discharge routes
from the site. Because surface water runoff from the site
discharges via underground Westerley Brook, samples were collected
both upstream (location 3) and downstream (locations 1 and 2) of
the site.

For each location, nominal 1-L (0.26-gal) grab samples were
collected to fill a 3.8-L (1.0-gal) container. The samples were
analyzed by TMA/E for total uranium, thorium-232, and radium-226.
The concentration of total uranium was determined by a fluorometric
method. Radium-226 concentrations in water were determined by
radon emanation. (This method consists of precipitating radium as
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a sulfate and transferring the treated sulfate to a radon bubbler,
where radon-222 is allowed to come to equilibrium with its
radium-226 parent. The radon-222 gas is then withdrawn into a
scintillation cell and counted by'the gross alpha technique. The
quantity of radon-222 detected in this manner is directly
proportional to the quantity of radium-226 originally present in
the sample.) Thorium-232 was eluted in solution, electrodeposited
on stainless steel discs, and counted by alpha spectrometry.

Analytical results are presented in Table 3-3. Thé annual
average concentration of total uranium in surface water was
<5.0 x 10”92 uci/ml (<5.0 pCi/L) at all three locations available
for sampling. The annual average concentrations of radium-226 in
surface water ranged from 3 to 4 x 10710 uci/ml (0.3 to 0.4 pCi/L).
Annual average thorium-232 concentrations in all cases were less
than or equal to the limit of sensitivity of the analytical method,
which is 1 x 10719 gci/ml (0.1 pCi/L). Thorium-232, total uranium,
and radium-226 concentrations were all very low and were the same
upstream as downstream.

For a comparison of radionuclide concentrations measured in
surface water from 1985 through 1989, see Subsection 3.7.3.

3.4 GROUNDWATER SAMPLING

During 1989, groundwater samples were collected quarterly from
18 on-site and off-site wells at 12 locations (see Figure 1~7).
Monitoring wells designated "A" or "S" are installed in the upper
groundwater system and range in depth from 2.4 to 7.0 m (8 to
23 ft) below ground; "B" or "D" wells extend into the Brunswick
formation of the bedrock groundwater system and range in depth from
11.1 to 17.8 m (36.3 to 58.5 ft) below ground. Groundwater flows
generally from east to west in both the upper and bedrock systems;
therefore, wells MISS-2A, MISS-2B, B38W0l1lS, and B38W02D are being
used to represent groundwater quality that is probably free of
influence from the waste storage pile (the latter two are off

foh)

site). All other wells are duowngradient monitoring locations, an
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TABLE 3-3
CONCENTRATIONS OF TOTAL URANIUM, RADIUM-226,
AND THORIUM-232 IN SURFACE WATER AT MISS, 1989

Sampling Number of Concentration (1079 4ci/m1)c/d

Location? SamplesP Minimum Maximum Average

Total Uranium

1 3 <5.0 <5.0 <5.0

2 3 <5.0 <5.0 <5.0

3 3 <5.0 <5.0 <5.0
Radium-226

1 3 0.2 0.5 0.3

2 3 0.3 0.4 0.3

3 3 0.3 0.5 0.4
Thorium=-232

1 3 <0.1 0.1 0.1

2 3 <0.1 <0.1 <0.1

3 3 <0.1 <0.1 <0.1

dsampling locations are shown in Figure 3-2. Location 3 is
upstream of MISS and represents background. No water was
available at sampling locations 5 and 6. Location 4 is no
longer accessible.

bSampling was inadvertently omitted in the fourth quarter.

CAll results include background.

d1 x 109 uCi/ml is equivalent to 1 pCi/L.
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is located near the southwest corner of the contaminated area (see
Figure 1-6). Wells MISS-1A, -5A, -5A-1, and -7A were dry during
all sampling periods. Well locations were selected on the basis of
available geohydrological data.

After the wells had been bailed dry and allowed to recover or
three casing volumes had been removed, grab samples were collected
and analyzed by TMA/E for total uranium, thorium-232, and
radium-226 by the same methods described in Subsection 3.3. 1In
addition, groundwater samples were taken quarterly and analyzed
for total organic carbon (TOC), total organic halides (TOX), PpH,
and specific conductance. Groundwater samples were taken during a
single quarter and were analyzed for volatile organics,
base/neutral and acid extractable (BNAE) compounds, pesticides, and
polychlorinated biphenyls (PCBs).

3.4.1 Radiological

Analytical resulté are presented in Tables 3-4, 3-5, and 3-6.
Annual average total uranium concentrations ranged from 8 x 1010
to 8 x 10”9 uci/ml (0.8 to 8.0 pCi/L). Average thorium-232
concentrations ranged from <2 x 10710 to 3.4 x 107° uCi/ml (<0.2 to
3.4 pCi/L). The highest "average" thorium-232 concentration (found

in well MISS-4A) is actually only one measurement and, therefore,
is not a good representation of average levels in that well.
Average radium-226 concentrations ranged from 7 x 10710 to
3.8 x 1079 uci/ml (0.7 to 3.8 pCi/L). These radionuclide levels
are low and are within DOE derived concentration guidelines. For a
comparison of radionuclide concentrations measured in groundwater
at MISS from 1985 through 1989, see Subsection 3.7.4.

3.4.2 Chenical
Groundwater samples from MISS were analyzed quarterly for
the indicator parameters. Specific conductance and pH measure

changes in the inorganic composition of the groundwater. Acidity
or basicity of water is expressed as pH. A change in pH affects
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TABLE 3-4
CONCENTRATIONS OF TOTAL URANIUM IN GROUNDWATER AT MISS, 1989

Sampling Number of Concentration (1079 uci/m1)P
Location® ‘Samples Minimum Maximum Average
MISS-1B 4 1,7 3.3 2.2
- MISS-3A 4 0.7 1.9 1.2
MISS-3B 4 <0.6 0.9 0.8
MISS-4A 1€ - - 5.5
MISS-4B 4 0.6 1.3 1.0
MISS-5B 4 <0.6 3.1 1.5
MISS-6A a3d 5.5 10.1 8.0
MISS-6B 4 0.8 1.5 1.2
MISS-7B 4 5.2 8.5 7.0
B38W145S€ af 2.9 3.4 3.2
B38W14D® 3f 0.8 7.0 4.1
B38W15S€ 3t 2.5 2.8 2.6
B38W15D€ af 1.3 7.7 4.8
B38W18D® 3f 2.5 7.0 4.8

Background

MISS-2A 4 1 3.1 2.1
MISS-2B 4 0.7 1.4 1.0
B38W04B 4 0.6 1.4 0.9
B38W01s® 4 1.3 2.9 2.0
B38W02D® 4 1.4 3.7 2.2

aSampling locations are shown in Figure 1-7. Wells MISS-1A,
MISS-5A, MISS-5A-1, and MISS-7A were dry during all sampling
periods and are therefore not listed.

bl x 10~92 uci/ml is equivalent to 1 pCi/L.

CWell was dry in the first, second; and fourth quarters.
dywell was dry in the first quarter.

