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ABSTRACT 

- 

- 

Prior to remediation, thorium residues in excess of DOE applicable guidelines were 
found in the eastern comer of the backyard on property at 79 Avenue B, Lodi, New Jersey. 
Decontamination, which consisted of excavation and removal of contaminated soil, was 
performed by subcontractors under the direction of Bechtel National, Inc. The independent 
radiological verification survey described in this report was performed by the Measurement 
Applications and Development Group at Oak Ridge National Laboratory to verity that the 
final remedial action had reduced contamination levels to within authorized limits. 

- 

- 

The property at 79 Avenue B, Lodi, New Jersey, was thoroughly investigated outdoors 
for radionuclide residues. Surface gamma exposure rates were below guideline levels and 
comparable to 

%6 analysis for =U, 
ical background values for the area The results of soil radionuclide 

Ra, and PzTh indicated that all soil concentration measurements were 
below lhuits prescribed by DOE applicable guidelines for protection against radiation. 

- 

Analysis of data contained in the post-remedial action report @0E/oRn1949405) and 
results of this independent radiological verification survey by ORNL confirm that all 
radiological measurements fall below the limits prescribed by DOE guidelines established 
for this site. The property at 79 Avenue B successfully meets the DOE remedial action 
objectives. 

- 

- 

xi 

- 



-. Results of the Independent Radiological Verification Survey at 
79 Avenue B, Lodi, New Jersey (LJO91)* 

- 
_ -. 

INTRODUCTION 

- 

- 

Thorium ores were processed by the Maywood Chemical Works (MCW&r Maywood, 
New Jersey, between 1916 and 1959. The MCW ceased thorium processing in 1959, and the 
30-acre property was sold that same year to Stepan Chemical Company. During the early 
years of operation, MCW stored wastes and residues in low-lying areas west of the 
processing facilities, now called the Maywood Interim Storage Site. Subsequently, residuals 
containing radioactive materials migrated off-site to the surrounding area, and the Stepan 
property and several vicinity properties, along with other sites, were designated by Congress 
for remedial action as a result of the 1984 Energy and Water Development Appropriations 
Act. 

- 
The waste produced by the thorium extraction process was a sand-like material 

-. 

~ ~~~~ ~~~~ntainingr&iuaLamountsof thoriumand.itsdecay products,.with smaller quantities of 
uranium and its decay products. Because some of the wastes had been carried downstream 
by Lodi Brook, and some area residents had also used the sand-like wastes as mulch in their 
yards, the properties in the vicinity of the MCW were included as a decontamination 
research and development project under the Department of Energy (DOE) Bumerly 
Utilized Sites Remedial Action Program (PUSRAP). 

At the request of the DOE, the Measurement Applications and Development Group 
at Oak Ridge National Laboratory (ORNL) conducted investigative radiological surveys of 
properties surrounding the former processing plant. In May 1988, a radiological surve 
conducted on the private, residential property at 79 Avenue B, Lodi, New Jersey. d 

was 
The 

location of the Stepan property and the DOE-owned Maywood Interhn Storage Site relative 
to Avenue B in Lodi, New Jersey, is shown in Pig. 1. 

-- 

- 

The survey consisted of a complete gamma scan of the property outdoors, both at the 
surface and 1 m above the surface, and the collection of soil samples. Survey results, 
published in June 1989,* reported elevated gamma exposure rates in the eastern comer of 
the backyard. Soil sample analyses indicated that the property contahred radioactive 
contamination primarily from the 232Th decay chains. Both the concentration and extent of 
232Th on the property were in ezess of the applicable DOE criteria, and the property was 
scheduled for remedial action. 

- 
Decontamination of the property to current guidelines was conducted by subcontractor 

personnel in the fall of 1995 under the direction of Bechtel National, Inc. (BNI), the project 
management contractor for PUSRAP. Therm0 NuTach was the radiological support 
subcontractor. 

*The suney was performed by members of me Measuremeat Applications aad Development Group of 
the Health Sciences Research Dii at Oak Ridge National Laboratory under DOE contract DE-ACXIS- 
84OR21400. 

