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Oak Ridge, Tennessee 37831-8723 

Attention: Peter J. Gross, Director 
Technical Services Division 

Subject: Bechtel Job No. 14501, FUSRAP Project 
DOE Contract No. DE-ACOS-810R20722 
Publication of the Radiological Characterization Reports 
for the Residential Properties at 7 Branca Court, 
11 Branca Court, 16 Long Valley Road, 18 Long Valley 
Road, 20 Long Valley Road, 22 Long Valley Road, 26 Long 
Valley Road, 11 Redstone Lane , and the Lodf Municipal 
Park, in Lodi, New Jersey 
Code: 731O/WBS: 138 

Reference: Letter from S. K. Oldham (DOE), 88-669 dated October 19, 
1988, to B. W. Clemens (BNI), 'Final Comments on the 
Prepublication Draft of the Radiological 
Characterization Reports for the Residential Properties 
at 7 Branca court, 11 Branca Court, 16 Long Valley Road, 
18 Long Valley Road, 20 Long Valley Road, 22 Long valley 
Road, 26 Long Valley Road, 11 Redstone Lane, and the 
Lodi Municipal Park, in Lodi, New Jersey,. CCN 056527. 

Dear Hr. Gross: 

Enclosed are six copies each of the published version of the nine 
characterization reports listed above. Incorporated in these 
report8 are comment8 based on the reference above and additional 
di8cu88ion8 between N. C. Ring and S. It. Oldham of your office and 
J. D. Berger of ORAU. 
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These publications also incorporate changc;s in wordinc regarding 
site release as requested by S. R. Oldham and A. Avel. 

Please notify me should you require additional copies (6-1677). 

Very truly yours, 

BWC/skl:l75Ox 
Enclosures: As stated 

B. W. Clemens P 
PrOieCt ManaCWr - FUSRAP 
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l_.._r 

cc: R. G. Atkin, w/o I I- - 
J. D. Berger, ORAU (w/all enclosures) 
G. R. Rovey, -w/o 
8. A. Bughlett, w/o 
M. R. McDougall, TMA/E (W/all enclosures) 
S. R. Oldham, w/o 
R. Rosen, EPA Region II, w/o 
R. E. SWaja, ORNL, W/O 
J. F. Wing, w/o 
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1.0 INTRODUCTION AND SUMMARY 

1.1 INTRODUCTlON 

The ?.984 Energy and Water Appropriations Act authorized the U.$. 

Department of Energy (DOE) to conduct a decontamination resear‘ch and 
development project at four sites, including the site of the former 
Maywood ‘Chemical Works (now owned by the Stepan Company) and its 
vicinity properties. The work is being administered by the Formerly 
Utilized Sites Remedial Action Program (FUSRAP), one of two remedial 
action programs under the direction of the DOE Division of Facility 
and Site Decommissioning Projects. The residential properties in 
Lodi, New Jersey, are included in FUSRAP as vicinity properties. 
Figure l-l shows the location of the Lodi vicinity properties in 
relation to the former Maywood Chemical Works. 

The United States Government initiated FUSRAP in 1974 to identity, 
clean up, or otherwise control sites where low activity radioactive 
contamination (exceeding current guidelines) remains from the early 
years of the nation’s atomic energy program or from commercial 
operations that resulted in conditions Congress has mandated DOE to 
remedy (Ref. 1). 

FUSRAP is currently being managed by DOE Oak Ridge Operations. As 

the Project Management Contractor for FUSRAP, Bechtel National, Inc. 
(BNI) is responsible to DOE for planning, managing, and implementing 
FUSRAP. 

1.2 PURPOSE 

The p'urpose of the 1986 survey performed by BNI was to locate the 
horizontal and vertical boundaries of radionuclide concentrations 
exceeding remedial action guidelines. 

1 ., . . 



SEE FIGURE 1-2 

FIGURE l-l LOCATION OF LODI VlClNlTY PROPERTIES 
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1.3 SUMMARY 

This report summarizes the pKOCedure6 and result6 of the 

radiological characterization of the property at 7 Branca court 
(Figure l-2) in Lodi. New Jersey, conducted from September through 
December 1966. The okner has since constructed a garage in an area 
where surface contamination was found. No ‘subsequent 
characterization has been performed: therefore, the characterizatic- 
maps and conclu6ion6 in this report reflect only the site feature6 

and radiological condition of this property as it existed prior to 
the recent construction and excavation activities. 

Ultimately, the data generated during the radiological 

characterization will be used to define the complete scope of 
remedial action necessary to release the site. 

This characterization confirmed that thorium-232 is the primary 

radioactive contaminant at thi6 property. Results of surface soil 
samples for 7 Branca Court showed maximum concentrations of 
thorium-232 and radium-226 to be 42.2 and 2.6 pCi/g, respectively. 

