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ABSTRACT

Maywood Chemical Works (MCW) of Maywood, New Jersey, generated process
wastes and residues associated with the production and refining of thorium and
thorium compounds from monazite ores from 1916 to 1956. MCW supplied rare
earth metals and thorium compounds to the Atomic Energy Commission and
various other government agencies from the late 1940s to the mid-1950s. Area
residents used the sandlike waste from this thorium extraction process mixed with
tea and cocoa leaves as mulch in their yards. Some of these contaminated wastes
were also eroded from the site into Lodi Brook. At the request of the U.S.
Department of Energy (DOE), 2 group from Oak Ridge National Laboratory
conducts investigative radiological surveys of properties in the vicinity of MCW to
determine whether a property is contaminated with radioactive residues, principally
B2Th, derived from the MCW site. The survey typically includes direct measure-
ment of gamma radiation levels and soil sampling for radionuclide analyses. The
survey of this site, Kennedy Park, Money and Sidney Streets, Lodi, New Jersey
(LJ062), was conducted during 1986 and 1987.

Results of the survey demonstrated radionuclide concentrations in excess of the
DOE Formerly Utilized Sites Remedial Action Program criteria. The radionuclide
distributions are typical of the type of material originating from the MCW site.
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RESULTS OF THE RADIOLOGICAL SURVEY AT
KENNEDY PARK., MONEY AND SIDNEY STREETS.
LODI. NEW JERSEY (LJué62)*

INTRODUCTION

From 1916 to 1956. process wastes and residues associated with the production and
refining of thorium and thorium compounds from monazite ores were generated by the
Mavwood Chemical Works (MCW), Mavwood. New Jersey. During the latter part of this
period. MCW supplied rare earth metals and thorium compounds to various government
agencies. In the 1940s and 1950s. MCW produced thorium and lithium, under contract,
for the Atomic Energy Commission (AEC). These activities ceased in 1936, and. approxi-
mately three vears later. the 30-acre real estate was purchased by the Stepan Company.
The property is [ocated at 100 Hunter Avenue in a highly developed area in Maywood and
Rochelle Park. Bergen County, New Jersey,

During the early vears of operation. MCW stored wastes and residues in low-lving
areas west of the processing facilities. In the early 1930s, these areas were separated from
the rest of the property by the construction of New Jersey State Highway 17. The Stepan
property. the interim storage facility. and several vicinity properties have been designated
for remedial action by the U.S. Department of Energy ({DOE).

The waste produced by the thorium extraction process was a sandlike material con-
taining residual amounts of thorium and its decay products. with smaller quantities of
uranium and its decay products. During the vears 1928 and 1944 to 1936, area residents
used these process wastes mixed with tea and cocoa leaves as mulch in their lawns and
gardens. In addition. some of the contaminated wastes were apparently eroded from the
site into Lodi Brook and carried downstream.

Lodi Brook is a small stream flowing south from Maywood with its headwaters near
the Stepan waste storage site. Approximately 150 ft after passing under State Route 17,
the stream has been diverted underground through concrete or steel culverts untl it
merges with the Suddle River in Lodi. New Jersey. Only a small section neuar Interstate %0
remains uncovered. From the 1940s to the 1970s when the stream was being diverted
underground. its course was altered several times. Some of these changes resulted in the
movement of contaminated soil to the surface of a few properties. where it is still in ewvi-
dence. In other instances. the contaminated soil was covered over or mixed with clean fill,
leaving no immediate evidence on the surface. Therefore. propertics in question may be

*The survey was performed by members of the Measurement Applications and Development Group of the
Health and Safety Research Division at Oak Ridge National Laboratory under U'S. DOE contract DE-
ACDS-340R 21300
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drilled 1n search of former strcam bed material, even in the absence of surface contamina-
tion.

As a result of the Energy and Water Appropriations Act of Fiscal Year 1984, the
property discussed in this report and properties in its vicinity contaminated with residues
from the former MCW were included as a decontamination research and development
project under the DOE Formerly Utilized Sites Remedial Action Program. As part of this
project. DOE is conducting radiological surveys in the vicinity of the site to identify pro-
perties contaminated with residues derived from the MCW. The principal radionuclide of
concern is thorium-232. The radiological surveys discussed in this report are part of that

effort and were conducted, at the request of DOE, by members of the Measurement

Applications and Development Group of the Oak Ridge National Laboratory.

