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RESULTS OF OLOGICAL SURVEY

INTRODUCTION

A comprehensive radiological  survey of  450 Davison Avenue, Maywood,
New Jersey, was conducted by Oak Ridge National Laboratory (0RNL) from
June 3 to 10, .1981, wi th assistance from Oak Ridge Associated Universi-
t ies (ORAU). Contaminated materia'l was discovered in the area during an
EG6G aer ia l  radiological  survey, l  and conf i rmed by a ground- level  radio-
logical  survey by the Nuclear Regu' latory Commission.2 This contaminated
material is believed to have been transported from the former Maywood
Chemical Company (now the Stepan Chemical Company) during the period
from 19u14-1946.

The Ma5ruood Chemical Company was founded in 1895. From about 1915
until 1957, the Company processed thorium for use in the manufacture of
gas mant les for  var ious l ight ing devices. l  Apparent ly the Company
allowed removal of processing waste by-products from their operations,
charging only a minimal fee for transportation. Much of the by-product
material from non-thorium operations was in the form of tea and cocoa
leaves mixed with other f i l l  materfal .  This mater ia l  was sui table for
use as an organic mulch for gardens, f lowers,  and shrubbery and as
general  f i l l  mater ia l  for  lawns. I t  probably was the source of  the
contamination at 450 0avison Avenue in that it included waste from th

thor ium processing operat ions.

The current owner of  450 Davison is Florence DiChiara.  She has

l ived at  th is residence since 1952 and current iy resides there wfth her

Z0-year-old daughter. The house was constructed about 1951. Front and
rear v iews of  the property are provided in Figs.  1 and 2,  respect ively.
This lot  is  approximately 15 m wide by 37.5 m deep. The layout of  the
property is shown in Fig.  3.

*The survey was performed by members of the Off-Site Pollutant
Measurements Group of  the Health and Safety Research Divis ion at  Oak
Ridge National Laboratory, under DOE contract W-7405-eng-25.
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SURVEY METHODS

The survey was performed in accordance with the action and survey

plan for Malmood, New Jersey (Appendix I ) .  A conprehensive descr ipt ion

of the survey methods and instrumentat ion is also given in Appendix I .

SURVEY RESULTS

Appl icable federal  guidel ines have been sumnarized in Table 1.  The

normal background levels for the northern New Jersey area are presented

in Table 2. These data are provided for comparison with the survey

resu' l ts presented in th is sect ion.

With the exception of measurements of transferable activity which

represent net count rates, a'l l  direct measurement results presented in

this report are gross readings; background radiation levels have not

been subtracted. Similarly, background concentrations have not been

subtracted from radionuclide concentrations measured in environmental

sampl es.

0utdoor survev resu'lts

External gamma-rav and beta-samma measurements. Results of grid

point,/grid block measurements are presented in Table 3. The location of

gr id points, /b locks are shown in Fig.  3.  The elevated gamma levels

confirm the presence of contaminated material over much of the outdoor

area in the back yard and on the east side of the front yard. A pattern

of the most heavily contaminated areas can be obtained from observing

the surface gama-nay exposure rates given in Fig. 4. Highest measure-

ments were along the entire east border of the property (adiacent to

454 Davison). Gamma radiation levels generally decreased fron east to

west across the yard. Elevated gamma levels vtere also observed in the

back yard along the west border of the property l ine, and in the east

side of the front yard in the lawn and shubbery adjacent to the house.

The naximum gamma-ray exposure rate at 1 m above the ground on this

property (450 pR/h) exceeds the background value by a factor of 56 and

the guideline value by a factor of 7.5. Beta-gamma dose-rate measurements

over the entire yard ranged from 0.03 to 2 nrad/h.



.  Systemat ic  samples of  sur face
soi ' l  ( top 15 cm) and b iased sur face and subsur face so i l  samples were
taken f rom var ious locat ions on the proper ty  for  rad ionucl ide analyses.
Locations of the systematic (MJ samples) and biased (MJB samples) sam-
pl ing locat ions are shown in  F ig.  5 ,  wi th  resul ts  of  laboratory analyses
p rov ided  i n  Tab le  4  (a  b iased  so i ' l  samp le  i s  one  wh ich  i s  co l l ec ted  a t
a locat ion exhib i t ing e levated gamma radiat ion levels) .  Concentrat ions
of  232Th exceeded the concentrat ions 6;226p3 3p6 2389 in  a l ]  o f  the
samples co l lected at  a6b 0avison Avenue.  Based on the resul ts  of  so i l
sample ana)yses,  the contaminated mater ia l  is  located:  (1)  in  the east
half of the front yard in the lawn and shrubbery beds (the str ip of lawn
closest  to  the s t reet  is  exc ' luded) t  (2)  over  the ent i re  back yard wi th
the exception of (a) ttre south-center section (the area formed by MJ45,
t4J47, MJ48, and MJ50) and (b) a 3-m x 14-m area around the sample loca-
t ions MJ54- I '1J56;  and (3)  low- level  contaminat ion a long a 0.5-m wide s t r ip
a ' long the ent i re  west  proper ty  l ine.  One sample (MJB21) ind icated that
contaminated material extended from the surface to a depth greater than
86 cm along the east side of the back yard. Contaminated material
extended down to 66 cm on the west side of the back yard (l4JB22), and on
the east side of the front yard, contaninated material extended from the
surface to a depth greater than 3G cm (MJB20).

Concentrat ions of  232Th in  systemat ic  sur face so i ' l  samp' les ranged
from 1.1 pCi/g (MJ50) to 28 pCi/g (MJ53). The maximum 23216 concentra-
t ion in  so i l  in  a  b iased sanple f rom the back yard of  th is  proper ty  was
1400 pCi/g (MJB2lD). In the front yard, the maximum 2s216 concentration
f rom a b iased so i l  sample conta ined 620 pCi /g (MJBZ0B).

Auoer inq and subsur face so i l  samples f rom auqer inq.  Resul ts  of
analyses of  so i l  samples taken dur ing auger ing of  ho ' les are.presented in
Table 5,  and locat ions of  auger  holes are shown in  F ig.  6 .

A summary of the results of gamma-ray logging of auger hores is
presented in Table 5. The gamma-ray activity as a function of depth is
graphica l ly  depic ted in  Appendix  I I .  0n the east  s ide of  the back yard
(adiacent  to  454 Oavison) ,  the contaminated mater ia l  genera l ly  appeared
to extend from the surface down to a depth of 90-120 cm (3-4 ft).  0n
the west side of the back yard, the contaminated material appeared to
extend from the surface to 45 cm (1.5 ft).
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Indoor survev resu' l ts

A]pha. beta-qamma. and gamma-rav measurements. Schematic diagrams

of the inter ior  of  the house at  450 Davison Avenue are shown in Figs.  7

through 9. The results of the indoor measurements are presented in

Table 7 and these f igures.

Transferable long-lived alpha and beta-gamma activity on room sur-

faces was at the background level at all loCations in the house. Direct

alpha activity on the surface of walls and floors were in the normal

background range at  a l l  locat ions in the house.

Beta-gamma dose rate measurements were within background levels at

al l  locat ions in the house with the except ion of  the stairs to the f i rst

f loor,  where s l ight ly elevated levels were observed (0.04 mrad/h).

External gamma-ray exposure rates inside the house were all elevated

above background. Gamma-ray exposure rates at 1 n ranged from 10 to

34 pRlh, and averaged 15 pR/h. There was no evidence that the source of

these elevated radiation levels was due to contaminated material indoor

or beneath the f'loor of the basement. However, these measurements can

be re]ated to radiat ion ar is ing f rom outdoor contaminat ion.  Indoor

external gamma-ray measurements were highest at locations on the east

side of  the house.

Radon and radon daughter samplinq. Preliminary radon daughter

measurements were made in the basement and upstairs area of the house to

determine the approximate magnitude of this exposure pathway. These

measurements are indicative of radon levels only at the instant of sam-

pling and do not represent daily or annual averages. Further sampling

would be required to detennine the levels in the house for comparison

with appl  icable guidel  ines.

Results of radon and radon daughter measurements inside the house

are presented jn Table 8. Radon-222 concentrations in air were not

measured in this residence. The radon daughter concentration in air in

the basement (0.0019 WL) was within typical background levels.



