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review
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radiation levels 10 lide ¢ n
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that exposure rates d )11l contamination ] ex

present criteria for unrestricted use
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an aerial radi gical survey
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along Sheffield Brook.*
measurements along the
levels up to 200 UR/h and elevated

SO1.4 nd stream sediment.”

'vycle and ndterial

area was

1ated
measurements i sampling were

report

Bl y | -4 10 ¢l terms and

representation of p ra -0ccu § thorium and wurani

radioactive cay 3 been provided in Appendices A and

respectively o aid in it L1 § repor

*
e

located at 868 Black Vak Ridge Road
north of Wayne, in the

northeast

situated on the west

property and Wayne are

approximately 2 I ) ich 1s surrounded by

link security ( ) ¢ ( buil and a warehouse are

main structures 1 e ne as 1 and northern

the site are wooded and heavy brush d ds grow al

drainage stream., The land generally slopes ward

nortawest,

Figure 2 shows the ) of Sheffield Brook and associated

allc L

drainage streams, A small drainage stream enters the W.R. Crace
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Baseline and Background Measurements

Five soil samples, two water samples, and twc vegetation samples
were collected at locations 0.3 to 10 km from tae W.R. Grace and
Sheffield Brook sites. Direct background radiation levels were
measured at the locations of the soil samples. Figure 10 indicates

the locations of these baseline samples and background measurements,

Appendix C contains a list of the major equipment and
instrumentation used for this survey. Analytical procedures are

described in Appendix D.

RESULTS

\ Bt oid il o .

Background exposure rates in the Wayne-Pompton Plains, NJ, area
ranged from 612 _R/h; surface beta-gamma dose rates ranged from 10 to
24 urad/h.

Baseline radionuclide concentrations in soil, vegetation, and
vater are presented in Tadble 1. The concerntrations in these samples

are typical of those normally encountered.

Exposure Rates at | Meter Above the Surface

Exposure rates measured systematically at 1| m above the ground at
the edge of the stream/brook ranged from 8 .R/h to 170 uR/h, averaging
51 uR/b. At 5 m from the edge the exposure rates ranged from 9 uR/h
to 270 uR/h, averaging 58 uR/h; at 10 m the range was from £ uR/h to



250 uR/h, with an average value of 38 _R/h. Levels had
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not contain radionuclide concentrations

the baseline levels.

Concentrations in subsurface soils obtained along brook and

irainage streams generally decreased with depths cm. Only

two samples, from locations ; and 113, contained significant

cm depth; levels radium-228

exceeded 100 pCi/g. Elevated

~ o=
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Water Samples

Radionuclide ) measuvred | samples are

z 1
1

presented 1in ble 5 i le 5 includes samples from Sheffiel

P

Brook, the associated drainage streams, and the ompton River
Samples from ' ] the Wayne area and cther sources o

surface water

originally measured in sample 6), was measured
stream on the W.R. Grace
storm sewer also had elevated

concentrations.
contained elevated
were not measured
drainage system,
-

he exception samples and 6, surface water from the

of the brook and drainage system, contained levels in the

range of the baseline water samples. Because of the unusually
alpha level of 39 pCi/l ly determined for sample 6, instrument
cross—contamination was suspected. his
the results indicate an alpgha concentration
range. The the elevated gross alpha level

-

1s unexplained. )] Z conotained a relatively high
other samples) concentration of thorium-230; the reason
18 alsoc unknown. Specific radionuclides in other samples

. \

urface drainage system are compar: to baseline levels.

Of the other water samples collec g the
significant lp concentrations were measured
20 and 21 Ci/l i 12 / spectively The unexpectedly
bhigh gross alpha concentration measured e 21, as well as its
gross beta concentration of 60 pCi/l,

analytical problem similar I 4 encountered with sample 6.
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separate reanalyses of sample 21 were performed and both indicated
gross alpha and be concentrations the range of the baseline
levels., Sam om 0f the farm wells contained a radium=-228
level of ) ] 11 o radionuclide concentrations in these

levels.

ults of lon sample
elevated
thorit

th
0 <3
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These two samples s ' surface soil
Washed saxpl ¢ ¥ locs > had much Lower
concentratio 10§ : ] measured 1a the unwashed
samples 1is 13 0 external s e contamination,

and vegetation ] ) ‘ ! "0 the nearby farm

radionuclide ] omp ' ' >f the baseline samples.

