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RXDlOLWlCAL ASSESSEIEIT OF 
EALL'DD Ah3 PSSOCIATES PPCPERTY 

(S~fPkh' CHE~II~AL CO~PL.SY) 
HAI"'DOD, KEY JfRSEX 

INficODUCi ION 

Ballad Associates property is approximately 2.8 hectares and 
projects into a residential area in Pkywood, New Jersey. Tne 
eastern boundary is Cew Jersey State Highuay 17 which is also the 
boundary between the tx-ns Rochelle Park and Maywood, New Jersey; 
the northern boundary is the Rev York Susquehanna and Western 
Railroad. A railroad spur to Stepan Chemical Company crosses the 
northeast corner. The terrain is generally level, interspersed 
with shall~ ditches and slight mounds. An underground stream 
passes through the area in an east to west direction cor,ing to the 
surface about 200 meters west of the site, and eventually fluding 
into the Saddle River. Ground cover is primarily 5 to 15 cm high 
weeds k‘ith some weeds up to two meters tall and young to mature 
trees on the northern and northwestern section. Private residences 
border the property on the south and west. The location and layout 
of the site are shoun on Figures 1 and 2. 

During h'orld War I Fzywocxl Chemical Company of Maywocd, New 
Jersey began processing thoriun ores to extract thorilno.as a raw 
material for use in gas lantern mantels and other rare earth metals 
for various uses. Tne company continued this processing into the 
mid-1950's. The processed wastes from the operations, some of 
which contained low concentrations of thorium, were pmped to the 
lower lying areas to the west of the processing facilities, the 
property nou belonging to Ballod Associates. Earthen dikes were 
constructed to control the distribution of the wastes. Tne 
approximate location of two of these dikes is indicated on Figure 
2. The dike along the south edge was constructed to divide the 
area into what was known as the ?north_..&iie.? area and the "south 
dike" araa. The smaller dike in the northeast corner was a 
containment dike for a major waste pile. Waste from both dike 
areas has been partially removed. 

A nmber of alterations in the general appearance of this area 
have been made over the years. New Jersey State Highway 17 was 
constructed through the Maywood Chemical Company property in tbe 
early 1930's, effectively dividing the disposal area from the /' 
remainder of the property. Several road underpasses were 
constructed apparently to allow continued use of the disposal site. 

Maywood Chemical Company was purchased by Stepan Chemical 
Company in 1959. In 1966 and 1967, wastes were removed from the 
south dike area and a radiological survey of the property ns 
performed in September 1968 by the Atomic Energy Commission. Based 
on the findings of that survey, clearance was granted for I;e)ease 
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of the property for unrestricted use. At the time OS the survey 
there v2s unar;areness of the w2ste materidl existing in the 
northeast corner. Late in 1~66 this property was sold by Stagan 
Chemical Company to Mr. A. Ehresi. Tne current o-.ners, Bsllod 
Associates, acquireu' the site from Mr. Baresi several years ago. 
Over the past fee years the property has been used prizrily for 
unauthorized trash disposal by local residents. The local youth 
also find it a convenient pl2yground. 

Elcv2ted radiation levels on the property, perticdarly in the 
northeast corner, were brought to the attention of the Nuclear 
Regulatory Commission (RX) in late 1980. This inform2tion 
prompted the ERC to request a comprehensive survey to assess the 
radiologIcal conditions on the property. 

RADIOLCGJCAL SURVEY PLAN 

This survey uas performed to provide information regarding the 
<adiologicel status and to lochte and qu2ntify thorirn! deposits 
which may rsain on the property as a result of operations 
conducted by F!zywocd Chemical Company. The su-vey w2s performed by 
five members of the Radiological Site Assessment Program of Oak 
Ridge Associated Universities during the period February 9, 1981 
through February 13, 1981. Assistance ~2s provided by 2 
representative from the Region I Office of the NRC. The survey 
included the following measurements: 

1. 

2. 

3. 

4. 

5. 

6. 

External gamma radiation and beta-gamma rzdietion levels at 
the surface and at one meter above the surface at 15.25 meter 
intervals over the entire property. 

Surface gmma radiation levels at 3 meter intervals in two 
spal'l areas - generally those areas enclosed by the two dikes 
described above. 

Subsurface gamma radiation levels at 30 centimeter intervals 
in 38 boreholes. 

Concentrations of Tb-232 and daughters, Ra-226, U-235, U-238, 
and K-40 in surface soil samples at 53 locations. 

Concentrations of Tb-232 and daughters, Ra-226, U-235, U-238, 
and K-40 in 86 subsurface soil samples taken in 38 boreholes. / 

Concentrations of Tb-232 and daughters, Ra-226, U-235, and 
D-238, in 14 uater samples taken from the boreholes, one 
aample of standing surface vater, and one sample taken from 
the outfall of the underground stream, approximately 200 
meters vest of the site. 
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Concentrations of Tc-232 and daughters, ~~-226, U-235, U-23&, 
and E-4@ in one sediment s-zple taken at the undersround 
stream outfall, vest of the site. 

Concentraticns of n-232 and daughters, ~~-226, U-235, 
U-23B,and E-40 in 11 vegetation samples. 

Bsseline concentrations of radionuclides in six surface soil 
and Sour xater suples obtained in the Bergen County area, 
approxirstely 5-8 kos from the szrvey site. 

RXDIOLCGICAL SURVEY TECHNIQUES 

-_ Keasurement of External Gamma Radiation and Beta-Gamma Radiation 
Levels 

A 30.5' meter grid system ~-2s established on the property to 
provide silrvey and sampling location reference points (Figire 3). 
Gazms radiation levels were measured at the surface and one meter 
above the slz-face at 1 5.25 meter intervals over the grid system, 

scintillation ratceters. using g2xm2 &?t2-.g2Ema and gasma 
radiation levels at one centimeter above the surface were 
determined usi.ng energy-compensated Geiger Mueller (G-K) ratemeters 
in the shield-opn and shield-closed configurations respectively. 