SIGNIFICANCE OF FINDINGS

Summaries of the outdoor and indoor measurement results of the
radiological  survey conducted at  460 Davison Avenue are provided in
Tables 9 and 10, respect ively.  These measurement resul ts indicate that
the property contains radioact ive contaminat ion pr imari ly f rom 16s 23216

decay chain,  and to a lesser extent f rom the 238u decay chain.  This
mate r ia l  i s  found  in  the  fo l low ing  loca t ions .as  shown. in  F ig .10 :
(1) most of the vegetated area of the back yard with the exception of
the area in the center rear of the back yard; (2) the lawn and shrubbery
area in the east s ide cf  the f ront yard (excluding the str ip of  lawn
adjacent to the street); and (3) a]ong the length of the west property
l ine (wi th in the top 45-cm of the ground surface).  The contaminated
material extends from the ground surface, down to an average depth of
1.0 m. No contaminated mater ia l  is  bel ieved to be present inside the
house and beneath the f loor and foundat ions of  the house.

The total estimated volume of contaminated materials on this property
is approximately 195 ms (see Table 11).  This est imate is based on an
average depth of  1 m in the back yard ( t lo me area),  0.15 m along the west
s ide  o f  the  house (3  m2 area) ,0 .5  m a long the  eas t  s ide  o f  the  proper ty
(11 m2 area),  and 1 m in the f ront yard (18 m2 area).  Oue to the l imi ted
number of  core holes on which these est imates were based, the total
volume may exceed this estirnate by as much as 30%.

Outdoors on the property, the average external gamma-ray exposure
rate at 1m above the ground surface was approx'imate'ly a factor of 0.8
of the NRC guidel ine for  cont inuous exposure (10 CFR 20).  Al l  measured
values of external gamma radiation outdoors were above the background
level for the Maywood area. Concentrations e; 23211 in the surface soi' l
of the yard exceeded background levels ranging from a factor of 1.2 to

1500.

Inside the house, the average externa'l exposure rate at 1 m above
the f loor was wel l  wi th in NRC guidel ines for  cont inuous exposure
(10 CFR 20),  but  approximately twice background levels.  This elevated
act iv i ty is due to the presence of  contaminated mater ia ls outdoors.  No

radioact ive mater ia l  was found inside the house or beneath the basement
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floor. Radon daughter concentrations observed in the basement of the

house were within background levels.

Using the resul ts of  th is radiological  survey, a prel iminary evalua-

tion of the potential exposure pathways for radiation exposures to resi-

ddnts at this location has been conducted. The four primary pathways

for radiation exposure from the type of contamination found on this
property are: (1) direct radiation exposures; (2) inhalation of radon

and radon daughter products; (3) inhalation of resuspended radioactive
part ic les ' ;  and (4). ingest ion of  radionucl ides through food pathways. An

evaluat ion of  the f i rst  two pathways is provided in Appendix I I I .  The

latter two pathways are not considered to be significant at this prop-

erty, under present conditions of property use. These pathways could

become signi f icant i f  major changes in land use occur in the future.

Based on conservat ive assumptions, prel iminary est imates of  the total

r isk of  cancer f rom radiological  condi t ions at  th is s i te are given in

Appendix III. The estimated total increased risk due to rad'iation

induced cancer for residents at 450 Davison Avenue was calculated to be

0.077.4 Thus, for  a person l iv ing a l i fet ime at  460 Davison Avenue, the

hypothetical average chance of dying from cancer would increase from

24.4% (the average for Bergan County, New Jersey in 1975s) to 24.47%.
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Fig.  1.  Front v iew of  property at  460 Davison Avenue



Fig.  2.  Rear v iew of  property at  460 Davison Avenue
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Table 2. Background radiation levels for the northern New Jersey area.

Type of radiation measurement
or sample

Radiat ion level  or
radionucl ide concentration

Garma-ray exposure rate at 1 m
above floor or ground surface (uR/h)

Direct  a lpha act iv i ty on indoor f loor
or wall surface (dpm/100 cm2)

Transferable alpha act iv i ty on indoor
floor cr wall surface (dpm/100 cmz)

Transferable beta-garma activity on
indoor f loor or wal l  surface (dpm/100 cm2)

Beta-garrna dose rate activity on ground,
f loor and wa] l  surfaces (mrad/h)

Indoor radon concentrat ion (pCi/L)a
Basement
Upstai  rs

Indoor radon daughter concentration (lJL)a
Basement
Upstai rs

Concentrat ion of  radionucl ides in soi l
(pc i /s)

232Th
2  38U
226Ra

25

10

20

0.01 -  0 .03

t .7
0.8

0.008
0.004

0.9
0.9
0.9

aReference 3.
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Table 4.  Resul ts  of  rad ionucl ide analyses of  sur face so i l  samples
from 460 Davison Avenue

Sampl ea Locati onb Depthc
(cm;

Radionucl  ide concentrat ion (pCi /g)
23216d z3sge 226p"d

MJ40
MJ41
t4J42
MJ43
MJ44
l,fl45
l.lJ45
MJ47
MJ48
MJ49
MJ50
MJ51
MJ52
MJ53
MJ54
MJ55
MJ55
MJ57
MJ58
MJ59
MJB9
MJBlO
MJB11
MJB12
MJB13
MJB14
MJB2OA
MJB2OB
MJB20C
MJB21A
MJB218
MJB21C
MJB21D
MJB21E
MJB22A
MJB22B
!4JB22C
T4JB22D
MJB24A/
MJB24B

0+0.5 ,5 .5R
0+0.4 ,12R
0+04.5 ,10 .5R
0+04.5 ,4 .5R
0+35.7 ,1 .5R
0+35.7 ,  7 .5R
0+35.7 ,  13 .5R
0+34.5 ,4 .5R
0+34.5 ,10 .5R
0+31.5 ,  1 .5R
0+31.5 ,7 .5R
0+31.5 ,13 .5R
0+28.5 ,4 .5R
0+28.5 ,  10 .5R
0+25.5 ,1 .5R
0+25.5 ,  7 .5R
0+25.5,  13. 5R
0+22.5 ,  0 .7R
0+20, L4.8R
0+08, 14.8R
0+36, 13.2R
0+34.5 ,13R
0+29, 11.5R
0+32,0 .2R
0+23.5, 0^ 2R
0+7 .7 ,  4 .  7R
0+7.5 ,  4 .5R
0+7.5 ,4 .5R
0+7.5 ,  4 .5R
0+31,0 .1R
0+31,0 .1R
0+31,  0 .1R
0+31,  0 .1R
0+31,  0 .1R
0+34, 13R
0+34, 13R
0+34,13R
0+34, 13R
0+12, 15R
0+12, 15R

15-30
30-35

15-30
30-46
51-51
71-86
5-20
20-36
36-51
51-65

10-20

2.5  r  0 .08
1.8  I  0 .04
1 .5  t  0 .3
5 .3  r  0 .1
21  r  0 .5

1 .3  r  0 .04
7 .8  r  0 .1
t .7  t  0 .2
2 .0  r  0 .09
6 .7  x  0 .2
1 .1  t  0 .07
10r1
27  t3
28  t  0 .6

1 .5  t  0 .08
2 .1  t  0 .04
2 .2  !  0 .8
9 .7  t  1
5 .5  t  0 .2
2 .3  !  0 .07
130 t 20
98r10
50r7

270 ! 50
57  !7

140 ! 20
35015
620 t 50
44  !  0 .6

27Q ! 40
300 t 90
500 t 70

1400 ! 200
50  18
70111

3.4  r  0 .1
3 .9  r  0 .2
4 .1  r  0 .09
47  !  6 .0

2 .0  r  0 .04

2:0
r .7
2.6
2.5
2.8
1.8
1.5
3.2
1.6
3 .4
1 .7
2 .2
2 .6
2 .7
1 .3
1 .0
1 .8
1 .9
0 .94
1 .9
6 .9
4 .9
3 .5

2t
5 .3
8 .3

15
2T
2.4

23
28
51

t20
5 .2
4 .3
1 .1
1 .5
1 .9
2 .2
0 .  53

1 .2  r  0 .05
1 .1  r  0 .03
1 .4  t  0 .2
3 .4  r  0 .1
4 .8  r  0 .07
0 .9  r  0 .04
2 .4  t  0 .06
1 .3  r  0 .07
1 .2  r  0 .1
1 .9  t  0 .1
0 .7  r  0 .06
2 .5  t  0 .06
10  r  0 .4
10  r  0 .3

0 .9  r  0 .05
0 .9  t  0 .03
1 .0  t  0 .02
2 .2  !  0 .3
3 .5  t  0 .2
1 .9  t  0 .07
34 !2
20 t1
17r1
59 i7

8 .0  t  2
56r5

140r3
250r1
14  t  0 .2
52 !4
55r4
81  t3

200 ! 20
7 .5  !  0 .4
13  11

1 .1  t  0 .2
1 .6  !  0 .2
2 .0  r  0 .04
2 l  t  1 .4

1 .2  r  0 .05

aMJ is  a systemat ic  sur face (0-15 cm) so i l  sampie;  MJB is  a b iased
so i l  samp le .

bLocat ion is  shown on Fig.  5 .
csample taken in  the top 15 cm of  the so i l  un less other t r ise noted.
d lna icated count ing error  is  a t  the 95% conf idence level .