Guidelires for levels radiation and rezdiocactive material
the enviromment are established by federal regulatory agen:
the Nuclear Regulatory Commission (NRC) and Envirommental Protection
Agency (EPA). These guidelines are usually based onservative
factors of laid use and occupancy, i 1al intake by inhalaticn
ingestion, biological retention times, relative
radionuclide and potentially exposed population
guidelines are, therefore, for highly restrictive situati
not be representative of ti L conditions at a specifi

this reason these federal guidel often used as target
‘3

with site specific limits established on a case-by-case basis.
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radium~226 and radium=228

uding radium—226

and uranium)

A water sample obtaine Grace

13 1 P
Aimicl.

storm sewer exceeded

below the gross alphs limit

exceeded 5 pCi

and

oted that have

purposes,

systems and

residential wvells,
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a0
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After washi

.

mOSt samples range of

the nearby radionuclid

range.

An evaluation

presented in Appendix
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Radiological Site Assessment Program

of Sheffield
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survey findings indicate thorium conta

sediments in certain areas along

drainage streams,. Smaller quantiti

natural wuranium decay series, e,g. uranit

radium-226 are also present,

radium=228,

uet
e s

property and one from the

All other samples were
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S. None of the samples
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ory Commission, the ORAU

ed a radiological survey
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Wayne, New Jersey.
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> the property located
Jak Ridge Road and Pompton Plains Cross
processed at thi.s
later, W.R. Grace and
believed that some of the wastes
these operations
discharges and
drainage system flowed sewer line beneath Pompton
about 150 m west of the facility

ich Sheffield Brook subsequently

nceutrate 10 the 1mmediate area
drainage C W.R. Grace property and portions of
brook. ly limited to the upper 30-60 cm of soil.
radionucl.us surface water, well water,
vegetation from = 3 the low solubility of th: material.
It would therefore appear tl the primary mode of exposure in the

vicinity of the contaminated properties is external gamma radiation.

The levels of direct radiatiom and radionuclide concentrations in

so1l and sediment at many locations along Sheffield Brook and the

-

associated drainage streams exceed target criteria proposed by the NRC

for uncontrolled use by the general public. These criteria were
developed by the NRC using highly restrictive assumptions. These
assumptions may or may not be applicable to the Sheffield Brook

property.
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TABLE 1

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL,
VEGETATION, AND WATER SAMPLES

Sample Depth Radionuclide Concentrations (pCi/g)
Locationd (cm) Ra-228° Th-228 Ra=226 U-238

surface
30
&0
90

I*i* i+ |+
I+1+ |+ |+

McDonald Park

30
&0
%0

ERENE L
.
RN
W
R R R g

Jrth Ave. surface
30
&0

-~ 33 *
"

: o¢3 :_

+ 0.24 +

Farmingdale Rd surface
30

o N
I+ i+

. .
N W

I+ |+

Black Qak surface
Ridge Rd. 30

i+ 1+
i+ |+

Range

Vegetation:

Bl P.V. Park

2 = McDonald Park




TABLE 1, cont,

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOI1L,
VEGETATION, AND WATER SAMPLES

Radionuclide Concentyations ‘a Water (pCi/l ox

h s ‘ Ra-228

B!
Park

B2
Mcbhonald Park

Bt
City Waterx

Refer to Figure 10,
Assumed to be in equilibrium with Th-232,
Error is 20 based on counting statistics only.

b

MDA values generally ranged between 2 to 5 pCi/g.
Dash indicates analysis not performed.




