S

CRML/TM=7343

State Background Radiation Levels:

Resultls of Measurements Taken
Buring 1975~1979

. F. Haywood



Printed in the United States of America. Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road, Springfield, Virginia 22161
NTIS price codes—P rinted Copy: A07; Microfiche AO1

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government norany agency
ihereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents thatits use would notinfringe privately owned rights. Reterence herein
to any specific commercial praduct, process, or service by trade name, trademark,
manufacturer, of otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Governmentor
any agency thereot. The views and opin ions of authors expressed hersein do not
necassarily state or reflect those of the United States Government or any agency
thereof. ‘




ORNL/TM-7343
Dist. Category UC-70

Contract No. W-7405-eng-26

Health and Safety Research Division

STATE BACKGROUND RADIATION LEVELS:
RESULTS OF MEASUREMENTS TAKEN DURING 1975-1979

T. E. Myrick
B. A. Berven
F. F. Haywood

Date Published: November 1981

OAK RIDGE NATIONAL LABORATORY
O0ak Ridge, Tennessee 37830
operated by
UNION CARBIDE CORPORATION
for the
DEPARTMENT OF ENERGY



TABLE OF CONTENTS

Page
LIST OF FIGURES . . & & & & ot 6 e v e v e e e et s o s s s v a e v
LISTOF TABLES. . . . . . ¢ ¢ & v v v vttt v v v et e e e e e ix
ACKNOWLEDGEMENTS. & & & & & i v e e e e o e o v s s s e e e e e e xiii
ABSTRACT. & v i i v et h e e e e e e e e e e e e e e e e e e e e XV

INTRODUCTION. . . . . . . . . . . e e e e e e e e e e e e e e e e 1
RADIOLOGICAL MEASUREMENT TECHNIQUES . . . . . . . . . « . . « « « . 3
Measurement of External Gamma-Ray Exposure Rates. . . . . . . . 3
Soil Sampling and Radionuclide Analysis . . . . . . . . . . .. 3
LOCATIONS OF STATE BACKGROUND SAMPLES AND MEASUREMENTS. . . . . . . 3
RESULTS OF MEASUREMENTS 4
DISCUSSION OF RESULTS 6
External Gamma-Ray Exposure Rates 6
Isotopic Distribution of Radionuclides in Soil 7

External Gamma-Ray Exposure Rates vs Radionuclide
Concentrations in Soil

oooooooooooooooooooooo

ooooooooooooooooooooooo

ooooooooooooooo

ooooooooo

..................... 8
SUMMARY . . . . i it ot i e e e e e e e e e e e e e e e e e e s 9
REFERENCES. . . . . & & i i v e b e e e et e s e e oo s o o e ws 11
Appendix I, EXTERNAL GAMMA SURVEY METER . . . . . . . . .« . . .. 97
Appendix II, SOIL ANALYTICAL PROCEDURES . . . . . . . . . . . . .. 103

iii



Figure

10
n
12
13
14

15

LIST OF FIGURES

Page
Location of background soil samples and external
gamma-ray exposure rate measurements in the United
SEAtesS . . . . e e e et s e e e e e e e e e e e e e e 13
Location of background samples and external gamma-ray
exposure rate measurements in Alabama. . . . . . . . .. 15
Location of backgrouhd samples and external gamma-ray
exposure rate measurements in Alaska . . . . . . . . . . 17
Location of background samples and external gamma-ray
exposure rate measurements in Arizoma. . . . . . . . .. 19.
Location of background samples and external gamma-ray
exposure rate measurements in Arkansas . . . . . . . . . 21
Location of background samples and external gamma-ray
exposure rate measurements in California . . . . . . .. 23
Location of background samples and external gamma-ray
exposure rate measurements in Colorado . . . . . . . . . 26
Location of background samples and external gamma-ray
exposure rate measurements in Delaware and Maryland. . . 28
Location of background samples and external gamma-ray
exposure rate measurements in Florida. . . . . . . . . . 30
Location of background samples and external gamma-ray
exposure rate measurements in Georgia. . . . . . . . .. 32
‘Location of background samples and external gamma-ray
exposure rate measurements in Idaho. . . . . . . . . .. 34
Location of background samples and external gamma-ray
exposure rate measurements in Illineis . . . . . . . .. 36
Location of background samples and external gamma-ray
exposure rate measurements in Indiana. . . . . . . . .. 38
Location of background samples and external gamma-ray
exposure rate measurements in Kansas . . . . . . . . . . 40
Location of background samples and external gamma-ray
exposure rate measurements in Kentucky . . . . . . . .. 42



Figure

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

" Location

exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

Location
exposure

of background samples and external
rate measurements in Louisiana

of background samples and external
rate measurements in Michigan

of background samples and external
rate measurements in Mississippi

of background samples and external
rate measurements in Missouri

of backgfound samples and external
rate measurements in Nevada

of background samples and external
rate measurements in New Jersey

of background samples and external
rate measurements in New Mexico

of background samples and external
rate measurements in New York

of background samples and external

rate measurements in North Carolina

of background samples and external
rate measurements in Ohio

of background samples and external
rate measurements in Oregon

of background samples and external
rate measurements in Pennsylvania

of background samples and external

rate measurements in Tennessee. . . . . . . . .

of background samples and external
rate measurements in Texas

of background samples and external
rate measurements in Utah

of background samples and external
rate measurements in Virginia

vi

gamma-ray

---------

ooooooooo

oooooooooo

--------

gamma-ray

gamma-ray

...........

-----------

ooooooooo

a7
49
51
53
56
58
60
62
64
66
69
71
73
76

78



Figure ) Page

32 Location of background samples and external gamma-ray

exposure rate measurements in West Virginia. . . . . . . 80
33 Location of background samples and external gamma-ray

exposure rate measurements in Wyoming. . . . . . . . . . 82
34 External gamma-ray exposure rates at 1 m above the

ground — State averages. . . . . . . . . . . . . . .. 84
35 Concentration of 22%Ra in surface soil samples -

State averages . . . . . . . . . .. e e e e e e e e e 86
36 Concentration of 232Th in surface soil samples —

State averages . . . . . . .. ... 0. e e e e e e 88
37 Concentration of 238 in surface soil samples -

State averages . . . . . . . . L 0 o0 e e e e e e e e 90

vii



Table

10

11

13
14
15

16

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

LIST OF TABLES

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide

soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide

soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

ix

concentrations
Alabama . . . . .
concentrations

Alaska. . . . . .

concentrations
Arizona . . . . .
concentrations

Arkansas. . . . .

concentrations
California. . . .

concentrations
Colorado. . . . .

concentrations
Delaware . . . . .
concentrations

Florida. . . . . .

concentrations
Georgia

ooooo

concentrations

concentrations
I1linois . . . . .
concentrations

Indiana. . . . . .

concentrations
Kansas . . . . . .
concentrations
Kentucky . . . . .
concentrations
Louisiana. . . . .

concentrations
Maryland

ooooo



Table
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background

in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

Background
in surface

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

radiation levels and nuclide
soil samples in the State of

concentrations

Michigan . . . .

concentrations

Mississippi. . .

concentrations
Missouri

concentrations

Nevada . . . . .

concentrations

New Jersey . . .

concentrations

New Mexico . . .

concentrations

New York . . . .

concentrations

North Carolina . .

concentrations

Chio . . . . . .

concentrations

Oregon . . . . .

concentrations
Pennsylvania .

concentrations

Tennessee. . . .

concentrations

Utah . . . . . .

concentrations

Virginia . . . .

concentrations

West Virginia. . .

50

52

57

59

61

63

65

67



Table

33

35

36

37

38

39

40

41

surface soil

surface sofl . . . & ¢ ¢« ¢ i ¢ e e o e .

Background radiation levels and nuclide concentrations
in surface soil samples in the State of Wyoming. . . . . .
Summary of state background external gamma exposure

rate measurements

ooooooooooooooooooooo

Summary of state background concentrations of 226Ra in

.......................

Summary of state background concentrations of 232Th in

Summary of state background concentrations of 233U in
surface soil . . . . . .

ooooooooooooooooo

Ground surveys of background radiation in the
United States. . . .

ooooooooooooooooooo

Comparison of state background external gamma exposure
rate measurements.

oooooooooooooooooooo

Background radionuclide concentrations in surface
soil ~ World averages

...................