This systematic survey identified two smsll areas having 
radiation levels significantly higher than the remainder of the 
site. In these areas, surface contact measurements were made at 
approximately tbree meter intervals using the gamma scintillation 
ratemeter. 

fieesureuents of G2m2 Radiation in the Boreholes 

To sample and measure subsurface radionuclide deposits, 
boreboles were drilled to the depth of the standing water or belov 
the lower level of the waste fill in 38 locations on the property 
(see Figure 4). Most of the boles were drilled with a six or eight 
inch hollw stemmed auger. In those areas vhere high subsurface 
concentrations of radionuclides vere suspect&, based on the 
surface radiation measurements, a hand-operated bucket auger was 
used. Surface debris and subsurface obstructions dictated the 
locations of the boraholes in some cases. At several of the 
borehole locations the surface bad been disturbed by bulldozing to 
facilitate access by the grid surveyors and drilling equipment. 

A collimated NaI(T1) gamma scintillation probe vas lowered 
into each borkole and gamma radiation measurements made at 30 
centimeter intervals. In holes where the gamma radiation levels 
were notably high, measurements were made at 15 centimeter 
intervals. 

-- *G&d estabi-2shed ws actually 100 ft. 
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Surface (to 5 CC) soil sz.r??er vere collected at 53 locations 
on the pro-perty and OM sediment smple was taken 2pproY~mately 200 
meters west of the site at the outfall of the undrrground stream. 
Locatiors of these sirplee are indicated on Figure 5. 

\- 
Subswface soil samples were obtained at random depths from 

boreholes providing no significant radietion levels. In those 
boreholes indicating elevated radiation levels, sirrples were taken 
at depths corresponding to the elevated levels. Except in the hand 
dug holes, samples were scraped from the hole wall with a specially 
constructed sampler. Ihe side of the hole was initially scraped to 
lessen the possibility that the sample might contain soil from 
other depths, transferred by the drilling operation. In the 
ha?-augered holes, samples were taken with the bucket auger. 

V2ter Swrling 

-_ 

Water sarples (one liter) vere collected from 14 of the 
boreholes drilled during the survey, from one surface puddle, and 
from the stream outfall approtimately 200 meters west of the site. 
The actual locstions are indicated on Figure 6. The soft soil mede 
collection of the water s-aples difficult due to frequent 
"cave-ins" of the boreholes upon removal of the auger. Some 
samples were taken through the auger stem; hok'ever, this method 
also was orJy partially successful due to the nature of the soil. 

__ -' Ve et2tion Samolin 

_ 

Vegetation samples were collected at 11 locations on the 
property, as indicated on Figure 7. These samples consisted of 
grass, weeds, and other plants characteristic of the.selected 
location. I%st of the sampled vegetation uas dry since it was 
mid-winter. 

Sample Analvsis and Interoretatlon of Data 
-- 

S:xples were analyzed for Th-232 and daughters, U-238, U-235, 
Ra-226, and K-40. Appendix A contains a description of the 
equipment used ,in this survey and a discussion of the analytical 
procedures. 

‘L-1 
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REJLTS (F SURVEY MEASURENENTS 

Fxternal Radiation Measurements 

Results of external gamma radiation measurements are presented 
in Figures 8 and 9. The maximum surface level observed uas 
3.6 mR/h. in the northeast corner of the property, enclosed by the 
contairnnent dike. In the area of the south dike the highest 
surface gamma radiation level was 0.68 mR/h. Radiation levels at 
1 meter above the surface at these same locations were 1.6 .mR/h and 



: 

O.bO nR/b respectively. In the northwesterr, and southwestern 
portiors of the site, gzrrma radiation levels were less than .- 1G vR/t, corresponding to the normal back&pound in this area. 

L--- Levels of beta-gamma radiation, at 1 cm above the swface did not 
differ signifif2ntly from the @or;2 levels. 

L 

Bretolt RaClatJon k!rasurements 

Borehole meiswezents indicated elevated subsurface radiation 
levels which correlated generally with levels of rcdionuclides 
determined in the subsurface soil. Varying r2tios of radium, 
urinium, and L-40 hogever, prevented quantitative soil analysis by 
the borehole logging technique alone. Analysis by gamma 
spectroretry was therefore used to deAermine the subsurface soil 
co.ncentrations (refer to the following section). 

Radionucllde Concentrations in Soil S=cles 

Tne radionuclide concentrations in the surface soil samples 
are listed in Table 1. Concentrations up to approximately 2500 
pCi/gm of n-232 a, 50 pCi/gm of Ra-226 and 250 pCi/gm of U-238 
xere found in the mrtheast corner. Additional scattered areas of 
surface soil containing in excess of 5 pCi/gu of Th-232 and/or 
Ra-226 vere noted near the south dike area, and at two isolated 
locations where stall quantities of waste had apparently been 
durzped (see Figure 10). Other surface soil concentrations are 
comparable to the levels of radionuclides in baseline samples. 
(Refer to section on background samples.) 

Analysis of the borehole soil samples is tabulated in Table 2. 
Figures 11-13 show the concentration of Th-232 at the various 
depths in those holes with subsurface concentrations greater than 5 
pCi/grc. A number of these same boreholes also have Ra-226 
concentrations greater than 5 pCi/gm with several exceeding 100 
pCi/gm. ?he highest concentrations noted are near the surface in 
the areas of,the two dikes, althou& there are six locations with 
m-232 concentrations exceeding 5 pCi/gm at depths of 90 
centimeters or more. The vertical profile of subsurface 
concentrations and comparison of direct measurements with the soil 
analysis suggests that in several of the hand augered boreholes, 
cross contamination may have occurred. 