A radiological survey of the public property at Kennedy Park, Money and Sidney
Streets, Lodi, New Jersey, was conducted during 1986 and 1987, The survey and sampling
of the ground surface was carried out on November 14-20, 1986, and the follow-up sub-
surface investigation was performed on June 5, 1987.

SURVEY METHODS

The radiological survey of the property included: (1) a gamma scan of the entire pro-
perty outdoors. (2) collection of surface and subsurface soil samples, and (3) gamma pro-
files of auger holes. No indoor survey measurements were performed.

Using a portable gamma scintillation meter. ranges of measurements were recorded
for areas of the property surface. If the gamma exposure rates were elevated, a biased soil
sample was taken at the point showing the highest gamma radiation level. Systematic soil
samples were taken at various locations on the property, irrespective of gamma radiation
levels. These survey methods followed the plan outlined in Reference 1.

To define the extent of possible subsurface soil contamination. the auger holes were
drilied to depths of approximately 2.7 m. A plastic pipe was placed in each hole, and a
Nal scintillation probe was lowered inside the pipe. The probe was encused in a lead shield
with a horizontal row of collimating slits on the side. This collimation allows measurement
of gamma radiation intensities resulting from contamination within small fractions of the
hole depth. Measurements were usually made at 15- or 30-cm intervals. If the gamma
readings in the hole were elevated. a soil sample was scraped from the wall of the auger
hole at the point showing the highest gamma radiation leve!, The auger hole loggings were
used to select locations where further soil sampling would be useful. A split-spoon sampler
waus used to collect subsurface samples at known depths. In some auger holes. a combina-
tion of split-spoon sampling and side-wall scraping was used to collect samples. A
comprehensive description of the survey methods and instrumentation has been presented
in another report.*




SURYEY RESULTS

Applicable federal guidelines are summarized in Table 1.° The normal background
radiation levels for the northern New Jersey area are presented in Table 2.4 These data
are provided for comparison with survey results presented in this section. All direct mea-
surement results presented in this report are gross readings: background radiation levels
have not been subtracted. Similarly, background concentrations have not been subtracted
from radionuclide concentrations measured in environmental samples.

Surface Gamma Radiation Levels

Gamma radiation levels measured during a gamma scan of the property surface are
given in Fig. 1. Gamma exposure rates over the major portion of the property ranged
from 8-15 uR/h, The basketball court, in the eastern corner of the park, ranged from
10-14 uR/h. The highest measurements found in this corner of the park were
11-24 uR/h and were taken near the brick building adjacent to this ball court at the
intersection of two brick walls. The other side of this court measured 8 and 11 uR/h, as
indicated in Fig. 1. The dugouts in the two baseball courts gave slightly higher readings
than these. but the survey indicated that such readings were probably due to the block
walls and brick floors. The highest gamma levels found in the park altogether were
11-36 uR/h. from a strip of ground bordering Money Street on the western corner of the
park. This area is indicated in Fig. | by crosshatching.

Systematic and Biased Soil Samples

Svstematic and biased soil samples were taken from various locations on the property
for radionuclide analyses. Locations of the systematic (S) and biased (B) samples are
shown in Fig. 2. with results of laboratory analyses provided in Table 3. Concentrations
of radium and thorium in the biased samples ranged from 0.71 to 7.8 pCi/g and
2.4 to 91 pCi/g, respectively. All thorium levels at biased sample location Bl were
above DOE criteria (Table 1). Radium levels continued to rise with depth in both biased
samples, and thorium levels increased at lower depths in sample B2.

Auger Soil Samples

Varying thicknesses of subsurface soil were sampled from depths of 45 to 275 cm in
auger holes (A) which were drilled at 2 separate locations indicated in Fig. 2. Auger hole
Al was drilled and logged, in the manner described above, to determine if the location was
in the old creek bed. The gamma log of this auger hole indicated an area of possible con-
tamination. The drilling rig was therefore moved one foot west, and the hole redrilled.
Samples were taken from the new hole using the split spoon method. Due to the close
proximity of the two holes, the second hole was not logged, and both holes were assigned
the same hole location and number. The results of analyses of these samples are given in
Table 3. Concentrations of 2°Ra and 2**Th in soil samples from both auger holes ranged
from 0.56 10 2.2 and 0.80 to 17 pCi/g. respectively. Radionuclide concentrations in
sample A2D (17 pCi/g) were above DOE criteria (Table 1) for thorium: all other values
were near or below criteria.