0t
domjine

m
Ot

mjine

IR jAne

*d

FUOIIRIJUSaOne]) spilonuaipey glUol13e00

SATAWYS TIOS NI SNOILVELNAONOD FAITONNOIAVH

¢ A9Vl




il i (w)
We2 118 10 yooig

LA AR L R L L L WMOL] doumIN )

SATAWYS TI0S NI SNOILVALNAONOD JAITONNOIAVH

*juod ‘7 314Vl




wjaine
W jane
sowjine
06
o
01
) .‘_-_.l
‘2 — ine
Ll B (w)

Wea1)g 10 yooig

(R/7194) sworIv1uasuo) eplonuoipey wo1) yuw 18 1Q

SATAWYS TI0S NI SNOILVALNAONOD AAITI2NNOIAVH

*Juod ‘7 F149VL




(™)
meai13g 10 yooryg

LERULEU TSI I WOI] Aouw w0

SATANYS TI0S NI SNOILVELNADNOD HATITIONANOIAVH

*Juod ‘7 AT4VL




oy Qz ] (w)
Wea 1318 10 yooaiy

A:\«.: SUOLIRIIUAIBO) BpLIINUOIpEY moij souwie g ot 1w207

SATAWYS 1108 NI SNOILVALNADNOD FAITONNOIAVH

*Juod ‘7 ATHVL




“ =)
Weaijg 10 yooiryg

SUO 1R IURINOY IO T Wo1j acrueisig

SATAWYS TIOS NI SNOILVELNIONOD FAAIIONNOIAVH

*Juod ‘7 A14VL

TUE Y




TABLE 2, cont.

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Location Mstance from Depth

centrations
Brook or Stream L

:)
(m) Ra-212




TABLE 2, cont,

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Distance from
Brook or Stream

(m)
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TABLE 2, cont.

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPIES

Location Distance from Radionuclide acentrations (pCi/g)

Brook or Stream
(m) 226

& Refer to Figures 4 and 5.

b Assumed to be in equilibrium with Th-232.

€ Errors are 20 based on counting statistics only.
d MDA values generally ranged between 2 and 5 pCi/g.




TABLE 3

RADIONUCLIDE CONCENTRATIONS IN ADEITIONAL SOIL SAMPLES
FROM THE VICINITY OF SHEFFIELD BROOK

Location® Radionuclide Concentrations (pCi/g)

™h~-228 Ra-22

Kuehm Farm surfac
Kuehm Farm surfac
Kuehm Farm surfac
Baum Prop. surfa
Baum Prop. surfac

10

o)
9%

Baum Prop. surface

Refer to Figure 6,
Assumed to be in equilibrium with Th-232.
Error 18 20 based on counting statistics.
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TABLE 4, cont.

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES

Location Radionuclide Concentrations (pCi/g)

Ra-228 Th-228 Ra=226 U=-238
b4 1.23 + 0.38  1.38 £ 0.28  0.48 + 0.20 MDA
45 15.1 +0.80 14.9 =+ 0.69 2.00 + 0.38 "
46 7.92 + 0.51 7,62 + 0.45 1,50 + 0.24 "
47 0.97 + 0.2%5  1.02 + 0.23  0.61 + 0.18 "
48 0.57 £+ 1.92 0.65 + 0.16 0.48 + 0.14 .
49 0.86 + 0.26 0.83 + 0,30 0.32 + 0.17 "

4 pefer to Figures 6, 7, 8, ard 9.
Assumed to be in equilibrium with Th-232,
€ Error 1s 20 based om couanting statistics only.
d MDA values generally ranged between 2 and 5 pCi/g.
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TABLE

6

RADIONUCLIDE CONCENTRATIONS IN ADDITIONAL
WATER SAMPLES FROM THE VICINITY OF SHEFFIELD BROOK

Radionuclide Concentrations (pCi/l

Cross Alpha Gross Bets 228 T™H-230 Th-232

Surface WNater

Kuehm Farm

]
Surface Water

Kuehm Farm

I
Well Watex

Kuebhwm Farw

i
Well Water

Kuehm Farw

18
Well Water

Wendt Lane

4 Sample location 7ot indicated in Figures.
b Errors are 20 based on counting statistics

€ Dash indicates analysis not performed.
d Reanalyzed due to questionable gross alpha

Ra-22¢

only.