"Tot" ]  emor on measurement  resul ts  is ' less than t3% error  (95% conf i -
dence  l eve ' l ) .



2iL

sample Locationa Depth Radionuglide concentration (pci/g)
(cin) zs216b 23sgc 2263"b

Table 5.  Resul ts of  radionucl ide analyses of  subsurface soi l  samples
from 450 Davison Avenue

MJC34 0+24, 2R L10-1.20 2.5 r  0.03 1.1 0.94 r  0.02
MJC35 0+30,  2R 61 7 .0  t  0 .2  2 .1  1 .8  !  0 .1
MJC37 0+24,  3 .5R 30 2 .1  t  0 .05  0 .51  0 .87  r  0 .04

MJC38 0+35, 2R 45-51 23 t  3 2.4 8.9 r  0.3

aLocat ion is shown on Fig.  6.
blndicated counting error is at the 95X confidence level (tzo).
cTotal error on measurement results is less than t3% error (95% con-

f idence leve l ) .
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Table 9. Summary of outdoor measurements and sample results
at 450 Davison Avenue

Number of
Measurement or sample t5pe measurenents/ Range l,lean Biased -

samples 
..qrrgt rrEqrr 

readi ngso

Grid point measurements

External gamma exposure rate
at 1 m (uR/h) 83 9-410 48

External ganma exposure rate
at the surface (pRlh) 83 8-450 54

Beta-ganma dose rate at 1 cm
above the surface (mrad/h) 18 0.03-1 0.3

Svstemat ic surface soi l
samp res  (pu l /q )

23216

238U

225Ra

Biased measurementsd

l'laximum external gamma-ray
exposure rate at 1 m (pRlh)

Maximum external gamma-ray
exposure rate at surface (pVn)

ifo<imum concentration of 232Th
in surface soi l  (pci lg)

l'faxinum concentration of 23216
.in subsurface soil (pCi/g)

Average deoth of contaminated
soi ' l  (m)

20 1.1-28 7.L
20 0 .9-3 .4  2 . t
20 0.7-10 2.7

450

350

990

1/+00

1.0

aBiased neasurements included garuna-ray scanning of the entire yard,
surface soil sampling at biased locations, and subsurface investigation
through the use of augered holes.
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Table 10. Sunmary of indoor measurements and sample results
at 460 Davison Avenue

lleasurement on sample type
Number of

measurements/
samples

Range Mean Biased -
readi ngso

Systematic room surveys

External gamma-ray exposure rate
at I m (pR/h)

Beta-gamma dose rate
at 1 cm (mrad/h)

0irect  a lpha act iv i ty on
surface (dpm/100 cm2)

Biased measurementsd

Maximum external gamna-ray
exposure rate at surface (pR/h)

l{aximum beta-ganma dose rate
at 1 cm (mrad,/h)

l. laximum direct alpha activity on
surface (dpm/100 cm2)

Maximum 222Rn daughter concentration
in  a i r  (WL)

10-34 15

0.02-0 .04  0 .02

<26 <26

14

14

14

35

0.04

<26

0.0019

aBiased measurements included gamma-ray scanning of each room, measure-
ment of the beta-gamma dose rates at locations of elevated gamma levels,
random measurements of direct alpha and transferable alpha and beta-gamma
activity on interior surface, and measurement of indoor radon and radon
daughter concentrati ons.

i : ' -
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Table 11. Summary of measurements results in contaminated
areas at 450 Davison Avenue

Locationa Measurenent type Measurement
resul  t

Area A
(back yard)

Area B
(along driveway)

Area C
(front yard)

Maximum external gamna-ray exposure rate
at surface (pR/h)

Range bf 232Th concentrations steasured
in surface soi l  (pCi/g)

llaximum 232Th concentration measured
in subsurface soi l  (pci lg)

Estimated areal extent of
contamination (m2)

Estimated average depth of
contanination (m)

Estinated total volume of
contaminated materia'|" (m3)

Maximum external gamna-ray exposure
rate at surface (pRlh)

Estimated areal extent of
contamination (m2)

Estimated average depth of
contanination (m)

Estimated total volune of
contaninated material ' (ms)

l,laximum external gatma-ray exposure
rate at surface (pR/h)

Range e1 23216 concentration measured
in surface soi l  (pCi/g)

Maximum 23211 concentration in
subsurface soi l  (pCi/g)

Estimated areal extent of
contamination (m2)

Estimated average depth of
contamination (m)

Estinated total volume of
contaminated material" (ms)

990

11.

0 .5

460

1.6-270

1400

170

1.0

170

6

350

5.3-350

620

18

1.0

18
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Table 11. (continued)

Locationa Itleasurement type Measurement
resul  t

Area D (west
property l ine)

Maximum external ganma-ray exposure rate
at surface (pR/h)

23216 concentrations measured in
surface soil (pcilg)

Estinated areal extent o.f
contanination (m2)

Estimated average depth of
contaminat ion (m)

Estimated total volume of,
contaminated materiai" (ms)

25

47

3

0 .15

0 ,5

EFor area designation see Fig. 10.
bvolut" estimates are based on a correlation of surface measurements

and subsurface invest igat ions using a reasonable number of  dr i l l  holes.
The exact shape of the contaminated regions cannot be precisely deternined
by this type of investigation. Actual irregular shapes have therefore been
approximated by the most reasonable regular geometr ic shape (e.g. ,  cyl inder,
or rectangular prism).
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APPENDIX I

SURVEY PLAN, INSTRUMENTATION ANO ANALYSIS
METHODS FOR THE RADIOLOGICAL SURVEY
CONDUCTED IN MAY}JOOD, NEl./ JERSEY
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ACTION PLAN FOR PRIVATE PROPERTY SURVEYS IN MAYWOOO, NEW JERSEY

Purpose

This plan def ines the 0RNL act iv i t ies to survey pr ivate propert ies
in Maywood, New Jersey, which are believed to be contaminated with
resfdues from thorium processing operations at the former Mayrood Chemi-

-cal company. There are three objectives of these surveys: (1) define
the current radiological statu's of each property, (2) define the sources
of radiation exposures on each property and estimate the volume of
mater ia l  involved, and (3) prepare an exposure evaluat ion,  comparing
radiat ion exposures wi th guidel  ines.

Approach

In i t i a l l y ,  ORNL w i l l  r ev iew  a l l  ava i l ab le  da ta  re levan t  t o  the
proper t ies involved.  A gener ic  survey p lan wi l l  then be developed for
conduct  o f  pr ivate proper ty  surveys and wi l l  be modi f ied in  the f ie ld
as needed to characterize the propert ies and radiation sources. Fol ' low-
fng approval  o f  th is  approach,  ORNL wi l l  conduct  the radio log ica l  sur-
veys at each private property for which consent can be obtained. The
f ind ings of  each f ie ld  survey wi l ' l  be prepared and submit ted to  DOE as
a prel iminary report; a f ina' l  report on each property wil i  be submitted
after environm.ental samples are anaiyzed. The required work is sepanated
into ind iv iduai  tasks which may be summar ized as fo l lows:

Task 1.  Review of  Avai lab le Oata

Data provided by ESED have been reviewed and incorporated in the

survey p]anning process. 0ther data have been volunteered by ORAU, and

by the Nen Jersey Department of Environmental Protection. It  is antici-
pated that  addi t ional  contacts  wi l l  be made wi th  NRC Region I  personnel .

His tor ica l  in format ion about  each proper ty  wi l l  be obta ined f rom br ie f

home owner,/occupant interviews.
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Task 2.  Preparat ion of  Survey Plan

The radio log ica l  survey p lan for  pr ivate proper t ies wi l l  be devel -

oped af ter  the avai lab le data are rev iewed.  Ondinar i ly ,  a  s i te  v is i t

would precede this task. However, due to the immediate need for the

surveys,  a  genera l  p lan wi l l  be prepared based on pr ior  exper ience.

This  p lan wi l l  be modi f ied in  the f ie ld  as needed to fu l ly  character ize

any property.

Task 3.  Implementat ion of  Radio loo ica l  Survevs

Radio log ica l  surveys of  pr ivate proper t ies wi l l  be conducted

according to the approved survey plan. Surveys wil l  only be conducted

on proper t ies for  which consent  can be obta ined.  Outdoor  dr i l l ing wi l l

be done on an as-needed basis .  Dr i l l ing or  cor inq throuqh basement

f ]oors wi l l  on]v  be done as a last  resor t  for  obta in ing necessary data

about subsurf ace radi oacti vi t .v prof i  I  es.