Gamma logging was performed in each of the 2 auger holes to characterize and
further define the extent of possible contamination. The logging technique used here is
not radionuclide specific. However, logging data. in conjunction with soil analyses data,
may be used to estimate regions of elevated radionuclide concentrations in auger holes
when compared with background levels for the area. Following a comparison of these
data, it appears that any shielded scintillator readings of 1000 counts per minute (¢cpm) or
greater generally indicate the presence of elevated concentrations of 22Ra and/or 32Th.
Data from the gamma profiles of the logged auger holes are graphically represented in
Fig. 3 and Fig. 4. Readings at depths from [.5 to 2.1 m were greater than 1000 cpm in
auger hole A2, with a maximum reading of 3053 cpm at 1.8 m. Readings in auger hole
Al were above 1000 cpm from 1.5 m down, with a maximum reading of 6701 cpm at
2.4 m,

SIGNIFICANCE OF FINDINGS

Measurements taken at Kennedy Park indicate that the property contained radioac-
tive contamination primarily from the 332Th decay chain. These radionuclide distributions
are typical of the type of material originating from the processing operations at the MCW
site. The concentration and extent of 232Th on this property was in excess of the applicable
DOE criteria (Table 1). This material was found at sample locations Bl, Al. and A2
shown in Fig. 2. Based on the results of this radiological assessment, it is recommended
that this site be considered for inclusion in the DOE remedial action program.
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Fig. 1. Gamma radiation levels (#R/h) measured on the surface at Kennedy
Park, Money and Sidney Streets, Lodi, New Jersey (LJ0G2).



" nistorical documentation reviewed indicates the presence of

radiclogical contamination on the property located at John F.-

' Kennedy Park. This contamination is both surface and
’ subsurface contanination. Surface contanination’ is indicated
. along the property boundary/fenceline adjacent to the Honey

- Street boundary of the park. There is a small, isolated area

of marginal surface contamination in front of the dugout on
the first-base line of the playing field in the northeast
corner as well. The subsurface contamination ranges from a
depth of 15.2 cm (6.0 in.) to 2.28 m (7.5 ft). In addition,
the contamination appears to extend beneath the baseball
field and adjacent dugouts in the northeast corner of the
property. There is a high probability the contamination
extends beneath the streets (Kennedy Drive, Money Street, and
Sidney Street) that border the property. The total affected
area is estimated to be approximately 25 percent of the
property. These conclusions are supported by documentation
that establishes the presence of the former channel of Lodi
Brook in this area. This channel is the suspected transport
mechanisn for the radiological contamination.
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~ "1ighting devices. Process wastes from manufacturing

- Uncertainty exists as to how the properties in Lodi were

063932“v
2.0 SITE HISTORY L

The Haywﬁod Chemical Works was £cuﬂded in 1895, The combaﬁfflf"y
began processing thorium from monazite sand in 1916 (during_&f
World War I) for use in manufacturing gas mantles for various

operations were pumped to two areas surrounded by earthen
dikes on property west of the plant. Subsequently, some of
the contaminated wastes migrated onto adjacent and vicinity
properties. ‘

In 1928 and again between 1944 and 1946, some of the residues
from the processing operations were moved from the company's
property and used as mulch and £ill1 in nearby low~lying
areas. The £i11 material consisted of tea and coca leaves
mixed with other material resulting from operations at the
plant. Some £il1l material apparently contained thorium 1
process wastes (Ref. 3). ]

contaminated. According to an area resident, f£ill from an
unknown source was brought to Lodl and spread over large
portions of the previously low-lying and swampy area. For
several reasons, however, a more plausible explanation is
that the contamination migrated along a drainage ditch
originating on the Maywocod Chemical Works property. First,
it can be seen from photographs and tax maps of the area that
the coursa of a previously existing stream known as Lodi
Brook, which originated at the former Maywood Chenmical Works,
generally coincides with the path of contanination in Lodi.
The brook was subsequently replaced by a storm drain systen
as the area vas developed. Second, samples taken from Lodi
properties indicate elevated concentrations of a series of
elements known as rare earths. Rare earth elements are
typically found in monazite sands, which also contiin