and gross

beta

concentrat




TABLE 7

RADIONUCLIDE CONCENTRATIONS IN VEGETATION SAMPLES

Radionuclide Concentrations (pCi/g)
location®

Ra-220 T™h-228 Ra-226 v-235 U238
1 Unwashed 2.04 + 0,470 0.99 + 0.21 0.34 + 0.15 CMULAC MDA
Washed 0.31 ¢+ 0.12 0.09 + 0.1} 0.04 ¢+ 0.06 . "
2 Unwashed 3.17 « 0.23 0.28 + 0.18 0.3 ¢ 0.15 - »
3 Unwashed 12.8 + 0.4 10.1 + 0.3 0.71 £ 0.16 " "
Washed 0.69 ¢+ 0.61 0.15 + 0.12 + 0,10 - .
4 Unwashed 6.96 + 0.36 411 ¢ 0.24 0.44 + 0.13 » ”
Washed 2,38 + 2.06 0.28 + 0.12 0.14 + 0.19 w "
5 Unwashed 1.87 + 0.19 1.83 + 0.16 0.39 + 0.10 “ .
washed 1.25 + 0.16 0.89 ¢+ 0.12 0.14 + 0.07 " "
wn
w 6 Washed 0.37 + 0.13 0.14 ¢+ 0.12 0.08 ¢+ 0.11 - .
Kueha Farm:
Kale <0.08 0.21 + 0.12 0.10 + 0.09 " -
Zucchini 0.25 + 0.12 0.14 + 0.08 0.16 + 0.07 " "
pill <0.05 <0.03 0.04 + 0.06 " -

a Refer to Figure 6.
b Error is 20 based on counting statistics only.
¢ MDA = minimum detectable activity
Uranium-235: 0.05 - 0.10 pCi/g
Uranium-238: 1.2 - 2.3 pCi/g
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APPENDIX A

GLOSSARY OF

TERMS



Activation:

Activity:

Aerial survey:

Alpha particle:

Background
radiation:

Baseline
concentration:

Beta particle:

Contamination:

Glossary

The process of making a material radioactive by
bombardment with neutroms, protons, or other nuclear
particles.

Radioactivity, the spontaneous emission of radiationm,
generally alpha or beta particles, oftem accompanied by
gauma rays, from the nuclei of an unstable nuclide. Ac
a result of this emission, the radiocactive material 1is
converted (or decays) into a different nuclide
(daughter), which may or may not be radioactive.
Ultimately, as a result of one or more stagas of
ridiocactive decay, a stable (nonradioactive) nuclide is
formed.

A search for sources of radiation by means of sensitive
instruments mourted in a helicopter or airplane.
Generally, the instrumentation records the intensity,
location, and spectral analysis of the radiation.

A positively charged particle emitted by certain
radicactive materials. It is made up of two neutrons
and two protons bound together, and hence is identical
with the nucleus of a helium atom. It is the least
penetrating of the three common types of radiation
(alpha, beta, gamma) emitted by radiocactive material,
and can be stopped by a sheet of paper.

The radiation in man's natural environment, including
cosmic rays and radiation from the naturally radioactive
elements. It is also called natural radiation. The
term may also mean radiation that is unrelated to a
specific experiment. Levels vary, depending on
location.

The concentration of a given substance typically
encountered in the area under consideration, i.e. the
normal or naturally occurring level.

An elementary particle emitted from a nucleus during
radioactive decay, with a single electrical charge and a
mass equal to 1/1837 that of a proton. A negatively
charged beta particle is identical to an electron. A
positively charged beta particle is called a positron.

Undesired radioactive materials that have been deposited
on surfaces, are internally ingrained into structures or
equipment, or that have been mixed with another
material.



Curie:

Daughter:

Decay,
radioactive:

Decontamination:

Dose:

Dose rate:

Exposure:

Exposure rate:

Gamma radiation:

A special unit of activity. Ome curie equals 3.7 x 1010
nuclear disintegrations per second. Several fractions
of the curie are in common usage:

== Millicurie - one thousandth of a curie. Abbreviated
as mCi.

-= Microcurie - one millionth of & curie. Abbreviated
as uCi.

-= Hanocurie - one billionth of a curie. Abbreviated
as nCi.

== Picocurie - one trillionth of a curie. Abbreviated
as pCi.

The product of radiocactive decay of a nuclide. (also
see Parent).

The spontaneous transformatioa of one nuclide into a
different nuclide or into a different energy state of
the same nuclide. The process results in a decrease,
with time, of the number of original radicactive
nuclides in a sample. It involves the emission from the
nucleus of alpha particles, beta particles, or gamma
rays; or the nuclear capture or ejection of orbital
electrons; or fission. Also called radiocactive
disintegration.