€Installed in late 1988.

fNot sampled during first quarter.
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TABLE 3~5
CONCENTRATIONS OF THORIUM-232 IN GROUNDWATER AT MISS, 1989

Sampling Number of Concentration (1079 wci/m1)®
Location® Samples Minimum Maximum Average
MISS-1B 4 <0.2 <0.4 <0.3
MISS-3A 4 <0.2 0.9 0.5
MISS-3B 4 <0.2 <0.3 <0.2
MISS-4A 1€ - - 3.4
MISS-4B 4 <0.2 0.3 <0.2
MISS-5B 4 <0.2 <0.4 <0.3
MISS-6A 3d <0.3 0.7 0.5
MISS-6B 4 <0.2 <0.2 <0.2
MISS-7B 4 <0.2 <0.2 <0.2
B38W145© 3f 0.4 0.5 0.4
B38W14D®€ 3f <0.2 0.3 0.3
B38W158€ 3f 0.3 0.9 0.5
B38W15D® 3f <0.2 0.2 <0.2
B38W18D® 3f <0.2 0.3 0.3
Background

MISS-2A 4 0.1 0.7 0.5
MISS-2B 4 <0.2 0.5 0.3
B38W04B 4 <0.2 <0.2 <0.2
B38W01S€ 4 <0.2 0.3 0.2
B38W02D€ 4 0.2 0.4 0.3

‘ aSampling locations are shown in Figure 1-7. Wells MISS-1A,
MISS-5A, MISS-5A-1, and MISS-7A were dry during all sampling
periods and are therefore not listed.

b1 x 10792 uci/ml is equivalent to 1 pCi/L.

CWwell was dry in the first, second, and fourth quarters.

dWell was dry in the first quarter.

eInstalled in late 1988.

fNot sampled during first quarter.
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TABLE 3-6
CONCENTRATIONS OF RADIUM-226 IN GROUNDWATER AT MISS, 1989

Sampling Number of Concentration (1072 uci/m1\P
Location? Samples Minimum Maximum Average
MISS-1B 4 1.1 1.7 1.4
MISS-3A 4 0.9 2.1 1.6
MISS-3B 4 0.7 1.3 1.0
MISS-4A 1€ - - 3.8
MISS-4B 4 0.8 1.9 1.3
MISS~5B 4 0.8 1.1 1.0
MISS-6A 3d 1.1 1.5 1.3
MISS-6B 4 0.6 1.2 0.9
MISS-7B 4 0.5 1.2 0.8
B38W145© af 0.8 1.1 1.0
B38W14D® 3f 0.7 1.2 1.0
B38W155€ af 0.9 1.5 1.2
B38W15D€ 3f 0.6 0.8 0.7
B38W18D® 3f 0.4 1.0 0.7
Background

MISS-2A 4 0.4 2.0 1.3
MISS-2B 4 0.8 1.5 1.0
B38W04B 4 0.5 1.7 1.2
B38WO1Ss® 4 0.6 1.8 1.1
B38W02D€ 4 0.6 1.1 0.9

aSampling locations are shown in Figure 1-7. Wells MISS-1Aa,
MISS-5A, MISS-5A-1, and MISS-7A were dry during all sampling
periods and are therefore not listed.

b1 x 1072 uci/ml is equivalent to 1 pCi/L.

Cwell was dry in the first, second, and fourth quarters.

dwell was dry in the first quarter.

€Installed in late 1988.

fNot sampled during first quarter.
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the solubility and mobility of chemical contaminants in
groundwater. Specific conductance measures the capacity of water
to conduct an electrical current. Generally, conductivity
increases with an elevated concentration of dissolved solids.
Waters with high salinities or high total dissolved solids exhibit:
high conductivities.

Groundwater is analyzed for TOC and TOX to determine organic
content. TOC measures the total organic carbon content of water
but is not specific to a given contaminant. TOX measures organic
compounds containing halogens; many pollutants contain halogenated
hydrocarbons, which are organic compounds containing fluorine,
chlorine, bromine, and iodine.

As shown in Table 3-7, TOC and TOX levels across the site
varied from below detection limits to 126 mg/L and 480 ug/L,
respectively. Specific conductance ranged from 237 to
13,000 umhos/cm, and pH ranged from 5.8 to 12.0.

Analytical results of chemical indicator parameters show that
the groundwater at MISS is generally of poor quality, which is
typical of groundwater in industrial/urban areas.

Analyses are performed annually for New Jersey priority
pollutants. Table 3-7 lists results for chemical contaminants
detected in groundwater at MISS. Although the presence of these
conitaminants would not be expected in pristine groundwater, their
occurrence at trace levels is not unusual in groundwater underlying
areas with a long history of industrial use. The overall low
groundwater quality of the area is exemplified by the analytical
results for the upgradient wells 2A, 2B, and B38W01S. Numerous
other chemical contaminants for which analyses were completed were
not detected in any of the groundwater samples (see Table 3-8). No
pesticides or PCBs were detected in MISS groundwater in 1989.

3.5 SEDIMENT SAMPLING
Sediment samples that consisted of composites weighing

approximately 500 g (1.1 1lb) were obtained at surface water
sampling locations where sediment was present (see Figure 3-2).
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CHEMICAL CONTAMINANTS NOT DETECTED

TABLE 3-8

IN GROUNDWATER AY MISS, 1989

Acetone

Acrolein

Acrylonitrile

Bromoform

Carbon tetrachloride
Chiorobenzene
Chlorodibromomethane
Chloroethane
2-chloroethyl vinyl ether
Dichlorobromomethane
1,2-dichloroethane
1,2-dichloropropane
1,3-dichloropropene
Methyl bromide

Methyl chloride

Methylene chloride

Total rylenes

Styrene
1,1,2,2-tetrachloroethane
Trichlorofluoromethane
1,1,2-trichloroethane
Anthracene

Acenaphthene
Acenaphthylene
Benzo(a)anthracene
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(g,h,i)perylene
Benzyl alcohol

Benzoic acid
Bis(2-chloroethoxy)methane
Bis(2-chloroisopropyljether
Bis(2-ethylhexyl)phthalate

4-bromophenyl phenyl eother
Butylbenzyl phthalate
2-chloronaphthalene
4-chlorophenyl phenyl ether
4-chloroaniline
b«chloro-3-methylphenol
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran

Di-n-butyl phthalate
Di-n-ooctyl phthalate
1,2-dichlorobenzene
1,3-dlichlorobenzene
1,4-dichlorobenzene
3,3-dichlorobenzidine
Diethyl phthalate

Dimethyl phthalate
2,4-dinftrotoluene
2,6-dinitrotoluene
4,6-dinftro-2-methylphenol
Fluoranthene

Fluorene

Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Hexachlorocyclopentadiene
Indeno(1,2,3-cd)pyrene
Isophorone

2-methylphenol
b-methylphenol
Nitrobenzene
2-nitroaniline
J-nitroaniline
4-nitroaniline
N-nitroso-di-n-propylamine
Phenanthrene

Pyrene
2-chlorophenol
2,4-dichlorophanol
2,4+dimethylphenol
2,4-dinftrophenol
2-nitrophenol
b-nitrophenol
Pentachlorophenol

2,4,5-trichlorophenol
2,4,6-trichlorophenol

Aldrin

BHC, alpha

BHC, beta

BHC, gamma

BHC, delta
Alpha chlordane
Beta chlordane
Dieldrin
Endosulfan, 1
Endosulfan, Il
Endosul fan sulfate
Endrin

Endrin ketone
Heptachlor
Heptachlor epoxide
4,40-0D7
4,4'-DDE
4,4'-DDD
Methoxychlor
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Toxaphene
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The rationale for selection of the individual sampling locations is
given in Subsection 3.3. Samples were analyzed by TMA/E for
isotopic uranium, radium-226, and thorium=-232. The concentrations
of isotopic uranium and thorium-232 were determined by alpha
spectrometry after the uranium and thorium-232 had been leached,
extracted, and electroplated on metal substrates. Radium-226
concentrations were determined by the radon emanation method
described in Subsection 3.3.