Correlation statistics for background measurements .



ACKNOWLEDGEMENTS

The authors wish to acknowledge gratefully the contributions of the
people involved in the production of this report. The following people
were responsible for performing the measurements, sample collection
and/or sample analyses: D. L. Anderson, C. J. Barton, D. J. Christian,
W. D. Cottrell, R. W. Doane, B. S. Ellis, J. F. Emory, W. F. Fox, W. A.
Goldsmith, F. F. Haywood, W. M. Johnson (deceased), E. Loy, R. W. Leg-
gett, J. Northcutt, P. T. Perdue, M. T. Ryan, and W. H. Shinpaugh.
Wilma Minor was responsible for her usual meticulous preparation of the
manuscript of this report.

xiii



STATE BACKGROUND RADIATION LEVELS:
RESULTS OF MEASUREMENTS TAKEN DURING 1975-1979

T. E. Myrick, B. A. Berven and F. F. Haywood

ABSTRACT

Background radiation levels across the United States have been
measured by the Off-Site Pollutant Measurements Group of the Health and
Safety Research Division at Oak Ridge National Laboratory (ORNL). These
measurements have been conducted as part of the ORNL program of radio-
logical surveillance at inactive uranium mills and sites formerly
utilized during Manhattan Engineer District and early Atomic Energy Com-
mission projects. The measurements included determination of 22€Ra,
232Th, and 238Y concentrations in surface soil samples and measurement
~ of external gamma-ray exposure rates at 1 m above the ground surface at
the location of soil sampling. This information is being utilized for
cbmparative purposes to determine the extent of contamination present at
the survey sites and surrounding off-site areas.

The sampling program to date has provided background information at
356 locations in 33 states. External gamma-ray exposure rates were
found to range from less than 1 to 34 pR/h, with an U.S. average of
8.5 pR/h. The nationwide average concentrations of 226Ra, 232Th, and

238y in surface soil were determined to be 1.1, 0.98, and 1.0 pCi/g,
respectively.

XV



INTRODUCTION

Background radiation levels in the United States have been measured
by the Off-Site Pollutant Measurements Group of the Health and Safety
Research Division at Oak Ridge National Laboratory (ORNL) from 1975
through 1979. During this time, radionuclide concentrations of 226Ra,
232Th, and 238U in surface soil samples have been determined at 356
locations in 33 states. External gamma-ray exposure rates at 1 m above
the ground surface have been measured at all but 29 of these locations.
This report presents the results of these background measurements and
provides a brief analysis of regional differences and similarities in
data values.

These background measurements have been taken so that the collected
data would provide a comparison for radiological data obtained during
surveys of inactive uranium mills and sites formerly utilized during
Manhattan Engineer District (MED) and early Atomic Energy Commission
(AEC) projects. A brief history of these programs is provided as fol-
Tows. '

In 1974, the AEC initiated a study of 22 inactive uranium mill
sites in cooperation with the Environmental Protection Agency (EPA) and
health authorities in the eight affected western states.! This study
developed into the Inactive Mill Tailings Remedial Action Program whose
purpose has been to conduct an engineering assessment of existing condi-
tions at these sites, determine the remedial action required, develop
plans and specifications for implementing remedial action, perform the
necessary remedial action, verify the results, and release the sites for
unrestricted or limited use, as required. The program was divided into
three phases. Phase I involved a site visit to assess its radiological
condition, need for corrective action, ownership, and present and pro-
jected local population.2 Phase II was the preparation of a detailed
engineering assessment of each site including the existing radiation
levels, exposure to the public and projected public health implications,
practicable remedial actions, and costs of remedial action alterna-
tives.1»2 The Off-Site Pollutant Measurements Group provided radiologi-
cal assessments of each of the 22 sites for the Energy Research and

1



Development Administration [now the Department of Energy (DOE)]. To
develop a basis for a radiological assessment of the impact that these
sites had on their respective locations, background samples in the
western states were collected and analyzed. Phase III in the mill
tailings program is the implementation and completion of the remedial
action selected in Phase II for the long-term stabilization of the
uranium mill tailings at each site.

During the early days of this country's efforts to develop the many
. uses of nuclear energy, over 150 sites (primarily in the eastern United
States) were involved in research, processing, and storage of radio-
active ores and residues of the uranium and thorium decay chains. Work
at these federally, privately, and institutionally owned facilities were
directed by the MED and later AEC. Due to the urgency and magnitude of
this early nuclear energy program and to the limited knowledge available
to some industrial participants regarding radiocactive characteristics of
residual material, sites became contaminated.® Contracts for needed
services were made and terminated as required. However, at termination,
the sites were to have been decontaminated according to guidelines then
in use. Most of these sites were decontaminated, but since that time
many of the radiological records have been lost and radiological crite-
ria for the unrestricted release of these sites have changed. A DOE
program was initiated in 1977 to identify all formerly utilized sites,
characterize their current radiological status, determine the extent of
remedial action (if necesary), and release the sites for unrestricted or
limited use, as required. This program is called the Formerly Utilized
MED/AEC Sites Remedial Action Program (FUSRAP). The 0ff-Site Pollutant
Measurements Group has assumed a major role in characterizing the cur-
rent radiological status of these sites. As with the inactive uranium
mill sites, background radiation levels were determined in order to
understand the significance of radiation levels present at FUSRAP sites.



RADIOLOGICAL MEASUREMENT TECHNIQUES

Measurement of External Gamma-Ray Exposure Rates

External gamma-ray exposure rates were measured with a glass-walled
Geiger-Mueller (G-M) tube ("Phil1") in association with a battery-powered
portable scaler. This instrument is described in Appendix I. The meas-
urements were taken approximately 1 m above the ground surface at the
location of the background soil samples. Typically, three 1l-min read-
ings were made at each location, and the average value was reported.

Soil Sampling and Radionuclide Analysis

The background surface soil samples were collected from the top
6 cm of the soil, and approximately 600 cm® of the soil was placed in a
plastic bag. Rocks greater than approximately 2.5 cm diameter were
purposely excluded from the sample. The sample was returned to ORNL,
where it was dried for 24 h at 110°C and then pulverized to a particle
size no greater than 500 um in diameter (-35 mesh). A 30 cm® aliquot of
_the pulverized sample was sent to the Analytical Chemistry Division at
ORNL for 238y concentration analysis by neutron absorption techniques*
(Appendix II). Other aliquots from the pulverized sample were transfer-
red to plastic bottles, weighed, and stored for approximately 30 d to
allow buildup of radon and radon daughters. These aliquots were counted
using a germanium lithium-drifted [Ge(Li)] detector, and the spectra
obtained were analyzed for the 226Ra and 232Th using computer tech-
niques. A more detailed description of the Ge(Li) detector and soil
sample analytical procedure is provided in Appendix II.

LOCATIONS OF STATE BACKGROUND SAMPLES AND MEASUREMENTS

The locations of the background samples and measurements in the .
United States are shown in Fig. 1. From this map, it is evident that
these locations are nonrandom and are positioned along major highways.
These locations were selected by several considerations: (1) proximity
to or along a route to a site undergoing a radiological survey; (2) ac-
cessibility (i.e., closeness to highway); and (3) the degree to which




the 1location was undisturbed. Those 1locations were selected which
appeared to have been uncultivated or at least fallow for a number of
years.

The location of each sample is illustrated by state (alphabetical-
ly) in Figs. 2-33. At the present time 33 states have been included in
the sampling program, those states being:

Alabama Indiana New York
Alaska Kansas North Carolina
Arizona Kentucky Ohio

Arkansas Louisiana Oregon
California - Maryland Pennsylvania
Colorado Michigan Tennessee
Delaware Mississippi Texas

Florida Missouri Utah

Georgia Nevada Virginia
Idaho New Jersey West Virginia
Ilinois New Mexico Wyoming

Additional sampling within these states, as well as sampling in other
states, will occur as participation in the FUSRAP program continues.

