
j t, >-- s 

I: 
I - 

I &- 
3: :i.r j ORNL/RA&88/. :! 

‘- M-Ob z 

1; ’ 
;,l~L-/, : I _. , 

:I; j 
i I / IL 

ii; 

: i] 
:‘i 
t * .: 

‘. Lf 

.i,;. 
I 

I Y..-- 

i! 
I 

rr 
i. 

‘i 
- i, 
i; 

i 
:-i 
.t 

I ., 
:i .i 

:. 

i 
ii ;- 

;‘l’ -;1 
ji 
j i 
: ! 

ji,‘- 

ji’ j 
,; ! 1.i -- 

j .f f 
i 2 “L 
/ I /c, 

,a 
i / 

- 

;I: - 

OAK RIDGE 
NATIQNAL 
LABORATORY RESULTS OF THE 

RADIOLOGICAL SURVEY 
AT 

4 BRANCA COURT LODI, 
NEW JERSEY (LJ037) - 

Ft. D. Foley 
L. M. Floyd 
FL F. Carrier 
J. W. Crutcher 

BfRATED BV 
MARTIN MARiE’tTA ENERGY SYSTEMS, INC. 
FOR THE UNITED STATES 
OEPARTMEWT ff ENERGY 



fm 
, 

z . . . 
. . 563002?;’ I :_ : .i / jj 

j .: 4- 
: $’ t: 
.: ; : li 
.;c’ .:, 
Y&L., 
.‘r I 
,I), 
i .) I -1 

‘C 
, 

i I,? ! 

.z. 
?. 

i 
II 

i 

I / 

‘L 

Thbraprthaabwn rcJpdmddracllytromlhabaata~oopy. 

A~-~mEmrlooEoonlmotorrtrathaoukvolso&rmncand 
Tednlcsl krformtlon. P.O. Box 82. oak Ri. TN 37831; pflcm wllnnbkl 
from (Sl5) 6765401, Frs 62&S4o1. 

Adabb to tha rub40 from ttm Natbnat Tedtdcal hfamatbn Swii, U.S. 
lhrJ=ma ol CwNmroa. 5285 Porl Royal Rd.. SpingRdd, VA 22161. 

~smceaJdm--RMed~Y:Ao3-Ao1 

Thb~was~~rdnaan.n~d*ra(c~MMclgsncv 
ma unned statPa hmmmam. NalUmr tha United Stataa Qovmmml nor any 
apacy~.narmydu~~mpbyres.makwaany*ran~.expsMa 
tlvpnad. u a.%wm ally bgal Bablmy or -~~~~,~ 
M=m8. of UW of any hfumatlon. awamtua. vodwt. or powa. fis- 
cbaad,arwawntarhatUauaavmutdndhMnga~aed~r. 
Ralsrww herein to any apacifk fxJnmdatpoduct.~,or~by 
trade name. ha-, nmmrfaotu.ar. or o4tlwub. &aa mt moaaaarny cowli- 
twa or hn& nn enemammt. wtbn. u favoeg by ula Imad stlwm 
GuvammmlwanyaOdncythamof.Thavicwaandophbnaofauihora 
Orp~~wrdrdonat~rbharsnat~olmr~Staiw 
OovammMaam,awnoylharwf. 

i 

f 

f 

&’ 
! 
.L 

T 
I, 

__ 
‘- 6 

i 



r i ; .‘A +’ ‘F g :,“- I” ; /L ” ‘la / / ;& F- f; .L f L % i’, +-- y .,: lr .: 
F‘ / 
t ( 
,. 
if i \ .c 
Iti i fir- 
i 
h- 

0R?4n/rlASA-88/52 

HEALTH AND SAFETY RESEARCH DMSION 

Nuclear and Chemiml Waste Program 
(Activity No. AFI 10 05 00 0; ONLWCOl) 

RESULTS OF THE RADIOLOGICAL 
SURVEY AT 4 BRsANCA COURT, LODI, 

NEW JERSEY (LJ037) 

R D. Foley, L. M. Floyd;K F. Carrier, and J. W. Crutcher 

Date Published - June 1989 

Investigation Team 
FL E. Swaja - Meamremen t A 

Wk DtiGD;~; P 
plications and Development Manager 

- USRAP Project Director 
. . * - Field Survey Super&or 

Survey Team Members 
A. C. Butler* 
E ;. pi&*rson ~~*Eiii? 