Subsurface soil sample concentrations tanged from 1.4 to 3.4 pCi/g 

for thorium-232 and from 0.4 pCi/g to 2.1 pCi/g for radium-226. Tb 
average background level in this area for both radium-226 and 

thorium-232 is 1.0 pCi/g. 

Hietorical information indicate6 that uranium is not a primary 

contaminant in this area: therefore, analysis for uranium wa6 not 

considered critical for this characterization. The coil samples 
have been archived and, if neces6aty. cm be analyzed for uranium ,??’ 
Borne future date. Because the major contaminants at the vicinity 
properties ace thorium and radium, the decontamination guidelines 
provide the appropriate guidance for the cleanup activitier. D3E 
believes that these guidelines are conservatively low Cot 

considering potential adverse health effects that might occur in t;;’ 
future from any residual contamination. The dose contributions fro, 
uranium and any other radionuclidee not numerically specified in 

\ 



^..- 
.’ 

L, 

. . - 

t 

‘2 9 
II- 

NO SCALE 

s REDSTONE LANE 

LOOI 
MUNICIPAL 

PARK 

FIGURE 1-2 LOCATION OF 7 8RANCA COURT 

\ 
4 . . . . I. L _. 



these guideline5 are not expected to b$ signLLicant following 
decontamination. In at?di:ion. because,the vicinity dropetties will 
be decontaminated in a manner to reduce future doses to levels tha’ 
are as low as reasonably achievable (ALARA), DOE will ensute that 
most of the radioactivity present at theee vicinity properties wil‘ 
be removed during the cleanup (Ref. 2). 

Subsurface investigation by gamma logging indicated no subsurface 
contamination. 

The radon-222 measurements inside the residence indicated a 
concentration less than 0.2 pCi/l. which is within the DOE guide]’ t 
of 3.0 pCi/l. 

Heasutements for tadon daughter6 tanged from 0.001 to 0.003 HL, 8:‘: 
measurements foe thoron daughters ranged from less than the lower 
limit of detection to 0.0007 WL. 

Exterior gamma radiation exposure rate measurements ranged from 
9 vRR/h to 26 vR/h, including background. The indoor exposure 
rate mea6urement wa6 4 vR/h, including background. 



2.0 SITE HISTORY 

?hc Maywood Chemical Works Was founded in 1695. During World War ‘: 
(in 1916). the company began processing thorium from monazite sand 
for use in manufacturing gas mantles for various lighting devices. 

The company continued this work until 1956. Process wastes from 
manufacturing operations wete pumped to two areas surrounded by 
earthen dikes (northern and southern diked areas1 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 a: 
used as mulch and fill in nearby low-lying areas. The fill materi; 
consisted of tea and cocoa leaves mixed with othet material 
resulting from operations at the plant and apparently also contain< 
thorium process wastes (Ref. 3). 

It is not known for certain how the properties in Lodi were 
contaminated. According to an area resident, fill from an unknown 
source was brought to Lodi 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 Maywood Chemical works 

property. It can be seen from photographs and tax maps of the are.: 
that the course of a previously existing stream known as Lodi Broo?. 
which originated at the former Maywood Chemical Works, generally 
coincides with the path of contamination in Lodi.. The brook was 
subsequently replaced by a storm drain system as the area was 

developed. Secondly, samples taken from Lodi properties indicate 
elevated concentrations of a series of elements known as rare 
earths. Rare earth elements are typically found in monasite sands, 
which also include thorium. This type of sand was feedstock at thr? 
Haywood Chemical Works, and elevated levels are known to exist in 
the by-product of the extraction process. Third, the ratio of 
thorium to other radionuclides found in these Lodi properties ie 



;tompacable to the tati found in contaminated material on other 
properties in Lodi (Re:. 3). And finally, long-time residents 
Lodi recatl chemical odors in and around the brook in Lodi and -. 
rising off the water. These observations suggest discharges of 
contaminants occurring upstream. 

The Stepan Chemical Company (now celled the Stepan Company) 
purchased Maywood Chemical Works in 1959. The Stepan Company i: If 
has never been involved in the manufacture of processing of any 
radioactive materials (Ref. 5). 

2.1 PREVIOUS RADIOLQGICAL SURVEYS 

January 1981 - The Nuclear Regulatory Commission (NRC) directed .c f 
a survey of the Stepan Company property and its vicinity be 
conducted. Using the Stepan Company plant as the center, a 4-y. 
aerial survey conducted by the EGSG Energy Measurements Group 
identified anomalous concentrations of thorium-232 to the nortr .3 
south of the Stepan Company property. The Lodi residential 
properties were included in this survey (Ref. 6). 