RESULTS OF MEASUREMENTS

The results of both the external gamma-ray measurements and surface
soil sample analyses are presented in Tables 1-33 for each state where
samples were taken. The data include the average exposure rate at 1 m
above the ground (in upR/h) and the concentration of 226Ra, 232Th, and
. 238y in surface soil samples (in pCi/g) at each sample location. The
tables also provide a brief description of these locations and identifi-
cation of the sample designation for correlation with locations on the
state maps (Figs. 2-33). A total of 356 samples were analyzed from the
33 states. Exposure rate measurements were made in all but 3 of the
sampled states (Alaska, Michigan, and New York).

The standard deviation quoted in the results tables for 226Ra, and
232Th concentrations in soil represent only the errors associated with
individual sample counting statistics. These values are given as the 2¢
(95% confidence) interval. Propogation of errors from sampling methods,
sample preparation, and system calibration has not been included. For




the 238y determinations, the 20 value presented includes all errors
except those resulting from the sample collection and preparation.

Summaries of the state background radiation levels and U. S. aver-
ages are provided in Tables 34-37 for external gamma-ray exposure rates,
226Ra, 232Th, and 238y concentrations, respectively. Included in these
tables are the number of data entries for each state as well as the
range of values, the arithmetric mean and standard deviation, and the
geometric mean and standard deviation. The geometric statistical analy-
sis is included since environmental samples, are often represented by a
lognormal distribution. It should be noted, however, that the geometric
standard deviation of the mean is not an additive value, but rather is
uu1tiplicative; Hence, for these data, values between one and two indi-
cate a "relatively" good fit to the lognormal distribution. The geomet-
ric standard deviations reported contain 68% of the frequency values,
and represent a lo bound. The arithmetric standard deviations are re-
ported as the 95% confidence (or 20) values.

The number of sampling locations within any particular state ranges
from 1 (in Arkansas) to 33 (in Pennsylvania). Obviously, the character-
jzation of the average background levels in each state is highly depen-
dent upon the sample size, as well as the randomness of the sample,
neither of which could be controlled adequately in this measurement
program. In addition, local variability in soil types and geologic con-
ditions can result in a wide range of "background" values for any par-
ticular area. Therefore, use of the mean state values for comparative
purposes must be exercised with caution, as the values reported may not

adequately characterize the state as a whole. However, continued sam-

pling, as part of this program, will help to define further these state
background levels.

External gamma-ray exposure rates, measured at 1 m above the ground,
were found to range from less than 1 to 34 pyR/h. State averages were in
the range of 3.3 puR/h (Texas) to 14 puR/h (Colorado, Nevada, and Wyoming)
with a U. S. average of 8.5 pR/h. The standard deviations of the means
indicate the significant variability of the individual values within a
state (23 to 91¥ relative arithmetic standard deviation, range of geo-
metric standard deviation of 1.1 to 1.7). A graphical representation of
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the distribution of the state average external gamma-ray exposure rate
is given in Fig. 34. The grouping presented in this figure suggests
regional differences in the background gamma radiation levels, with
western states showing generally higher values than the Gulf Coast,
mid-Atlantic, or mid-western states. :

The soil sample analysis resulted in estimates of the mean values
for 226Ra, 232Th, and 238U concentrations in surface soil in each of the
surveyed states. Figures 35-37 depict the distribution of the state
averages, with a strikingly similar pattern occurring for all three
radionuclides. This pattern groups the states with lower concentrations
generally in the coastal regions, with the higher concentrations occur-
ring in the continental interior states. The state average 22°Ra con-
centration in surface soil was found to vary from 0.65 pCi/g (Alaska) to
1.5 pCi/g (Kentucky, Nevada, New Mexico, and Ohio). Relative arithmetic
standard deviations ranged from 12 to 158% for the state averages.
Individual 226Ra measurements ranged from 0.23 to 4.2 pCi/g. For 232Th,
concentrations in individual samples were found from 0.10 to 3.4 pCi/g,
" with the state averages ranging from 0.24 pCi/g (Florida) to 1.6 pCi/g
(Arkansas). Again, the relative arithmetic standard deviations indicate
the variability of the sample concentrations and the small sample size,
with values of 12 to 173%. State averages for 238U concentration in
surface soil vary from 0.58 pCi/g (Louisiana) to 1.6 pCi/g (Kentucky),
with relative arithmetic standard deviations from 8 to 183%. Individual
samples had 238U concentrations from 0.12 to 3.8 pCi/g. The average
concentrations in the United States for all three nuclides were 1.1,
0.98, and 1.0 pCi/g for 226Ra, 232Th, and 238y, respectively.

DISCUSSION OF RESULTS
External Gamma-Ray Exposure Rates

Several investigators have conducted ground surveys of natural ter-
restrial radiation in the United States, using a variety of detection
methods. 515 Table 38 presents a summary of the more extensive of these
measurement programs. Of these surveys, those conducted by Beck,?s15
Levin,!! and Lindeken!% are the most comprehensive and best suited for



comparison with the data obtained during the ORNL program presented in
this report. The detection methods utilized in these four investiga-
tions were all different, and. although the choice of instrumentation
utilized influences the utility of the data, comparison of the measure-
ment results is still useful.

Table 39 provides a comparison of the average gamma-ray exposure
rates in the United States as measured by the investigators cited above
and the results presented in this report. With few exceptions, the data
are consistent on both state-by-state and national averages. This is
somewhat surprising considering the wide variations in sample size and
locations, and instrumentation and methods employed. It should again be
emphasized that use of these data for characterization of individual
states should be exercised with caution due to the extremely small sam-
pling population in particular states.

" The regional differences in external gamma-ray exposure rates high-
lighted in the previous section of this report are consistent with the
results obtained by Oakley.l® In the analysis of Aerial Radiological
Measurement Surveys (ARMS), it was concluded that the United States is
divided into three fairly distinct terrestrial radiation zones: the
coastal plain including all or portions of states bordering the Atlantic
Ocean and the Gulf of Mexico; the Colorado Range consisting of those
states situated along the Rocky Mountains; and the noncoastal plain com-
posed of the remaining states. Figure 34, representing the ORNL data,
shows a strikingly similar zonal pattern, with Gu]f-coast states exhib-
iting the lowest average external gamma-ray exposure rates, mid-Atlantic

states grouping at the next level, and Colorado Range and western states
showing the highest exposure rates.

Isotopic Distribution of Radionuclides in Soil

A common feature in many environmental radiation measurement pro-
grams is the determination of radionuclide distributions and concentra-
tions in surface soil. Data of this type have been accumulated during
recent years by many investigators, directed toward a variety of goals.
This considerable but scattered literature has been summarized by the



United Nations Scientific Committee on the Effects of Atomic Radiation
in a number of reports, most recently in their UNSCEAR 1977 edition. 7

The radioactivity of soil depends upon that of the parent rock as
well as the soil formation and transport processes that were involved.
In the course of such rock weathering and soil formation, chemical and
biochemical interactions dynamically influence the distribution patterns
of uranium and thorium, as well as all the radionuclides created by the
radioactive decay of these elements. Typical uranium, thorium, and
radium contents of a wide variety of soils in North America and Europe
are listed in Table 40. These observed concentrations are a strong
function of soil type and soil horizon, with significant variation of
soil radioactivity with location and depth being common.® The values
obtained during the measurement program presented in this report compare
favorably with the literature values. The mean U. S. concentrations for
226Ra, 238y, and 232Th of 1.1, 0.98, and 1.0 pCi/g fall within the range
of observed values and are only slightly above the tabulated world aver-
ages. '

The relatively few simultaneous measurements of the uranium and
radium concentrations in soil indicate that radioactive equilibrium is
roughly obtained in many soils, but large deviations from equilibrium
are also observed due to the different geochemical properties of uranium
and radium compounds.!® Departure from equilibrium occurs even more
readily for those 238U daughters beyond 222Rn because of the escape of
gaseous radon from the soil matrix with subsequent migration elsewhere
prior to decay. The correlation between the radium and uranium concen-
tration data presented in the previous section was computed for the 346
sampling locations where simultaneous measurements had been made. The
correlation coefficient for these data was determined to be 0.77, indi-
cating good correlation, especially for this type of field measurement.
The U. S. average concentrations of radium and uranium showed a nearly
1 to 1 correlation, signififying that at least on such a gross level,
radioactive equilibrium exists.