Isotoplic uranium concentrations in sediment were summed to
estimate the total uranium concentrations shown in Table 3-9.
Results for total uranium showed concentrations ranging from 0.8 to
1.7 pCi/g.

Analytical results for radium-226 (based on dry welght)

(Table 3~9) showed concentrations ranging from 0.3 to 0.6 pci/g.
Results for thorium-232 (based on dry welght) are also presented in
Table 3-9. The average annual concentration of thorium-232 was

0.3 pCli/g for all sites sampled. All of the radionuclide
concentrations measured in sediment are within the DOE guidelines
for soils. (DOE does not currently have guidelines for
radiocactivity levels in sediments.)

3.6 RADIATION DOSE

To assess the potential health effects of the radioactive
materials stored at MISS, radiological exposure pathways were
evaluated to calculate the dose to a hypothetical maximally exposed
individual. This individual is one who is assumed to be adjacent
to the site and who, when all potential routes of exposure are
congidered, receives the greatest dose. An evaluation of potential
pathways (exposure to external gamma radiation, ingestion of water,
and inhalation of radon) indicates that external gamma radiation is
the only feasibly significant exposure mode.

The dose from ingesting groundwater or surface water from
sources at MISS was not calculated because it was considered
improbable that ingestion of this water would occur. The MISS is
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TABLE 3-9
CONCENTRATIONS OF RADIUM-226, THORIUM=232, AND TOTAL URANIUM
IN SEDIMENT IN THE VICINITY OF MISS, 1989

Sampling Number of

Location® Samples Minimum Maximum Average
Radium-226
1 ab 0.3 0.8 0.5
2 3g o 0.3 0.6 0.4
3 271 0.4 0.7 0.6
-23
1 3b <0.1 0.5 0.3
2 3gc <0.1 0.5 0.3
3 221 <0.1 0.4 0.3
Total Uranium
1 3b 0.6 2.4 1.5
2 3{3 o 0.6 0.9 0.8
3 21 1.6 1.8 1.7

8sampling locations are shown in Figure 3-2. TLocation 3 is
upstream of MISS and represents background. No sediment
was avallable at sampling locations 5 and 6. Location 4 is
no longer accessible.

bgampling routine was inadvertently omitted during fourth
quarter.

CLocation was frozen during the first quarter.



fenced and locked and security is maintained, so a member of the
public could only consume water on the site by trespassing on the
property. Furthermore, the trespasser would have to be equipped
with a means of removing the well cap (which is locked) and of
extracting the groundwater, such as a bailer or pump.

Except for station 5, radon concentrations measured at the MISS
boundary were within the normal variations associated with
background measurements. Given the amount of time that the

- hypothetical maximally exposed individual would spend near the

boundary (and in particular station 5, which borders the railroad
tracks), the dose from radon inhalation would be indistinguishable
from that received from background concentrations. Consequently,
this pathway would not contribute additional dose to the
hypothetical maximally exposed individual and was not considered in
the dose calculations presented in Subsection 3.6.1. Measured
radon and thoron concentrations are discussed fully in

Subsection 3.1.

3.6.1 Dos? to the Maximally Exposed Individual

To identify the maximally exposed individual in the vicinity of
MISS who would receive the highest dose from on-site radioactive
materials, the dose from exposﬁre to external gamma radiation was
calculated at various monitoring locations that could be accessible
to the public. These doses were then reviewed with regard to land
use and occupancy factors for areas adjacent to the monitoring
points. ‘

Residents of homes on Central Avenue north of the site boundary
would receive exposures equivalent to background for the area
because of the distance of these homes from the sits. The highest
annual average external gamma radiation levels at the MISS boundary
in 1989 were measured along the western side of the site, with an
average value of 79 mrem/yr at monitoring locations 9 through 12.
Therefore, the highest overall exposure from external gamma
radiation would be received by an individual walking at a speed

= o
5 kr/h (3 mph) along the western boundary of the site twice a day

F
i

4
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365 days/yr, spending 8 min/day (50 h/yr) in the area. This
maximally exposed individual would receive an exposure of less than
1 mrem/yr above background. This scenario is, however, highly
conservative because it is unlikely that any individual would spend
so much time at this location. This exposure is equivalent to less
than 1 percent of the DOE radiation protection standard of

100 mrem/yr and is less than the exposure a person receives during
a flight between New York and Los Angeles through the increased
cosmic radiation present at higher altitudes.

3.6.2 Dose to the Population in the Vicinity of MISS

The dose to the population represents the conceptual cumulative
radiation dose to all residents within an 80-km (50-mi) radius of a
given site. This calculated dose includes contributions from all
potential pathways. For MISS, these pathways are direct exposure
to gamma radiation and inhalation of radon and thoron.

The contribution to the population dose made by gamma
radiation, radon, and thoron from on-site radioactive materials is
too small to be measured; gamma radiation levels decrease rapidly
as distance from the source of contamination increases. Similarly,
radon and thoron are known to dissipate rapidly with distance from
a source (Ref., 19).

On the basis of radionuclide concentrations measured in water
leaving the site, it also appears that there is no predictable
pathway by which ingestion of water could result in a significant
dose to the population. As water migrates farther from the source,
radionuclide concentrations are further reduced, thereby lowering
potential doses to even less significant levels.

The cumulative dose to the population within an 80-km (50-mi)
radius of MISS that results from radiocactive materials present at
the site is indistinguishable from the dose the same population
receives from naturally occurring radioactive sources.
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3.7 TRENDS

The environmental monitoring program at MISS was established to
allow an annual assessment of the environmental conditions at the
site, provide a historical record for comparisons from year to
year, and permit detection of trends over time. 1In the following
subsections, 1989 annual averages for each monitoring location for
radon and thoron, external gamma radiation, and uranium,
radium-226, and thorium-232 in surface water and groundwater are
compared with results for 1985 through 1988. As the environmental
monitoring program continues at MISS and more data are collected,
comparisons and analyses of trends will become more valid.

3.7.1 Radon and Thoron

Table 3-10 lists annual average concentrations of radon and
thoron for each monitored location for the period 1985 through
1989. Elevated concentrations can be seen at location 5 (see
Figure 3-1), which is near an area of known ccntamination that is
scheduled for remedial action. Disturbances of the surface soil
cover near this location during characterization activities in
1986 may be responsible for the rise in radon levels that began in
1986 and continued, with some climatic moderation, in 1987.

3.7.2 External Gamma Radiation

As shown in Table 3-11, axternal gamma radiation levels
remained relatively unchanged from 1988 to 1989. Levels at
station 10 have dropped in the last two years, possibly because
ciean fill shielding was emplaced in the vicinity in August 1987.