Those activities employed to reduce the levels of
contamination.

A measure of the quantity of radiation absorbed in a
unit mass of a medium. The unit of dose is the rad.

The radiation dose delivered per unit time and measured,
for example, in rads per hours.

A measure of the ionization produced in air by x or
gamma radiation. It is the sum of the electrical
charges on all ions of one sign produced in air whem all
electrons liberated by photons in a volume element of
air are completely stopped in air, divided by the mass
of the air in the volume element. The special unit of
expusure is the roentgen.

The radiation exposure per unit time. Measured, for
example, in roentgens per hour.

High-energy, short-wave length electromagnetic radiation
of nuclear origin (radiocactive decay). Gamma rays are



Half-life:

Microrad (urad):

Microroentgen
(uR):

Millirem (mrem):

Natural

Natural

Parent:

Picocurie (pCi):

Rad:

Radiation:

Radiocactivity:

Radionuclide:

Radium (Ra):

the most penetrating of common types of
radiation.

The time 1in which half the atoms of a particular
radiocactive sustance disintegrate to another nuclear
form. Measured half-lives vary from millionths of a
second to billions of years.

A submultiple of the rad, equal to one-millionth of a
rad. (see rad).

A submultiple of the roentgen, equal to one-milliorth of
a roentgen. (see roentgen).

A submultiple of the rem, equal to one-thousandth of a
rem. (see rem).

Uranium as found in nature, containing 0.7 percent of

uranium=235, 99.3 percent of uranium—-238. It is also
calied normal uranium.

Thorium as i nature. Natural thorium contains
equal activity level of thorium=232 and thorium—22%,.

A radionuclide which disintegrates or decays to produce
another nuclide which is also radioactive. This second
radionuclide is known as the daughter product.

One-~trillionth (10_1:]‘ of a curie.

The unit of absorbed dose. The energy imparted to
matter by ionizing radiation per unit mass of irradiated
material at the place of interest. One rad equals 0.0l
joules/kilogram of absorbing material.

Energetic nuclear particles including neutrons, alpha
particles, beta particles, x-rays, and gamma rays
(ouclear physics). Also includes electromagnetic waves
(radiation) of any origin.

The property of certain onuclides of spontaneously
emitting particles, or gamma radiation. Often shortened
to "activity."

A general term applicable to any radioactive form of
elements, a radiocactive nuclide.

A radiocactive metallic element with atomic number 88.
As found in nature, the most common isotope has an
atomic weight of 226, It occurs in minute quantities
associated with uranium in pitchblende, carnotite, and
other minerals; the uranium decays to radium in a series




Radon (Rn):

Rare earths:

Roentgen (R):

Secular
Equilibrium:

Survey:

Thorium (Th):

Thorium series:

of alpha and beta emissions. By virtue of being an
alpha- and gamma-emitter, radium is used as a source of
illuminescence and as a radiation source in medicine and
radiography. The isotope of radium with an atomic
weight of 228 is found in the thorium decay series.

The heaviest element of the noble gases, produced as a
gaseous emanation from the radiocactive decay of radium.
Its atomic number is 86. All isotopes are radioactive,
Rn-222 is an isotope with a half-life of 3.82 days.

A group of 15 chemically similar metallic elements,
including elements 57 through 71 on the Periodic Table
of the Elements, alsc knowr as tne Lauthanide Series.

The unit of iomizing radiation that produces the same
biological damage to man as a unit of absorbed dose
(1 roentgen) of high voltage xz~rays.

A unit of exposure to iomizing radiation. It is that
amount of gamma or =x-rays required to¢ produce ions
carrying one electrostatic unit of electrical charge
(either positive ¢r negative) in one cubic centimeter of
dry air under standard conditionmns.

The state which prevails when the rate of formation of a
radioactive material equals the material's rate of
decay. Although, by theory, this condition is never
completely achieved, it is essentially established in
the thorium decay series as it occurs in nature.

An evaluation of the radiation hazards incidental to the
production, use, or existence of radioactive materials
or other sources of radiation under a specific set of
conditions,

A naturally occurring radioactive element with atomic
number 90 and, as found in nature, an atomic weight of
approzimateliy 232.