Jadionuclide Concentrations in Water Samoles 

-_ 

The results of water sample analyses, provided in Table 3, 
indicate that subsurface concentrations of Ra-226, lh-232, U-235, 
and U-238 are within the lOCFR20 limits. Samples ?f surface water 
and water from the underground stream are also within 'the 
acceptable limits for these radionuclides. 

Analysis of various n-232 &u_ahter products indicated this 
decay series is present in approximate secuikr equiZibriwn. . 

5 .- 



Radionuclide Concentrations in FezE&Etion S2.roLer 

The results of veget2tion sz?le 2r.2lyses 2re presented in 
f2Lle 4. Those sicples obtained from the northeest corner of the 
property corrt2ined hi&her levels (tc 7E pCi/@) of n-232 thzrr 
those from the rest of the property. Eievated levels (to 
2.2 pCi/gm) of ~~-226 were also .: :erved in sever23 samples t2ken 
from 2re.s of high soil concentr :“cns. 

-$ 

i 
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EACKGAOUh'D Rh? 
IN THE BEX 

Backgrcund surface soil SET ;-ere obt2ined frou six 
locetions, epproxiaately 5-8 kL: :s from the site. RickSround 
water s2,mples were collected frr &ddle, P2952ic, and 
R2ckensack Rivers and from the i ,f ?Qywood vater supply. 
Locations of these saples 2rh : -;d in Figae 14. The -- 
an2lytical results for the b.2:: ceil 2nd vater sarples 2re 
presented in Teble 5 2nd 6. L-. -132, &dfur-226, and 

. uranic-238 concentrations ir, 5 -e in the ranges of 0.58 to 
1.1, 0.42 to 0.87, 2nd ~2.3 tt: "t7j respectively. -, X2ter 
concentr2tions of Th-232 and I'- 5 !xlow the miniz.m detection 
limits of the procedures, and ; :G 51 of' the permissible 
concentrztions in unrestricte: Rediun-226 concentrations in 
;yf;"yP d water samples were .e detection limit of 

uCi/ml, which-is ler, :,.3Z of the permissible 
concentration of 3 x 10 p ci.:- -se ranges of background 
levels are generally consist.2:. those typical of sinilar 
geologic form2tions throughou: Lted States. One exception to 
this is 2 slightly higher 1~: sni*uu in the soil. 

:'.‘CLS"E LEVELS 
I G1.::TY AREA 

/ 

4 
TitZe 10, Code of Fede?-a2 I .mz .s, Part 20, Appenc'iz B, 
Table II., Cotwnn 2. 

S Conant
If a better copy of this page is required contact the Maywood Public Information Center.
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APPENDIX A 

Sampling fechn5ques, Eguipnent Description 
2nd knalytical Procedures 

. . 

. 

b-. 
. . 

. 

C2.3~~2 Scintillstion Measurerents 

Surfs ce Me2sure=ants 

Heasureaents of ganma radi2 tion levels were perfoxed using 2 
Victoreen ihy2c 111 Yodel 490 porteble ratereter with 2 Victorren 
&de1 4e9-5 gamma ctcintillition probe conteining a 3.2 M x 3.8 cm 
#aI scintillation crystal. Count rates (c/m) were converted to 
exposure levels (uR/hr) using 2 f2ctor of 715 c/xc = 1 lJFi/hr. This 
factor ~25 determined b comparing the response of the 
scintillstion detector with that of the Eherline PRS-1 survey meter 
with an energy-corpecsated G-K probe to ~mm2 photons mexured on 
the site. both the ratemeters were calibrated with BE-226 of known 
2ctivity. 

Borehole G21ma Radiation &asurements 

EoreYole gamma radiation measurements were made with an 
Eberline Kodel PRS-1 portable ratemeter and 2 Victoreen Yodel 489-5 
g233ma scintillation probe. The scintillation probe ~2s shielded by 
2 1.25 cm thick lead shield with four 2.5 oui x 7 mm holes evenly 
spaced around the shield in the are2 nearest the scintillation 
detector. lhe probe w2s lowered into each hole using a tripod 
holder with a small winch. One minute measurements were routinely 
performed at 30 cm intervals in all holes 2nd at 15 cm intervals in 
boreholes where elevated radiation levels were noted. 

The borehole logging probe was c&ibrated with thoriuc! spiked 
sand. It w2s determined that the thorim concentration could be 
determined from the following relationship: 

Th = 0.0074 (C-265) 

Where Th is the activity of thorim in pCi/gm and C is the observed 
response of the detector in counts per minute. 

This relationship held closely in the survey of Ballad Associates 1 
Roperty where concentrations of uranium, radium, or R-40 were low.' . 
Presence of these radionuclides in varying ratios hwever, 
restricted the use of this technique in all cases. 

Soil Samoles 

Soil samples were dried at 120°C, finely ground, mixed, and a 
portion placed in a one-liter Marinelli beaker. The quantity 
placed in each beaker was chosen to reproduce the calibrated 
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counting geaetry and ranged from 400 to 600 ,grams of soil. Tne 
beakers were capped but mt sealed. #et soil weights were 
determined and the samples counted for 1800 seconds using E 232 
Ge(Li) detector (Princeton Gamma Tech) coupled to a Nuclear Data 
Model 66 Eultichannel Analyzer. The following energy piaks uere 
used for determination of the radionuclides of concern: 

Th-232 - 0.907 HeV from AC-228 (secular equilibrium assmed) 
Ra-226 - 0.609 MeV from Bi-214 
D-235 - 0.185 NeV 
u-238 - 1.001 HeP from Ps-234m 
K-40 - 1.460 MeV 

The background plus compton continuum vas "stripped" by hand 
calculations from each of the photopeaks of interest, prior to 
applying appropriate calibration and correction factors. 

Initial analysis included drtcrnination of k-228, Pb-272, and 
Tl-208 concentrations. Activity ratios of these radfonuclides 
indicated essentially secular equilibrium of the Th-232 series. 
Therefore the AC-228 photopeak k'as used for all gamma spectraxc 
analyses for m-232. 