3.7.3 Surface Water

Concentrations of uranium, radium-226, and thorium-232 in
surface water remain stable and essentially equal to the upstream
concentrations at MISS. As shown in Table 3-12, little change has
occurred in these levels since 1985.
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1987 1988 1989

Concentration (10'9_uCi/ml)c’d
1986

TABLE 3-10
ANNUAL AVERAGE CONCENTRATIONS OF THORON AND RADON

AT MISS, 1985-19892

1985

g

Page 1 of 2
Samplin
Station

Thordn Rn-220

5544376314231
0000700000000

4524403125461
0001610000000

NOTANOODSTAO AN

. . . * s s . . . . . o

COoOO0OO0OONHO0O0O0OxITOAO

<

2

5635203027229
0000310002012

0]
AN IOV~ ANM
A

<0.01 <0,
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Background
189
19h

Radon (Rn=-222)

4449066466585
0000100000000
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0001710001010
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0111910006121

3234522324223
0000000000000

)

HANOOFIODOV~TONO-HANM
~

60

Background
14f
189
18h




TABLE 3-10
(continued)
Page 2 of 2

85ources for 1985-1988 data are the annual site environmental
reports for those years (Refs. 14-17).

bLocations of sampling stations are shown in Figure 3-1.

€ x 107°

d

uCi/ml is equivalent to 1 pCi/L.
All results include background.
€station 13 is a quality control for station 1.

fBackground detector located at the Department of Health,
Paterson, NJ, approximately 22 km (14 mi) west of MISS.

dBackground detector located at the Rochelle Park Fire Station,
Rochelle Park, NJ, approximately 0.8 km (0.5 mi) south of
MISS. Established in January 1989.

hBackground detector located at the Rochelle Park Post Office,

Rochelle Park, NJ, approximately 0.8 km (0.5 mi) south of MISS.
Established in January 1989.
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TABLE 3-11
ANNUAL AVERAGE EXTERNAL GAMMA RADIATION LEVELS
AT MISS, 1985-1989°%

sampling ' Radiation Level (mrem/yr)°c
station 1985 1986 1987 1988 1989
Boundary
3 27 38 29 21 29
4 130 91 69 109 112
5 272 172 121 186 154
6 106 83 67 85 68
7 15 24 36 16 13
8 15 18 37 30 9
9 d 38 23 39 32 17
10 627 496 521 317 173
11 57 50 61 59 35
12 180 88 79 106 90
on Site
1 48 41 36 40 28
2 e 50 51 43 52 35
13 46 35 33 39 27

Background
£

14 108 63 58 78 63
189 -- -— -- -- 64
18h - - - -- 56

d5ources for 1985-1988 data are the annual site environmental
breports for those years (Refs. 14-17).

Locations of sampling stations are shown in Figure 3-1.
Measured background has been subtracted at on-site and
dboundary locations.
eStation 10 is in an area of known contamination (Ref. 3).
fStation 13 is a quality control for station 1.

Located at the Department of Health, Paterson, NJ,

approximately 22 km (14 mi) west of MISS.
dlLocated at the Rochelle Park Fire Station, Rochelle Park, NJ,

approximately 0.8 km (0.5 mi) south of MISS. Established in

April 1988.

NIocated at the Rochelle Park Post Office, Rochelle Park, NJ,
approximately 0.8 km (0.5 mi) south of MISS. Established

in April 1988,
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TABLE 3-12
ANNUAL AVERAGE CONCENTRATIONS OF TOTAL URANIUM,
RADIUM-226, AND THORIUM-232 IN SURFACE WATER
AT MISS, 1985-19892

Samplingb Concentration (1072 ucijmllé’
Location 1985 1986 1987 1988 1989
Total Uranium
1 <3.0 <3.0 <3.0 3.0 <5,0
2e <3.0 <3.0 <3.0 4.3 <5.,0
3 ‘ <3.0 <3.0 <3.0 3.8 <5.0
Radium-226
1 0.2 0.4 0.4 0.4 0.3
2e 0.4 0.4 0.2 0.3 0.3
3 0.4 0.6 0.3 0.3 0.4
Thorium=-232
1 0.2 <0.1 <0.1l <0.1 0.1
ze 0.1 0.1 <0.1 <0.1 <0.1
3 0.1 0.1 <0.1 0.1 <0.1

8gources for 1985-1988 data are the annual site environmental
reports for those years (Refs. 14-17).

bSampling locations are shown in Figure 3-2. Locations 4, 5,

and 6 are not reported because there were no data.

€1 x 1077

d

uci/ml is equivalent to 1 pCi/L.
All results include background.

€Locaticn is upstream of MISS and represents background.
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3.7.4 Groundwater

Groundwater monitoring has been conducted at MISS since 1985.
Table 3-13 lists the anndal average concentrations of the three
radionuclides of primary concern at each monitoring well location.
Concentrations of total uranium, thorium-232, and radium=-226 have
remained stable since 1985.

Cenerally, slightly higher concentrations of uranium are found
in wells installed in the upper groundwater system within the site
boundary. These wells are located within the disturbed zone (see
Subsection 3.7.1) and capture primarily surface water percolating
through the topsoil (as opposed to groundwater in an aquifer).
Typically, these wells produce only limited quantities of water and
are often dry during periods when rainfall is minimal.

Uranium, thorium-232, and radium-226 concentrations in the
deeper wells that are drilled to bedrock to monitor the available
groundwater on the site have remained relatively constant
since 1985.
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TABLE 3-13
ANNUAL AVERAGE CONCENTRATIONS OF TOTAL URANIUM,
RADIUM-226, AND THORIUM-232 IN GROUNDWATER
AT MISS, 1985-19892

Page 1 of 3

sampling, : Concentratio ~9 4c
Location 1985 1986 1987 1988

1989

Total Uraniu

MIss-1a4 27.0 - - --
MISS-1B <3.0 1.6
MISS-3A <3.0 0.6
MISS-3B <3.0 0.3
MISs-4ad <3.0 - -
MISS-4B <3.0 0.5 2
MISs-5Ad 4 63.0 100.0 98.8 --
MISS-5A-1 - - - -
MISS-5B <3
MISS-6A 9.
MISS-6B 5
MIss-7ad - -- 1
MISS-7B 12.0 4.7

B3sw14st - -— - -
B38w14Df - -- - --
B3sw1sst - - - -—
B38w15DE -- -- - -
B3gw1sDE -- -- - -