External Gamma-Ray Exposure Rates vs Radionuclide
Concentrations in Soil

Analysis of the data for correlation between the external gamma-ray
levels and radionuclide concentrations in the soil was conducted for
each radionuclide measured, as well as the combination of all three.
The correlation coefficients obtained were 0.48, 0.35, and 0.33 for
gamma vs 232Th, gamma vs 226Ra, and gamma vs 238U, respectively. The
relative magnitude of the coefficients reflect the respective average
gamma-ray energy per disintegration of each decay chain (1.9 Mev for
232Th, and 1 MeV for the 238U and 22%Ra chains). Further regression
analyses confirmed the correlation for both linear and logarithmic
regressions. The coefficient of determination (r2) values Tor each
individual correlation, as well as the correlation between the dependent
and two or more independent variables are given in Table 41. These
results suggest that other factors, such as the magnitude of the cosmic-
ray contribution, emanation of radon from the soil, and the presence of
other radionuclides in soil and rocks, are important in the correlation
with external gamma-ray exposure rates, as would be expected. In
addition, measurement errors in both exposure rate determinations and

radionuclide concentrations would affect the observed degree of correla-
tion.

SUMMARY

Background radiation levels across the United States have been
measured by the Off-Site Pollutant Measurements Group of the Health and
'Safety Research Division at ORNL, as part of their program of radiologi-
cal surveillance at inactive uranium mills and FUSRAP sites. This in-
formation is being utilized for comparative purposes to determine the
extent of contamination present at the survey sites. The background
measurements included determination of 226Ra, 232Th, and 233U concentra-
tions in surface soil samples, and detection of external gamma-ray ex-
posure rates at 1 m above the surface at the locations of soil samp1ing.
Data were collected at 356 nonrandom, relatively undisturbed areas in a
total of 33 states from 1975 through 1979. Additional sampling will be
conducted as participation in the FUSRAP program continues.
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External gamma-ray levels, as measured with a glass-walled, energy-
compensated G-M tube, were found to range from less than 1 to 34 pR/h.
State averages varied from 3.3 pR/h (Texas) to 14 pR/h (Colorado, Neva-
da, and Wyoming), with a U. S. average of 8.5 pR/h. The state average
226Ra concentrations in surface soil, as determined by gamma spectros-
copy, ranged from 0.65 pCi/g (Alaska) to 1.5 pCi/g (Kentucky, Nevada,
New Mexico, and Ohio). Individual measurements ranged from 0.23 to 4.2
pCi/g. For 232Th concentrations, also determined by gamma spectroscopy,
individual samples contained from 0.10 to 3.4 pCi/g, with state averages
ranging from 0.24 pCi/g (Florida) to 1.6 pCi/g (Arkansas). Analysis for
238y concentrations in soil, as determined by neutron absorption tech-
niques, resulted in individual values ranging from 0.12 to 3.8 pCi/g.
State average 238y concentrations varied from 0.58 pCi/g (Louisiana) to
1.6 pCi/g (Kentucky). The .average concentrations in the United States
were 1.1, 0.98, and 1.0 pCi/g for 228Ra, 232Th, and 238y, respectively.
The correlation between the radium and uranium concentrations was good
(correlation coefficient of 0.77), indicating that radioactive equilib-
rium is roughly obtained in most samples. The geographical distribution
of background levels for the external gamma-ray measurements as well as
~ the radionuclide concentrations in soil samples was similar. Regional
differences were evident, with western states showing generally higher
values than coastal or mid-eastern areas.

Analysis of the correlation between the external gamma radiation
levels and the radionuclide concentrations in soil did not indicate a
strong relationship between these parameters. Correlation coefficients
ranged from 0.33 to 0.48. Further regression analysis confirmed this
assessment for both linear and logarithmic regressions. These results
suggest that other factors, such as the cosmic-ray contribution, radon
emanation, and the presence of other radionuclides in soil and rocks,

are significant in the correlation with external gamma-ray exposure
rates.
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@ ALABAMA STATE BACKGROUND
SAMPLE LOCATIONS

Fig. 2. Location of background samples and external gamma-ray
exposure rate measurements in Alabama.
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)

NEW MEXICO

ARIZONA

©® ARIZONA STATE BACKGROUND
SAMPLE LOCATIONS

AJ

. MEXICO

Fig. 4. Location of background samples and external gamma-ray
exposure rate measurements in Arizona.
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® ARKANSAS STATE BACKGROUND
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Fig. 5. Location of background samples and external gamma-ray
exposure rate measurements in Arkansas.
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Fig. 6. Location of background samples and.external gamma-ray
exposure rate measurements in California.
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Tabie 6. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Colorado
Nuclide concentration jn
Average external
Sample gamma exposure surface soil (pCi/g)g
designation Description of sample location rate (uR/h)¢ 226R, 2327h 238y -
co-1 1.6 km N of Colorado-New Mexico border, 15 1.1 0.12 1.1%+0.10 0.9
E side of Hwy 550
C0-2 Approx. 8 km S of Montrose, Colorado, 15 1.5+ 0.08 1.2t0.22 1.2
E side of Hwy 550
co-3 W side of Hwy 141, ~1.6 km S of Gateway, 10 3.4 0.42 £ 0.02 1.9
Colorado
co-4 Junction of Hwys 666 and 141, NW side of 8. 1.9+0.10 0.10:0.02 1.1
Hwy 141
€o-5 S of I-70 at Colorado-Utah border 6. 0.96 £.0.12 e 0.54
Co-6 Approx. 2 km E of Utah-Colorado border, 7. 0.54 £ 0.04 0.58 £ 0.06 0.62
$ side of Hwy 41
co-7 Intersection of Hwy 172 and 309, W side of 9. 1.2 e 1.2
Hwy 309, ~1.6 km from La Plata City airport
co-8 Adjacent to Hwy 666 at Pleasant View, 12 1.2 e 0.99
Colorado
Co-9 Approx. 45 km S of intersection of Hwys 13 1.6 1.2+ 0.08 1.5
141 and 145
C0-10 Beside road at Erikson Springs, Colorado, 13 1.5 e - 1.2
between Crested Butte and Paonia
€0-11 Approx. 0.4 km S of Crested Butte, 22 <2.0 e 1.3
Colorado, W side of Hwy 135
co-12 SE side of intersection of road at Spur 21 1.2 -] 1.0
Guest Ranch
c0-13 S side of Hwy 50, at Sargents, Colorado 19 2.1 1.5+ 0.08 3.0
C0-14 S side of Hwy 114 at North Cochetopa Pass 16 1.3 -] 1.1
€0-15 Intersection of roads to Powerhorn and 13 1.3 [ 1.3
Lake City, Colorado, S side of road
C0-16 8ig Blue turnoff on Hwy 149 between 15 1.4 4 1.3
Powerhorn and Lake City, Colorado, WW
of intersection
c0-17 Approx. 450 m above 8ig Blue Mesa Dam 18 0.91 1.5+£0.04 1.3
Reservoir, N of Hwy 50, S side of lake
€0-18 SW side of Hwy 145 at Placerville, 15 0.85 e 1.0

Colorado, 275 m W of intersection
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Table 6.

(continued)

Sample
designation

Description of sampie location

Average external
gamma exposure
rate (pR/h)

Nuclide concentration Ln
surface soil (pCi/g)

226p, 23271 238y

€0-19
C0-20

Co-21

Co-22

C0-23

C0-24

€0-25

€0-26

€o-27

C0-28

€0-29

€0-30

€0-31

€0-32

N side of Hwy 90 at Utah-Colorado border

W side of Hwy 139 immediately across
Douglass Pass going N

$ side of Hwy 330 at Colbran, Colorado,
intersection with county road

DeBeque, Colorado, N of intersection of
county road and Hwy 6-24

Approx. 1.9 km SE of Glenwood Springs,
Colorado, NE side of Hwy 82

Approx. 3.2 km W of Lay Colorado Post
Office, N side of Hwy 40

Intersection of Moffat County roads
17 and 119

Intersection of Moffat County road 57 and
Hwy 50, E side of 57

S side of Hwy 6, 4.8 km £ of intersection
of Hwy 82 and 1-70 in Glenwood Springs,
Colorado

SW corner of intersection of I-70 and Hwy 24

Approx. 6.8 km E of Eisenhower Tunnel on
S side of I-70

SW corner of intersection of Manila Rd
and 1-70, 27 km E of Denver, Colorado

SE corner of intersection of Hwy 40-287
and 1-70, ~130 km E of Denver, Colorado

Burlington, Colorados at SW corner of
intersection of Hwy 388 and I-70

15
16

9.3

10

15

1

n

11

14

19

34

17

14

14

1.6 e 1.5
2.2:0.06 13:006 1.8

1.9+ 004 1.1:0.18 1.6
1.3+ 0.04 2.1%2.6 1.3
1.2 0.10 ¢ 1.2
1.420.08 1.1:£0.10 13
0.65 ¢+ 0.06 0.78 £ 0.04 0.66
0.48 + 0.06 0.58 ¢ 0.06 0.47
1.2:+0.08 1.2:008 1.1
1.8+ 0.16 3.1t 1.6 0.99
1.8$£0.12 2.91%2.2 1.7
1.3+ 008 151212 1.2

1.3 ¢ 1.2 1.1¢0.8 1.1

1.3£0.06 1.4:0.08 1.1

aExposure rate determined from 3 to 4 measurements at each location using a “Phil" tube as described in

Appendix 1.

bsrandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 233y measure-
ments are <5% (20).