‘-, 

To evaluate the effect of possible Rn-222 losses on the 
equilibrium of Bi-214 with ~a-226, two soil samples were sealed in 
counting beakers. The relative photopeak intensities of various 
Ra-226 decay products uere not& and compared to the relative 
intensities of capped, but unsealed, samples over a time period 
necessary for the Bi-214 peak intensity to stabilize. From this 
comparison it was deterrcined that radon losses resulted in a 20% 
decrease in the Bi-214 concentration and that this condition 
reached a steady state in the unsealed sample within approximately 
three days after sample preparation (drying, grinding, and placing 
into the beakers). Sufficient time to reach this steady state Was 
therefore allowed bebeen sample preparation and analysis and, a 
correction for the 202 decrease due to radon loss was applied to 
all Ra-226 calculations based on the Bi-214 photopeak intensity. 

For D-235 analysis, contributions in the 0.185 MeV photopp-ak 
area from the 0.186 Me0 Ra-226 gamma ray were subtracted. The 
ratio of the 0.186 MeV to 0.609 MeV peak intensities in a 
laboratory prepared soil sample containing Ra-226, but no D-285, 
MS determined and this ratio was multiplied by the intensity of 
the 0.609 Mel7 photopeak in each of the samples to determine the 
magnitude of this contribution. / 

Due to the low abundance of the Pa-234m gamma, the minimum 
detection limits l for D-238 are relatively high compared to the 
accepted wncentration guidelines and statistical errors (based 
only on the number of events recorded) are also large. In those 
samples with high concentrations of wanium, the U-238/U-235 ratio 
was approximately that of naturally occurring uranium. 

r The minimun detectcrble limit as used in this report is bhsed on 
two times the standard deviation of the instrwnent background. 

9 
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w2ter Sezoler 

Kater samples were fiitered using k'hatran no. 2 filter paper 
to renove suspended solids. Each s-mple was analyzed by Evrm2 
spectrosetry in a t‘zrinelli beaker in the sam manner as the soil 
sampl e 5. Aliquots of each sample were filtered through 0.45 
membrane filters, radiwz separated by precipitation with bariwn 
sulfate and then redjsolved, and the samples stoped to permit radon 
ingrudth. _ Azalvsis for soluble ~a-226 was then performed by the 
radon emanation technique. 

Veretatlon S;r.oles 

The vegetation samples were ground to uniform size and dried 
at 120 *C for 24-48 hours. They were then analyzed by EaEa 
s,uctrozetry In Harinelli beakers in the same manner as the soil 
s2rples. 

. Calibration and Oualitv Assurance 

. .3--, 
-.L 

With the exception of the exposure- and dose-rate conversion 
factors for portable survey gamma and beta-gamma meters, all survey 
and laboratory instruments were calibrated with FEES-traceable 
standards. me response of these survey meters was determined by 
comparison with a portable ionization survey meter, calibrated 
(?1515) uith a sealed Re-226 needle, certified by Atomic Energy of 
Canada, Ltd. Quality control procedures on all instruments 
included daily background and check-source measurements to conTim 
lack of malfunctions and nonstatistical deviations in equiment. 

10 
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yPIGURE 13, Plan View With Suhsclrfncr! Th-232 Concentrations 
Indicated for Boreholes 1~12 nnd 826. 
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SCALE W KILOMETERS 

FIGURE 11. Locations of Background Soil and Water Samples 
Collected from the %pood, New Jersey area. 
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S2FLE 

Sl 
s2 
53 
s4 
s5 
S6 
S7 
SB 
s9 
SlO 
Sll 
s12 
s13 
S14 
515 
S16 
S17 
S18 
s19 
s20 
s21 
s22 
523 
S24 
S25 
S26 
S27 
S28 
s29 
s30 

- -. ,--- --- - --. 

--___ 
Th-232 -.- 

3.8 e 0.6@ 
5.0 2 0.7 
3.8 + 0.7 
16 2'1 
8.0 + 0.8 
1.4 L! 0.3 
2.9 2 0.4 
0.47 2 0.13 
0.63 f 0.23 
1.0 5 0.3 
2.0 2 0.4 
1.2 -f 0.3 
0.94 + 0.26 
0.53 5 0.23 
11 +- 1 
1.1 +- 0.4 
3.5 5 0.4 
1.5 4 0.3 
2.8 + 0.5 
11 t 1 
0.86 2 0.23 
4.4 2 0.4 
5.9 r 0.7 
0.60 + 0.16 
6.1 z! 0.8 
0.47 2 0.10 
2.2 * 0.4 
7.2 2 0.6 
11 + 2 
2.0 + 0.6 

CONCf -- 
k-226 

X67 i 0.19 
1.6 2 0.3 
0.69 5 0.22 
1.3 2 0.3 
0.96 k 0.22 
0.70 + 0.14 
0.89 t 0.15 
2.2 2 0.4 
0.77 t 0.13 
0.6L 2 0.11 
0.83 -L 0.23 
0.48 of 0.12 
0.46 + 0.11 
0.42 + 0.13 
1.4 + 0.2 
3.7 2 0.3 
0.92 +- 0.14 
0.48 i 0.12 
1.0 + 0.2 
1.5 t 0.3 
0.61 +- 0.12 
0.63 z! 0.11 
0.79 + 0.23 
0.44 2 0.07 
1.5 + 0.3 
0.39 +- 0.06 
0.62 2 0.15 
0.91 + 0.17 
3.6 +- 0.6 
1.0 ? 0.3 