Background

MISS-2i 3.0 0
MISS-2B 12.0 0

B38W04B¢ - - - 0.8
paswoist - - _— o
B38wo2Df - _— _— -

Radium-226

MIsSs-1ad
MISS-1B
MISS-3A
MISS-3B
MISS-4ad
MISS-4B
MISsS-5a9

OO0OO0ODOOO
N Wb Wb
oNeo o]
g oo
[oNeNeo]
(S B e W =

o O

[« Q-
o G

O o
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TABLE 3-13

(continued)
Page 2 of 3
Samplingb Concentration (10”7 uci/m1)C
Location 1985 1986 1987 1988 1989
Radium-226 (cont'd)
MIss-5A-14 - - -- - -
MISS-SB 013 002 013 0'7 1.0
MISS-6A 0.2 0.4 0.5 2.0 1.3
MISS-6B 0.4 0.5 0.3 0.7 0.9
MIss-7ad - - 0.1 - -
MISS"'?B 0-3 064 0-3 105 0.8
B3swi4st -- - - —-— 1.0
B38w14DE - -— - —-— 1.0
B38w1sst - -- - - 1.2
B38w1sDE -— - - - 0.7
B38w1sDE -- - - - 0.7
Bagkground
MISS-2A 0.4 0.5 0.4 1.0 1.3
MISS-2B 0.3 1.5 0.4 0.7 1.0
B38W04B° - - - 1.0 1.2
Baswolsf - - - -— 1.1
B38wo2Dpf - -- - - 0.9
Thorium=-232
MISs-1ad 0.1 - - - -
MISS-1B <0.1 <0.2 <0.3 <0.3 <0.3
MISS-3A <0.1 <0.2 <0.1 0.7 0.5
MISS-3B <0.2 <0.1 <0.2 <0.3 <0.2
MIsS-4ad <0.1 —— -— 1.6 3.4
MISS-4B <0.1 <0.1 <0.1 <0.2 <0.2
MISs-5ad <0.1 0.3 0.3 . --
MISS-5A-1d - —— - - -
MISS-5B <0.2 <0.1 <0.1 <0.2 <0.3
MISS-6A <0.2 0.1 0.3 <0.2 0.5
MISS-6B <0.3 <0.2 <0.1 0.3 <0.2
MISs-7ad - - <0.1 - -
MISS-7B <0.2 <0.2 <0.1 <0.3 <0.2
B3awiast - - -— - 0.4
B38w14DE - - - - 0.3
p3swisst - - - - 0.5
B3sw1sDE - - - - <0.2
B3swiapf - - - - 0.3
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TABLE 3-13

(continued)
Page 3 of 3
Sampling, Concentratio 0~? uci c
Location 1985 1986 1987 1988 1989
Thorjum-232 (cont'd)
Background
MISS-2A 0.3 <0.2 <0.1 0.4 0.5
MISS-2B <0.2 <0.2 <0.1 <0.3 0.3
B38W04BS - - - <0.2 <0.2
Baswoisf -— - - - 0.2
B38wo2pf - - -— - 0.3

agources for 1985-1988 data are the annual site
environmental reports for those years (Refs., 14-17).

bgampling locations are shown in Figure 1-7.

¢ x 1072

dshallow well to monitor groundwater in unconsolidated
material. These wells frequently do not contain water.

ucCi/ml is equivalent to 1 pCi/L.

®Located at Stepan Company, appfoximately 61 m (200 ft) east
of MISS wells 3A and 3B. Well was added to the monitoring
program in April 1988 to represent background.

frnstalled in late 1988.

(o)}
~l



4.0 RELATED ACTIVITIES AND SPECIAL STUDIES
4.1 RELATED ACTIVITIES

On December 30, 1989, the New Jersey Department of
Environmental Protection (NJDEP) sent notification to DOE that the
New Jersey Pollutant Discharge Elimination System permit for
groundwater discharge (permit No. NJ0054500) was no longer in
effect. NJDEP stated that the permit was issued primarily for the
construction of the interim storage piles. Because construction
had been accomplished to NJDEP satisfaction, the permit was no
longer required, As a result, the sampling and analysis parameters
previously followed to comply with specific permit conditions could
be modified at the discretion of DOE.

4.2 SPECIAL STUDIES

There were no special studies performed at MISS in 1989.
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QUALITY ASSURANCE

A comprehensive quality assurance (QA) program involving
sampling, data management, and analysis was maintained to ensure
that the data reported were representative of actual |
concentrations in the environment. The QA program meets the
requirements of DOE Order 5700.6B and ANSI/ASME NQA-1.

QA sampling requirements were ensured through the following:

e Samples at all locations collected using established
procedures ‘

¢ Sampling program design provided for spikes, trip blanks,
field blanks, and quality control (QC) duplicate sampling

e Chain-of-custody procedures implemented to maintain
traceability of samples and corresponding analytical
resgults

Data management QA was achieved through:

e Completion and recording of parameter-specific data review
checklists for each analysis report

¢+ Use of calculation sheets for constructing data tables and
documenting computations

¢ Double~checking of and concurrence on calculations
- By the originator ‘
- By an independent, equally qualified second party

System QA audits are conducted by BNI FUSRAP project QA
personnel to verify adherence with laboratory procedures and to
evaluate the appropriateness and effectiveness of the procedures.
Audit team leaders and auditors are trained and certified in
accordance with project procedures. Technical specialists
participate as auditors under the direction of the audit team
leader when warranted by the nature of the activities being

ared for each aundit conducted

Audit findings that require corrective action and followup are

A-1



documented, tracked, and resolved, as verified by the project QA
supervisor.

Routine radicanalyses for the FUSRAP Environmental Monitoring
Program were performed under subcontract by TMA/E, Albugquerque, New
Mexico. This 1aboratory maintained an internal quality assurance
program that involved routine calibration of counting instruments,
source and background counts, routine yield determinations of
radiochemical procedures, and replicate analyses to check
precision. The accuracy of radionuclide determination was
determined through the use of standards traceable to the National
Institute of Standards and Technology (NIST), when available. When
NIST standards were not available, standards from the New Brunswick
Laboratory were used. The laboratory also participated in the
Environmental Protection Agency's (EPA) Laboratory Intercomparison
Studies Program. In this program, samples of different
environmental media (water, milk, air filters, soil, foodstuffs,
and tissue ash) containing one or more radionuclides in known
amounts were prepared and distributed to the participating
laboratories. After the samples were analyzed, the results were
forwarded to EPA for comparison with known values and with the
results from other laboratories. This program enabled the
laboratory to regularly evaluate the accuracy of its analyses and
take corrective action if needed. Table A-1 summarizes results of
the EPA comparison studies for water samples. TMA/E has applied
and been accepted for readmission into the DOE Laboratory Quality
Assessment Program for Radioactive Materials, coordinated by the
DOE Environmental Laboratory, New York, New York.

Interlaboratory comparison of the tissue-equivalent TLD
results was provided by participation in the International
Environmental Dosimeter Project sponsored jointly by DOE, NRC, and
EPA. |

Chemical analyses were performed under subcontract by Weston
Analytical Laboratory, Lionsville, Pennsylvania. Weston's standard
practices manual was reviewed and accepted by BNI. The laboratory
maintains an internal QA program that involves the following.

For inorganic analyses, the program includes:

A=-2



TABLE A-1
SUMMARY COMPARISON OF WATER SAMPLE RESULTS
(EPA and TMA/E)

Analysis and Value (pCi/L) Ratio
Sample Date EPA TMA/E (TMA/E:EPA) @
Alpha
1/89 41.0 + 10.0 49.0 + 1.0 1.20
4/89 8.0 + 5.0 13.0 + 1.0 1.63
6/89 30.0 + 8.0 33.0 + 2.7 1.10
7/89 29.0 + 7.0 30.3 + 2.1 1.04
11/89 4.0 + 5.0 4.3 + 0.6 1.08
Beta
1/89 54.0 + 5.0 53.0 + 1.7 0.98
4/89 4.0 + 5.0 5.3 + 0.6 1.33
6/89 50.0 + 5.0 58.3 * 1.5 1.17
7/89 57.0 + 5.0 51.0 + 3.0 0.89
11/89 6.0 £+ 5.0 6.7 + V.6 1.12
Ra-226
1/89 5.0 + 0.8 5.5 + 0.3 1.10
3/89 3.50 + 0,50 3.67 + 0.06 1.05
5/89 4.90 + 0.7 4.03 + 0.25 0.82
7/89 3.50 + 0.50 3.87 + 0.15 1.11
10/89 17.7 + 2.7 17.2 + 0.5 0.97
Ra-228
1/89 5.2 + 0.8 6.1 + 0.2 1.17
3/89 10.3 + 1.5 11.3 + 0.7 1.10
5/89 1.70 + 0,30 1.77 + 0.30 1.04
7/89 3.60 + 0.50 5.20 + 1.04 1.44
10/89 18.3 £+ 2.7 24.8 + 0.3 1.36
U_(Natural)
1/89 5.0 + 6.0 5.3 + 0.6 1.06
5/89 5.0 + 6.0 5.0 + 0.0 1.00
7/89 3.00 + 6.00 3.00 + 0.00 1.00
9/89 41.0 + 6.0 39.7 + 1.2 0.97