Task 4. Gamma-Ray Scans of Adjacent Propert ies

Because of the crescent shapes of the isopleths in the EG&G aerial

survey and the poss ib i l i ty  o f  sp i ' l l -over  contaminat ion,  i t  is  recommended

that gamma-ray scans be conducted on adjacent properties along Latham

and Davidson Streets. These scans would be conducted by survey person-

ne' l  walking on the property. The ground would be scanned with an

NaI(T l )  sc in t i l la t ion survey meter  at  the sur face;  bu i ld ing foundat ion

wal ' ls  would a ' lso be scanned.  I f  any anomal ies were found dur ing th is

scan,  a fu l l  rad io log ica l  survey of  the proper ty  would be conducted.  A

scanning survey of a property would be done only with the property

owner 's  consent

Task 5.  Radio log ica l  Survey Repor t inq

The radiological survey f indings for each property wil l  be reported

in two separate reports. One report wil l  contain al l  f ield measurement

data obtained at each property. These prel iminary letter reports wil l

be submit ted to  DOE wi th in  f ive days fo l lowing the conplet ion of  the
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survey. Conclusions in these let ter  reports wi l l  re late the radiat ion
exposures found on each si te to establ ished guidel ines for  members of
the publ ic.  Sources of  radiat ion exposures wi ' l l  be ident i f ied and the
quant i ty of  radioact ive mater ia l  involved wi l l  be est imated. An evalu-
ation of radiation exposure wil l be prepared for each property. The
second ' let ter  

report  for  each property wi l l  contain al l  analyt ical
results for environmental samples taken during the survey. These anal-
yt ical  ' resul ts wi l l  be related to on-si te measurements.  Comments
received on the prel iminary report  wi l l  be incorporated in preparat ion
of the second report. Any properties for which access was denied wi'|1
be ident i f ied as wi l l  any property which had no anomal ies on the surface
gamma-ray scan. These ident i f icat ions wi l l  be made in the cover ]et ter
t ransmit t ing the f i rst  ser ies of  reports.

Schedul e

Task 1 and Task 2

These tasks wi l l  be comp' leted dur ing the week ending May 20, 1981.

Task 3 and Task 4.

These tasks wi l l  be per formed concument ly .  Task 3 is  scheduled

to begin June 3,  1981.

Task  5 .

Pre' l iminary reports wi l l  be t ransmit ted dur ing the week of
June 19, 1981. Target date for transmitta'l is June 15, 1981. Draft
f inal  let ter  reports wi l l  be t ransmit ted approximately s ix weeks fol low-
ing the prel iminary report  t ransmit ta l .
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RADIOLOGICAL SURVEY PLAN FOR PRIVATE PROPERTIES
IN MAYWOOD, NEW JERSEY

INTRODUCTION

The stepan chemical company (formerly l4aSmood chemica] company)
was developed in 1895. From about 1915 until 1957 the l.lalmood Chemical
Company processed thorium for use in the nanufacture of gas mantles for
var ious l ight ing devices.r  In 1932, Route 17 rvas bui l t  to the west of
the main plant through an area that was used for disposal of process
wastes. Although access to'.the site was probably restricted, the waste
disposal area had no access restrictions. In 1959, Ma5nrood Chemical
company was purchased by the stepan chemical company. A federaliy
supervised cleanup of a portion of the yaste dump was conducted in 1980.
Presently, stepan chemical company owns a 30-acre site east of N.J.
Route 17, just south of the New York, Susquehanna and Western Railroad
right of way. 0n the west side of N.J. Route 17, St{S Industries ovrns a
vacant 8.7-acre site (formerly a portion of the waste disposal areE);
plans have been made to locate a warehouse/office complex on this site.

During an aerial survey of the stepan chemical company and the
surrounding area in l ' la1mood, New Jersey, by EG&G1 on January 2G, 19g1,
anamous'ly high gamma-ray exposure rates (principally zsz16 daughter
radionucl ides were observed in a resident ia l  area close to the Stepan
chemical site. seven private homes in Malmood, New Jersey, were ' later

ident i f ied in a fo l low-up ground survey by the Nuclear Regulatory com-
missionz as having external  gamna radiat ion levels s igni f icant ly above
background. 'Exposure rates up to 3 mR,/h have been observed on these
properties. It is surmized that thorium residues were obtained from
the Ma5mood Chemical lr laste disposal area and used as fi l l  material on
these pr ivate propert ies.

At the request of the Environmental and Safety Engineering Division
(ESED) of the Department of Energy, the Off-Site Pollutant Measurements
Group, at Oak Ridge National Laboratory (ORNL) wil l perfonn a comprehen-
sive radiological survey on seven private properties in MaSnrood,
New Jersey. The survey is scheduled to begin June 3, 1991.



39

SURVEY I4ETHODS

The following section describes the survey methods to be employed
in performing the ORNL radiological  survey. Detai led descr ipt ions of
instrunentation, measurement procedures and sample analyses are provided
elsewhere in th is Appendix I .

Outdoor Survey

Grid s.vstem

Prior to radiological  measunements,  a rectangular gr id wi i l  be
estab'l ished covering the entine area to be surveyed. The spacing of
mutual ly perpendicular gr id l ines wi l l  be detennined by the s ize of  the
area involved and by the level  of  detai l  required for any given area.
At  leas t  30  gr id  po in ts  ( in te rsec t ion  o f  g r id  l ines)  w i l l  be  es tab l i shed
for each property.  At  some locat ions where s igni f icant levels of  con-
taminat ion are observed, a smal ler  gr id system wi l l  be super imposed to
provide more detai led informat ion as required. The size of  the smal ler
gr id system wi l l  be determfned in the f ie]d as condi t ions dictate.

Externa'l qamma radiation measurements

External  gamma radiat ion levels wi l1 be measured using a 3.2 cm x

3.8 cm NaI(T])  probe at tached to a ratemeter (cal ibrat ion for  th is
instrument is performed in the f ie ld using a Reuter-Stokes Pressur ized
Ion Chamber tPICI). External gamma-ray exposure rates are measured at
the ground surface and 1 m above the ground surface at grid points;
these measurements wil l be recorded. Each grid b'lock (square formed by
the grid l ines) wil l be scanned at the surface, and the maximum gamma
radiat ion level  wi th in each block wi l l  be noted.

Beta-gamma dose rates

Beta-gamma dose rate measurements at 1 cm above the ground surface
will be performed at those locations where surface gamna radiation
' levels 

are s igni f icant ly above background. The instrument used for
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these measurements is a Geiger-Mueller (G-tl) survey meter with a yindow
thickness of 7 ng/cn2 and a ha'rogen-quenched GM tube (open and closed
wi ndow).

Surface deposi ts  of  rad ioact ive mater ia ls

Samples of surface soil  (a 10 cm x 10 cm area soil  sample to a
15-cm depth)  wi l l  be co l lected at  systemat ic  locat ions and analyzed in
order to identify the locations and estimated quantit ies of surface
deposi ts  of  rad ioact iv i ty .  In  addi t ion,  b iased sur face so i l  samples wf l l
be obtained at representative locations where elevated external gamma
radiat ion levels  are observed.  so i l  sanples wi l l  be packaged and
transported back to 0RNL for processing and analyses for concentrations
s;  2389,  226ps,  232Th and other  rad ionucr ides as appropr ia te.

Subsur face deoosi ts  of  rad ioact ive mater ia ls

Dr i l l ings and/or  cor ings wi ' l ' l  be made at  se lected locat ions through-
dut any area suspected of having subsurface deposits of contaminated
mater ia ls .  The purpose of  dr i l l ing and. /or  cor ing is  to  locate and
estimate the quantit ies of subsurface deposits of radioactivity. I f
subsurface radioactivity is suspected within an area and no surface
contaminat ion is  ev ident ,  a  random search technique of  dr i l l ing and
gamma-ray logging within that area wil l  be used to locate and identify
the boundar ies of  any subsur face contaminat ion.  Dr i l l  ho les wi l l  be
augered to an approximate 15-cm diarneter and to a depth where a
natura ' l ly  occurr ing so i l  s t ra ta is  encountered.  A p last ic  p ipe wi th  a
10-cm (4- inch)  ins ide d iameter  wi l l  be p laced in  each hole,  and an'NaI(T l )  

gamma-ray sc int i l la t ion probe wi l l  be lowered ins ide the p ipe.
The probe is  encased in  a lead sh ie ld  wi th  a narrow col l imat ing s lo t  on
the side- This arrangement provides measurement of gamma radiation
intens i t ies resul t ing f rom contaminat ion wi th in  smal l  f ract ions of  the
hole depth. l ' leasurements are usually nade at 15-cm or 30-cm intervals.
This  " logging"  of  the core holes is  done in  order  to  def ine the prof i le
of radioactivity underground and as a f irst step in deterrnining the
extent of subsurface contamination at each location. samples of
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subsur face so i l  f rom core holes wi l l  be co l lected at  random locat ions

and returned to ORNL for analysis fqp 22693, 2389, 23211 and other
radionucl ides deemed appropr ia te.  The number of  locat ions of  core

holes wi l l  be detennined in  the f ie ld  based on the resul ts  of  auger-
hole loggins and sur face gamma radiat ion levels .  The core holes wi l ]
be dr i l led and sp l i t -spoon samples wi l l  be taken at  15-  to  30-cm in ter-
va ls  as requi red.  Af ter  sampl ing,  the core holes wi ' l l  be augered to  a

15-cm diameter and logged at 15- to 30-crl intervals (as required) using
the lead-shie lded gamma-ray sc int i l  la tor .