Tue series (sequence) of nuclides resulting from the
radioactive decay of thorium-232. Many man-made
nuclides decay into this sequence. The end product of
the sequence in nature is lead-208.

A radioactive element with the atomic number 92 and, as
found in natural ores, an average atomic weight of
approximately 238, The two principal natural isotopes
are uranium-235 (0. ©percent of natual uracium) and
uranium-238 (99.3 percent of natural uranium). Natural
uranium also includes a minute amount of uranium-234.



Uranium series:

The series (sequence)

of nuclides

radioactive decay of uranium-238,

the series 1is lead-206.

A ]
A=)

resulting from the
The end product of



AND UNITS

lish Equivalents

-

centimeter (x 10™“ meters)

gram

x 10° grams)

x 10~ meters

icrocurie (x 10

/ 1 a=6

microrad (x iU

n=o0

microroentgen (x 10 roentgens)

0.394 inches

)

<« Ounces

2.2 pounds

0.62:5 miles
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THORIUM AND URANIUM DECAY SERIES




THORIUM DECAY SERIES

Major Daughter
Decay Products

Thorium=—232 14 billion years alpha Radium=-22

Radium—228 5.8 years beta Actinium=22

Actinium=-228 6.13 hours beta, Thorium-228

Thorium—22 y alpha Radium=-224

Radium—-224 .64 days alp Radon-220

Radon=22 25 seconds lpka Poloniux~216
seconds lphas ] 212
hour t gamma

Bismuth-212 60.6 minutes alpha (1/3)%
beta (2/3)* Polonium=-21

Thallium—208 3.1 minutes beta, gamma Lead-208

21

Polonium=-212 0.0000003 seconds alpha Lead-208

Lead-208 stable none none

* Two decay modes are possible for Bismuth-212.




URANIUM DECAY SERIES

Half-life

Major
Decay Products

Daughter

Uranium—-238

Thorium-234

Protactinium—234

Uranium-234

Thorium=23

Radium-226

Radon-212

Polonium—-218

Lead-2114

Bismuth-214

Polonium=214

Lead=210

Bismuth-210

Polonium=-210

Lead=206

4,500,000,000 yrs.
24 days

inutes
250,000 years
80,000 years

1,600 years

20 minutes
2/10,000 second
22 vears

> days

140 days

stable

alpha
beta,
beta,
alpha
alpha

alpha

Thorium-234
Protactinium=234
Uranium—-234

horium-230

B 2 a2e
Redium=2256

Polonium-218

Lead-214

Bismuth-214

Polonium—-214

Lead-210

Bismuth-210

Polonium=-210

Lead=206

none
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APPENDIX

Major Analytical Equipment

The display or description of a specific product is not be be comstrued as
an endorsement of that product or its manufacturer by the authors or their
employers.

A, Direct Radiation Measurements

Eberline "RASCAL"

Portable Ratemeter-Scaler

Model PRS~-1

Compensated G-M Probe, Model HP-270
(Eberline Ianstrument, 3anta Fe, NM)

Eberline PRM-£
Portable Ratemeter
Scintillation Probe, Model 48%-55

(Victoreen, Inc., Cleveland, OH)

Pressurized lonizationu Chamber PIC
Model RSS-111
(Reuter-Stokes, Cleveland, OH

Laboratory Analysis

Ge(Li) Detector
Model LGCC22208D, 23% efficiency
(Princeton Gamma-Tech, Princeton,

Used in conjunction with:
Lead shield, 3PG~16
(Applied Physical Technology, Smyrna, GA)

Pulse Height Analyzer, ND680
Model 88-0629 with associated computer package
(Nuclear Data, Inc., Schaumburg, IL)

Alpha Spectroscopy System
Tracor Northern 1705
Pulcir PA-1 Alpha Module
(Pulcir, Inc., Oak Ridge,

Low Background Alpha-Beta Counter
Model LB5100-2080
(Tennelec, Inc., Oak Ridge, TN)

25 mg Californium—252 Source with
Flexo-Rabbit Pneumatic Transfer system
(Reactor Experiments, Inc., San Carlos, CA)