!ii, 
I -- 

F&T7 OK ---- (pCi LE 
C-235 I _-_-_- 

0.19 2 o.c!9 
co.05 

0.14 5 0.11 
0.27 +- 0.13 

co.05 
0.12 t 0.05 
0.15 ?: 0.08 

co.10 
co.03 

0.04 2 0.04 
0.29 2 0.07 

io.03 
0.06 +- 0.04 
0.13 + 0.05 
0.13 2 0.09 
1.8 '- 0.2 
0.05 + 0.06 

co.03 
co.06 

0.18 2 0.14 
0.11 ', 0.05 

co.03 
co.06 

0.05 + 0.03 
0.17 + 0.15 
0.07 f 0.03 
0.07 +- 0.07 
0.42 + 0.01 

co.17 
0.26 5 0.13 

25 

:Tl----- 
I'-23E -.-- --- 

3.5 2 5.8 
*4.6 

4.2 2 7.0 
4.1 5 5.7 
4.7 2 3.7 
7.0 % 4.2 
6.0 t S.2 

92 12 
e2.3 

3.8 -c 3.6 
3.9 2 5.2 

q3.4 
~2.3 
~2.8 

2.5 + 2.7 
41 5 13 

~2.4 
2.7 +- 3.4 
9.1 + 8.4 
4.2 + 5.8 
1.6 +- 3.9 
2.7 + 1.9 
6.5 + 6.7 
3.4 + 3.2 

9 z? 11 
cl.3 

4.3 * 5.7 
11 4 7 

cl1 
9.1 L! 9.1 

_----___ 
E-LO -- --- 

6.9 It 1.6 
8.4 5 2.0 
8.7 2 2.2 
6.1 + 1.2 
8.0 2 1.7 
6.7 t 1.4 
E.9 + 1.4 
9.5 + 2.6 
10 + 1 
2.5 5 1.4 
9.2 2 1.9 
7.8 5 1.2 
5.7 2 1.3 
7.7 5 1.5 
11 + 1 
11 5 2 
7.2 2 1.1 
9.4 2 1.4 
13 + 2 
11 t 2 
12 -c- 1 
8.0 I! 1.0 
6.9 2 1.6 
10 i 1 
7.7 2 2.2 
5.9 2 0.9 
9.4 +- 1.6 
9.5 2 1.4 
12 5 4 
8.7 z! 2.3 



TP.ELf 2 

MDIOXLlCLlDf COSCEKiMTlOXS II; S.JES':KFACf. SOIL 

DEPTH (cm) 

60 
120 

5 
15 
30 
60 

SpCril 
15 
30' 
60 
15 
30 

120 
Spoil 

30 
60 
90 
15 

120 
15 

150 
15 
90 

Spoil 
15 
30 
90 
30 

T 

SlkD-, 
I 

90 
B IC 120 
.l.L 

Cl :CE!7IRATIOS I Ci/m) 
Th-232 Rii-226 c-235 

--- 

0.52 5 .I4 0.36 + 0.08 
0.77 2 0.17 0.47 2 0.09 
11 2 1 1.2 f 0.2 
14 2 1 1.4 2 0.2 
6.9 2 0.5 0.95 2 0.13 
2.6 +- 0.3 0.49 2 0.09 
6.6 5 0.5 0.73 " 0.13 
3.5 2 0.4 0.72 ~2 0-U 
15 +- 1 2.0 +- 0.2 
44 t 1 2.5 2 0.3 
120 +- 5 15 +- 1 
a3 2 2 11 2 3 
120 2 5 9.5 ? 1.1 
170 t 5 11 + 1 
6.0 + 0.4 1.2 rt 0.1 
1.8 +- 0.2 0.68 2 0.11 
13 :! 1 2.2 t 0.2 
7.4 + 0.5 0.86 2 0.17 
4.9 5 0.3 1.1 + 0.1 
3.7 2 0.3 0.74 f 0.11 
13 t 1 2.0 *, 0.2 
2.8 + 0.3 0.85 2 0.11 
28 4 1 2.0 +- 0.2 
62 + 2 2.5 2 0.4 
200 4 5 18 2 1 
110 '- 5 8.4 f 0.7 
7.1 + 0.5 0.82 t 0.12 
3.3 2 0.5 0.77 2 0.11 
4.0 2 0.4 0.70 = 0.09 
4.6 + 0.4 Sample mi 

0.03 2 0.03 
0.03 + 0.04 
0.15 2 0.09 
0.27 +- 0.11 

eo.04 
co.04. 

0.06 2 0.08 
0.07 2 0.07 
0.12 +- 0.14 
0.35 + 0.17 
1.4 +- 0.7 
1.6 + 0.4 
1.7 5 0.6 
1.1 +- 0.4 

co.04 
0.10 +- 0.05 
0.09 +- 0.12 
0.09 + 0.08 
0.05 2 0.06 
0.12 t 0.05 
0.22 2 0.13 
0.04 zi 0.06 
0.46 2 0.17 
0.55 +, 0.24 
1.9 2 0.5 
1.3 f 0.3 

CO.03 
co.03 

0.08 +- 0.05 
takenly disc 

performe 

E-238 K-40 

e1.7 
3.5 +- 3.6 

c3.5 
6.0 i 6;2 
6.2 5 4.2 
6.7 +- 3.8 

~2.7. 
4.1 + 3.9 

c5.7 
c5.4 
~25 
~24 
~18 
~18 
c2.1 

1.5 +, 1.9 
c5.4 
~3.2 
c2.0 

3.9 + 3.2 
10 + 6 
1.8 + 2.8 
1.6 5 1.1 
24 +- 14 

~25 
30 +- 22 

'c3.1 
c2.2 
c2.0 

rd ed 
. 

7.7 2 1.0 
8.4 * 1.3 
9.9 ? 1.2 
11 + 1 
6.3 f 1.1 
8.9 +- 1.1 
7.5 2 1.0 
7.8 ? 1.2 
8.4 + 1.0 
11 2 2 
13 + 6 
402 2 
14 2 4 
2; r 3 
12 2 1 
8.4 -' 1.0 
9.3 +- 1.5 
12 2 1 
11 +- 1 
8.5 2 1.0 
9.2 2 1.6 
10 + 1 
8.1 + 1.4 
1422 / I 
24 + 4 
14 -' 3 
12 + 1 
12 2 1 
8.9 :'- 1.2 
9.7 ? 1.3 

-, 
I 
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TBt:e’ 1, ccl-It. 