June 1984 - In June 1984, Oak Ridge National Laboratory (OHNL) 
conducted a ‘drive by” survey of Lodi using its ‘scanning van.’ 
Although not comprehensive, the survey indicated areas requirinrl 
further investigatioa [Ref. 7). 

September 1986 - At the request of DOE, ORNL conducted radiolog’ - 1 
rurveys of the vicinity prOpertie in Lodi, New Jersey. for the 
purpose of determining which properties contained radioactive 
contamination in excess ef guideline6 and would require remedial 
dction (Ref. 8). 

2.2 PEMEDIAL ACTION GU-TfrELINRS 

Table 2-l summarizes the DOE guideline6 for residual contaminat!: :I. 
The thorium-232 and radium-226 limits listed in Table 2-l will 1,. 

7- .. *‘. ‘. 



used to determine th-? extent of remedial action required at the 
vicinity properties. iICE developed these guidelides to be 
consistent with the guidelines established by the Environmental 
Protection Agency (EPA) for the Uranium Mill Tailings Remedial 
Action Program. 

8 
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IARLE 2-1 

SLJWARY OF RESIDUAL CUNTARlNAi$ON WIDELINES FOR 1% LODL VIClNllY PROPkRlIES 

PdW i of 2 

MStC OOSE Llt4lTS 

lhe basic limit for the annual radiation dose received by l individual wee&r of the Qeneral publi, 
100 mrendyr. 

&dionuclide 

Radium-226 
Rddiun-228 
Ihoriuu-230 
Yhoriuu-232 

Soil Concentration (pCi/a) dbove bdCkoW!uda'b*c 

5 pCi/g, dverdged Orer the first IS an of soil bel, 
the surface; 15 pCi/Q when dverdged over any 15-m 
thick soil layer below the surface layer. 

STRUCTURE WIOEllNES MAXIMUM AlLOUAQIt LIMITS) 

Airborne Radon kCdY Prod- 

Generic guidelines for concentrations of airborne radon decay products shall dpp!y to existing occupi. 
or habitable structures on private properly; structures that will be demlished or buried drC 

excluded. The dpplkdble generic guideline (40 CFR 192) is: In any occupied or habitdble building. 
the objective of ramdial action shall be, dnd reasonable effort shall be made to achieve, an annual 
average (or quivdlent) radon decay product concentration (including background) not to exceed 
0.02 uL.d tn any case, the radon deCdy product ConcentraLion (Including background) shall not excel!: 
0.03 YL. bnedidt actions are not required in order to canply with this guideline when there is 
redsonable assurdnce that residual radiodctive materials are not the cause. 

-al Gamtd Radiation 

fhe dverdge level of Mama radiation inside d buildin or habttdbte structure on a site shall not 
exceed the bdCkQrOuhd level by nmre than 20 )rWh. 

todoor/Outdoor Structure Surfdce Contmination 
Alloudble Retldual furfdce Contminatkd 

(dy'G&z!b 

Qadionuclidqf 

Tranruranics, b-226, k-228. lh-230, Th-228 
Pa-231, AC-227, l-125, I-129 

Yh-baturdl, lh-232, Sr-90, Ad-223, RI-224 
U-232, l-126, I-131, t-133 

AvcraaeQ*h Raximx& i Qemvableh*J 

loo 300 20 

l,W 3,000 200 

I 
i 

,. .> 9.‘. . . . . 



TAELE 2-l 

(continued) 

Moor/Outdoor Structure Surface Contaninition (continued) 
Allowble Residual Surface contam\nJt\one 

Mxw1oOun2) 

Radionucl\def 

U-l&tUrJl, U-235. U-238. Jnd JtSoCiJted deCJy 
products 

geta-gana dtterS (rrdionuclides with decay 
eodrs other than JlphJ nission or spontaneous 
fission) except P-06 mnd others noted above 

Averwe9*h Mximunh@i RamovJbleh*j 

5,oQo 0 15,000 0 1.000 (I 

5,ooo D-y 15,000 B-y 1.000 I)-: 

Jlhese guidelines tdke into account ingrouth of rJdiUW226 fran thoriun-230 and of rrdiun-228 fran 
thorium-232, Jnd rssun! secular equilibriun. 1f either thoriun-230 Jnd radiun-226 or thoriun-232 
Jnd rJdiun-228 Jre both present, not in secular equilibriun, the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the concentrations of individual 
radionuclides Shall be reduced so that the dose for the mixtures will not exceed the basic dose 
limit. 

b7heSe guidelines represent residual concentrations above bJckground JVerJged JCrOSS 

my &an-thick layer to any depth Jnd over any contiguous lOO-(rz surfrce area. 