Multichannel Analyzer
Model TN-7200
(Tracor Northern, Middleton, WI)
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APPENDIX D

Analytical Procedures

Gamma Scintillation Measurements

Wa'kover surface scans and measurements of gamma exposure rates were
performed using an Eberline PRM~6 portable ratemeter with a Victoreen
Model 489-35 gamma scintillation probe containing a 3.2 cm x 3.8 cm NaI(Tl)
scintillation crystal. Couat rates (cpm) were converted to exposure levels
(uR/h) using a factor of 529 cpm = 1 uk/b. This factor was determined by
comparing the response of the scinti!lation detector with that of « Reuter
Stokes Model RSS-1ll pressurized ionization chamber at several locations

along Sheffield Brook.

a4 lose Rate Measurements

Measurements were performed using Eberline "Rascal" Model PRS-1
portable ratemeters with Model HP-270 energy compensated G-M probes. Dose
rates (urad/h) vere determined by comparison of the response of a Victoreen
Model 440 ionization chamber survey meter to that of the G-M probes for a
natural thorium source. The convers:ion factor determined was

1.0 cpm = 1 urad/h.

Soil and Sediment Sample Analvsis

Soil and sediment samples were sifted to remove rocks (the frastion

removed comstituted <5% of the total), dried at 120° ¢, finely ground,

mixed, and a portion placed in a onme~liter Marinelli beaker. The quantity
placed in each beaker was chosen to reproduce the calibrated counting
geometry and typically ranged from 500 to 800 g of soil. Net weights were
determined and the samples counted us.ng a 232 Ge(Li) detector (Princeton
Gamma Tech) coupled to a Nuclear Data model ND=680 pulse height analyzer.

The following energy peaks were used for determination of the radionuclides

of concern:




Ra=-22
Th=-22
Ra=-22
0=235

U-238 1.001

Peak identification and concentration calculations were provided by

computer analyvses.

Several randomly selected samples were analyzed for isotopic thorium
by alpka spectroscopy. These analvses indicated approximately equal

concentrations of Th-232 and Th-218, confirming that the thorium series is

in egulibrium in the off-site residues.

All soil and sediment samples were analyzed for U-238
gamma spectroumetry. Sam| ! : levels of uranium
subsequently analvzed for , activation. Approximately

19-20 g of soil were irradiated for in a neutromn flux o

y 2 2 . -7 1
108 o/cm?/sec. After a ome minute wait time, the U-239 peak (74.6 keV) was

counted for 10 minutes and the U~238 concentration calculated.

Water Samples

Water samples were rough filtered through Whatman No. 2 filter paper.
Remaining susp-nded solids were removed by a filtratiom through 0.45 um
pore size membrane filters. The filters, together with attached solids,
wvere discarded; the filtrate was acidified by the addition of 20 ml of

concentrated nitric acid.

Gross Alpha and Gross Beta Analysis

Fifty milliliters of each sample was evaporated to dryness and counted

on a Tennelec Model LB5100 low background proportional counter.




Camma Spectrometry

Three and ome half liters of each sample was placed in Marinelli
beakers and analyzed by Ge(Li) gamma spectrometry using the same techniques

as for soil samples.

]

Ladium-220/228 Analysis

Samples were analyzed for Ra-226 and 228 using the standard technique

EFA 6800/4~75-008 (Revised).

Thorium and Uranium Isotopic Analysis

Alpha spectrometry acalysis for Th=228, Th-232, U-234,

U=238 was performed by an ocutside amalytical laboratory.

Vegetation Analvsis

Gamma Spectrometry

Vegetation samples were air dried, chopped, and mixed. Aliquots were

laced in 3.5 1 Maripelli beakers and analvzed for identifiable photo eaks
3 P

in the same manner described above for soil sample analysis.

Calibration and Qualitvy Assurance

Laboratory analyiical instruments are calibrated using NBS - traceable
standards. Portable survey instruments for exposure rate and dose rate
measurements ire calibrated by comparison of their responses to those of
other instruments having NBS - traceable calibration. Field comparisons or
comparisons using samples typical of the area are used to develop these

calibrations.




Quality control procedures on all instruments included daily

background and check-source measurements to confirm lack of malfunctions

and nonstatistical deviations in equipment. The ORAU Laboratory

participates in the EPA Quality Assurance Program.