1 L 
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The independent radiological verification survey of the fall 1995 remediation was 
performed in October 1995 under the PUSRAP program by members of the Measurement 
Applications and Development Group at ORNL, the independent verification contractor 
for this property. The DOE’s policy to assign an independent verification contractor ensures 
the effectiveness of remedial actions performed within FUSRAP and conErms the site’s 
compliance with DOE guidelines. 

_-I 

-- 

This report descrii the radiological verification survey of the residential property at 
79 Avenue B, Lodi, New Jersey. The property is a single family dwelling with concrete walks 
and driveway. A diagram of the property is shown in Fig. 2 

-- 

Objectives 

SCOPE OF THE SURVEY 

The objectives of the verification activities were to conSrm (1) that available 
documentation adequately and accurately descrii the post-remedial action status of the 

~.prorertythat is to .beverifIed, and (2) that the remedial action reduced contamination levels 
to within authorized limits. Applicable DOE guidelines for protection against radiation are 
shown in Table 1. 

_- 
_ 

_- 

Survey Methods 

A comprehensive description of the survey methods and instrumentation used in this 
su~ey is given in W Manual for the OWL Radiological Survey Activities (RASA) 
Program, ORlWJlM-8600 (April 19S7)3 and Measuremenl Appliations and Development 
Group GtikMhes, ORNL-6782 (January 1995).4 

_- 

The radiological verification survey of this property included (1) a complete surface 
gamma scan of the property outdoors, (2) the collection of surface and subsurface soil 
samples for analysis, and (3) the examination of additional data collected by BNI and 
Therm0 NuTech. Gamma radiation levels were determined using a portable sodium iodide 
(NaI) gamma scintillation probe connected to a Victoreen Model 490 Thyac III ratemeter. 
Measurements were recorded in counts per minute (cpm) and converted to microroentgen 
per hour (a). 

Surface (0 to 15 cm) and subsurface (15 to 30 cm) soil samples were collected at 
various locations over the property. Systematic soil samples (VSl through VS4) were taken 
irrespective of gamma exposure rates. One biased sample (VBl) was collected at the point 
of the highest surface gamma exposure rates in the remediated area. All soil samples were 
collected after excavation was completed and before a remediated area was backfilled with 
clean soil. Concentrations of =Ra, %, and =U were determined in soil samples using 
gamma spectrometry. 

-. 

-. 

-, 
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VERIFICATION SURVEY RESULTS _- 

DOE guidelines are summarized in ‘Ihble 1. Typical background radiation levels for the 
northern New Jersey area presented in ‘Ihble 2 These data are provided for comparison - 

_ -~ with survey results presented in this section. AU direct-measurement 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 soil. 

Gamlnal%fposureRateM-mts -- 

- 

Surface gamma exposure rates on the property generally ranged from 7 to 13 j&/h in 
the front and back yards, except in the remediated area where exposure rates ranged from 
10 to 15 a (see Fig. 2). These measurements are comparable to typical background 
radiation levels of 3 to 13 @/h found in the northern New Jersey area (Table 2). 

soil samples 

- 
Soil sample locations are shown in Fig. 2, and results of radionuclide analyses are listed 

-. 

- 

in Table 3. Systematic and biased samples contained concentrations of p6Ra ranging from 
0.75 to 1.2 pCi/g and concentrations of =U ranging from 0.76 to 1.8 pCi/g, similar to the 
typical background concentrations found in the northern New Jersey area (‘l’hble 2). 
Concentrations of 232Th in systematic samples ranged from 2.2 to 4.7 pCi/g with the highest 
concentration, 4.7 pCi/ , found at sample location VS3 outside the remediation area. All 
surface (0 to 15 cm) 4% concentrations are higher than typical background levels in the 
northern New Jersey area (Table 2) but below DOE applicable guidelines of 5 pCiig 
averaged over the first 15 cm of soil below the surface (‘Table 1). 