Clocal\red concentrations in excess of these limits Jre JllCwable provided that the Jverage 
concentration over J lOO& area does not exceed these limits. 

dA uorklng level (UL) is any ctiination of short-lived radon decay products in 1 liter of air that 
u\ll result in the ultimate emission of 1.3 x 105 kV of potential Jlpha energy. 

eAs used tn this table. dpn (disintegrations per minute) e@ans the rJte of emission by radioactive 
auter\Jl IS determined by correcting the counts per minute observed by Jn Jpproprirte detector for 
background, efficiency, Jnd geanetric factors Jssociated with the instrunentation. 

‘Where surfrce contmtnrtion by both Jlphr- Jnd beta-ganna-emitting Ndionuclides ex\stS, the limits 
l strblished for JlphJ- l nd betJ-gm-+mitt\ng radionuclides should Jpply independently. 

gkasuramts of Jverage contmination should not be Jveraged over more thJn 1 J?. For objects of 
less surface l r, the average shrll be derived for l Jch such object. 

he average l nd xux\xwn radlrtion levels Jssocirted with surfrce contm\nrtion resulting ffun 
betJ-g&mu amitters should not exceed 0.2 mrJd/h l nd 1.0 mrrdlh, respect\vely, at 1 an. 

'The Mx\mun contminrtton level rppties to Jn JIVJ of not nnre than 100 a~?. 

jlhe mount of rwvable radiorctfve mteriJ1 per 100 a~? of surface area should be detenined by 
miping thrt JreJ with dy filter or soft JbSOrbent paper, Jpplying moderate pressure, Jnd mcaruring th? 
mmunt of rJd\oJctive matwirl on the wipe with Jn appropriate instrunent of knoun efficiency. When 
mfmvable COntainatiOn On ObjKtS Of SUrfJCe JrCJ 1eSS thdn 100 an2 IS detcmined. the JCttvity per 
unit JfWJ should be based WI the Jctual Jrea Jd the l nt\re surface should be wiped. ,fhe nuttws in 
this CO~IJM we maxhwvn wunts. 

10 . . ,/. . ,> . m ,. ,*r . 
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N o . 2 0 .0 1 , th e  Pro jec t  R a d i a tio n  P r o tect ion M a n u a l  a n d  i m p l e m e n tin g  
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Cop ies  o f th e s e  pro ject  instruct ions A n d  m a n u a l s  A re  loca ted  O n - S :' 
fo r  th e  u s e  o f s u b c o n tractor p e r s o n n e l . 
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4.0 CHARACTERIZATlON PROCEDURES 

A master grid was established by the surveyor: BNI’s radiologica: 
support subcontractor, Therm0 Analytical/Eberline (TMA/E), 
established a grid on individual properties. The size of the gr: 
blocks is adjusted to adequately chapcterize each property. Thr 
grid origin allows the grid to be reestablished during remedial 
action and is correlated with the New Jersey state grid system. 

.data correspond to the coordinates on the characterization grid. 
The grid and its east and north coordinates are shown on all figs. 
of the property (Sections 4 and 5). 

4.1 FlELD RADIOLOGIC~&_CHARACTE~7.ATION 

4.1.1 Measurements Taken and Met_h_ods Used 

An initial walkover survey using unshielded gamma scintillation 
detectors (2-in. by 2-in. thallium-activated sodium iodide prot-- 
identify areas of elevated radionuclide activity was performed. 
Near-surface gamma measurements taken Using a cone-shielded gacr 
scintillation detector were also used in determining areas of 
surface contamination. Using the shielded detector ensured th?? 
majority of the radiation detected by the instrument originated “3 
the ground directly beneath the unit. Shielding against lateral 
gamma flux, or shine, from nearby areas of contamination minimi: 
potential sources of ecror in the measurements. The measuremen’ 
were taken 12 in. above the ground at the intersections of lo-ft 
grid lines. The shielded detector was calibrated at the Technic 
Measurements Center (TMC) in Grand Junction, Colorado, to provid. 
correlation of counts per minute (cpm) to picocuries per gram 
(iCi/a) 0 This calibration demonstrated that 11,000 cpm correspo: 
to the DOE guideline of 5 pCi/g plus local average background of 
1 pCi/g for thorium-232 in surface soil6 (Ref. 9). 

A subsurface investigation was conducted to determine the depth 
which the previously identified surface contamination extends a’ 

i 
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To identify surface areas where the level of contamination exceed? 
the DOE puideline of 5 pCi/g for thorium-232 in surface soils, at: 
with measurements of more than 11,000 cpm were plotted. Using thfi 
data as well as data from preViOUS surveys (Refs. 5, 6, 7, and 8). 
the locations of biased surface soil samples were selected to bett 
define the limits of contamination. Surface soil samples were ta: 
at 12 lo&ationa (Figure 4-2) and analyzed for thorium-232 and 
radium- 226. Each sample was dried, pulvetized, 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 

I”’ 
r’ 3 

lscata subsurface contamination where there is no surface 
manifestation. The subsurface characterization consisted of 
drilling and gamma logging 13 boreholes (Figure 4-l) using either 
o-in.- or 6-in--diameter auger bit: holes were drilled to depths 
determined in the field by the radiological and geological suppor 
representatives. 