7




"of thorium to other radionuclides found on these Lodl

-long-time residents of Lodi recalled chemical odors in and

thorium, This type oz sand was feedstock at the Maywood Sy
chemical Works, and elevated levels are known to exist in ]
the by-product of the extraction prccess. ‘Third, the ratio

properties is conpargble to the ratio found in contaminated
material on other properties in Lodi (Ref. 4). And finally,

around the brook in Lodl and steam rising off the water.
These observations suggest that discharges of contaminants
occurred upstream.

i mam A

The Stepan Chemical Company (now called the Stepan Company)
purchased Maywood Chemical Works in 1959. The Stepan Company
itself has never been involved in the manufacture or

‘processing of any radioactive materials (Ref. 5).

2.1 PREVIOUS RADIOLOGICAL SURVEYS

Numerous surveys of the Maywood site and its vicinity
properties have been conducted. ZAmong the past surveys, -
three that are pertinent to this vicinity property are
detailed in this section.

January 1981-~The Nuclear Regulatory Commission directed that
a survey be conducted of the Stepan Company property and its
vicinity properties in January 1981. Using the Stepan
Company plant as the center, a 10.3-kn2 (4-m12) serial survey
was conducted by the EGLG Energy Measurements Group, which
identified anomalous concentrations of thorium-232 to the
north and south of the Stepan Company property. The Lodi
vicinity properties were included in this survey (Ref. 6).

June 1984~-In June 1984, Oak Ridge Naticnal Laboratory
(ORNL) conducted a "drive-by" survey of Lodi using its
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wgcanning van.® Although not comprehensive, the survey
“indicated areas requirrng turther 1n»estiqation (Ref. 7).

5§£§gﬁh§:_12§§-at the request ot DOE, ORNL conducted _
radiological surveys of thea vicinity properties in Lodi in
September 1986 to determine which properties contained
radicactive ‘contamination in excess of DOE guidelines and
would, therefore, require remedial action (Ref. 8).

2.2 REMEDIAL ACTION GUIDELINES

Table 2-1 summarizes the DOE guidelines for residual
contanination. The thorium~232 and radium-226 limits listed
in Table 2-1 will be used to determine the extent of remedial
action required at the vicinity properties. DOE developed
these guidelines to be consistent with the guidelines
established by the U.S. Environmental Protection Agency (EPA)
for the Uranium Mill Tailings Remedial Action Program.




“TABLE 2-1 LT
SUMMARY OF HESIDUAL CONTAMINATION GUIDELINES

083002

BASIC DOSE LIMTS

~ The bask limit for the anaual radiation dase recsived by an individual membar of the genaral public is

100 mramiyr. :

SolL 'GU!DEL_NES
Radlonuctide Solt Concantration (pCl/q) Above Background®b~2
Radium-226 . S pClig when averaged over the first 15 cm of soil below
Radium-228 the surface; 15 pCllg when averaged over any 15-cm-thick
Thorium-230 soil layor below the surface layer.
Thorium-232
Other Radioniclides Soil guidelines will be calculated on a site-specilic

basis using the DOE manual daveloped for this use.
STRUCTURE GUIDELINES

Alrborne Radon Decay Products

Generic guldelines for concantrations of alrborne radon decay products shall apply 1o existing occupled or
habitable structures on privats propesty that has no radiclogical restrictions on s use; structures that will be
demolished er burled ars excluded. The applicabla generic guideline (40 CFR 192) Is: In any eccupled or

habltable building, the cbjective ¢f remedial action shall be, and reascnable sifort shall ba made 1o achlave, an

annfal average {or equivalent) radon decay product concantration (including background) not to exceed 0.02
WLS In any case, the

Romedial actions are not required kn order to comply with this guideline when thera Is reasonable assurance
that residual radicactive materials are not the cause.

External Gamma Radiation
Tha average leve! of gamma radiation Inside a building or habitable structure on a site that has no radiclogical

rastricions on its use shall not exceed the background level by mere than 20 gR/Mh.