“Nuclide not found.
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Fig. 7. Location of background samples and external gamma-ray
exposure rate measurements in Colorado.
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SMARYLAND AND OELAWARE STATE BACKGROUND SAMPLE LOCATIONS

Fig. 8. Location of background samples and external gamma-ray
exposure rate measurements in Delaware and Maryland.
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®GEORGIA STATE BACKGROUND SAMPLE LOCATIONS

Fig. 10. Location of background samples and external gamma-ray
exposure rate measurements in Georgia.
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Fig. 11. Location of background samples and external gamma-ray
exposure rate measurements in Idaho.
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© ILLINOIS STATE BACKGROUND
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Fig. 12. Location of background samples and external gamma-ray
exposure rate measurements in I1linois.
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®INDIANA STATE BACKGROUND SAMPLE LOCATIONS

Fig. 13. Location of background samples and external gamma-ray
exposure rate measurements in Indiana.
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SKANSAS STATE BACKGROUMOD SAMPLE LOCATIONS

Fig. 14. Location of background samples and external gamma-ray
exposure rate measurements in Kansas.
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at Morehead, Kentucky

Table 14. Background radiation levels and nuclide concentrations in surface sof} samples in
the State of Kentucky
Nuclide concentration jn
Average external
“Sample g exposure surface soil (pCi/g)
~ designation Description of sample location rate (uR/h) 226p, <2327 238
KY-1 Rest area on S side of 1-64, ~38 km 7.1 1.0+ 0.06 1.5+0.10 1.3
E of Louisville, Kentucky
KY-2 Rest area on S side of I1-64, ~1.6 km 7.1 1.5+ 0.14 1.1+0.5 1.5
E of intersection with Hwy 60
KY-3 W side of I-75, ~R km S of Richmond, 9.9 1.5+0.12 1.2+0.60 1.5
Kentucky, at S end of rest area
KY-4 NW corner of intersection of I-75 and 10 1.320.04 15120.08 1.4
hwy 80, N of London, Kentucky
KY-5 N side of Hwy 62, ~0.5 km E of the 6.9 1.0 £ 0.04 1.2+008 1.3
intersection with Hwy 68, near
Daffenville, Kentucky
KY-6 § side of Western Kentucky Parkway, 3.9 1.2+ 0.12 e 1.3
~0.3 km E of Hwy 109 intersection,
near Charleston, Kentucky
KY-7 S side of Western Kentucky Parkway, 6.2 1.1+0.06 12008 1.3
~0.3 km E of Hwy 231 intersection
S of Beaver Dam, Kentucky
Ky-8 SE corner of intersection of I-65 4.3 1.6 £ 0.08 1.4 :0.08 1.4
and Hwy 31W, E of Bowling Green,
Kentucky
KY-9 Intersection of Hwys 90 and 163, 4.8 1.5+ 0.08 0.88+0.08 1.3
t of Summer Shade, Kentucky, SW
corner of intersection
-KY-10 N side of Hwy 95 (I-24), at inter- d 1.4£0.06 1.2t0.10 1.7
section with Hwy 68, SE of Paducah,
Kentucky
KY-11 Approx. 2.4 km E of Grayson, Kentucky, 7.7 0.81 £+ 0.06 1.0+0.14 1.1
rest stop on N side of 1-64
KY-12 Approx. 13 km W of Mt. Sterling, 9.3 1.2 0.06- 1.5+0.14 1.7
Kentucky, SE corner of intersection
of 1-64 and Hwy 60
KY-13 S side of I-64, ~1.6 km E of Hwy 32 11 4.210.18 1.2+0.04 3.8

aExposure rate determined from 3 to 4 measurements at each location using a "Phil" tube as

described in

Appendix 1.

_ bstandard deviation of 226Ra and 232Th measurements. are given as the 20 value. Error in the
238y measurements are <5% (20).

®Nuclide not found.
dNo data obtained.
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Fig. 15. Location of background samples and external gamma-ray
exposure rate measurements in Kentucky.



43

‘punoj jou ap .p. LonN,
. *(02) %> a4e SIUBWAINSERU (g

3y} Ul JO4d3 -aN|BA OZ 3y} St UAALD aue SIUBLAUNSEIW Ylzgz PUR Blgzz JO UOLIBLASD ugmucmumn
1 xtpuaddy ul paqLadsap

se agny ,1iYd, © Bulsn uoiied0| yoes e sjuswaUNSEW § 03 € WOLJ PAULWIIIIP Ijed aunsodx3

. euetsinoy ‘yegniiel
: dB3U 02-1 30 § U p~ ‘G9 AMH YIiM
ee.c¢o.cﬁco.c¢c.oﬁmm.o m.m :c_auomsoacmammom»::;oovmmz m-<4

euelsStno] ‘uojsny Jeau Z-1 JO N
wj 8°0 ‘6bT AMH Y3lM UOLYIDASUIUL

8v'0 o o 4 LS JO M U 80~ ‘OET AMY jJO 3pLsS § -V
, eueisinol ‘A3L) aaLssog e
18°0 $0°0 ¥2.L°0 t0°0 ¥ +¥8°0 0°9 02-1 30 N 3snl ‘08 Amy jo @apis S 1-v1
Ngcz Ulzez RYozz waz\zzv ajed uopjedo| ajdwes jo uopydiudsag uotjeubrsap
Jnsodxa ewweb 3| dues
(6719d) [Los @adejuns
:m U0 (3BUIUIIU0D 3PLLINN {eusa3xa abedany

euRLSLNOT JO 31elS Ay}
uL safdwes |[L0S 8JBJINS UL SUOLIRUIUIIUOD BPLLINU pue S|3A3| uoLjelped punouabyoeg °GT aiqe}




44

ORNL-0WG 80-8738

® LOUISIANA STATE BACKGROUND
SAMPLE LOCATIONS

Fig. 16. Location of background samples and external gamma-ray
eéxposure rate measurements in Louisiana.
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SMICHIGAN STASE BACKGROUND SAMPLE LOCATIONS

Location of background samples and external gamma-ray

exposure rate measurements in Michigan.

Fig. 17.
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exposure rate measurements in Nevada. '
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Fig. 21. Location of background samples and external gamma-ray
exposure rate measurements in New Jersey.
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Table 22. Background radiation levels and nuclide concentrations in surface soil samples in

the State of New Mexico

Sample
designation

Average external
gamma exposure
Description of sample location rate (pR/h)?