AThis ratio can be used to determine the accuracy of TMA/E's
analytical procedures.
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e 1Initial calibration and calibration verification

e Continuing calibration verificationsReagent blank analyses
¢ Matrix spike analyses

e Duplicate $ample analyses

e Laboratoiy cuntrol sample analyses

e Interlaboratory (A/QC

For organic analyses, the program includes:

e Gas chfomatography/mass spectrometry instrumentation for
both volatile and semivolatile compound analysis

e Initial multilevel calibration for each Hazardous Substances
List (HSL) compound

e Matrix spike analyses

¢ Reagent blank analyses

) Interlaboratéry QA/QC

e Continuing calibration for each HSL compound

e Addition of surrogate compounds to each sample and blanks
for determining percent recovery information

Weston is currently an EPA-designated Contract Laboratory
Program (CLP) laboratory for both organic and inorganic analyses.
This requires passing EPA's blind performance evaluation testing
each quarter. The technical specifications in BNI's subcontract
with Weston specify QA/QC at, and in some cases beyond, the CLP
level.

Currently, Weston participates in drinking water, wastewater,
and/or hazardous waste certification programé. They are certified
(or pending) in 35 such state programs including rew Jersey.
Continued certification hinges upon Weston's ability to pass
regular the performance evaluation testing.

Weston's QA program also includes an independent overview by
their project Q2 coordinator and a corporate vice president who
audits their program activities quarterly.
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ENVIRONMENTAL STANDARDS

The DOE long-term radiation protection standard of 100 mrem/yr
above background level includes exposure from all pathways except
medical treatments (Ref. 12). Evaluation of exposure pathways and
resulting dose calculations is based on assumptions such as
occupancy factors in determining the dose from external gamma
radiation; subtraction of background concentrations of
radionuclides in air, water, and soil before calculating dose;
closer review of water use, using the data that most closely
represent actual exposure conditions rather than maximum values as
applicable; and using average consumption rates of food and water
per individual rather than maximums. Use of such assumptions will
result in calculated doses that more accurately reflect the
exposure potential from site activities.
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TABLE B-1
CONVERSION FACTORS

1 year

7 x 10710

1 gal
1 yd3

i

1]

8,760 hours

1,000 ml

1,000,000 pcCi
0.000001 uci

10”2 pci/ml
0.000000001 ucCi/ml
1,000,000,000 pci/L
0.000001

0.0000001
0.00000001
0.000000001
0.0000000001
0.0000000007

3.785 L

0.765 m3

0.3048 m
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ABBREVIATIONS

cm \ centimeter

cm/s centimeters per second
ft foot

ft msl feet above mean sea level
g gram

gal gallon

h hour

ha hectare

in. inch

km kilometer

km/h kilometers per hour

1b pound

m meter

n cubic meter

mg milligram

mg/L milligrams per liter
mi mile

ml milliliter

mph " miles per hour

mrem millirem

mrem/yr millirem per year
uCi/ml microcuries per milliliter
Lg/L micrograms per liter
pCi picocurie

pCi/g plcocuries per gram
pCi/L picocuries per liter
yd3 cubic yard

yr year



AEC
BNI
CLP
DOE
EPA

FUSRAP

HSL
MCL
MISS

NIST

NJDEP

NRC
ORAU
ORNL
QA
QC
TLD
TOC

TOX

ACRONYMS

Atomic Energy Commission
Bechtel National, Inc.

Contract Laboratory Program
Department of Energy
Environmental Protection Agency

Formerly Utilized Sites Remedial
Action Program

Hazardous Substances List
maximum contaminant level
Maywood Interim Storage Site

National Institute of Standards and
Technology

New Jersey Department of
Environmental Protection

Nuclear Regulatory Commission
Oak Ridge Asgsoclated Universities
Oak Ridge National Laboratory
quality assurance

quality control

thermoluminescent dosimeter

total organic carbon

total organic halides
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RADIATION IN THE ENVIRONMENT



Radlaticn Is @ natural part of our environment, When our planet was formed, radlation was
present—and radlation surrounds It still, Natural radiation showers down frorr the distant reaches uf
the cosmos and continuously radiates from the rocks, soll, and water on the Earth itself,

During the last century, mankind has discovered radlation, how to Use It, and how to control It
As & result, some manmade radlation has been added to the natural amounts present in our
environment,

Sourcer of Radiation Many materlals --both natural and
FADIATION manmade —that we come Into
INSIOY (e contact with in our everyday ilves
11% are radioactive. These materials
are composed of atoms that
relecse energetic particles or
waves as they change Into
more stable forms. These
particles and waves are
referred to as radiation,
and thelr emission as
radiocictivity.

WATURAL RADIATION gz,
NATURAL
gg\‘EON

ROCKS
AND SOIL
0%

coMIC As the chart on the laft
RADIATION shows, most environmental
radiation (82%) Is from natural
sources. By far the largest
source Is raclon, an odorless,
colorless gas glven off by natural

MSIGINE radium In the Earth’s crust, While
NUGLEAR CONSUMER “ radon has always been present lln the
Besx a'v. environmer., fts significance Is better
FALLOWT ] NaRAL understood today. Manmade radiatlon—
QeCUPATONAL, £ b ANMAOE mostly from medical uses and consumer

products—adds about eighteen percent to our
total exposure,

TYPES OF IONIZING RADIATION

Radlation that has enough energy to distuirb the electrical balance In the atoms of substances it ‘
passes through Is called lonizing radiation. There are three basic forms of ionizing radiation.

Alpha Beta Gamma

Alpha particles are the largest Beta particles are much Guinma radiation Is a type
and slowest moving type of | smailsr and faster moving | of electromagnetic wave that
radiation. They are easlly stopped | than alpha particles, Beta | travels at the speed of light
br a sheet of paper or the skin. | particles pass Through paper | |t takes a thick shield of steel,
Alphaparticles can movethrough | and cun travel in the air for lead, orconcrete tostop gamma
the air only a few inches before | about 10fest, However,they | rays, X rays and Cosmic rays are
being stopped by alr molecules. | can be stopped by thin | smiar to gamma radiation,
However, alphg radiation s | shlelding such as a sheet of | X rqys are produced by

dangerous to sensitive tissue inside | aluminum foll, o )
the body. manmade devices; Cosmic rays

reach Earth frorm outer space.

— e e [T oom
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Units of Measure

Radiation can be measured in a varety of ways. Levels of radiation are measured in various units.