- _ 

- 

- 

-- 

Concentration of p2Th in the biased sample VBlA measured 6.1 pCi/g (gross 
measurement) at a depth of 0 to 15 cm. When average background for this area (‘Ihble 2) 
is subtracted, the value is reduced to 5.1 pCi/g, which is slightly above the guideline of 
5 pci/g.* Several 1-ft holes around sample location VBl showed that the spot was very 
small and localized, occupying an area less than 1 m2. When averaged with samples VSl, 
VS2, VS3, and VS4, the average guideline of 5 pCi/g averaged over a 100-m* area is met 
(‘Ihble 1). In addition, the area meets the guideline for non-homogenous contamination 
(Table 1): a l-m* area can contain up to 50 pCi/g as long as the average guideline is also 
satisfied. Comparisons with additional sample results listed in the post-remedial action report 
@OE/O~1949-405)5 support the conclusion that the property was remediated to levels 
below DOE guidelines. 

_- 

\- 

*For residential propertics ia the Lcdi, New Jersey, arcs, the guideline for % is 5 pCi/g above 
background levels, averaged over a ?D-m2 area, for both surface and subwface soil. Source: W. J. Muuynski, 
Deputy Regional &.lmhistrator, Fnwronmental Protection Agency, Region II, mrrespondence to J. La Grone, 
Manager, Oak Ridge Gpcraticns Offia, Department of Energy, March 1994. aad J. La Grone, Manager, Oak 
Ridge Operaticus Office, hpartmcat of Energy, ccrrespcndena to W. J. Mwynski, Deputy Regional 

m, mntal proteud Agenq, Region II, April 1995. 
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CONCLUSIONS -. 

Prior to remediation, thorium residues in excess of DOE applicable guidelines were 
found in the eastern comer of the backyard on the property at 79 Avenue B, Lodi New 
Jersey. Decontamination, which consisted of excavation and removal of contaminated soil, 
was performed by subcontractors under the direction of BNI. This independent radiological 
verification survey was performed to verify that the remedial action had reduced 
contamination levels to within authorized limits. 

The property was thoroughly investigated outdoors for radionuclide residues. Surface 
gamma exposure rates were below guideline levels and comparable to 
values for the area The results of soil radionuclide analysis for =U, x 

ical background 
a, and =lh 

indicated that all soil concentration measurements were below limits prescrii by the DOE 
applicable guidelines for protection against radiation 

Analysis of data contained in the post-remedial action report (DOEIORn1949-405)5 
and results of this independent radiological verification survey by ORNL confirm that all 
radiological measurements fall below the limits prescribed by DOE guidelines established 
for this site. The property at 79 Avenue B successfuliy meets the DOE remedial action 
objectives 

-- 

_- 
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“Dble 1. Applicable guidelines for protection against radiation 
(Limits for uncontrolled areas) 

Mode of exposure Exposure conditions Guideline value 

Gamma radiation 

Radionuclide mn- 
centrations in soil 
(generic) 

Derived mncentrations 

Guideline for non- 
homogeneous mn- 
tamination (used in 
addition to the 100-m* 
guideline)’ 

Indoor gamma radiation level 
(above background) 

Maximum permisslhle mn- 
centration of the following 
radionuclldcs in soil above 
background levels, averaged 
over a lOO-m2 area 

=ka 
Tli 

lbtal uranium 

Applicable to locations with 
au area 45 m2, with sign& 
cantly elevated mncentrations 
of radionuclldcs (‘hot spots’) 

5 pCi/g averaged over the 
!kt 15 cm of soil below 
the surface; 15 pCl/g 
when averaged over 
lS-cm-thick soil layers 
more than 15 cm below 
the surface+’ 

100 pCi@ 

G,, = G,(lOO/A)v’, 
where 
GA = guideline for ‘hot 

spot’ of area (A) 
Gj = guideline averaged 

over a lOO-m2 area 

‘The 20 m shall comply with the basic dose llmlt (100 mrem/ycar) when an appropriate-use 
scenario is considered. 

bFor residential properties in the Lodi, New Jersey, area, the guideline for u%h is 5 pCi/g 
above background levels, averaged over a lOO-m2 area, for both surface and subsurface soil. 
Soruce: W. J. Muszynskl, Deputy Regional Administrator, Environmental Protection Agency, 
Region II, correspondence to J. La Grone, Manager, Oak Ridge Operations Office, Department 
of Energy, March 1994, and J. La Grone, Manager, Oak Ridge Operations Office, Department of 
Energy, correspondence to W. J. Mussynski, Deputy Regional Administrator, Environmental 
Protection Agency, Region II, April 1995. 