EVALUATION OF & EAXPOSURES
ALONG SE 00K
WAYNE,




Appendix

Evaluation of Radiation Exposures
Along Sheffield Brook
Wayne, New Jersey
The survey of Sheffield Brook indicates that the streambeds and bank
soils of the brook and two drainage streams contain radiocactive material in
concentrations exceeding the normal background levels. Elevated concentra-

tions of this material are also present on some of the adjacent properties.

The radionuclides present are from the thorium and uranium decay
series, These are naturally occurring substances, believed to have been
created when the earth was formed, and present today in small quantities
throughout our enviromment. They occur inm soil, air, water, food, etc., and
are the sources of a portion of the background exposure each person receives
daily. Soils in the United States typically have thorium (Th-228 and
Th=232) and uranium (U-234 and U-238) levels of 2 pCi/g and 1.2 pCi/g,

respectively.’ Thorium concentrations in igneous rock are typically

s 4 v 4 N % 3 ~
2.6 pCi/g.* Uranium concentratioms in Florida phosphate rock and Tennessee

bituminous rock average 80 pCi/g and 30-50 pCi/g respectively. Radiation
exposures arising from these radioactive substances in their natural state
are not the result of man's activities and, to a large extent, can be

controlled only by relocating to regions of lower background levels.

Thorium is the principal radiocactive substance present along Sheffield
Brook. It 1s present in its natural form with all daughter products in
equilibrium (refer to Appendices A and B). Radionuclides from the uranium
decay series are present in lower concentrations than the thorium, e.g. the
average concentration of radium-226, one of the decay products in the
-~
~

uranium series, 18 less than 5 of the thorium levels. Evaluations of

various exposure pathways for thorium have determined that the primary
pathway 1s direct exposure to the gamma radiation associated with this decay
4

. 2 ’ .
series.”» Although additional exposures may be received through ingestion

of contaminated food or water or through inhalation of airborne radioactive
]

materials, contributions from the pathways are very small compared to that
3 ) P

from direct radiation,




The National Council on Radiation Protection and Measurements has
recoumended a maximum annual whole-body dose equivalent of 500,000 microrem
(urem) per year to an individual in the general populatxun.? This 1is
equivalent to a continuous level of approximately 57 microrem per hour
(urem/h). The maximum exposure level measured at one meter above the ground
along Sheffield Brook ‘s 270 microroentgens per hour (uR/h); the average
exposure level 1s 49 yR/h. To calculate the annual exposure which might be
received it 1s necessary to first estimate the amount of time that would be
spent in the areas where these radiation levels occur, This is referred to
as the "occupancy factor"; an occupancy factor of 102 - an average of 16.8
bours per week, 52 weeks per year - was selected for this purpose. It 1is

felt that this is an overestimate of the occupancy time and will therefore

©
lead to a conservative overestimate of the radiation exposure and potential

health effects. If 4o individual were to spend 10% of his or her time in
the maximum and average radiation levels at this site, the annual dose
equivalent above background would be approximately 201,000 urem and
31,400 urem respectively. The latter value, based on the average exposure
level, is more likely representative of the radiation an individual might
receive at this site. This value can be compared with the annual natural
background radiatiom of approximately 70,000 urem which residents of the
Wayne-Pompton Plains area receive from direct external exposures or the
approximately 20,000 yrem per year received from the radionuclides (e.z.
K-40) normally present in the human body. Also, for comparison, a typical
chest x-ray (according to data from the Department of Health and Human

Services) might yield an exposure of about 27,000 uR.

The primary health effect associated with radiation exposure is an

increased risk of cancer. In this connection, an individual exposed

continually for 70 years to the estimated average dose rate of
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31,400 uyrem/year would receive a dose of approximately 2.2 rem over the
entire period., Based on a lifetime risk estimate of 100 fatal cancers per
million people exposed to 1 rem of radiation*, the estimated increased risk
of fatal cancers from 2.2 rem of radiation exposure is 0.22 deaths per 1000
total deaths. This may be compared with the cancer death rate in Passaic
County, according to the 1977 vital statistics (not age adjusted), of 222.3

cancer deaths per 1000 total deaths.
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