D: S: Foster 
E: hi. Pilz 
g &i~wwW 

D. W.Greene . 
*Former Employees of Martin Marietta Energy Systems, Inc. 

tStone Associates 

Work performed by the 
MEASUREMENTS APPLlCATIONS AND DEVELOPMENT GROUP 

Prepared by the 
OAK RlDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37631-6285 
operated by 

MARTlN MAB.XETT$zlV;tGY SYSTEMS, INC. 

U. S. DEPARTMENT OF ENERGY 
under Contract No. DEAC0564OR21400 



?’ 
F- 
14 /> 
Z” 3: 
4 i: ‘_/ 

b rz 
I\j \k. ti B 
rl f,; 
/ 

% 4 

i 
4 

k- 
I 
i 

I: -, 

063002 .. 

CONTENTS 

LIST OF FIGURES. . . . . . . . . . . . . . . . . . . . . . . . . P 

LIST OF TABLES ......................... vii 

ACKNOWLEDGMENTS ...................... lx 

ABSTRACT ............................ xi 

INTRODUCTION ......................... 1 

SURVEY METHODS ........................ 2 

SURVEY RESULTS. ........................ 2 

St&tee G-a Radiation Levele ................. 3 
Systematic Soil Samples ..................... 3 
AugerHoleSoilSamplesandGammaLo~g ........... 3 

SIGNIFICANCE OF FINDINGS ................... 4 

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

. . . 
111 



$1 ,,I !: 
ij 
I/ L- ‘4 
c LIST OF FIGURES 
Ii 

1 Gamma radiation levels @R/h) measured on the surf&x at 4 Branar 
Court,Lodi,NewJersey(LJ037) . . . . . . . . . . . . . . . . . . 5 

2 Diagram showing locationa of soil samples taken at 4 Branca Court, 
Lodi, New Jersey (LJ037) . . . . . . . . . . . . . . . . . . . . . 6 

3 Gamma profile for auger hole 1 (LJO37Al) at 4 Branca Court, Lodi, 
NewJersey. . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

4 Gamma profde for auger hole 2 (LJO37A2) at 4 Branca Court, Lo&, 
NewJersey............................ 8 

5 Gamma p&e for auger hole 3 (LJO37A3) at 4 Branca Court, Lodi, 
NewJersey. . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 



$:. 

I 

r 

F 

$1 

P- 

f 

,,! 
.*,, 

7 

‘I i 

‘% -. 
‘- 
< 
ii 

j, 
,--- 

i! 

: 
:; 
;“- 

.,‘- 

~ 

,Y’ 
I 

..L 

i 

: ..$ 
h 

e--L 

:f 

;‘r-’ 

-3 
,L- 

i 
A-- 

‘\ 
i_ 

i\ 

i 

1‘ 

L- 

.I, 

1 
.-. 

. . 
A., 

LIST OF 

;i; 
063002 ‘I. 