The.downhole gamma logging technique was used because the ptoced;: 
can be completed more quickly than collecting soil samples, and F 
eliminates the need for analyzing these samples in a laboratory. 
2-in. by 2-in. sodium iodide gamma scintillation detector was ~5’ 
to perform the downhole logging. The instrument was calibrated 
TMC where it was determined that a count rate of approximately 
40,000 cpm corresponds to the 15-pCi/g subsurface contamination 
guideline for thorium- 232 for subsurface soils. This relations! 
has also been corroborated in results from previous 
characterizations where thorium-232 was found (Ref. 9). 

Gamma radiation measurements were taken at 6-in. vertical intervc 
and determined the d&pth and concenttation of the contamination. 
The gamma logging data were reviewed to identify trends, tegatdler 
of whether concentration6 exceeded the guidelines. 

4.1.2 Sample Collection and Analysis 
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analyzer. ‘Radionuclids concentrations were determined by comparing 
the gamma spectrum of each sample with the spectrum of a certified 
counting standard for the radionuclide of interest. 

Subsurface soil samples were collected from 12 locations 
(Figure 4-2) using the side wall sampling method and were analyzed 
to compare laboratory soil sample results to downhole gamma 
radiation measurements. A cup or can ettached to a steel pipe or 
wooden stake was inserted into the borehole and used to scrape 
samples off the side of the borehole at a specified depth. The 
subsurface soil samples were analyzed for radium-226 and thorium-232 
in the same manner as the surface soil samples. 

4.2 BUILDING RADIOLOGICAL CHARACTERIZATION 

After evaluating previous radiological survey data as well as data 
from this characterization, it was suspected that contamination 
might be present under the foundation of the residence. A radon 
measurement was obtained to verify the presence of contaminated 
material under the residence and to estimate potential occupational 
exposures during future remedial actions. 

Indoor radon measurements were taken using the Tedlar bag 
technique. Using this method, radon measurements are obtained by 
pumping air into a Tedlat bag at a rate of approximately 2 l/min and 
transferring the ait sample directly into a scintillation cell with 
an interior coating of zinc sulfide and an end window for viewing 
the scintillations. Analysis of the sample was Bimplified by 
allowing the radon decay products to build up over time. This 
method allows all the radon decay products to come into secular 
equilibrium with the radon. The scintillation cell was placed in 
contact with a photomultiplier tube, and the scintillations were 
counted using standard nuclear counting instrumentation. 

Indoor air rample collection was also performed to determine working 
levels (WL) of radon and thoron daughters. Measurement of radon 
daughters was done by collecting an air sample for exactly 5 min 

\ 
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::~~ocg~~ a 0.45.micron membrane filter at a rate of 11 liters/min for 
3 total sample volume of 55 1. Alpha particle activity on the 
filter paper was Counted 40 to 90 r?in after sampling using an alpha 
scintillation detector coupled to a count-rate meter or e digital 
scaler. Measurements for thoron daughters were conducted using the 
same method as for radon daughters with the exception of the time 
between cbllection of the air sampie and counting of the alpha 
particle activity. In the case of’thoron daughters, the sample is 
allowed to age for at least 5 h after sampling before alpha activit!, 
is counted. This elapsed time allows radon daughters, which may be 
present with the thoron daughters, to decay sufficiently so as not 
to interfere in calculating the working levels for thoron daughterr. 

Exterior gamma exposure rate measurements were made at seven 
locations throughout the property grid system and at one location 
inside the residence using either a 2-in. by 2-in. thallium- 
act.ivated sodium iodide gamma scintillation detector used to detect 
gamma radiation only, 0~ a pressurized ionization chamber (PIG) 
(Figure 4-3). The PIC instrument has a response to gamma radiatio!) 
that is proportional to exposure in roentgens. A convetsion 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 reading6 were then used to estimate gamma exposure rates 
for each location. These measurements were taken 3 ft above the 
ground, and the locations were determined to be representative of 
the entire property. Interior measurement6 are generally obtained 
with the gamma scintillation instrument rather than the PIG because 
of its smaller size and the desire to minimize the technician’s tim 
inside the residence. 
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FIGURE 4-3 EXPOSURE RATE MEASUREMENT LOCATIONS AT 
7 BRANCA COURT 
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5.0 CHARACTERIZATION RESULTS 

5.1 F IELD RADIOLOGICAL CHARACTER?ZATION 

Near-surface gamma radiation measurements on  the property ranged 

from 2,900 cpm to approximately 29,000 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 gamma measurements were used to 
determine the extent of surface contamination a6  well a6  the basis 

for selecting the locations of soil samples. 