Indoor Surveys

Externa' l  gamma radiation measurements

Externa' l  gamma radi at i  on 
' leve1 

s wi I 
' l  

be measured at a hei ght of

1 m above the f loor  in  the center  o f  each room using an NaI(T ' l )  sc in t i l -
la t ion survey meter .  The survey meter  wi l l  be cross-cal ibrated wi th

the Reuter-Stokes PIC in  the most  f requent ly  occupied room of  the house.

The f loor  and wal ls  o f  each room wi l l  be scanned for  gamma radiat ion at
the surface and the maximum gamma radiation levei associated with each

sur face wi ' l l  be noted.

Beta-gamma dose rates

Beta-gamma dose rates wil l  be measured at those 
' locations 

where

external gamma-ray exposure rates were found to be signif icant' ly above

background.  These measurements wi l l  consis t  o f  open-  and c ' losed-window

Geiger-Muei ' ler  (G-M) survey meter  readings.

Sur face  a lpha  rad ia t i on ' l eve l s

Sur face a lpha radiat ion leve ' ls  wi l ' l  be measured at  the center  o f

the room as wel ]  as severa l  o ther  locat ions as determined in  the f ie ld .

n ZnS(Ag)  detector  (covered by a 0.03-mi ' l  a lumin ized mylar  sheet)  wi l l

be used and have an at tached photomul t ip l ier  tube wi th  a por tab le

scal erlratemeter.
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Removable alpha and beta-qamma activitv from surfaces

Removable or  t ransferab ' le  sur face contaminat ion levels  wi l l  be
measured by taking standard smears. The smears are l i .ghgy rubbed over
a 100-crn2 area and counted for removable long-l ived alpha and beta-gamrna
activity. A smear samp'le wii l  be obtained near the center of the room
where a hard sur face is  accessib le .  Smear samples wi l ]  a lso be taken
at locations where elevated gamla, beta-gamma, and/or alpha radiation
levels  are observed.

concentration of radon (zzzRn) rvi l l  be measured indoors at the
houses i f  ev idence of  indoor  contaminat ion is  found.  Ind iv idua ' l  radon
(radon l222{n), thoron [zzopn1, actinon [21eRn]) progeny concentrations
in a i r  wi l l  be measured at  var ious locat ions and t imes wi th in  a l l  houses.

Other samples

During the gamma-ray scanning of. the property, bui lding materia. ls
such as wood, concrete, or bricks may be found to have elevated gamma
radiat ion levels  associated wi th  them. These mater ia ls  as wel l  as
atyp ica l  samples f rom the outdoor  survey (e.g. ,  large rocks,  vegetat ion,
etc. ) may be obtained and returned to ORNL for anaiyses. The result ing
laboratory analysis is sample-specif ic, dependent on the pattern of
contaminat ion ( i .e . ,  rad ionucl ide concentrat ion versus measurement  of
sur face contaminat ion) .
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RAOIATION SURVEY I'IETERS

lpha Survey Meters

The type of alpha survey meter used at the residences in Maywood,
New Jersey, to measure alpha radioactivity on surfaces uses a Zns(Ag)
scint i l lator to detect  the alpha radiat ion.

The alpha scint i l lat ion survey meter consists of  a large area
(100 cmz) Zns(Ag) detector with a photomultiplier tube in the probe which
is coupled to a portable scaler, / ratemeter (Fig.  I -A).  The ZnS(Ag)
detector is covered with a 5-mi l  a luminized mylar sheet in order to make
the instrument l ight- t ight .  A metal  gr id is used to avoid punctur ing the
mylar when surveying over r ' ,ough surfaces. This instrument is capable of
measur ing alpha surface contaminat ion levels of  a few dis integrat ions per
minute per 100 cmz but must be used in the sca'ler mode for this purpose.
I t  is  h ighly select ive for  densely ioniz ing radiat ion such as a ' lpha
part ic les;  the instrument is retat ively insensi t ive to beta and gamma
radiat ion.  This instrument is cal ibrated at  0RNL using 23sPu alpha
sources. Calibration factors are typically 5 to 7 dpm,/cpm.

Beta-Gamma Survey Meter

A por tab le Geiger- l4uel ler  (G-M) survey meter  (F ig.  I -B)  is  the
primary instrument for measuring beta-gamma radioactivity. The G-M tube

is  a halogen-quenched sta in less s tee1 tube having a 30 mg, /cm2 wal ' l  th ick-

ness and pnesent ing a cross-sect ional  area of  approx imate ly  10 cmz.

Since the G-M tube is  sensi t ive to  both beta and gamma radiat ion,  measure-

ments are taken in both an open- and a closed-window configuration. Beta

radiation cannot penetrate the closed window, and, thus, the beta reading

can be determined by taking the difference between the open- and closed-

window readings.

The G-M survey meters were calibrated by comparison wfth a pre-

ca l ibrated Vic toreen Model  z l40 ion izat ion chamber (F ig.  I -C) .  The open-

window calibration factor was found to be 2,000 cpm/(mrad/h) for surfaces

contaminated wi th  226Ra in  equi l ibr ium wi th  2389 1n6 2,300 cpm/(mrad/h)

forsur faces contaminated wi th  in i t ia l ly  pure uranium. The c losed-window
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(gamma) cal ibrat ion factor,  determined by use of  a Nat ional  Bureau of
Standards (NBS) standard 226p6 source, was 3,200 cpm/(mrad/h).

Gamra Scint i l lat ion Survey Meter

A portable survey meter using a NaI scint i l lat ion probe is used to
measure lor level  gamta radiat ion exposure.  The scint i l lat ion probe is a
3.2 x 3.8-cm NaI crystal  coupled to a photomult ip ' l ier .  tube. This probe is
connected to a Victoreen l ' lodel Thyac III ratemeter (Fig. I-D). This unit
is  capabie of  measur ing radiat ion levels f ron a few microroentgens per hour
to severa' l  hundred microroentgens per hour.  This instrument is cal ibrated
at Oak Ridge Nationa'l Laboratory (ORNL) with an NBS standsp6 226p. source.
Typical calibration factors are of the order of 500 cpm/(pR/h). The
sensitivity of this instrument may be influenced by factors such as
temperature,  humidi ty,  and sma' l l  changes in photomult ip l ier  tube vol tage.
Therefore,  each instrument used in the f ie ld is standardized dai ly,  and
its response is compared with readings made with a ReuterStokes Model
RSS-l11 Pressur ized Ionizat ion Chamber (PIC) (Fig.  I -E).  This lat ter
instrument has response which is proportional to exposure to Roentgens
over a wide energy range. Readings made with the portable scint i l lat ion
survey meter and compared with exposure rates determined at the same time
using the PIC nay be used as a factor to convert the reading in counts
per uni t  t ime to exposure rate per uni t  t ime (pR/h).

SMEAR COUNTERS

. Alpha Smear Counter

This detector assembly, used for the assay of alpha emitters on smear
paper samples,  consists of  a l ight- t ight  sample holder,  a z inc sul f ide
phosphor,  and a photomult ip l ier  tube.s This detector assembly was used
with electronic components housed in a portable NIM bin (Fig.  I -E).  The
electronics package consisted of  a preampl i f ier ,  an ORTEC 456 high vol tage
poy{er supply,  a Tennelec TC 211 l inear ampl i f ier ,  and a Tennelec TC 545
counter-timer.

The alpha smear counter was

dai ly  us ing an a lpha source wi th

used in  the f ie ld  and was ca l ibrated

a known disintegration rate.
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Beta Smear Counter

The beta smear counten consisted of a thin mica yindow (*2 ng/cnz)
G-M tube mounted on a sample holder and housed in a Z3-cm-diam x 35-cm-high
lead shield.  Located under the counter window is a s lot ted sample holder,
accessible through a hinged door on the shield.  An absorber can be
interposed in the slot between the samp'le and the counter window to deter-
mine relative beta and gamma contributions to the observed sample counting
rate. .The electronics for this counter were housed in a portable NIM bin
and consisted of a Tennelec TC 148 preamplif ier, an ORTEC 455 high voltage
power supply, and a Tennelec TC 545 counter-timer.