TABLES 

1 Applicable guidelines for protection sgaiuet radiation . . . . . . . . . 10 

2 Background radiation levels for the northern New Jm area . . . . . 10 

3 Concentrationa of radiouuclides in soil at 4 Branca Court, Lodi, 
New Jemey(LJO37) . . . . . . . . . . . . . . . . . . . . . . . . 11 

4 BNI scintillation probe leggings for auger holes at 4 Brama Court, 
Lodi,NewJemey(LJO37) . . . . . . . . . . . . . . . . . . . . . . 12 

vii 



*&: ,. “.d’, 7..,: .,:A -> ; 
1; 063Oil2 ;E . . . 1 : A.,:. i-- s L.? ACKNOUZEDGMENTS i 
-A. 

i’ 
f 

F&search for this project was sponsored by the Division of Facility and 
Site Decommissioning Projects, U.S. Department of Energy, under Contract No. 
DE-AC03840H21400 with Martin Marietta Energy Systems, Inc. The authors 
wish to acknowled 

d 
e 

medial Action an 
the support of J. E. Baublitz, Acting Director., Office of Be- 

Waste Technology; J. J. Fiore, Dir, Division of Facility 
and Site Decommissioning Projects; and members of their staffs. The authors also 
appreciate the contributions of J. L. Rich, S. W. Hawthorne, B. C. Littleton, and 

): L. J. JeFers of the Publications Division; M. S. Udel of the Environmental In- 
I formation Systems Group; B. S. Ellis, D. A. Hoberts, and T. R Stewart of the 

Measurement Applications and Development Group; and W. H. Shinpaugh of Don 
Stone Associates for participation in the collection, analyses, editing, and reporting 
of data for this survey. 

, i I i-- 

3 

! 
i 

ix 



ABsTRAcr 

Maywood Chemical Works (MCW) of h&wood, 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-19%. 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), a 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 
?‘h, 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, 4 Branca Court, Lodi, New Jersey (LJO37), was conducted during 
1985 and 1986. 

Results of the survey demonstrated no radionuclide concentrations in excess ?f 

the DOE Formerly Utilized Sites Remedial Action Program criteria. However, thts 
property is apparently located directly over the old I&i Brook streambed. This 
factor in combination with the elevated gamma logs of several auger holes is 
sufficient to recommend this site for inclusion in the DOE remedial action program. 

xi 
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RESULTS OF TIIE RADIOLOGICAJ, 
SURVEY AT 4 BRANCA COURT, LODI, 

NEW JERSEY (LJO37)* 

INTRODUCTION 

I%om 1916 to 1956, process wastes and residues associated with the production 
and re8ning of thorium and thorium compounds from monazite ores were gener- 
ated by the Maywood Chemical Works (MCW), Maywood, New Jersey. During 
the latter part of this period, MCW supplied rare earth metals and thorium com- 
pounds to various government agencies. In the 1949s and 19599, MCW produced 
thorium and lithium, under contract, for the Atomic Energy Commission (AEC). 
These activities ceased in 1956, and, approximately three years later, the 39-acre 
reel estate was purchased by the Stepan Company. The property is located at 199 
Hunter Avenue in a highly developed area in Maywood and Ftochelle Park, Bergen 
County, New Jersey. 

During the early years of operation, MCW stored wastes and residues in low- 
lying 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 mate- 
rial containing residual amounts of thorium and its decay products, with smaller 
quantities of uranium and its decay products. During the years 1928 and 1944 to 
1946, 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 Lot B.-k and carried downstream. 

Lodi Brook is a small stream flowing south from Maywood with its headwaters 
near the Stepan waste storage site. Approximately 159 ft after passing under 
State Route 17, the stream has been diverted underground through concrete or 
steel culverts until it merges with the Saddle River in Lodi, New &rsey. Only a 
small section near Interstate 80 remains uncovered. Ftom the 1940s to the 1979s 
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 evidena. In other instances, the 
contaminated soil was covered over or mixed with clean Sll, leaving no immediate 
evidence on the surface. Therefore, properties in question may be drilled in search 
of former stream bed material, even in the absence of surface contamination. 