The concentration of any single radionucllde above normal background levels shall not exceed 
the guideline value. If more than one radionuclide is present, the sum of the ratios of the 
measured soil mncentration of each radionucllde to its corresponding guideline value shall not 
exceed unity. 

dDOE guidelines for uranium are derived on a site-specific basis. A guideline of 100 pCi/g for 
total uranium above background levels has been approved for this site. Source: J. W. Wagoner II, 
Director, Division of Off-Site Programs, Office of Eastern Areas Programs, Office of 
Environmental Restoration, Department of Energy, memorandum to L Price, Oak Ridge 
Operations Office, Department of Energy, April 1995. 

‘DOE guidelines specify that every reasonable effort shall be made to identify and to remove 
any source that has a concentration exmcding 30 times the guideline value, irrespective of area. 
Source: Adapted from Revised GuideIt& for Residual Radioactive MateriaI at FUSRAP ad 
Remote SFMP Sites, April 1987. 

Sources: Adapted from U.S. Department of Energy, DOE Order 5400.5, April 199Q U.S. 
Department of Energy, Guidelines for Rehiual Radioactive Material at FonnerIy Utihed Sites 
Remedial Action Program and Remote Surplus Facilities Management Program Situ, Rev. 2, 
March 1987; and U.S. Department of Energy, Raa7o&Iical Conzrol Manual, DOE/EH-S256T 
(DOE N 54SO.6), June 1992. 
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Tltble 2 Background radiation hek and mncentrations of selected 
radionudides in soil, northern New Jersey area 

ljye of radiation measurement 
or sample 

Gamma exposure rate at 1 m 
above ground surface (&b) 

Radiation level or radionuclide 
concentration 

Ran.9 Average 

z-13” 86 

Concentration of radionuclides 

&if @cw 0.55-1.4 1.0 
0.53-1.5 1.0 

=TJ 0.461.4 1.0 

“values obtained from 14 locations in the northern New Jersey area. 
,!ikume ‘II E Mytick and B. A Berven. State Bac&owsd Radiation LcveLc 
RcnrusofM- T&n Ewing 19%1979,ORNLAW7343, Martin 
Marietta Energy Systems, Inc., Oak Ridge NatL Lab., November 1981. 

bU.S. Department of Energy, Radiohgical Survey of the Miaiflesa 
Municipal &n@U, Miitq New Jmsey, DOE/EV-00005/20, April 1980. 

‘Values obtained from 15 locations in northern New Jersey arca. Source 
T. E Myrick and B. A. Berven, Srate Backgrowi Radiation LeveIs: Results 
of Meawrcments Tnken During 19751979, ORNVIM-7343, Martin 
Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., November 1981. 

_- 

.- 
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‘Bble 3. Couceuttations of mdionudidcs in soil at 79 Aveaue B, 

Sample 
numbef 

VSl 

Grid 
location* 

N747895 
E2162625 

I&i, New Jemey (IJ991) 

Depth’ Radionuclide mncentration (pGi/g)d 
@N 9-h =U 

sysrernatic soil samp1e.f 

o-15 0.75io.09 2520.2 1.5 io.4 

vs2 N797898 CM5 0.86io.05 22*0.08 0.76iO.4 
E2162612 

vs3 N747912 O-15 1.2 *O.l 4.750.2 1.8 to.4 
I32162592 

V84 N747904 O-15 0.97iO.l 27t0.2 1.5 to.5 
E2162621 

Biased soil scmpld 
VBlA N747905 o-15 0.%*0.06 6.ltO.l 1.3 to.2 

I32162631 

VBlB N747905 15-30 0.77iO.l 3.5io.2 O.%tO.2 
I32162631 

‘Sample locations are shown on Fig. 2 
‘Grid location based on state plane. 
?iamplcs taken after excavation completed and before a remcdiatcd area was backtilled 

with clean soil. 
dIndicated munthtg error is at the 95% mn6dence level (t2u). Background 

mncentrations (see lhblt 2) have not been subtracted. 
Systematic samples are taken at locations irrcqective of gamma exposure rates. 
fsiased sample taken from area with very slightly elevated surface gamma exposure 

rates. 

- 

.- 

- 
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