Nuclide concentration En
surface soil (pCi/q)

228p,

2327 238y

NM-1

NM-10

N-11

Ne-12

NM-13

Approx. 0.8 km € of Red Rock Trading 8.7
Post, N side of road at Arizona-New
Mexico border

Intersection of roads at Beautiful 16
Mountain, overlooking Sanostee,
New Mexico

SW side of intersection of Hwy 666 10
and road to Sanostee, New Mexico

Intersection of Farmington Rd and 9.5
Navajo Mine Rd, ~9.6 km N of Bitsi,
New Mexico

Intersection of La Vida Mission Rd, 11
Farmington Rd, and Hwy 7, ~42 ka S
of Farmington, New Mexico

Approx. 1.6 km S of San Juan River, 8.4
SW of Farmington, New Mexico, W side
of Hwy

W side of Hwy 170, at the Colorado-New 9.9
Mexico border, N of LaPlata, New Mexico

New Mexico-Colorado border, E side of 7.9
Hwy 666, N of Shiprock, New Mexico

Arizona-New Mexico border, N side of 6.8
Hwy 504, W of Beclabito, New Mexico

SW corner of intersection of 1-40 7.2
and Hwy 66, just E of Grants, New
Mexico

W side of Hwy 53, ~14 kam S of [-40 11
and Grants, New Mexico

Approx. 4.8 km E of San Mateo in 15
Cibola National Forest

Approx. 3.2 km N of Galiup, New 8.9
Mexico, E side of Hwy 666 at RR
crossing

1.6 + 0.10
2.7 £0.20

1.4 £ 0.10

2.120.12
1.4+0.12
1.4 £ 0.10

2.0+0.16
2.0£0.12
1.3£0.10

1.0 £ 0.04

1.2 2 0.06
0.72 ¢ 0.08

1.1 £ 0.06

0.48 £ 0.10 0.53
1.8+022 1.5

0.87 £ 0.08 0.96

0.98¢+0.14 1.2
0.86 2 0.12 0.91
1.0 £ 0.06 0.91

1.31$0.14 1.3
1.1:0.10 1.5
0.48 £ 0.70 0.93

0.54 £ 0.06 0.99

0.78 £ 0.06 1.1
0.86 ¢+ 0.08 0.83

1.3¢£0.10 1.3

aExposure rate determined from 3 to 4 measurements at each location using a "Phil" tube as described in

Appendix 1.

Standard deviation of 228Ra and 232Th measurements are given as the 20 value.

measurements are <5% (20).

Error in the 238y
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Fig. 22. Location of background samples and external gamma-ray
exposure rate measurements in New Mexico.



59

-pauLelqo e3ep ON
: *(0Z) %G> 2B SIUBUIUNSEAW figgy
3y} UL 40443 ONLEA 07 3y} se udALB ade sjusudUNSESN Ulzgz PUB BYggz 4O UOLIBLAID PJAEBPUELS,
1 xipuaddy ui paqLulsap
se aqny ,LiUd, © BULSN UOLYEI0L YDBD B SIUBWBINSEIW ¢ 03 € wWouy pauLWJd)ap 238 dunsodx]

/ gL Amy Jo apLs M U0
m@cgaﬁﬁaeqo“?ﬁ o “30x MON ‘3d0dy207 Jo § WD 6 Xouddy 9-AN

FAOA MAN ‘340d%207
uL Amy jo apts j uo Auedwo?) [291S

68°0 90°0F 6£°0 900 F ¥.°0 ° pue Me§ spuoutS jo S uy g0 ‘xoaddy G-AN
NJAOA MON
‘epuemeuo] YiJoN ut °"pPAlg SLLEJ eaebeiN

9,0 21°0F Ob'0 Y0°0 ¥ 69°0 0 pue °py }934) BPUBMBUOJ JO UOL3I3SUI] ¥-AN

-du09 [BOLWAY) PALLLYy WO4 SSOIR
2'T 90°0¥%880 ¥O0FC'L ° Y404 MON ‘gpuemeuc] ‘°py JAALY JO 3PLS M €-AN

| JJ0A MON ‘34003207 Jo I Wy 8P~ ‘IE
16°0 Y0°0 ¥ 9¢'0 ¥0°0 ¥ 8¥°0 0 pue 7/ SAmy Bul3daUU0D pEROU JO 3PLS M Z-AN

{eutwaad] sAemjybiaaj pajepilos
-U07) WOJ SSOUDE °°pYy J3ALY U0 Lul]

66°0 90°0 ¥ G9°0 80°0 ¥ [6°0 o £319 e ‘JJA0p MON ‘epuemeuo] JO f1) T-AN
Ngcz Ulzez Bdgzz cA:\¢:V ajed uot3edo} ajdwes jo uo13diuadsag uorqeubisap
dxa euweb - 9|dwes
(6/10d) [Los @dejans ounso :
mﬂ UOL}BJJUIDU0D 3PLLINN Leuda3xe abeusay

.

: FI0A MBN JO 23RIS A3
up sa|dwes [10S 3IBJUNS U} SUOLJBIIUIDUOD 3pL|oNU puE SLaAB| UOLIeipRd punoabyoeg °€2 @LqeL



60

*¥J0A MON ul
SJUaWBUNSEAN 3B Bunsodxa Aed-ewweb |eusdxa pue sajdwes punoubyoeq jo uopjedo] €2 ‘614

SNOILYI0T 37dIWVE ONNOUONIVE 31VIS XUOL MINe

9820 - OF S48 - Vw0



61

(07) ¥G> ase sjuau

_34NSRA (lgpz @Y} UL 40443  “ON{BA 07 3y} S UBALD 3ue SIUBWBINSEAM Ylzez PUB Blgzz JO UOLIBLAIP pUBpURIS,
‘1 xtpuaddy

up paqLadsap se agn} ,(lud, © DBuisn uoljedo| yded B SIUAWBINSEAW § 03 € WOL PAULWIISP ajed aunsodx3,

JapJa0q eulL{04e) YJJON

6€°0 9€°0FO0T $£°0%26°0 £1 -29s53uuad) je ‘Op-1 30 apis N doys 3say 8-IN
BULLO4RY) YIJON ‘D LLAYSY JO M ‘STZ AMH

I'T O1'0FG'T $0°07G6°0 0°6 pue Qp-] JO UOLIISUIJUL JO JBULOD IN L-ON
BUE{04R) YJLON ‘uolJel jo 3

9'T 90°0F0T 900%F2T G'6 wy 8 p~ ‘Op-1 40 9piS N uo edude sy 9-IN

. : BUL[04B) YIJON .

06°0 90°0 ¥ T6°0 v0°0 ¥ 8.°0 0L ‘43A0UO) JO M U {2~ ‘Ob-1 JO 3PLS N G-IN
A euL|0J4e)
. : Y34oN ‘wajes-uojsulM jo M ‘108 AMY

€.°0 ¥0°0 ¥ €6°0 20°0 ¥ 865°0 6 pue Qp-I JO UOLIASAIUL JO 43UL0D IN t-IN

19 Amy pue gg-1 jJo
U0L1D3S497UL SO 43UA0D 3N UL ‘BUL|OJE)

€.°0 900 F16°0 800 % 8v'0 ¢t YIJON ‘040qSudadn jo M uy 9T °xoaddy £-ON
ST Amy pue
G8-1 10 UO}ID3SIAUL (B ‘BUL|04R)

16°0 #1°0FG1T 200F LL°0 el Y3JoN ‘weyang jo N uy Tz -xoaddy ¢-N

eUL [04B) YJJION
‘RUL{JON JO N WY 9°6~ ‘G-I 1O 3piS

G9°0 2070 ¥ 2¥'0 90°0 ¥ €570 m.N_ M uo u3paoq eiutbaip-euLl04B) YIAON T-0N
Ngez Ulzez e¥gz2 uﬁg\xuv ajed uoiqedo} ajdwes jo uorydiadsag uotjeubisap

a4nsodxa euwweb 3 dwe

(G/12d) 11os adejuns {eusa)x3 abeaaAy LS

uT uorqedquasuoo apiiony

UL |04B) YIION JO 33EIS Y
ut sajdwes |}0S 3JBJUNS Ul SUOLIBAIUIIUCD 3PLLINU PUB S[3AI| UOLIELPEI punouabyoeg “pz aLqel



62

‘eujloae) YjioN ui
SJUBIDANSRaW 9]8J4 94nsodxd Aed-eutseb [eudalxd pue sajdues punoubyoeq jo uopjedo] °pz 614

SNOILYIOT 3TNVS ONNOUMNIIVE ILVIS YNITOUVI HIHON &




"pauje1qo eIep oN,
*(02) XG> 34v SjuBWIANSRIW
flgcg 41 UL JOUIT  "ONLRA OF 3y} SB UBAD 2v SIUAMBINSEIM Ylgcy PUR Blgzz JO UOIIRIAID paCpURIS,
'§ xypuaddy
Uy PaqyaIsep Se 9GN3 ,LiYd, © Buisn UOEIET0| YORD 1@ SJUIWAINSEIW § 03 £ WO) PAUIMIIIAP Ajes aunsodx3

63

0140 ‘uMOIA|PPIN S0 3 ‘22T AMH Ulim

98°0 p0°0 F86°0 00 F 0°1 8y uotdasaajul jo N Isnf ‘GL-1 JO IS M 21-Ho

o140
*A313 ddjg aeau ‘T/G AMH YIIM UOLYDBS |
96'0 90°0 F66°0 ¢0°0F 2°1 82 23U} JO N W $°0~ ‘GL-T 3O 3PIS M 11-HO
: o1y ‘ejauoyedey jo 3 ‘3ix? .