‘.’ . 

9 . 
- 

‘L, . L ----- c Lh’JLE 

531 .,.. 
1 532 

s33 
i--- 
i s34 

535 

I 536 

s37 

i-- 538 

539 

r 
s40 

SLl 

T- 
S42 

543 

s44 

I- s45 

546 

p s47 

S48 

I 

._ 
549 

s50 

I- SSl 
S52 

I 

--- 
Th-232 -- 

0.86 2 0.20 

@.7b t 0.17 

1.2 5 0.4 

0.70 '- 0.40 

0.60 5 0.25 

0.90 + 0.30 

0.54 +- 0.19 
0.80 + 0.30 

0.79 ?: 0.29 

0.53 +- 0.16 

0.87 + C.48 

2.1 e 0.4 

2.6 2 0.4 

0.90 2 0.28 

11 + 1 
590 2 10 

2490 -' 30 

1.2 2 0.2 

400 2 10 
70 f 5 

19 4 7 
6.3 2 0.6 

32 2 2 

0.41 2 0.09 

co:; c-b --- -Z 
_ k-226 

0.58 z! 0.11 
0.49 2 0.09 
0.77 2 0.21 

0.99 2 0.26 

0.56 ?; 0.15 

0.74 2 0.15 

0.43 +- 0.12 

0.77 2 0.20 

0.70 :! 0.18 

0.67 + 0.12 

1.4 2 0.4 

0.97 5 0.19 
0.55 + 0.14 

0.60 + 0.15 

1.0 + 0.2 
423 

SO+ 6 

0.27 + 0.08 

4.5 2 1.1 
4.8 2 1.2 

4.3 2 0.8 

0.45 2‘ 0.12 

1.0 + 0.3 
0.25'5 0.05 I s53 

s54(=) 

k. 
(a) Obtained from top 5 cm of surface. 

Rk:.T10?; (p c -- --- 
V-235 -_--- 

co.03 

0.03 2 0.04 

0.05 2 0.08 

~0.06 

co.03 

0.06 2 0.06 

co.02 

co.03 

co.04 

co.03 

co.09 

0.16 +- 0.08 

0.10 2 0.08 
0.17 2 0.07 
0.17 2 0.09 
13 2 2 

5.6 + 3.2 

0.26 + 0.06 

2.0 2 0.7 

I.372 0.59 

0.36 f 0.39 

0.10 t 0.08 

0.37 +- 0.17 

0.01 It 0.02 

J) Errors are 20 from counting statistics only. 
' 3 .I Sediment from underground stream outfall. 

‘gr) -..- - 
U-236 

5.6 2 3.7 

3.65 3.1 

<2.9 

es.0 

s1.9 

~2.6 

1.7 2 2.3 

c2.9 

~4.8 

e2.3 

c5.9 

5.7 '- 6.1 

~4.6 

cl.6 

c3.4 

2502 100 

~230 

7.7 + 4.2 

362 41 

402 39 

16 2 23 

7.02 6.3 

20 + 11 
CO.98 

-1 - 
K-LO 

122 2 

8.22 1.1 
1.02 2.0 
5.4 * 1.9 

5.7 +- 1.3 

5.82 1.5 

3.52 0.9 

7.1 +- 1.7 

6.12 1.7 

8.12 1.1 
5.8+ 2.5 

4.9 +- 1.7 

7.92 1.5 

4.4 2 1.2 

6.4 2 1.2 

662 10 
2002 23 

2.3 5 0.7 

382 6 

152 6 

122 4 

1.65 0.9 

12% 2 

8.2 + -72 

/ i . 
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T+e 2;cont. 

I..+.-& . : 

-- -L- 
PlLD 

14f 
-~ 
flbf 
J4C 

-.fGsp. 
-slSB 

kll5C 
sl6 

.-.i7A 
h17B 
J8 LA 

619A 
;19B 

-;, ac 

-G& 
521 

x22 
523 

-fl24 
825 

-526A. 
F26B 

_S26C 
B27A 
527B 

.-B28 
b29A 

B29B 

DEPTE (cm) Th-232 

150 2.6 +- 0.1 
180 3.3 2 0.4 
210 1.4 2 0.2 

Spoil 3.5 2 0.4 
30 1.2 2 0.2 
60 0.49 +- 0.15 

Spoil 1.1 + 0.2 
60 0.56 + 0.13 
15 0.51 5 0.14 

120 0.79 ?: 0.22 
15. 1.4 2 0.2 
60 14 * 1 

150 6.7 t 0.5 
180 22 2 1 

15 0.78 5 0.23 
120 0.81 + 0.17 
150 0.57 t 0.14 

60 0.77 +- 0.16 
120 0.73 +- 0.15 

30 0.91 + 0.19 
45 0.47 + 0.16 
15 140 2 5 
30 73 2 2 
6@ 180 2 5 
30 0.63 2 0.19 

120 0.67 2 0.18 

30 
120 

15 
120 

No sample taken 
1.2 :'- 0.2 0.41 + 0.09 
0.80 2 0.20 0.55 + 0.09 
0.52 2 0.16 0.38 +- 0.08 
0.47 +- 0.13 0.29 + 0.06 