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 

*The survey was performed by members of the Mesavemm t Applications 
and Development Group of the Health snd Safety Hesearch Division at Oak Ridge 
National Laboratory under DOE contract DEAC05-S40B!21499. 
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and development project under the DOE Formerly Utilized Sites Remedial Action 
PJX,TZI. As part of this project, DOE is conduct& radiological surxys in the 
I’JdJ.ity of the sit? to identify properties contaminated with residues derived from 
+be P?CW. The principal radionuclide of concern is thorium-232. The radiological 
surveys discwxwd in this report are part of that erort 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 private, resident.ial property at 4 Branca Court, 
Lodi, New Jemey, was conducted by ORNL dting 1985 and 1986. The survey 
and sampling of the ground surface were carried c:lt on October 21,1985, and the 
follow-up subs&ace investigation was performed on September 11,1986. 

SURVEY METHODS 

The radiological survey of the property inc!llded: (1) a gamma scan of the 
entire property outdoors, (2) coktion of surfxe and subsurface soil samples, 
and (3) gamma profiles of auger holes. No idoor survey measurements were 
p3fOJTJECl. 

Using a portable gamma scintillation meter, ranges of measurem eJlts were 
recorded for area9 of the property surface. Syste-atic soil samples were taken at 
various locations on the property, irrespective of gamma radiation levels. These 
survey methods followed the plan outlined in Ftefmena 1. 

To d&e the extent of possible subsurface soil contamination, the ORNL 
protocol included the drilling of auger holes to depths of approximately 2.4 m . A 
plastic pipe was placed in each hole, and a NaI scintillation probe was lowered 
inside the pipe. The probe s= encased in a 1ra.d shield with a horizontal row 
of collimating slits on the side. This collimation allows me aaurement of gamma 
radiatior! intensities resulting from contamination within small fractions of the 
hole depth. Measurements were usually made at 15- or 3O-cm intmxls. 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 keel. The 
auger hole leggings wm used to select locations where further soil samptug would 
be useful. A split-spoon sampler was used to collect subsurface samples at known 
depths. La some auger holes, a combination of sp!it-spoon sampling and side-wall 
scraping was used to collect samples. A compre!Jensive description of the survey 
methqds and instrumentation has been presented in another report.2 

SURVEY RESULTS 

Applicable federal guideline are I ’ ed in Table 1.5 The normal ba& 
ground radiation levels for the northern New Jersey area are presented in Table 
2.’ These data are provided for comparison with survey results p-ted in this . . . . . . . . . .-_ se&on. All direct measurement results presented in this report are gross readings; 
background radiation levels have not been subtracted. Similarly, background m- 

“---/cent&ions have not been subtracted from radionuclide concentrations measured E 

/ in environmental samples. The reported results are augmented by hole logging 
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d&8 obtainax! during a separate, independent investigation of the property by 
Bechtel Natiood Incorporated (Bhl) on November $1986. BNI equipment 8nd 
procedures differ from thort of OPNL; thetefore, count &es an not directly com- 
patable. BNI survey methods and instrumentation 8re outlined in Reference 5. 

Surface Gamma Radiation Levels 

Gamma radiation levels measured during a g8mma sc8n of the surface of the 
property are given in Fig. 1. Ganurm expomxe mtes over the major portion of 
the property ranged from 5 to 10 pR/h. The highest gamma levels were from the 
bricks on the front of the house and the front steps, ranging from 11 to 17 pR/h. 
The yard on either side of the house me8sured 7 to 10 pR/h. 

Systematic Soil Samples 

Systematic soil samples were talten from various locations on the property 
for radionuclide analyses. Lo&ions cf the samples (S) are shown in Fig. 2, 
with results of laboratory sn8Iyses provided in Table 3. Concentrations of r& 
dium, thorium, and utanium in the samples ranged from 0.63 to 0.94 pCi/g, 
0.69 to 1.1 pCi/g, and 0.80 to 1.1 pCi/g, respectively. All samples were below 
DOE guidelines (Table 1). 