Typically, units of measure show either 1) the total The level of gamma radiation in the air is measured by
amount of radioactivity present in a substance, or the roentgen. This is a relatively large unit, so

2) the level of radiation being given off.

measurements are often calculated in miliroentgens.
Radiation absorbed by humans is measured in either

The radioactivity of a substance is measured in rad or rem. The rem is the most descriptive because
terms of the number of transformations (changes into it measures the ability of the specific type of
more stable forms) per unit of time. The curie is the radiation to do damage to biological tissue. Again,
standard unit for this measurement and Is based on typical measurements will often be In the millirem
the amount of radioactivity contained in 1 gram of (mrem), or one-thousandth of a rem, range.
radium. Numerically, 1 curie is equal to 37 billion In the intemational scientific community, cbsorbed
transformations per second. The amounts of dose and biological exposure are expressed in grays
radioactivity that people normally work with are in and seiverts. 1 gray (Gy) equals 100 rad. 1 seivert (Sv)
the millicurie (one-thousandth of a curie) or equals 100 rem. On the average. Americans
microcurie (one-millionth of a curie) range. Levels of recelve about 360 mrem of radiation a year. Most
radioactivity in the environment are in the picocurie, of this (97%) Is from natural radiation and medical

or pCi (one-trillionth of a curie) range.

exposure. Specific examples of common sources of
radiation are shown in the chart below.

" Cosmic Radiation

Cosmic radiation is high-energy gamma rad-
iation that originates In outer space and filters
through cur atmosphere.
Sea level ..., 26 mrem/year
{ncreases apoul 112 rmren kx eoch odditona 100 feet In elevotion)
Atlanta, Georgia (1.050 feet)
.................................................... 31 mrem/year
Denver, Colarado (5.300 feet)
.................................................... 50 mrem/year
Minneapolis, Minnesota (815 feet)
.................................................... 30 mrem/year
Salt Lake City, Utah (4,400 feet)
.................................................. 456 mrem/year

Terrestrial Radiction’

Terrestrial sources are naturally radioactive
elements in the soil and water such as ura-
nium, radium, and thorium. Average levels of
these elements are 1 pCi/gram of soil.

United States (average) ........... 26 mrem/year
Denver, Colorado ..................... 63 mrem/year
Nile Detta, Egypt ...c.coocvvviiivnn. 350 mrem/year
Pars, France ............c.cccoee 350 mrem/year
Coast of Kerala, india ........... 400 mrem/year
McApe, Brazil ..................... 2.558 mrem/year

Pocos De Caldas, Brazll ... 7.000 mrem/year

Buildings

Many building materials, especially granite,
contain naturally radioactive elements.

US Capitol Building .................. 85 mrem/year
Base of Statue of Liberty ... 325 mrem/year
Grand Central Station ... 525 mrem/vear
The Vatican ..., 800 mrem/year
Radon

iraaon levels in bulldings vary, depending on
geographic location, from 0.1 to 200 pCi/liter.

Average Indoor Rodon Level ....... 1.5 pCi/iiter
Occupational Working Limtt ... 100.0 pCi/liter

RADIATION IN THE = Consumer Goods

E v NMENT Cigarettes-two packs/day
N IRO (polorium-210) ..o, 8.000 mrem/year
Because the radioactivity of Color Television ........ PR TTRTPPR <1 mrem/year
Individual samples varies, the Gas Lantern Mantie
numbers given here are (thorium-232) \vieiiiii e, 2 mrem/year
approximate o represent an Highway Construction .........c........ 4 mrem/year
average. They are shown to Alrplane Travel at 39,000 feet
provide a perspective for (COSMICY .cooviiiiir e 0.5 mrem/hour
concentrations and levels of Naotoral Gas Heating and Cooking
radioactivity rather than dose. (rQAON-222) oo 2 mrem/year
Phosphate Fertilizers .............c........ 4 mrem/year
mrem = milirem Natural Radioactivity in Floride Phosphate |
pCl = picocurie Fertilzers (In pCl/gram)
Nomnaol Concentrated G
F Supemphosphate| Superphosphate ypsum
Ra-226 21.3 210 33.0
Food confributes an average of 20
mrem/year, mostly from potassium-40,| |y.238 201 58.0 6.0
carbon-14, hydrogen-3, radium-226,
and thorium-232. Th-230 18.9 48.0 13.0
BeOr .., 390 pCl/iter
Tap Water ..........cc.ocoveen, 20 pCi/iiter Th-232 0.6 1.3 0.3
MIK 1,400 pCl/liter
Salad Ol oo, 4,900 pCi/liter .
WHISKEY ... oo 1,200 pCi/iter | Porcelain Dentures
Brazilt NUtS oo 14 DCVQ (Ufoﬂlum) ............................. 1.500 mfem!’VQO(
Bananas Radioluminescent Clock
FIOUM oo 0.14 pCi/g (promethium-147) ..o, <1 mrem/year
Peanuts & Peanut Butter ..0.12 pCl/g | Smoke Detector
TOQ oo 0.40 pCi/g (americium-241) ..., 0.01 mrem/year
Medical Treatment Intemational Nuclear Weapons Test

Faliout frorm pre-1980 atmospheric
The exposures from medical dlagnosis | tests

vary widely accora. ! to the required
procedure, the e guipment and fim (average for g U.S. citizen) ...... 1 mrem/yeat
used fof x rays, and the sviit ot me
operator.

Chest XRay ..., .10 miem
Dantal X Ray Each ............. 100 mrem

Relerences

EHtect of lonaing Rochaton on Human Hedatth, The Arthwr C. Uptan Naw Yo U"&QMy Medical Center. Atomic Industro! Forum, 1984
Fiiacts on Popuicamors of Fxpoture to Low | aveb of lonzing Rodiation. 1950 Commmea an the Biokysical Serct of lonting Rockation National Acodemy Press, 1084,
lonzing Rodiation Exposure of the Popuiation of the United States Report Number 93. Nahonal Cuuncil on Rodiation Protection and Measwements, 1987,

Rockation Exposure of the US Population from Comsume: Product: and Miscelanenr Snirces. Report Number 95, Nahonal Council on Radiaton Protection and Measumments , 1987
Radaton n Medicine ond Industry. A.P. Jacoboson and G.P. Sakolosky, 1980,
Radwactvity in Comsumer Prociucts. U.S. Nuclecr Reguiatory Commassion, 1978, D-~2



PERSPECTIVE How Blg isa Plcocune?

The curie is a standard measure for the intensity of radioactivity contained in a
sample of radioactive material. It was named after French scientists Marie and Pierre
Curie for their landmark research into the nature of radioactivity.

The basis for the curie is the radioactivity of one gram of radium. Radium decays at
a rate of about 2.2 trillion disintegrations (2.2X10'?) per minute. A picocurie is one |
trilionth of a curie. Thus, a picocurie represents 2.2 disintegrations per minute.

To put the relative size of one trillionth into perspective, consider that if the Earth
were reduced to one trillionth of its diameter, the “pico earth” would be smaller in
diameter than a speck of dust. In fact, it would be six times smaller than the thickness
of a human hair. ‘

The difference between the curie and the picocurie is so vast that other metric units
are used between them. These are as follows:
R P T

1
Millicurie = 1,000 (one thousandth) of a curie
1

Microcurie = 1,000,000 (one millionth) of a curie
o1
Nanocurie = 1,000,000,000 (one billionth) of a curie
1
Picocurie = 1,000,000,000,000 (one trillionth) of a curie

The following chart shows the relative differences between the units and gives
analogies in dollars. It also gives examples of where these various amounts of
radioactivity could typically be found. The number of disintegrations per minute has
been rounded off for the chart.