1T 900F0T 900FS1 8v 19 Amy jo s asnf ‘g/-1 jo apis M - OT-HO
. o1yo ‘Aeipuiy o0

21T 9°0%€6°0 800FET 6°'v s 1snf ‘G/-1 jo @pys M uo doys sy 6-HO
o4yo ‘opao) A u§

9,°0 20°0 ¥ 08'0 Y0'0 ¥ 18°0 & ‘Z pur 02 SAmy uaamiaq ‘G/p-1 JO 3PIS M 8-HO
o1yp 'aLLASIIRL) “3S JO S ‘6 AMY

' 81'0FGST 90FST '8 _ Pue /-] JO U0}3O3SIAJUL JO 4BUI0D NS L-HO
o§yo ‘o(eyyng LedU ‘0L-] JO S

9'T #20F 1T 9I0F6°T 28 ot 9T~ ‘{[-]1 O 3pis I uo ease 59y 9-HO
olyp ‘Bungsyoey 3o ‘128 Amy

9'T 020%ST 2WO¥FET 11 pue f/-] O UO}IDBSIATUY JO JBUL0D 3§ S-HO
0440 ‘a|LiAuloy) xeau ‘ggl pue g1 Amy jJo

LT 9T0F0T $L0FO02 0 U0[}I3SAIU| TR ‘gL-1 JO S @ § “xouddy ¥-HO
06-1 30 9pis ¢ uo doys 3sad

2T 0T0FT'T $O0O0FTL 26 70 ‘oiyg ‘a3511NO4M JO I Wy TZ "xouaddy €-HO
. : TL-1 40 apys § uo doys 3sau

€1 09°0F 90 21°0FS1 1L e ‘ofyg ‘shqan|o) o N Wy TG “xouddy 2-HO
26 Jfdem 3(iw 3@ ‘olyp ‘snqunio) jo §

2’2 20°0FTL0 90FSE 26 W 9T~ ‘1Z-1 JO P} § uo eale 53y 1-HO

Necz Ulzez ®Uozz ua:\muv owunua uojjedo| atdwes jo uopidiaasag =o_au““hmov
34N ]
B/7120) Llos adejans —acgwax“ abraany .o_ ’

U§ UOLIRJIUIIUOD 3PYLINN

oLyo jo ajeys
u] Sa|dwes [0S 920JUNS UY SUOJTRAIUIINOD IPLIONU PUB S{2AI| UOjIRiPRL punosByoeg -GZ (qe)



64

O~ 0w 600N
ga o V \)"‘w‘ 14
7225 = A oy ¢ €
[ ':‘ o 3 ,_.!.'r._,
& SR
0
g >
sonon
b e
a— MASILLON ToN
N - aRSPELD £
10 :
2
STEmpwILLE
£
Mo TOWN
& SR LS
. One-at SPRMNGFELD, : L ]
e ot ~
carvon x
LANCASTEN DEXTER CITY!
.
AN .
-
O
x
FY
ny
PORTSMOUTH
Ky 7
SOMIQ STATE BACKGROURD SAMPLE LOCATIONS xriw va

Fig. 25. Location of background samples and external gamma-ray
exposure rate measurements in Ohio.
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Table 27. Background radiation levels and nuclide concentrations in surface sofl samples in
the State of Pennsylvania
Nuclide concentration in
 sample- A\gveragee:;:::::l surface soil (1:tCi/g)L
designation Description of sample location rate (uR/h)% 228p, 2327) 23y

PA-1 Rest area at Pennsylvania-Ohio border 5.2 0.46 £ 0.04 0.38 £ 0.02 0.41
on 1-90, W of Erie, Pennsylvania

PA-2 W side of 1-79, ~3.2 km § of inter- e 1.1£0.12 1.020.06 1.1
section with Hwy 6-19, near Kerrtown,
Pennsylvania

PA-3 Along Hwy 40 at Glyde, Pennsylvania 6.8 1.2+ 0.08 1.4:0.08 1.4

PA-4 Along Hwy 40 at Chalkhill, Pennsylvania 2.5 1.4 £ 0.06 1.2:0.08 1.3

PA~5 Along Hwy 40 at Addison, Pennsylvania 3.2 1.2+ 0.06 0.99 2006 1.1

PA~6 Along Hwy 18, ~1.6 km N of Hickory, 5.6 1.6 £ 0.06 1.7:0.08 1.5
Pennsylvania

PA-7 Approx. 2.4 km N of Burgettstown, 4.9 1.710.12 0.72 2 0.36 1.4
Pennsylvania, along Hwy 18 -

PA-8 Along Hwy 18, at Frankfort Springs, 4.5 1.220.08 1.4%008 1.3
Pennsylvania

PA-9 Along Hwy 18, at Shippingport, 3.1 1.320.14 1.3:0.10 1.3
Pennsylvania

PA-10 S side of Hwy 519, between [-79 and 7.6 0.84 £ 0.04 1.320.08 1.2
Hwy 19, near Strabane, Pennsylvania

PA-11 NE side of Hwy 980 at intersection with 5.7 1.4 20.14 1.3 20.02 15
1-79, near Cannonsburg, Pennsylvania

PA-12 - At Pennsylvania-West Virginia border, 5.5 0.83 £ 0.04 0.88 £ 06.06 1.0
on W side of 1-79, near Mt. Morris,
Pennsylvania

PA-13 E city limits of Cannonsburg, 8.3 1.0+ 0.08 1.1:0.08 1.3
Pennsylvania, on Hwy 980

PA-14 Bank of Linden Creek, ~3.2 km E of 6.7 0.76 £ 0.04 1.020.06 1.1
Hwy 19, on Hwy 519, near Cannonsburg,
Pennsylvania

PA-15 N side of Linden Rd., along Linden 7.4 1.4 20.10 0.881%0.64 1.5
Creek, ~8 km E of Hwy 19, near
Cannonsburg, Pennsylvania

PA-16 SW corner of intersection of I-70 and 6.9 0.99£0.12 0.952 0.12 0.97
Hwy 31, near Wyano, Pennsylvania

PA-17 S side-of Pennsylvania Turnpike 7.6 2.4:0.12 1020.08 1.2
(1-70-76), ~8 km W of Somerset,
Pennsylvania

PA-18 S side of Pennsylvania Turnpike, ~8 km 6.6 0.96 £ 0.06 1.1 £0.08 1.2
E of Earliston, Pennsylvania

PA-19 S side of Hwy 30 in Caledonia State 5.8 1.1 £0.22 0.95 £ 0.06 0.78

Park, ~5.6 km E of Chambersburg,
Pennsylvania
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Table 27. (continued)

Sample

designation

Description of sample location

Average external
gamma exposure
rate (pR/h)®

Nuclide concentration
surface soil (pCi/g}

y\

226R, 232TH

238y

PA~20

PA-21

PA-22

PA-23

PA-24

PA-25

PA-26

PA-27

PA-28

PA-29

PA-30

PA-31

PA-32

PA-33

Approx. 11 km N of Easton, Pennsylvania,
on W side of Hwy 611

Intersection of 1-78 and Hwy 143, just N
of Lenhartsville, Pennsylvania

MW corner of intersection of I-81 and
Hwy 443, near Hanover, Pennsylvania

N side of Pennsylvania Turnpike, W side
of exit 15, near the Blue Mtn. Tunnel

€ side of 1~79 between Meadow Lands
and Race Track exits, near McGovern, .
Pennsylvania

Approx. 3.2 km NE of Cannonsburg
Industrial Park, on E side of I-79,
in Cannonsburg, Pennsylvania