Surface soil sample6 taken from several locations on  the property 

were analyzed for thorium-232 and radium-226. The  concentrat ion6 in 

these samples ranged from 1.0 pCi/g to 42.2 pCi/g for thorium-232 

and from 0.7 pCi/g to 2.6 pCi/g for radium-226. Analysis results 
for surface soils (depths from 0.0 to 0.5 ft) are provided in 

Table 5-l. Results showed concentrations of thorium-232 in excess 

of DOE guidelines (5 pCi/g p,lus background of 1.0 pCi/g for Surface 

soils) with a  maximum concentration of 42.2 pCi/g. Use of the “less 

than” ( c ) notation in reporting result6 indicate6 that the 

radionuclide was not present in concentrations that are qUfintitatiVe 

with the instruments and techniques used. The  “less than” Value 

represents the lower bound of the quantitative capacity of the 
instrument and  technique Used and is based on  various factors, 

including the volume, size, and  weight of the sample: the type of 
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 radioactive decay is a  random 

process, 6 correlation between the rate of disintegration and a 
given radionuclide Concentration Cannot be  precisely established. 
Por this reason, the exact concentration of the radionuclide cannot 

be determined. As such, each value that can be  quantitatively 

determined has an associated uncertainty term (21, which represents 
the amount  by which the actual concentration can be  expected to 
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dltfc?r from the’,vslue given in the table. The uncertainty term ha,. 
an aasaciated cpnfidence ievel of 95 percent. 

>I$ ’ : 
Results of ne . -surface gamma radiation measurement6 and surface 
soil sample a % ysis indicate the presence of surface contaminatiu-: 
on th\s qroperby. Areas of surface contamination are shown in 
Figur$ 6-l. i 

Analysis results for Subsurface soil samples (depths from 0.5 to 
1.0 ft) given in Table 5-l are consistent with the gamma loggin? 
data in Table 5-2. The results in Table S-2 showed a range from 
7.000 cpm to 39,000 cpm. A measurement Of 40,000 cpm i6 
approximately equal to the DOE guideline for subsurface 
contamination bf 15 pCi/g. Analyses of subsurface soil sarr,ples 
indicated thorium-232 concentrations ranging from 1.4 to 3.4 pCi/g 
and radium-226 concentrations ranging from 0.3 to to 2.1 pCi/g. 

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 BUXLDIBG RADIOLOGICAL CXARACTERIZATfON 

Result8 of two indoor radon measurements made with the Tedlat bag 
method indicated concentrations less than 0.2 pCi/l. These 
measutementr were substantially less than the apRlicable DOE 
guideline of 3.0 pCi/l (Ref. 10). 

Resultr of measurements for radon daughters ranged from 0.001 to 
0.003 WL and were substantially less than the applicable genetic 
guideline (40 CFR 192) (Ref. 10) of an annual average (or 
equivalent) radon decay product concentration not to exceed 0.02 HL. 

Results of mea8utements for thoron daughte:s ranged from leas than 
the lower limit of detection to 0.0007 WL. The generic guideline is 

\ 
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FIGURE 5-l AREAS OF SURFACE CONTAMINATION AT 7 BRANCA CCYJRT 
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wre restrictive for radon-222 (radon) than for radon-220 (thoton) 
,!ccording to NCRP Report No. 50 (Ref. 11), which was used as the 
guideline for thoron daughter measurements. 

Exterior gamma radiation exposure rate measurements ranged from 
9 rR/h to 26 rRlh, including backjground. The indoor exposure 
rate meastirement was 4 vR/h, including background. None of the 
measurements exceed the DOE guideline of 100 mrem/yr for public 
exposure. This is based on the assumption of 16 hours.occupancy per 
day for 365 days per year (5,940 hours) and subtracting average 
background of 9 rR/h (Ref. 12). The highest measurement, 
26 vR/h, was taken in the area where the surface soil analysis 
indicated a concentration of 42.2 pCi/g for thorium-232, but the 
measurement does not exceed the guideline. These results can be 
found in Table 5-3. 