Indoor/Outdoor Structure Surface Contamination
Allowabls Surlace Realdua! Contaminstion®

radon decay product concentration (including background) shall not exceed 0.03 WL.--

{dpnVv100 em™)

Radionuciide’ Aversge®® Maximum™  Removabie™
Transuranics, Ra-228, Ra-228, Th-230, Th-228 100 300 20
Pa-231, Ac-227, 1125, H129
Th-Natural, Th-232, Sr-00, Ra-223, Ra- 224 1,000 3,000 200
U-232, 128, 139, 3133
U-Ratural, U-235, U-238, and associated decay products 5000 a 15,000 ¢ 1,000
Bata ma emitters {radionuciides with decay $0008-y 15,000 8 - 10008-y
modo?m cther than slpha emission or . '
Gsslon) except 5700 and cthers

10
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TABLE 21 .
(CONTINUED) -~

- Hhese guidelines taka into account ingrowth of radium-226 from thordum-230 and of radium-228 from thorium-232, :
. and assume sacular equilibrium. I either thorum-230 and radium-226 or thorium-232 and radivm-228 are both ~ -
prasent, not in secular equilibrium, the guidalines apply to the higher concentration. Iif other mixtures of .
radionuclides occur, the concentrations of individual radionuclides shall be reduced so that 1) the dose for the
mixtures will not exceed the basic dosa fimit, or 2) the sum of ratics of the soil concentration of each radionuclida
- to the allowabls limit for that radicnuclide will nct exceed 1 (Cunity’). »

brbesegutdeﬁnea reprasant allowabla reskdual concentrations above background averaged ado&m}ihs-an-mid(
lay_ertoanydepﬁ:mdwmyconﬁguouswo-m'mma. :

tLbca!izedeoncennﬁonshexcessofmaselimi:sarea!lawab!a.pmvidedma!memragacomenﬁaﬁonovera
100-m? area does not exceed these Kmits. In addition, every reasonabla effart shall be mada to remove any
soureanof radionuclide that exceeds 30 times the appropriate soil fimit, regardiess of the average concentration in
the soil. .

dAwoﬂdngbve!ML)tsanycombhaﬁonofshcﬂ-&vedradondecaypmdmh! Eler of air that will result in the
uftimate emission of 1.3 x 105 MaV of pctantial alpha energy.

®As used In this table, dpm (disintegrations per minuts) means the rate of emission Ly radiasctive materia) as
datarmined by comecting the counts per minute observed by an appropriate delector for background, efficiency,
end geometric faclors associated with the instrumentation.

Whers surface contamination by both alpha- and beta-gamma-emitting radionuciides exists, the Himits established for
gpha- and beta-gamma-emiting radionuclides should apply independantly, -

‘Memmmdlwmgewmﬁnaﬁmshwumtbemmgedmrmﬁm1nﬁ For objects of less surfacs
_ area, the average shall be derived for each such object.

PMhe average and maximum radiation levels associated with surface contamination resuling from beta-gamma
emittera should not exceed 0.2 mradh and 1.0 mradh, respeciively, at 1 cm.

'Thamadmmwnm!nawnbve!appucsbmmadmtmmloow.

Hhe amount of removable radicactive material por 100 cm? of surface area should be determined by wiping that
aroa with dry Rlter or soft absorbent paper, applying moderate pressure, and measuring the amount ¢f radicactive
material on the wipe with an epproprate Instrument ¢f known efficiency. When removabls contamination on objects
of surfacs grea less than 100 cm?® Is determined, the activity per unit erea should be based on the ectual area and
the entire surface shoukd be wiped.  The numbers in this column are maximum amounts,
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3.0 HEALTH ARD SAFETY PLAN

':and their personnel were required to comply with the

’i-fprévisionb of BNI health and safety requirements and as

. .directed by the on-site BNI Health and Safety Officer.
3.1 SUBCONTRACTOR TRAINING
Before the start of work, all subcontractor personnel
attended an orientation session presented by the BNI Health
and Safety Officer to explain the nature of the material to

be encountered in the work and the personnel monitoring and
safety measures that are required.

3.2 SAFETY REQUIREMENTS

Subcontractor personnel complied with the following BNI
requirements:

o Biloassay--Subcontractor personnel submitted bioassay
sanples before or at the beginning of on-site
activity, upon completion of the activity, «nd
periodically during site activities as requested by
BNI.

o Protective Clothing/Equipment~-Subcontractor
personnel were required to wear the protective
clothing/equipment specified in the subcontract or as
directed by the BNI Health and Safety Officer.

o Dosimetry--Subcontractor personnel were required to
wear and return daily the dosimeters and monitors
issued by BNI.

o Controlled Area Access/Egress~~-Subcontractor
personnel and equipment entering areas where access
and egress were controlled for radiation and/for
chenical safety purposes were surveyed by the BNI
Health and Safety Officer (or personnel representing
BNI) for contamination before leaving those areas.