This uni t  was used in the f ie ld to measure beta act iv i ty on smear
papers and was cal ibrated dai ly using a beta standard of  known act iv i ty
(F ig .  I -F ) .

TECHNIQUE FOR THE MEASUREI.IENT OF 22271 AND PROGENY CONCENTMTIONS IN AIR

ORNL Cel I  s

An ORNL ce l l  (F ig .  I -G)  cons is ts  o f  a  500 ml  luc i te  cy l inder  coated
inside with a uni form layer of  z inc sul f ide.  For measurements of  radon
concentrat ion in the air ,  the ce1' l  is  evacuated to a pressure of  approxi-
mately 100 microns. The cei l  is  then taken to a 

' locat ion where a sample
is  des i red  and the  co l lec t ion  va lve  is  opened.  A f te r  co l lec t ion  o f  a i r
in the ce' l ' l  ,  sample count ing is delayed four hours to a ' l ' low the radon
daughters to at ta in equi l ibr ium. Alpha part ic les f rom the radon daughters
produce sc in t i l ' l a t ions  in  the  z inc  su l f ide .  The sample  is  normal ly
counted with a photomu'lt ' ipl ier tube assembly. After the sample has been

counted, the cel' l  is again evacuated to approximately 100 microns to
prevent contaminat ion bui ldup.

Technique for the Measurement of 2229n Progeny
Concentrat ions in Air

An alpha spectrometry technique has been refined by Kerr4's for the

measurement of 222Rn progeny concentrations in air. From one integral

count of  the 218po alpha act iv i ty and tvro integra' l  counts of  the 2L4Po
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alpha act iv i ty,  the concentrat ion in air  of  21Epo, 21aBi,  and 2rrpb nay
be calculated.

Particulals 222in daughters attached to airborne dust are col' lected
on a membrane f i l ter  wi th a pore s ize of  0.4 nr icrons. A sampl ing t ine of
5-10 minutes and a flow rate of 12-16 LPM are used. This fi l ter sample
is then placed under a sil icon surface barrier detector and counted. The
detector and counting system used for radon daughter measurements are
shown in Fig.  I -H. usual ly,  count ing of  th is k ind is performed yi th a
vacuum between the sample and ihe detector which requires a conplicated
samp'le ho1der and time-consuming sample changing methods. Experiments at
this laboratory have shown that ease in sample handling is obtained with
l i t t le loss in resolut ion when hel iun is used as a chamber f i l l  gas.  In
this counter,  hel ium is f lowed between the diode and the f i l ter  sample,
which are seParated by a distance of 0.5 cm. One integral count of the
218pe a'lpha activity is obtained from 2 to 12 minutes, and two integral
counts of the 214Po activity are obtained from 2 to L2 minutes and 15 to
30 minutes, respectively. All counting intervals are referenced to t = 0
at thi end of sarnpling.

The eguations describing 16s 222pn progeny atoms collection rates on
the fi l ter are of the form

dn.' (t)
= Ciu + I i_ l ( t )  -  l , rnr ( t ) , (1)

where

number of the ith species of atom on the firter as a function
of t ime,

radioactive decay constant of the ith species (min-1),

concentration of trre ith species (atoms 1-1), and

air  sampl ing f low rate ( l i ters min- l ) .

The solution of Eq. (1) is of the forrn

D i =

t r i=

e i -

v=

nr(t) = .-trtt  n? * CrV + rr-rnr-r(t) e i  dt
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Fronr the general form of the solution, specific equations can be
obtained describing the number of each 222ps1 decay product collected on
the f i l ter  as a funct ion of  t ime. Also by let t ihg v = 0 in Eq. (1),  a
set of equations describing the decay on the fi l ter of each 222pn progeny
can be obtained. The equations describing the decay e; 222p1 progeny on
the fi l ter can be integrated and related to the integral counts obtained
exper imental ly.  Values for the total  act iv i t ies of  21sPo, 21apg, and
21{Bi on the fi l ter at the end of sampling are obtained by apprying
natrix techniques. The airborne concentrations are obtained by solving
the equations describing the atom collection rates on the fi l ter. A com-
puter program has been written to perform these matrix operations, to
calculate the air concentrations of the radon progeny, and to estimate
the accuracy of the calculated concentrations.

As descr ibed in reference 5,  dur ing invest igat ions ut i l iz ing th is
alpha spectrometry technique at another site, daughters 6; 21spn (actinon)
were discovered during the counting procedure. The presence of these
progeny, primarily a result of contamination with uranium ore raffinates,
in observable and sometimes rather high concentrations could result in
large emors in the calculation o; 222pp daughten concentrations using
the previously described method. Hence, a revised procedure has been
developed to determine the daughter concentration of both radon isotopes.
This technique is based on a s imi lar  f i l ter  count ing procedure,  ut i l iz ing
measurements over two additional energy regions.

. DESCRIPTION OF GERMANIUM DETECTOR SYSTEM

5oi1 samples fep 226ps analysis are dr ied for  24 h at  110oC and
then pulver ized to a part ic le s ize no greater than 500 pm in dfam.
(35 mesh). Aliquots from this dried sample are transferred to 25-cm3
polyethylene bott les (standard containers for  l iquid scint i l lat ion
samples), weighed, and stored for approximately 30 days to allow for
buildup of radon and radon daughters. These bottled samples are then
analyzed on the germanium detector system of the Off-Site Poj' lutant
Measurements Group at 0RNL.

A holder for 12 of the polyethylene bottles and background shie'lds
has been designed for use with the germanium detector systems (Fig.  I - I ) .
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During count ing of  the samples,  the holder is used to posi t ion 10 of  the
sanple bottles around the cylindrical surface of the detector, parallel

to and symmetric about its axis, and two additional bottles across the
end surface of the detector, perpendicular to and symmetric with its
axis. bJith a 300-cm3 sample and a graded shield developed for use with
the system, i t  is  possible to measure 1 pCi/g sf  23216 or 225Ra with an
error of +10% or less s1! 2274s rvithin an error of t10X or less. The
minimum detectable concentration (MDC) for the system, considering the
background of the counting system, is generally about 0.3 pCi/g.

Pulses produced by the crystal are sorted by one of three multichan-
nel analyzers, one Of which stores the data on magnetic tape (Fig. I-J),
while the other two store data on a floppy disk (Fig I-K). All samples
are analyzed using a least squares method to identify radionuclides
corresponding to those garma-ray l ines found in the sanple. Those
spectra stored on magnetic tape are entered into the computer via a
remote terminal. The computer program which analyzes these spectra runs
continuously on the 18l,l-360 system at ORNL and relies on a radioisotope
library containing 700 isotopes and 2500 gadra-rays. Those spectra stored
on floppy disk are directly analyzed by a Tennecomp 5/11 computer which
uses a l ibrary of radioisotopes tailored specifically for environmental
measurenents. In identif iying and quantifying 226p" in either system, six
principal gamma-ray l ines are analyzed. l. lost of these are from 21{Bi and
correspond to 295, 352, 509, 1120, 1765, and 2204 keY.

NEUTRoN ABS0RPTI0N TECHNIQUE FoR 238U ANALYSIS

Fol lowing the in i t ia l  so i l  sample dry ing and pulver iz i rg ,  E 30-cm3

aliquot is sent to the Anaytical Chemistry Division of ORNL for 2s8U

analysis by neutron activation.?' The concentration of 23sU in the soil

sample is deternined by counting delayed neutrons emitted from fission
products produced by neutron activation of the 23sg in the sample.

Neutron activation of the samples are made in the pneumatic tube irradi-

ation faci l i ty of the Oak Ridge Research Reactor. Following exposure to

a thermal neutron flux of approximately 5 x 1013 n/cn2-s, a count of the

delayed-neutron activity is made using a paraff in moderator with a BF3

tube detector assembly having a neutron counting eff iciency of about 52.
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fhs 2ssg content of a test sample is obtained by comparing its delayed-
neutron count to that obtained with a comparator sample containing a

known quant i ty e;  23s9. Calculat ions are then made ut i l iz ing the fol lowing

equati on:

23sg ' ip test sample =

' 23sU in comparator sampl. ( l

fhg 2389 concentration is then calculated assuming that 0.7n6 of natural

uranium is 23s9. The precision of this method is approximately t3%
(expressed as the relative standard deviation for 2o or 95% confidence
intervals) ,  wi th a lower l imi t  of  detect ion of  n40 ppb (10s pCi/g) for
2389 .
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ORNL;Photo 5704-76

Fig. I-8. Geiger-Mueller survey meter.
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0RNL-Photo 6710-76

Fig.  I -C. Victoreen Model 440 ionizat ion chamber.