C@KC -.-- 
P.z-226 

--- 
0.54 " 0.10 
0.53 2 0.14 
0.60 + 0.09 
0.80 2 0.10 
0.39 5 0.08 
0.36 f 0.09 
0.37 + 0.08 
0.40 2 0.07 
0.31 z! 0.06 
0.64 2 0.11 
0.55 2 0.11 
0.76 + 0.16 
0.72 + 0.14 
1.0 ? 0.2 
0.43 2 0.10 
0.53 i 0.08 
0.45 + 0.08 
0.46 + 0.08 
0.32 +- 0.07 
0.36 + 0.10 
0.47 +- 0.08 
0.65 2 0.29 
2.3 5 0.4 
6.2 + 0.7 
0.50 +- 0.09 
0.67 2 0.09 

'TfLkTlOS (DCi/V) - 
K-235 V-236 

so.02 2.3 + 3.3 
eo.04 2.6 5 3.8 
co.02 3.1 + 2.3 
co.03 2.2 2 3.2 

0.08 + 0.04 2.6 +- 1.8 
0.03 2 0.03 Cl.7 
0.07 2 0.04 1.1 + 2.0 
0.06 5 0.03 1.8 + 2.1 
0.03 + 0;02 1.0 2 1.5 

co.03 4.1 2 3.0 
0.09 2 0.05 1.5 -+ 2.5 
0.25 2 0.11 5.5 +- 5.8 
0.17 t 0.08 6.9 + 4.8 
0.46 2 0.14 13 2 8 

co.03 ~3.6 
0.04 ', 0.04 3.5 t 3.0 
0.03 * 0.04 3.9 2 2.7 
0.06 zi 0.03 2.8 2 2.1 

co.01 6.3 2 2.5 
0.07 t 0.04 ~2.3 
0.05 * 0.04 3.2 2 2.2 

co.11 7.7 2 11 
0.72 2 0.25 10 t 13 
0.55 +, 0.41 29 2 21 
0.09 +, 0.04 7.0 2 4.0 . 
0.07 t 0.04 3.7 5 2.8 

0.02 + 0.04 3.9 2 3.3 
0.04 2 0.04 3.0 f 3.2 

co.02 2.1 2 2.8 
0.03 2 0.03 2.2 2 1.8 

1 .- 
K-&O 

-- 
102 1 
11 + 1 
lo+- 1 
8.9 2 1.3 
7.2 +- 0.9 
6.5 -c 1.0 
7.7 2 1.1 
9.5 2 1.0 
9.0 2 1.1 
12 2 2 
11 2 1 
6.3 2 1.1 
9.2 2 1.2 
9.6 " 1.5 
8.7 + 1.3 
8.2 5 1.1 
6.9 II 1.0 
8.7 + 1.0 
8.2 ? 1.0 
7.4 2 1.1 
7.5 2 1.0 
5.3 2 1.6 
11 * 2 
28 2 3 
10 2 1 

g-3 5 li2 .' 

5.7 2 1.0 
9.3 2 1.1 
6.1 :! 1.0 
7.6 2 1.0 

28 



I- 
3EFiE (cm) 
- 

15 
30 
60 
15 
60 
90 
15 
60 
90 
15 
30 l 

60 
15 
15 
30 
60 
90 

120 
15 
60 
90 

120 
150 

15 
30 
60 
90 

120 

Th-231- 

78 2 2 
1.6 -+ 0.3 
1.0 * 0.2 
510 +- IO 
22 + 1 

7.9 5 0.6 
1500 t 20 
24 2 1 
200 +- 5 

2500 2 20 

82 + 2 

97 +- 3 

1.3 t 0.2 

39 + 1 
440 2 10 
1.2 2 0.3 
0.83 t 0.2 
22 4 1 
480 t 10 

27 +- 1, 

0.59 + 0.2 

130 + 5 

20 5 1 
940 + 10 
1200 +- 50 
1600 +- 20 
550 t 10 
5.5 5 0.5 

I - 

2.8 + 0.5 
0.75 2 0.13 
0.60 zi 0.10 
47 -' 1 
O.L6 + 0.23 
0.60 + 0.11 
240 5 5 

1.7 + 0.3 

31 ', 1 
110 5 5 
5.0 '! 0.6 
13 2 1 
0.50 f 0.10 
1.1 + 0.3 
3.1 2 1.2 
0.42 2 0.19 
0.33 2 0.10 
0.57 + 0.24 

51 L? 2 

1.8 +- 0.3 

0.23 -r 0.09 

9.7 +, 0.7 
2.7 + 0.3 
49'2 2 
140 5 5 
170 2 5 
40 2 2 
0.83 r 0.16 

0.97 +- 0.29 
0.07 : 0.05 

0.08 2 0.04 

17 + 1 
0.56 2 0.17 
0.16 + 0.09 
18 t 2 
0.40 +- 0.18 
2.6 +- 0.6 
13 * 1 
1.4 k 0.3 
0.60 5 0.38 

0.04 5 0.04 

0.69 2 0.20 

6.0 2 0.7 

0.39 5 0.19 
0.16 :! 0.05 
0.53 2 0.16 
5.3 2 1.0 
1.8 +- 0.2 
0.15 +- 0.05 
1.2 2 0.4 
0.54 2 0.18 

1.2 + 1.3 

11 + 2 
8.9 2 1.9 
9.5 t 1.1 
0.23 2 0.10 

-. 
i/em) 

F-238 

25 2 14 
1.9 + 2.5 

e2.4 

3002 70 

c7.0 

8.9 2 5.3 

140 f 110 

13 +- 11 

~25.2 
270 5 180 
33 2 21 

<I1 

3.2 2 3.6 
21 2 13 
210 + 50 

Cl.7 
6.2 2 4.0 
22 2 11 
160 + 60 
32 +- 13 
2.7 -c 3.9 
26 + 20 
25 2 13 
66 ', 72 
89 2 100 

<57 

190 + 70 
13 + 6 

K-40 

182 3 

7.9 * 1.2 

8.0* 1.1 
602 7 

3.6 2 1.4 

1.7 + .78 

1402 10 
3.2 2 1.4 
20 5 4 
180 + 19 
7.0 2 2.2 

6.8 k 2.6 

8.9 2 1.2 

102 2 
42 2 6 

6.5 2 0.7 
1.6 2 0.6 
3.9 + 1.1 
47 2 7 

3.4 5 1.6 

1.3 2 0.7 

14 2 2 

5.0 * 1.4 

100 2 10 
2.1 t 0.1 

1.2 2 0.1 
47.-e 7 / 

2.1 2 0.8 1’ 
a 7 from counting statistics only. 
--L-A 

c. 