12

_B§f 15 responsible for protecting the health of peréonnéi';,ff
‘assigned to vork at the site. As such, all subcontractors = .
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°. Hedical Surveillance--Upon written direction trom
""BNI, subccuatractor personnel who work in areas vhere

,.'hazardous chenicals might exist were given a baseline

. and periodic health assessment defined in BNI's '
Hedical surveillance Progran.-

Rédiation and/ér chemical éafety surveillance of all
activities related tq;the scope of work was under the direct
supervision of personnel representing BNI.

Health and saféty-related requirements for all activities
involving exposure to radiation, radicactive material,
chemicals, and/or chemically contaminated materials and other
associated industrial safety hazards are generated in -
compliance with applicable regulatory requirements and
-industry-wide standards. Coples of these requirements are
located at the BNI project office for use by project
personnel.



4.0 CH!RACTERIZA&ION,PROCEDURES

A master griad vas established by the surveyor. BNI'a.
radiological support subcontractor, Thermo Analyticallzberline
(TMA/E), established a grid on individual properties. The
size of the grid blocks was adjusted to characterize each
property adequately. The grid origin allows the grid to be
reestablished during remedial action and is correlated with
the New Jersey state grid system. All data correspond to
coordinates on the characterization grid. The grid with the
east and north coordinates is shown on all figures included
in Sections 4.0 and 5.0 of this report.

4.1 FIELD RADIOLOGICAL CHARACTERIZATION

This section provides a description of the instrumentation
and methodologies used to obtain exterior surface and
subsurface measurements during radiological characterization
of this property.

b

4.1.1 Measurements Taken and Methods Used

An initial walkover survey was performed using an unshielded
gamma scintillation detector [5.0- by 5.0-cm (2- by 2-in.)
thallium-activated sodium iodide probe] to identify areas of
elevated radionuclide activity. Near-surface gamma
‘measurements taken using a cone-shielded gamma scintillation
detector were also used to determine areas of surface
contanination. The shielded detector ensured that the
majority of ths radiation detected by the instrument
originated from the ground directly beneath the unit.
Shielding against lateral gamma flux, or shine, from nearby
areas of contamination minimized potential sources of error
in the measurements. The measurements were taken

~30.4 cm (12 in.) above the ground at the intersections of
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3.0-n (10-ft) grid lines. Thefshielded detector was |
calibrated at the Technical Measurements Center (TMC) in

"~ Grand Junction, Colorado, to provide a correlation of counts

per minute (cpm) to picocuries per gram (pCi/g). This
calibration demonstrated that approximately 11,000 cpm
corresponds to the DOE guideline of 5 pCi/g plus local
average background of 1 pCi/g for thorium-232 in surface
golls (Ref. 9).

A subsurface investigation was conducted to determine the
depth to which the previously identified surface
contamination extended and to locate subsurface contamination
where there was no surface manifestation. The subsurface
characterization consisted of drilling 68 boreholes

(Figure 4-1), using either a 7.6-cm~ (3-in.-) or 15.2-cm-
(6-in.~) diameter auger bit, and gamma logging them. The
boreholes were drilled to depths determined in the field by
the radiological and geological support representatives.

The downhole gamma logging technique was used because the
procedure can be accomplished in less time than collecting
soil samples, and the need for analyzing these samples in a
laboratory is eliminated. A 5.0- by 5.0-cm (2= by 2-in.)
sodiun iodide gamma scintillation detector was used to
perform the downhole logging. The instrument was calibrated
at TMC where it was determined that a count rate of
approximately 40,000 cpm corresponds to the 15-pCi/g
subsurface contaminaticn gquideline for thorium-232. This
relationship has also been corréborated.by results from
previous characterizations where thorium-232 was found
(Ref. 9).

Gamma radiation measurements wera taken at 15.2-cm (6-in.)
vertical intervals to determine the depth and concentration

1s
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samples were selected to better define the limits of
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of the contanmination. The gaima-logqing data were reviowed
to identify trends, whether or not concentrations exceeded
the gquidelines.