0Rl{L-Photo 67A7-76

Fig.  I -D. Garma scint i l lat ion survey meter.
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ORtiL-Photo 4351-81

q

- - . -
.l -'.i

a -
-l

, Fig. I-J. f.lultichannel -analyzer with magnetic
tape storage and vertical Ge(Li ) detector system.
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APPENOIX II

GAMMA PROFILE GRAPHS OF CORE HOLES AT
460 DAVISON AVENUE IN I.IAYT{OOO, NEI.' JERSEY
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APPENDIX I I I

EVALUATION OF RADIATION EXPOSURES AT
450 DAVISON AVENUE IN MAYI,JOOD, NEt'| JERSEY
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EVALUATION OF RADIATION EXPOSURES AT 460 DAVISON AVENUE
IN MAYWOOD, NEI'J JERSEY

INTRODUCTION

Contaminated material was first discovered at this property and
several nearby properties during an EG&G aerial radiological survey and
subsequent ground- level  Nuclear Regulatory Commission radiological  survey.
Because the contaminated material uas similar to waste materia'l that was
generated by the l.ta5nrood Chemical Company (now Stepan Chemical Company),
the mater ia l  is  bel ieved to have or ig inated from that source.

In June 1981, on request of  the Department of  Energy (D0E),Oak

Ridge National Laboratory (ORNL) performed a radiological survey of this
property. It was determined that much of the exterior property was con-
taminated with radioactive material of the naturally occurring thorium

and uranium decay chains. The contamination is l imited to approximately
the upper 3 feet (1 meter) of soil. The contaminated material is found

in the fo l lowing locat ions:  (1) most of  the vegetated area of  the back
yard with the exception of the anea in the center rear of the back yard;
(2) the lawn and shrubbery area in the east side of the front yard
(excluding the str ip of  lawn adjacent to the street) ;  and-(3) along the

length of the west property l ine (within the top 45-cm of the ground

surface). No radioactive contamination was found in the house.

BACKGROUND RADIATION EXPOSURES

The natura l ly  occurr ing radionuc ' l ides present  at  th is  proper ty  are

present  normal ly  in  minute quant i t ies throughout  our  env i ronment .  Concen-

t rat ions of  these radionucl ides in  norma' l  so i ls ,  a i r ,  water ,  food,  e tc . ,

are referred to as background concentrations. Radiation exposures

result ing from this environmental radioactivity are referred to as back-

ground exposures. These background exposures are not caused by any human

act iv i ty  and,  to  a large extent ,  can be contro l led only  through man's

moving to areas with lower background exposures. Each and every human

receives some background exposure daily.
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The use of  radioact ive mater ia ls for  scient i f ic ,  industr ia l ,  or

medica] purposes may cause radiation exPosures above the background

level to be received by workers in the industry and, to a lesser extent,

by members of  the general  pub' l ic .  Scient i f ical ly based guidel ines have

been developed to place an upper l imi t  on these addi t ional  exposures'

Limits establ ished for exposures to the general  publ ic are much lower

than l imi ts establ ished for workers in the nuclear industry '

As described previously, the contaminated nratirials present on this

property consisted of radionuclides of the thorium and the uranium decay

chains. Uranium-238 and thori un-232 were created when the earth was

forrned, and are sti1l present today because they take a very long time

to undergo radioactive decay. The half-l i fe is a measure of the time

required for radioact ive decay; for  uraniurn-238 i t  is  4.5 bi l l ion years '

Thus, i f  4.5 bi l l ion years ago you had a cur ie* of  uranium-Z38, today

you wou ld  have on 'e -ha l f  cur ie ;  4 .5  b i l l i on  years  hence,  th is  wou ld  on ly

be one-fourth curie. As the uranium-238 decays, it changes into another

substance, thoriurn-234. Thorium-234 is called the "daughter" of

uranium-238. In turn, thorium-234 is the "parent" of protactinium-234'

Radioactive decay started by uranium-238 continues as shown in Table III-1

unt i ' l  s table lead is fonned. The "decay product"  l is ted in Table I I I -1

is the radiation produced as the parent decays. Radioactive decay

started by thori un-232 continues as shown in Tab'le III-2 unti l stable

lead is also forrned.

RADIATION EXPOSURES AT 450 DAVISON AVENUE

'There are four primary pathways to humans from the type of contami-

nated material found on this property. These potential pathways are:

(1) direct gamma-ray exPosures, (2) inha' lat ion of radon and radon daugh-

ters  f rom radon decay,  (3)  inha ' la t ion of  a i rborne radioact ive par t ic les,

and (4)  ingest ion of  rad ioact ive ly  contaminated foods or  water '  In  the

*The cur ie  i s  a  un i t
in a substance; one cur ie
t ions per second.

used to measure the amount of radioactivity
represents 37 bi ' l l ion radioact ive dist integra-
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following sections, the magnitude of each of these pathways at 461 Latham

Street is descr ibed, based on the radiological  condi t ions determined
from the recent radiation survey. A summary of this radiation exposure
data is given in Table I I I -3 along with a l is t ing of  the normal back-
ground levels for  th is area and the appl icable guidel ine values for

compari son.

' 
orrect Gamna-Ray Exposures

As shown in Tables III-1 and III-2, several of the daughters of

uranium-238 and of thoriun-232 emit ganuna radiation (garnma-rays are
penetrat ing nadiat ion l ike X-rays).  Hence, the contaminat ion present on
this property is a source of external gamma radiation exposure to persons

who reside near or come in contact with this material. l4easurements of

the gamma radiation levels outdoors on the property determined that the

exposure rate at 1 m above the ground ranged from 9 to 410 microroentgens*
per hour, with an average of 48 microroentgens per hour. Inside the

house, the exposure rates ranged from 5 to 34 microroentgens per hour,

with an average value of 15 mircoroentgens per hour. For comparison,
the nonna'l background gamma-ray exposure rate for the Maywood area is

8 microroentgens per hour.
The NRC guidel ines ( found in the Code of  Federal  Regulat ions,

Ti t le 10, Part  20r)  require that  the cont inuous gamna radiat ion exposure

to any indiv idual  in the general  populat ion not exceed 500 mi l l i roentgens
per year.  For persons residing at  th is property,  cont inuous exposure
(24 hours a day, 355 days per year) to the average'levels found outdoors

would resul t  in an annual  gamma-ray exposure of  420 mi l l i roentgens, a

value below the guidel ine l imi t .  Exposures above the guidel ine cou' ld

occur only at isolated areas outdoors on the property, and only under

*The roentgen is a uni t  which was def ined for radiat ion protect ion
purposes for people exposed to penetrating gamma radiation. A micro-
roentgen is one-mi l ' l ionth of  a roentgen. A mi l l i roentgen is one-
thousandth of a roentgen, or one thousand microroentgens.

+'T i t le  10,  Code of  Federa l  Regulat ions,  Par t  20,  is  a  regulatory
document  publ ished by the Nuclear  Regulatory Commiss ion and may be
found in  the Federa l  Regis ter
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cont inuous exposure condi t ions.  Indoors,  the cont inuous annua' l  exposure
from the average radiat ion levels would be 140 mi l l i roentgens. Again,
th is exposure is below the appl icable guidel ine.  For comparison with
everyday exposures, these values can be compared to a normal background
exposure of 70 mil ' l iroentgens per year in New Jersey or a typical chest
X-ray exposure of  27 mi l l i roentgens.

Inhalation o.t n"aon and Radon Daughters

Radon-222 (the daughter of radium-225) and radon-220 (the daughter
of radium-Z24) are inert gases produced by decay of their respective
parent radionuclides. When produced, this gas can migrate through the
soil or other materials and eventually be released to the atmosphere.
If the gas enters a structure with poor ventjlation, accumulation of the
gas and its short-l ived daughters in room air can occur. Breathing of
this short-l ived radon daughter results in exposure of the respiratory
tract to radiation.

Since contaminated soi l  containing the radioact ive parents of
radon-222 and radon'220 vtas found outdoors on this property, the potential

for radon migration into the house was believed to exist. Measurements
of the indoor concentrations of radon and its daughters in air were made
for comparison with norrnal background levels, as well as current guide-

I  i  nes .