UNIT OF DISINTEGRATIONS DOLLAR EXAMPLES OF
RADIOACTIVITY | SYMBOL| PER MINUTE ANALOGY RADIOACTIVE MATERIALS
| Curie Ci 2x10%or 2Trilion | 2 Tmes the Annual Nuclear Medicine
Federal Budget Generator
1 Millicurie mCi 2x10° or 2 Billion Cost of a New Interstate | Amount Used for a Brain

Highway from Atlantato | or Liver Scan
San Francisco

1 Microcurie uCi 2x10¢ or 2 Millien All-Star Baseball Player's | Amount lised in Thyroid
Salary Tests

| Nanocurie nCi 2x10%or 2 Thousand| Annual Home Energy | Consumer Products
Costs

} Picocurie pCi 2 Cost of a Hamburger and | Background Environmental
Coke Levels

D-3

Chart proviced by W.L. Beck, Bechtel Noﬁnna! Inc.



PERSPECTIVE Radwac’nvny

¢ in Gos l.cmtern Mcmﬂes

Around the House

Many household products contain a small amount of
~radioactivity. Examples include gas lantern
mantles, smoke detectors, dentures,
camera lenses, and anti-static brushes.
The radioactivity is added to the
products either specifically to
make them work, or as a result of
using compounds of elements
like thorium and uranium in
producing them. The
, amount of radiation the
| 5 products gives off is not
. considered significant. But
" . with today’s sensitive

' . o equipment, it can be
- detected.

<l A Lanterns: In a New Light
.-"....' - A About 20 million gas

lantern manties are used by
campers each year in the
United States.

Under today's standards, the
T amount of natural radioactivity
""" found in a lantern mantle

would require precautions in
handling it at many Government
or industry sites. The radioactivity
present would contaminate 15
pounds of dirt to above
‘ allowable levels. This is because
N the average mantie contains
: 1/3 of a gram of thorium oxide,
which has a specific activity (a
: measure of radioactivity) of
E approximately 100,000 picocuries
L , per gram. The approximately 35,000 picocuries of
radioactivity in the mantie would, if thrown onto the

ground, be considered low-level radioactive
contamination.
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APPENDIX E
SAMPLE WELL CONSTRUCTION LOG
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GENERAL [ZED GEOLOGIC LOG

A=l

0.0-3.0 FEET
SAND (SM):
GRAY AND BROWN
FINE GRAINED
WITH CLAYEY SILT.

3.0-10.0 FEET
SILT (ML)

L IGHT GRAY WITH
VERY FINE SAND.

10.0-19.0 FEET
SAND (SP-SM)
DARK GRAY, FINE
GRAINED WITH
SOME SILT AND
CLAY.

19.0-20.0 FEET:
SAND (SM-ML)

YELLQWTSH BROWN,

‘ PROJECT WELL NO.
MONITORING WELL FUSRAP MISS-2A
J08 No. SITE COORDINATES ( IN FEET)
14501 MAYWOOD [.S.S. N 9973.36 E 9875.92
BEGUN COMPLETED | PREPARLD BY REFERENCE POINT FOR MEASUREMENTS
19-29-84| 18-38-84 R.H.NELSON TOP QF RISER CASING
DEPTH | ELEV.
__/— ELEV. - TOP OF SURFACE CAS(NCt 61.88 (FT) (FT)
61,82

ELEV. - TOP OF RISER CASING

- GROUND SURFACE| 0.Q [59.70

2N P ). 0 |23 Y]
b X 2TAETN =T
‘o
) ; SURFACE CASING
L
Y/ | otn 4 [NCHES
treer STEEL
2.82 156,88
BOTTOM OF SURFACE CAS ING mm——fli | o —f — —

. BACKFILL MATERIAL
- rvees CEMENT GROUT: 131
. WITH 2.5% BENTONITE BY WT,
- RISER CASING
‘ DIA 2 [NCHES
. Tvpe  SCHEDULE 40 PVC
“ ‘ TOP OF SEAL'
2 .__r ANNULAR SEAL.
%ﬁ types  BENTONITE PELLETS

[__ 4.00(55.70

Q.l TOP OF FILTER PACK—-————————r

.

FILTER PACK
° TYPEr  SAND (®1 WELL GRAVEL)
: 6.90 |52.80
e TOP OF SCREEN P o ] I
| SCREENs
] oiar 2 INCHES
P TveeiSCHEDULE 40 PVC
- QPENINGSs WIOTH 0,02 INCH
| TYPEr MACHINE SLOTTED
- 16.90(142.80
— | BOTTOM OF SCREEN PR BAARAS Bl hpd
L ~t BOTTOM OF SUMP ..1_8;99. 4_1_0_ ..?.O_.
20,00139.70
- BOTTCM OF HOLE - - — —
. ——— HOLE DIAC 7 INCHES

E-1



MONITORING WELL | ™" Fusrae M1SS 28

il

JOB NO. SITE COORDINATES ( JOB-FEET)
14501 MAYWOOD 1.S.S. N 9962.48 E 9888.21
BEGUN COMPLETED | PREPARED BY REFERENCE POINT FDR MEASUREMENTS
10-29-84 |11-12-84 R. H. NELSON TOP OF RISER CASING
DEPTH | ELEV.
(FT)| (FT)
.76
—ELEV, - TOP OF SURFACE CASINGs
e
va 61 ,42
/|—————ELEV. - TOP OF RISER CASING: - S
GENERAL 1ZED GEOLOGIC LOG i\ »——OROUND SURFACE| 0.0 | _60.20]
wl /Mo
0.0-1.0 FEET Az
SAND (SM-SC): f‘.,;: 'SURFACE CASING
GRAY BROWN, ©/ | o1an B INCHES |
FINE GRAINED g
WITH CLAYEY SILT. A TYPE: STEEL
e ‘ 3.44 | 56.76
e BOTTOM OF SURFACE CAS ING el b e et o s
1.0-4.5 FEET ‘
SANDSTONE BOULDER: . b BACKFILL MATERIAL
T . CEMENT GROUT: 1:1
e TYPEC WITH 2.5% BENTONITE BY WT.
4.5-10.,0 FEET A I
SILT (ML) : .
L IGHT GRAY WITH . .
VERY FINE SAND. ", .. RISER CASING
. . oiar 4 [NCHES
10.0-19.0 FEET L TyPe  STEEL
SAND (SP-SM): ’, .
DARK GRAY, FINE A I
GRAINED WITH SOME O * . | HOLE Dlas 8 INCHES
SILT AND CLAY. b
L }-——4-—-———-——-—— BOTTOM OF RISER CASING ———-————-—.—--2§-‘5-EL Si79
(I
15.0-21.5 FEET o
SAND (SM-ML): [
YELLOWISH BROWN, FINE Lo
GRAINED WITH SILT. -
rod
(I
21.5-58.5 FEET :
SANDSTONE : | - OPEN HOLE
DARK REDDISH BROWN o
TO MODERATE BROWN, 1o
FINE TO VERY FINE [
GRAINED. : :
(I
Lo
ro
o
Vo
b
i
o
o
(I
L EOTTOM OF HOLE -t 288 ] 170 ]
_—. 14____.______ HOLE Dta o INCHES

E-2
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