Auger Hole Soil Samp!es and Gamma Logging 

V8rying thicknesses of subsurface soil were sampled from depths of 0 to 225 cm 
in auger holes (A) driikd at eight separate locations indicated in Fig. 2. The results 
of analyses of the OR-XL samples (AlA-A3C) are given in Table 3. Concentrations 
of 12% and “‘Th in soil samples ranged from 0.60 to 1.1 pCi/g and 0.78 to 
2.3 pCi/g, respectively. All samples were below DOE Clikri8 (Table 1). 

Gamma logging was performed by ORNL in each of the three auger holes to 
characterize and further define the extent of possible contml;lination. The log- 
ging technique used here is not mdionuclide specific. Howevi;, logging data, in 
conjunction with soil analyses data, m8y be used to estimate regions of eleva!ed 
radionuciidc concentrations in auger holes when compsted with background levels 
for the area. Following a comparison of these data, it appears that any shie!%d 
scintillator readings of 1000 counts per n&lute (cpm) or greater generally indicate 
the presence of elevated concentrations of “%a and/or 232Th. Data from the 
gamma profiles of these logged auger holes are graphically represented in Figs. 3 
through 5. Readings in auger hole 1 were elevated from 1.4 to 1.5 m, with a max- 
imum of 1416 cpm at 1.4 m. All reading in hole 2 were below 1000 cpm. In hole 
3, elev8ted readings existed from 1.2 to 1.7 m, with 8 maximum of 2192 cpm at 
1.5 m. 

Locations of the five auger holes [A(BNI)] drilled by BNI are indicated in 
Fig. 2. G8mma logging was conducted in this case with a partially shielded scin- 
tillation probe rather than with the shielded instrument used by ORJYL. Results 
of these logged holes are given in Table 4. According to BNI, a m.luc greater than 
40,609 cpm wing their system usu8Iiy indi&es that the DOE criterion of 15 pCi/g 
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5.: ; 2261ia a~ d/cc 232Th hm beeu c~ceeded.~ Hole A(BNI)? had gamma levels indi- 
i :, ::sg +n&wt contamination with a maximum measurement of 153,ooO epm at 
2.3 $. No measurements above 32,000 cpm were ohse~ ved in holes 4,5,6, and 8. 

/ 
SIGNIFICANCE OF FINDINGS 

Meaeuraoents taken at 4 Branca Gourt indicate that the property contained 
no radionuclide concentrations in excess of DOE criteria. The apparent location 
of this property directly over the old I&i Brook streambed must be considered 
along with the elevated gamma logs of several auger holes found by both ORNL 
and BNI. The combination of zdl these factors is mrfticient to recomm end this site 
for inclusion in the DOE remedial action program. 
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Table 1. Applicable guidelines for protection against radiation* 

Modeofexpaum Expnaure conditions Guideline value 

Radionuclide coneen- 
tmtions in soil 

Maximum permissible con- 5 pCi/g averaged over the 
centmtion of the follow- iimt 15 cm of soil below 
ixlg mdionuclides in soil the &f&x; 15 pCi/g when 
above badrground levels averaged over 15-cm thick 
avera P over100m28rea soil layers more than 15 cm 

12Th below the surface 
23om 
22Sb 

=%a 

%i3ferena 3. 

Table 2. Background radiation levels for the 
northern New Jersey area 

Type of radiation measurement 
or sample 

Concentmtion of mdionuclides 

Radiation level or 
radionuclide concentmtion 

0.9’ 

%eferena 4. 
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Table 3. Concentrations of tionmlides h soil rt 4 &Imr Cant, 
I&i, New Jersey (LJO37) 

SampICa Depth 
(cd 

Radionuclidc concentration (pCi/g) 

%a6 232n,b TJe 

GA O-15 o-15 
S2B 15-30 

Systematic sample& 

0.68 0.63 f f 0.1 0.1 0.82iO.S 0.69 f 0.4 0.93 0.80 
0.94*0.06 1.1 f0.2 1.1 

AlA 30-60 
AlB 60-90 
AlC 90-120 
AID 120-150 
AlE 150-185 
A2A 30-60 
A2B 120-150 
A2C 150-165 
A3A 135-185 
A3B 185-215 
A3C 215-225 