4.1.2 gSample Collection and Analveis

To identify surface areas where the level of contamination :
exceeded the DOE quideline of 5 pci/g for thorium-232, areas 3
with measurements of more than 11,000 cpn were plotted. a3
Using these data as well as data from previous surveys

(Refs. 5, 6, 7, and 8), the locations of biased surface soil

contanination. Surface soil samples were taken at 19
locations (Figure 4-2) and analyzed for thorium-232,
uranium-238, and radium-226. EFEach sample was dried,
pulverized, and counted for 10 min using an intrinsic
germanium detector housed in a lead counting cave lined with
cadmium and copper. The pulse height distribution was sorted
using a computer-based, multichannel analyzer. Radionuclide
concentrations were determined by comparing the gamma
spectrun of each sample with the spectrum of a certified
counting standard for the radionuclide of interest.

R N e o

Subsurface soll samples were collected from 67 locations
(Figure 4-2) using a 7.6-cm (3.0-in.) outside diameter (0.D.)
split-spoon sampler mounted on a tripod or attached to a
truck-pounted auvger stem. The subsurface soil samples were
analyzed for radium-226, uranium-238, and thorium-232 in the
same manner as the surface soil samples.

17
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'Restricted access and scheduling conflicts prohibited indoor.f.'
1heasurements from’ being obtained, theretore, this elenment of}ic
i.the radiological characterization activities was not '
'conducted.

Exterior gamma exposure rate measurements were made at six
locations along the northwest property grid system. To
obtain these measurements, either a 5.0- by 5.0~-cm

(2- by 2-in.) thallium-activated sodium iodide gamma
scintillation detector designed to detect gamma radiation
only or a pressurized ionization chamber (PIC) was used.
Measurement locations are shown in Figure 4-3. The PIC
instrument has a response to gamma radiation that is
proportional to exposure in roentgens. A conversion factor
for gamma scintillation to the PIC was established through a
correlation of these two measurements at four locations in
the vicinity of the property. The unshielded gamma
scintillation detector readings were then used to estimate
gamma exposure rates for each location. These measurements
were taken 1 m (3 ft) above the ground. The locations were
determined to be representative of the entire property.
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5.0 CHARACTERIZATION RESULTS

Radiological characterizaticn results are presented in this
section. The data included represent exterior surface znd
subsurface radiation measurements and interior radiation
measurements.

5.1 FEIELD RADIOLOGICAL CHARACTERIZATION

Rear-sdrface gamma radiation measurements on the property
ranged from 7,000 cpm to approximately 23,000 cpm. The
average background level for this area is 5,000 cpm. A
measurement of 11,000 cpm is approximately equal to the DOE
guideline for thorium-232 of 5 pCi/g above background for
surface soil contamination. Using this correlation, the
near-surface gamna measurements were used to determine the
extent of surface contamination and the basis for selecting
the locations of soil samples. Arxreas of surface
contamination are shown in Figure 5-1.

Surface soil samples [depths from 0.0 to 15.2 cm (6.0 in.))
were taken at 14 locations on the property and six locations
in the streets that border the property (Figure 4-2). These
samples were analyzed for thorium-232, uranium-238, and
radium-226. The concentrations in these samples ranged from
less than 2.0 to less than 7.7 pCi/g for uranium-238, from
less than 0.8 to 11.6 pCi/g for thorium-232, and from less
than 0.5 to less than 2.3 pCi/g for radium-226. Analytical
results for surface soils are ptrovided in Table 5-1; these
data showed that concentrations of thorium-232 exceeded DOE
guidelines (S pCi/g plus background of 1 pCifg for surface
soils) with a maximum concentration of 11.6 pCi/g. Use of
the "less than" (<) notation in reporting results indicates
that the radionuclide was not present in concentrations that
are quantitative with the instruments and techniques used.

21
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The ¥less than® valus represents the lower bound of tha
quantitative capacity of the instrurent and technique used.
The "less than®™ value is based on various factors, including
the volume, size, and weight of the sample; the type ot
detector used; the counting time; and the background count
rate. The actual concentration of the radionuclide is less
than the value indicated. In addition, since radiocactive
decay is a random process, a correlation between the rate of
disintegration and a given radionuclide concentration cannot
be precisely established. For this reason, the exact
concentration of the radiocnuclide cannot be determined. 2as
such, each value that can be quantitztively determined has an
associated uncertainty term (i)} vhich represents the amount
by which the actual concentration can be expected to differ
from the value given in the table. The uncertainty term has
an associated confidence level of 95 percent.