* . . 
‘ f 
)- . . . 
‘ 

c 

- Vl 
k'2 

c- w3 
KL 
k‘s 
U6 
k'7 
X8 
k'9 

- 
WlO 
Ull 

.-- w12 
k'13 
w14 
k'15 

c- h'16 
1 

DEPTH (cm) 

210 
210 
100 
130 
140 
240 

Surface 
330 
180 
330 
240 
250 
270 
120 
170 

Surface(b) 

Concentration Guide (cl 200 

- 
1 --- 

Tt-232 
(x N-g) 

<2(a) 
<5 
<3 

'2 2 5 
<4 
<3 
<4 

lkl 
<4 
<3 

(e) 
255 

<4 
<3 
(e> 
<2 

CO?iCf!U~TION (uCi/ml) ---- 
Rz-226 

-(x 10-q .-- 

<0.009 

o-17* 0.04 
2?2 (d 

0.12 20.03 
co. 009 

0.03650.02 
0.045+0.02 

(4 
co. 009 
co. 009 

(e) 
co. 009 
<0.009 

0.064+0.03 
(e) 

0.064'0.02 

3 

ai Errors are 2u from counting statistics only. 
b - Off-site at underground stream outfall. 

U-235 
(x 10-8) 

Cl 

Cl 

Cl 

152 
21 

3+-2 
<2 
Cl 

<l 
Cl 

(e> 
<l 
<l 
<l 
(e) 
<l 

3000 

U-238 - 
(x 10-7) 

9 + 18 
<4 

c 8.4 
13 + 24 

<9 

cl3 
< 13 
<9 

<4 
22 2 24 

(e> 
22 2 25 

cl5 
<4 

(e) 
cl3 

400 

-1e 10 Code of Federal Regulations, Part 20, Appendix B, Table II, 
lrnn 2 (soluble) --L.-J 

.d) Sample lost during deemanation; value listed is based on gamma spectrometry 
analysis. - 

4 Insufficient sample volume to perform analysis. 

.- 
30 



SAYPLE 

i-. Vl 

TABLE 4 

RADlO!%CLIDE COSCESiTUITIOPSI~ SURFACE VEGETATlOh' 

T Th-232 

1.2 +- 0.8 
0.40 +, 0.56 
0.36 +, 0.14 

5.3 f 1.3 
2.3 + 1.3 

0.08 -' 0.08 
0.54 2 0.33 
0.17 2 0.12 
0.59 2 0.24 

15 ', 2 
18 + 2 

CO~CEf;TM'TIOK -- (p( 
Rs-226 1 U-235 

I 
0.33 +- 0.43 0.08 2 0.15 
0.43 +- 0.22 eo.05 
0.32 + 0.15 0.04 +, 0.07 
0.43 t 0.62 0.20 +- 0.22 
0.58 2 0.26 x0.27 
0.08 + 0.06 0.03 ~k~O.02 
2.2 2 0.62 0.25 +- 0.26 

0.17 2 0.07 0.02 2 0.03 
0.74 +- 0.36 co.10 
0.85 + 0.47 co.12 
2.1 2 0.6 0.25 2 0.20 

: -rors are 20 from counting statistics only. - 

-1 

lam) 
- U-238 x-40 

8 512 6.1 +- 4.7 
~6.2 4.2 + 2.2 
c4.7 cl.0 
c9.7 2.0 i 2.5 

q17.4 7.2 f 5.1 
< 2.1 4.4 + 0.8 
<lo 5.5 +- 3.9 

5.6 t 4.0 3.8 2 0.9 
e6.4 7.7 d 5.7 
e7.1 3.8 f 2.9 
<7.5 4.0 2 2.6 

- 

.- 

.- 

. 
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TABLE 5 

BACKGRO'L!;D W,.Dlc7!;11CLIDE COXf~TR4TIOXS IK SCWP.CE SOIL 

OS4 
OS5 
OS6 

I 
~ 0.86 2 0.15 
' 0.58 +- 0.14 
; 0.71 t 0.15 

1.1 5 0.2 
0.72 2 0.19 
1.1 + 0.2 

0.68 5 0.08 
0.42 f 0.06 
0.60 5 0.08 
0.55 +- 0.08 
0.65 + 0.12 
0.87 + 0.09 

I 1 
. 

.----..- -- 
*-g/m)) 

U-235 

0.09 + 0.01 
0.06 + 0.03 
0.08 2 0.04 
0.13 f 0.06 
0.10 + 0.06 
0.06 +- 0.04 

T ---- ---- 
U-238 K-40 - -.- - 

2.9 2 2.7 11 +- 1 
4.4 f 3.0 11 2 1 
6.0 2 3.6 8.3 + 0. 

c2.3 13 2 1 
.6.4 + 4.2 9.5 f 1. 
5.6 + 3.3 13 +- 1 

TABLE 6 

BACKGROUKD IUDIOMJCLIDE COXEKTRATIONS IX WATER 

SANPLE LOCATIOK COlXE?WUTIOK (xlO-OvCi/ml) 
Th-232 1 Ra-226 U-235 U-238 

on City water <4 co. 009 <l ~180 
0x2 Saddle River <5 co.009 Cl <150 
ok'3 Hackensack'R. <4 <0.009 222 cl50 
0x4 Passaic River <5 <o-o09 4t2 _ cl90 

Permissible 
Concentrations 200 3 3000 4000 

Errors are 20 from counting statistics only. 
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