TABLE S-l 
SURFACE AND SUBSURFACE RADIONUCLIDE CONCENTRATIONS IN SOIL 

FOR 7 BRANCA COURTa 

Pam? !lOf 2 
Coordinate6 

East North 
Depth Concentration toCi/a +/- 2 eiamal I (ft) Uranium-238 Radium-226 Thorium-232 

3456 2044 0.0 - 0.5 -b- 1.4 +/- 0.5 1.4 +/- 0.6 
3456 2044 0.5 - 1.0 -b- * 2.1 < 3.1 

3458 
3458 

1993 
1993 

3471 2024 
3471 2014 

0.0 - 0.5 -b- 1.3 +/- 0.6 5.0 +/- 0.8 0.5 - 1.0 -b- 0.4 +/- 0.4 2.1 +/- 0.6 

0.0 - 0.5 -b- 1.2 +/- 0.3 2.3 +/- 1.8 
0.5 - 1.0 -b- c 1.9 2.2 +/- 0.7 

3475 
hl 3475 
a 

3408 
3488 

1978 0.0 - 0.5 -b- 2.6 +/- 0.8 
1978 0.5 - 1.0 -b- < 1.9 

2001 0.0 - 0.5 -b- 0.7 +/- 0.3 
2001 0.5 - 1.0 -b- 2.1 +/- 0.7 

3490 2053 0.0 - 0.5 -b- < 1.8 
3490 2053 0.5 - 1.0 -b- 0.9 +/- 0.5 

3498 1980 
3498 1980 

0.0 - .o.s 
0.5 - 1.0 

0.0 - 0.5 
0.5 - 1.0 

0.0 - 0.5 
O-5 - 1.0 

-b- 
-b- 

1.1 +/- 0.4 
c L.7 

3516 1989 
3516 1989 

-b- 
-b- 

3517 2034 
3517 2034 

I.3 +/- 0.3 
0.9 +/- 0.5 

1.7 +/- 0.5 
0.6 +/- 0.3 
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TABLE S-l 
(continued) 

Coordinates Depth 
East North (ft) 

Concentration (WA/a +/- 2 siama) 
Uranium-238 Radium-226 Thorium-232 

3518 2054 0.0 - 0.5 -b- 1.0 +/- 0.4 < 2.6 
3516 2054 0.5 - 1.0 -b- 1.2 +/- 0.4 < 2.4 

3523 2014 0.0 - 0.5 -b- 2.1 +/- 0.4 5.1 +/- 0.7 
3523 2014 0.5 - 1.0 -b- 0.3 +/- 0.2 1.6 +/- 0.4 

3555 1991 0.0 - 0.5 -b- 
3555 1991 0.5 - 1.0 -b- 

"Sampling location8 are shown in Figure 4-2. 

0.9 +/- 0.7 2.6 +/- 1.5 
1.9 +/- 0.5 I.9 +/- 0.6 

Ir) l 'AnalySi8 not requested. 
w 

--- r._. _ .--- , . . . . . . . . I . --  . , . . .  - .* .  .  



TABLE 5-2 
DOWNHOLE CAM.1 LOGGLNG RESULTS 

FOR 7 BRANCA COURTa 

fnae 1 of 5 
Coordinates Depthb Count RateC 

East North (ft) (CPW 

3975 
3?75 
3"75 
3f75 
3575 
3"?5 
J??$j 
3 ‘75 
3:75 
3675 

1976 
1978 
1978 
1978 
1978 
1978 
1978 
1978 
1978 
1978 

B?Jehole 3778 

3*"71 2014 
3,'71 2014 
3.171 2014 
3"71 2014 
3;71 2014 
3 ,: 7 1 2014 
?,?71 2014 
3471 2014 
t471 2014 
3471 2014 
3471 2014 

zehole 378R 

188 2001 
iE8 2001 
18B 2001 
188 2001 
188 2001 
188 2001 
I88 2001 
I68 2001 
IS8 2001 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 

39000 
17000 
12000 
11000 
10000 
10000 
10000 
11000 
11000 
10000 

0.5 
1.0 
1.5 
2.0 
2.5 
i.0 
3.5 
4.0 
4.5 

2: 

19000 
18000 
15000 
13000 
12000 
11000 
12000 
12000 
12000 
13000 
13000 

0.5 
1.0 
1.5 
2.0 
2.5 

i:X 

::i 

15000 
15000 
13000 
11000 
10000 
10000 
12000 
12000 
12000 
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TABLE 5-2 
(continued) 

Paae 2 of 5 
coordinate6 

NOrT-5 
Depthb 

East (ft) 

Bocehole 3788 (continued1 

Count RateC 
(cem) 

3488 2001 
3488 2001 

Rotehole 379Ra 

55:X 13000 
11000 

3516 1989 0.5 13000 
3516 1989 1.0 13000 
3516 1989 1.5 12000 
3516 1989 2.0 13000 
3516 1989 2.5 13000 
3516 1989 3.0 12000 
3516 1909 3.5 13000 
3516 1989 4.0 12000 
3516 1989 4.5 12000 