Thorium=-232, the primary contaminant at the site, is the
radionuclide most likely to exceed a specific DOE quideline
in soil. Parameters for soil sample analysis were selected
to ensure that the thorium-232 would be detected and measured
at concentrations well below the lower quideline value of

5 pCi/g in excess of background level. Radionuclides of the
uranium series, specifically uranium-238 and radium-226, are
also potential contaminants but at lower concentrations than
thorium-232. Therefore, these radionuclides (considered :
secondary contaminants) would not be present in

concentrations in excess of guidelines unless thorium-232 was

also present in concentrations in excess of its guideline

level. Parameters selected for the thorium-232 analyses also
provide detection sensitivities for uranium-238 and

radium~226 that demonstrate that concentrations of these
radionuclides are below guidelines. However, because of the
relatively lov gamma photon sbundance of uranium-238, many of

the uranium-238 concentrations were below the detection

23
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sensitivity of the analytical procedure; these concentrations
are reported in the ¢uata tadbles as "less than® values. To
obtain more sensitive readings for the uranium-238
‘radionuclide with these analytical methods, much longer
instrument counting times would be regquired than were
necessary for analysis of thorium-232, the primary
contaminant.

Analytical results for subsurface scil samples are given in
Table S-1, &and gamma logging data are given in Table 5-2.

The results in Table 5-2 showed a range from 5,000 cpm to
373,000 cpm. A measurement of 40,000 cpm is approximately
equal to the DOE gquideline for subsurface contamination of

15 pCi/g. Analyses of subsurface soil samples indicated -
uvranium-238 concentrations ranging from less than 0.7 to less
than 24.0 pCi/g, thorium-232 concentrations ranging from
less than 0.4 to 93.1 pci/g, and radium-226 concentrations
ranging from less than 0.3 to 5.3 pCi/g.

On the basis of near-surface gamma radiation measurements,
surface and subsurface soll sample analyses, and downhole
gamma logging, contamination on this property is believed to
consist primarily of subsurface contamination at depths
ranging from 15.2 cm (6.0 in.) to 2.28 m (7.5 ft). The areas
of subsurface contanination are shown in Figqure 5-2. The
subsurface contarination appears to extend beneath the
baseball field and adjacent dugouts in the northeast corner
of the property. There is a high probability the
contanination extends beneath the streets (Kehnedy Drive,
Money Street, and Sidney Street) that border the property.

It is apparent from review of higtorical documentation

(e.g., aerial photographs of the area, interviews with locazl
residents, and previous radiological surveys) that the

24
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subsurface contanination on this property lies along the
former channel of IoA{ Brook and its assoclated floodplain.

H
¢
§
i
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The contamination on this property is similar to
contamination found on municipal and commercial properties in :
close proximity to this property. It has been established :
 that the Lodi Brook channel through these neighboring

properties once occupied locations connecting to those where

strean scdimonts were found at John F. Kennedy Park. Thus,

the elevated gamma readings shown on gamma logs from

boreholes drilled on this property serve as further indication

of the suspected mechanism of transport for radiological

contanination (i.e., stream deposition from Lodi Brook).

The vertical and horizontal limits of contamination as
determined by this characterization effort are being evaluated
to determine the volume of contaminated material that will
require remedial action. To develop this estimate, BNI will
consider the location of the contamination, construction

techniques, and safety procedures.

5.2  BUILDING RADIOIOGICAL CHARACTERIZATION

No indoor measurements were obtained because of restricted

access to the buildings and scheduling conflicts. Exterior
gamma radiation exposure rate measurements ranged from 5 to .
22 pR/h, including background. These results can be found in ‘
Table 5-3. Because the contamination is restricted to the
north-northeast edge of the park, it is unlikely that prolonged
exposures will occur. Assuning an individual spends 10 hours
per week for 50 weeks per year (500 hours or 2 hours per day

for S days per week) at the park in the contaminated area, the
average exposure rate of 15 pR/h would result in a yearly dose
of 3 mrem sbove background (after subtracting average

26
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" TABLE 5-1

SURPACE AND SUBSURFACE RADIONUCLIDE CONCENTPATIONS IN SOIL

FPOR KENNEDY PARK
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