The measured radon daughter concentrations in the house were deter-
mined to be less than 0.002 working level .  These concentrat ions are
below the norrnal background range for the New Jersey area (0.004 to
0 .008 work ing ' leve l ) ,  and are  we l l  be low the  gu ide l ine  va lues  o f  0 .03
working level  suggested in 10 CFR 20 or 0.01 working level  g iven in the
Surgeon General  's  Guidel  ines.  t

*The working level  is  a uni t  which rvas def ined for radiat ion pro-
tect ion purposes for uranium miners.  I t  represents a speci f ic  level
of energy emitted by the short-' l ived daughters of radon.

f feOerat negister,  Vol .  41,  No. 253, pages 56777-56778, December 30,
19.75 (10 CFR 712).
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Inhalat ion of  Airborne Radioact ive Part ic les

Radioact ive part ic les associated with soi l  or  s imi lar  mater ia ls can

become airborne due to natural  (e.g. ,  wind) or human (scraping) forces.
Once airborne, these part ic les can become inhaled, v l i th subsequent

exposure of the respiratory tract. Guidelines for acceptable concentra-

t ions of  radionucl ides in air  have been developed and are presented in

10 CFR 20. At 450 Davison, this exposure pathway is of no concern due to
the location of the contaninated material under grass and other vegetation.
However,  i f  present land use changes and extensive handl ing or scraping
of the contaminated material occurs, the potentia'l for radiation exposure

from this pathway would be increased.

Ingest ion of  Radioact iv i ty

The final pathway of potential radiation exposure for residents at

th is property is the ingest ion of  radionucl ides through contaminated

foods or water.  Since the water supply at  th is residence is the publ ic

water system, unaffected by the contamination on the property, ingestion

of contaminated water is considered insigni f icant.
The magnitude of  the radiat ion exposure to an indiv idual  ingest ing

foods grown in contaminated soil is dependent upon a number of factors,

inc lud ing :  (L )  the  concent ra t ion  o f  rad ionuc l ides  in  the  so i l ,  (2 )  the

amount of  uptake of  the speci f ic  radionucl ide by the plant of  concern,

and (3) the amount of  the plant consumed by the indiv idual .  At  the
present t ime, no guidel ines are avai lable l is t ' ing the acceptable concen-

trat ions of  radionucl ides in the soi l  or  foods for the radionucl ides of

concern at this property. 0n this property, under present land use con-

di t ions,  consumption of  produce from a smal l  garden could produce long-

term radiation exposures, but these exposures would be small compared to

direct gamma-ray exposure pathway. If land use changes (e.9., to large

scale food product ion),  the potent ' ia1 for  long-term radiat ion exposures

to indiv iduals ingest ing s igni f icant quant i t ies of  food grown in the

contaminated soi l  would require careful  eva' luat ion.
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PRELII.,IINARY ESTIMATE OF RADIATION RISK

For purposes of  radiat ion protect ion,  a l l  radiat ion exposures are

assumed to be capable of  increasing an indiv idual 's r isk of  contract ing

cancer.  A precise numerical  value cannot be assigned with any certainty

to  a  g iven ind iv idua l ' s  inc rease in  r i sk  a t t r ibu tab le  to  rad ia t ion

exposure.  The reasons for th is are numerous; they include the indi-

v idual 's age at  onset of  exposure,  var iabi l i ty  in latency per iod ( t ime

between exposure and physical  evidence of  d isease),  the indiv idua' l 's
personal  habi ts and state of  heal th,  previous or concurrent exposure to

other cancer-causing agents,  and the indiv idua' l 's  fami ly medical  h istory.

Because of  these var iables,  large uncertaint ies exist  in any est imates

of the number of  increased cancer deaths in the relat ively smal l  popula-

tion exposed at this property.

Using the resul ts of  the radiological  survey at  th is property,

preliminary estimates of the increased risk of cancer for residents

l iv ing there have been calculated. These est imates considered only the

two most significant exposure pathways (direct radiation exposure and

inhalation of radon and radon daughters) and were based on the fol ' lowing

assumpti  ons:

1. The measurements that are reported in Table III-3 are

respresentative of the conditions throughout the year and

for every year. It is recognized that radon and radon-

daughter leve' ls in the homes could be higher in winter

because of  less vent i lat ion.

The inhabitants spend 5% of their t ime

(or the radon escaping to the upstairs

opened adds an equivalent exposure).

The inhabi tants  l ive in  th is  house a l l

from birth to age 70.

in the basement

when the door is

o f  t he i r  l i ves ,

4. Each day the inhabitants spend an average of two hours

away from the house and property, four hours outside

the house but on the property, and 18 hours inside the

house.

2 .

3 .
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The total estimated increased risk due to radiation induced cancer
for residents at 450 Davison Avenue yras ca'lculated to be 0.077,.* Thus,
for persons l iv ing for  a l i fet ime at  450 Oavison, instead of  an average
chance of 24.4% of eventually dying from cancer (the average for Bergen

County, New Jersey in 1975)t, they might have a hypotheticat average
chance of 24.47% of dying from cancer. These values compare with a l ife-
time average chance of dying from cancer of 21.8fr for the state of New
Jersey, and 19.3% for the United States.

SUMMARY

A summary of radiation exposure data at 460 Davison Avenue is pre-

sented in Table III-3. 0f the four primary radiation exposure pathways,

only one may be of inrnediate concern at this site under present conditions

of property use. Radon daughters are within background 
' levels, there-

fore, no significant exposure above background from this pathway is

ant ic ipated. Inhalat ion of  radionucl ides is considered a negl ig ib le

source of radiation exposure at the present since there is no apparent
ordinary mechanism to cause contaminated materia1 in the soil to become

airborne. I t  is  bel ieved that possible future use of  port ions of  the
property for growing food could contribute appreciable radiation exposure'

to an indiv idual  consuming this food for a considerable per iod of  t ime

as a large fract ion of  h is diet ;  however,  under current condi t ions of

use, this pathway is of no concern. Exposures to gamma radiation out-

doors on this property cou'ld approach the guidelines for exposure to'.

indiv iduals in the general  pub' l ic .  This pathway is,  therefore,  the most

signi f icant exposure mechanism at th is s i te under current condi t ions of
property use.

*J .  | ' l .  Healy  and W. J .  Bai r ,  "Pre l iminary Repor t  -  Radio log ica l
Appra isa l  o f  Houses in  Maywood,  N.  J . "  At tachment  to ' le t ter  f rom } '1 .  J .
Bai r ,  Bat te l le  Paci f ic  Nor thwest  Laborator ies,  to  W. E.  Mot t ,  0epar tment
of  Energy,  Washington,  D.  C. ,  Ju ly  17,  1981.

fMortal i ty statist ics were obtained from data i n  V i ta ' l  S ta t i s t i cs
of  the Uni ted States -  1975.  Volume I I  -  Mor ta l i Part  Q, U. S. DePart-
ment  o f  Hea l th , t i on  and  We l fa re , c
Center for Health Statist ics, (PHS) 78-LlA?, 1977.

th  Se rv i ce ,  Na t i ona l
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Table I I I -1.  Uranium-238 decay ser ies

Parent Ha l f - l i f e Decay products 0aughter

Urani um-238

Thori um-234

Protacti ni um-234

Urani um-234

Thori um-230

Radi um-225

Radon-222

Pol oni um-2184

Lead-2144

Bi smuth-2144

Po'loni um-2144

Lead-210

Bi smuth-2L0
Pol oni um-210

Lead-205

4 .5  b i l l i on  years

24 days

1.2 minutes

250 thousand years

80 thousand years

l.,500 years

3.8 days

3 minutes

27 ninutes

20 minutes
,

iO';OAd- second

22 years

5 days

140 days

stable

al pha

beta, gamma

beta, ganma

a lpha

a lpha

a lpha

a lpha

al  pha

beta, gamma

beta, gamma

alpha

beta

beta

alpha

none

thori um-234
protacti ni um-234

urani um-234

thori um-230

radi um-225

radon-222
pol oni um-218

I ead-214

bi smuth-214
pol oni um-214

I ead-210

bi smuth-210
po1 oni um-210

1 ead-206

none

aShort- l ived radon daughters.
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Table III '2. Thoriun-232 decay series

Parent Half-l i fe Decay products Daughter

Thor iun'23? 14 bi l l ion years alpha radium-Z28
Radium-228 5.7 years beta actiniun'Z29
Actiniun-Z29 5.1 hours beta, gamma thoriun-228
Thoriun'Z28 1.9 years alpha, gamma radium-Z24
Radium-224 3.5 days alpha, gamma radon-220

Radon-220 55 seconds alpha, gamma polonium-215

Polonium-2l5 0.L5 seconds a' lpha lead-212

Lead-212 11 hours beta, gamma bismuth-2l2

Bismuth-2l2 51 minutes alpha, beta, polonium-2l2 (64%)

gamma ot thall ium-2O8 (36%)

Po'loni un-212 0. 3 mi' l I i  onth of a al pha I ead-208
second

or r3 . . \rJ0T0;000/
Thal l ium-208 3.1 minutes beta,  gamma lead-208

Lead-208 stable nonenone
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