Borchole 380R 

3555 1991 
3555 1991 
3555 1991 
3555 1991 
3555 1991 
3555 1991 
3555 1991 

Borehole 3BlR' 

0.5 10000 
1.0 10000 
1.5 10000 
2.0 10000 
2.5 11000 
3.0 12000 
3.5 12000 

3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 
3523 2014 

0.5 
1.0 
1.5 
2.0 
2.5 

kX 
4.0 

.::: 
5.5 

13000 
12000 
10000 
11000 
10000 
11000 
12000 
12000 
12000 
12000 
13000 
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TABLE S-2 
(Lcntinued) 

Paae 3 uf 5 
Coordinates Depthb Count RateC 

East North (ft) (CPrn) 

Eorehole 3828 

3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 
3517 2034 

Eorehole 383Rd 

0.5 16000 
1.0 17000 
1.5 16000 
2.0 14000 
2.5 11000 
3.0 11000 
3.5 13000 
4.0 13000 
4.5 13000 
5.0 12000 
5.5 12000 

3458 1993 0.5 11000 
3458 1993 1.0 14000 
3458 1993 1.5 12000 
3458 1993 2.0 12000 
3458 1993 2.5 10000 
3458 1993 3.0 11000 
3458 1993 3.5 13000 

Borehole 384R 

3456 2044 
3456 2044 

Botehole 385Rd 

0.5 
1.0 

10000 
17000 

3490 2053 0.5 10000 
3490 2053 1.0 11000 
3490 2053 1.5 12000 
3490 2053 2.0 12000 
3490 2053 2.5 11000 
3490 2053 3.0 10000 
3490 2053 3.5 9000 
3490 2053 4.0 11000 
3490 2053 4.5 11000 
3490 2053 5.0 10000 
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TABLE 5-2 
(continued) 

Paoe 4 of 5 
Coordinates Depthb Count Rate= 

East North (ft) (CPrn) 

, Borehole 3858 (continuedI-d 
‘i 3490 2053 

3490 2053 
3490 2053 
3490 2053 
3490 2053 

Borehole 386Rd 

3516 2052 
3516 2052 
3516 2052 
3516 2052 
3516 2052 
3516 2052 
3516 2052 

Borehole 387Rd 

3498 1980 
3498 1980 
3498 1980 
3498 1980 
3498 1980 
3498 1980 
3498 1980 
3498 1980 
3498 1980 
3498 1980 

Botehole 505R 

3454 2057 
3454 2057 
3454 2057 
3454 2057 
3454 2057 
3454 2057 
3454 2057 
3454 2057 

i:: 
4:: 
7.5 

0.5 10000 
1.0 11000 
1.5 12000 
2.0 13000 
2.5 10000 
3.0 10000 
3.5 13000 

0.5 

Z 
2.0 

Z:i 
3.5 
4.0 

;:: 

0.5 
1.0 
1.5 

2:: 

f :S 
4.0 

9000 
9000 

10000 
10000 

9000 

17000 
14000 
13000 
10000 
10000 
11000 
11000 
11000 
11000 
10000 

7000 
10000 
10000 
11000 
11000 
12000 
10000 

9000 
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TAB&E 5-2 
(continued) 

Paue 5 of 5 

10000 
3454 2057 5.0 10000 
3454 2057 5.5 11000 
3454 2057 6.0 11000 
3454 2057 6.5 10000 
3454 2057 7.0 11000 
3454 2057 7.5 10000 
3454 2057 8.0 8000 

IBorehole locations are shown in 
Figure 4-l. 

bThe variations in depths of boreholes and 
corresponding results given in this table 
ace based on the bOtehOle6 penetrating the 
contamination or the.drill reaching refusal. 

Cfnstrument used wa6 2-in. by 2..in. 
thallium-activated sodium iodide gamma 
scintillation detector. 

d Bottom of borehole collapsed. 
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TABLE 5-3 
GkMrA RADlATlON EXPOSURE RATES 

FOR 7 RRANCA COURT 

CootdSnates 
East North vR/h 

3460 2017 14 
3462 1978 26 
3467 2045 0 
3502 1989 13 
3505 2057 9 
3525 2026 9 
3540 1992 10 
INTERlOR OF RESIDENCE 4 

Measurements include background. 

- 
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APPENDIX A 

GEOLOGIC DRILL LOGS FOR 7 BRANCA COURT 

-- LODI, NEW JERSEY 
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D. MCGRANE 
I 
NOTES ON: 
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Borrholr drilled 0 - 
6.0 ft wing I’ 
wlid-rtrm l ugen. 

7 Branca Ct. LODI 
A-4 

Site checked for 
radiowtiv* 
contamination and 
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