Auger samplef 
0.71 f 0.09 
0.60 -c 0.05 
0.76 2 0.04 
0.90 f 0.06 
1.1 fO.06 
0.81 it.07 
0.77 f 0.05 
0.74 f 0.04 
0.63~~0.1 
0.69 f 0.03 
0.76 f 0.03 

0.84f0.2 
0.84fO.l 
0.82fO.05 
2.3 ~0.09 
2.2 fO.3 
0.97 f0.3 
0.91 f0.05 
1.4 fO.2 
0.78 f0.2 
0.88kO.2 
0.91 fO.2 

. %cations of soil samples are shown on Fig. 2. 
bIndicatcd coun I g t’n error is at the 95% confidence level ( f 2~). 
Total analytical error of measurement results is less than + 5% (95% confl- 

dence level). 
‘Systematic samples are taken at locations irrespective of gamma exposure 

rates. 
*Auger samples are taken from holes drilled to further define the depth and 

extent, of radioactive material. Holes are drilled where the surface may or may not 
be contaminated. 

!ORNL auger samples were not analyzed for usU. 
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Table 4. BNI scintilIation pro& leggings for sekcted auger boks at 
4 Brmca Court, Ledi, New Jersey (LJO37) 

Hole Depth Count rate Hole Depth Count rate 
numb& (m) (cpm) numb& (m) bid 

A(BNI)4 0.0 
.0.15 

ii; 
0.6 
0.8 
0.9 
1.1 
1.2 
1.4 
1.5 
1.7 
1.8 
2.0 
2.1 

A( BNI)5 0.0 
0.15 
0.3 
0.5 

8:X 
0.9 
1.1 
1.2 
1.4 
1.5 
1.7 
1.8 
2.0 
2.1 
2.3 
2.4 

7,000 
W33 

11,000 
11,000 
12,000 
lfoQ0 
12,000 
11,000 
16,000 
21,000 
18,000 
12,000 
9mQ 
8,O’M 
89’30 

7,000 

1KE 
12:ooO 
13,000 
12,000 
13,000 
13,000 
14,000 
13,000 
14,000 
22,000 
32,000 
30,ooo 
23,000 
19,ooo 
12,000 

A(BNI)6 0.0 
0.15 
0.3 
0.5 
0.6 
0.8 
0.9 
1.1 
1.2 
1.4 
1.5 
1.7 

::l 
2.1 
2.3 
2.4 

A(BNI)7 0.0 
0.15 

if: 
0:6 
0.8 
0.9 
1.1 
1.2 
1.4 
1.5 
1.7 
1.8 
2.0 
2.1 
2.3 
2.4 
2.6 

6,ooO 
8,ooO 

10,000 
WQQ 
11,000 
11,000 
WoQ 
15~ 
15ooO 
15,000 
19,000 
18,000 
1ZoQO 
%ooo 

10,000 
10,000 
%QQo 

17,000 
17,000 
19,w9 
lS,Ow 
18,000 
18,000 
19,ooo 
19,000 
20,000 

~~ 
32kml 
51,000 

134,000 
135,000 
153,000 
130,000 

55,000 
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Table 4 (cdnued) 

Hole Depth Count rate Hole Depth Count rate 
numb& (m) (cpm) numb& (m) (cpm) 

A( BN1)8 0.0 10,000 1.2 18,000 
0.15 11,000 1.4 25,000 
0.3 15,000 1.5 28,000 
0.5 16,000 1.7 22,000 
0.6 17,000 I.8 17.000 
0.8 17,ooo 2.0 15,000 
0.9 16,000 2.1 10,000 
1.1 16,000 2.3 9,000 

“Locations of holes are show t onFig. 1. 
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