Approx 1.6 km N of Cannonsburg Industrial
Park on Hwy 980

NE of intersection of Hwys 422 and
28-66 at Kittanning, Pennsylvania

W side of I-79, ~32 km N of Pittsburg,
Pennsylvania, at Hwy 228 intersection

Intersection of two secondary roads, E
of Blafrsville, Pennsylvania, at Toms
Run Creek

Secondary road ~1.3 km € of Strangford,
Pennsyivania

S side of Market St., € end of Blairs-
ville, Pennsylvania, S of Hwy 22 near
city limits

E side of Hwy 217 S of Blairsville,
::nnsylvania. near the Conemaugh
ver

SW side of the township of Torrance,
Pennsylvania

2.5

8.1

7.3

8.4

12

9.4

14

8.9

5.7

8.7

5.1

7.5

8.9

3.7

0.81 £ 0.10 0.69 £ 0.12 0.63

0.96 £ 0.04 1.2 £ 0.04
0.85t0.04 1.220.08
1.1£0.06 1.110.06

1.7+£0.06 1.4:0.14
1.4 £0.06 1.5t 0.08

1.0£0.04 1.2%0.06
1.5+0.08 1.520.10
1.9£0.20 1.3:0.08

1.3£0.12 1.3:0.10

0.72 £ 0.06 0.78 £ 0.06

0.98 £0.08 1.0 £ 0.08
1.1+0.08 1.11%0.10

1.1+0.20 0.89 20.04

1.0

11

1.2

1.4

1.3

1.9

1.7

1.1

0.78

0.87

0.79

aExposure rate determined from 3 to 4 measurements at each location using a "Phil" tube as described in

Appendix I.

bstandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 233U measure-
ments are <SX (20).

“No data obtained.
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Table 28. Background radiation levels and nuclide concentratfons in surface soil samples in
the State of Tennessee

" Sample

___designation

Description of sample location

Average external
gamm3 exposure
rate (uR/h)¢

Nuclide concentration jn
surface soil (pCi/q

228, 2327h 238y

TN-1

TN-4

TN-S

™10

™11

TN-12

Welcome station at Tennessee-Kentucky
border, W side of 1-75 near Jellico,
Tennessee .

SW side of I-75, ~0.8 km N of inter-
section with Hwy 61, at Norris,
Tennessee

Approx. 6.4 km N of Crossville, Tennes-

see, at MW corner of intersection of
1-40 and Hwy 127

Rest stop ~32 km W of Cookeville,
Tennessee, on N side of 1-40

N side of 1-40, ~0.4 km W of inter-
section with Hwy 70, in E Nashville,
Tennessee

€ side of Hwy 13, ~0.4 km N of I-70,
near Buffalo, Tennessee

W bank of Forked Deer River, on N
side of I-40, ~1.3 km W of inter-
section with Hwy 20, MW of Jackson,
Tennessee

N side of 1-40, ~0.8 km W of inter-
section with Hwy 64, E of Memphis,
Tennessee

Approx. 1 km S of Tennessee-Kentucky
border, on W side of Hwy 127, near
Chanute, Tennessee

W side of Hwy 27, ~0.2 km S of inter-
section with Hwy 52, near Elgin,
Tennessee

Rest stop on S side of 1-40, ~3.2 km
W of intersection with I-81, near
Dandridge, Tennessee

E side of 1-81, ~3.2 km N of inter-
section with Hwy 81, near Fall Branch,
Tennessee

7.0

8.7

6.9

31

6.3

2.9

6.3

9.1

4.3

4.5

6.1

1

0.98 £ 0.12 0.83 £ 0.44 0.95
e 0.80 £ 0.06 0.91
0.72 £ 0.04 0.68 £ 0.06 0.72

1.1£0.06 1.1:£008 1.1

1.320.10 0.97 £0.14 1.3
d d 1.1

0.65 £ 0.02 0.66 £ 0.04 0.77

142014 112008 13

0.95 £ 0.10 0.67 £ 0.02 0.98
1.4 0,08 1.520.14 1.2
1.2+0.04 1.0:0.06 1.3

0.98:0.10 1.1 +0.60 0.89

“Exposure rate detersined from 3 to 4 measurements at each location using a "Phil1" tube as described in

Appendix 1.

Berandard deviation of 22%Ra and 232Th measuresments are given as the 20 value. Error in the 233 measure-
ments are <5% (20).

®Nuclide not found.
940 data obtained.
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Fig. 29. Location of background samples and external gamma-ray
exposure rate measurements in Texas.
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Table 30. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Utah

” o Nuclide concentration jn
- Sample_ A;::g'e:;:::"r;' surface soil ggimé
designation Description of sample location rate (pR/h) 126p, 2327 238y

ur-1 MW corner of intersection of Hwys 68 7.1 1.9 £0.12 0.7510.06 1.6
;ndhAlt. 50, downtown Salt Lake City,
ta

ur-2 NE corner of intersection of Hwy Alt. 7.9 1.5£0.12 1.120.18 0.9
50 and 5600 S. St., in W Salt Lake
City, Utah

uT-3 N side of Hwy 40, {ust S of the Great 6.4 1.020.14 0.20 £ 0.02 1.9
Salt Lake, W of Salt Lake City, Utah

uT-4 Approx. 2 km N of Hwy 40, along the 11 1.5£0.12 1.1:0.12 1.0
Surplus Canal, about 3 km W of the
::ltlulm City International Airport

ut-5 Intersection of Hwy 68 and 500 S St. . 9.0 1.1£0.12 0.7820.12 0.92
W side of Hwy 68 in North Salt Lake
City, Utah

uT-6 . NE corner of intersection of Burke La. 1 1.820.18 1.7+0.22 1.2

and Grover La. in Farmington, Utah

ur-7 S side of Hwy 127, just W of inter- 7.0 1.920.08 2.320.14 1.5
section with Hwy 110, W side of
Syracuse, Utah

ur-8 Approx. 2 km E of Hwy 89, in Wasatch 1, 1.220.08 1.7:0.14 2.4
National Forest, E of South Weber, Utah

uT-9 N side of Emigratfon Canyon Rd., € of 6.5 ' 1.0t 008 0.88£0.05 0.72
Hwy 40 in SE Salt Lake City, Utah

uT-10 E side of Hwy 68, E of fntersection 1.3 1.7£0.20 13:0.10 1.1
with Hwy 173 in Murray, Utah :

uT-11 Intersection of Hwys 173 and 111, S of 8.8 1.5 0.14 1.120.06 0.9

Baccaus, Utah, in NE corner.

uT-12 NE corner of intersection of Hwys 111 10 1.5£20.12 1.5£0.06 1.0
and 48, ~6 km SW of Salt Lake City
International Airport No. 2

uT-13 E side of Hwy 71, between 10600 and 9.5 1.220.12 1.4:0.08 1.8
12400 S St. in Sandy, Utah
uT-14 SE corner of intersection of Hwys 152 10 1.7+0.14 152014 13

and 210, along S bank of Big Cotton-
wood Creek, E of Bulerville, Utah

YT-15 SW corner of intersection of Hwys 73 9.5 1.6 £0.14 152:0.18 0.93
and 68, W of Lehi, Utah

uT-18 £ side of Hwy 146 at junction with Hwy 7.9 17014 1.2:0.08 1.0
* 80 SE of Alpine, Utah

ut-17 N side of access to Provo Boat Harbor, 6.0 1.4 £0.12 0.8310.04 0.83
~5 km W of Wwy 114, N of Provo
Municipal Airport
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Table 30. (continued)

Nuclide concentration in
. Average external ;
Saple gamwa exposure surface soil (pCi/q)
designation Description of sample location rate (pR/h) 226p, 2321p 23y

uT-18 N side of Hwy 80 at Utah-Wasatch County 5.9 1.5+ 0,10 0.76 £ 0.06 0.9%4
line, near Wildwood, Utah

uT-19 NE corner of intersection of Hwy 163 8.9 0.75 ¢ 0.02 c 0.57
and road to Monument Valley mill site,
~1.3 km S of Mexican Hat, Utah

ur-20 Approx. 4.8 km S of Blanding, Utah, 10 1.1 L] 0.94
E side of Hwy 163 at airport entrance

ur-21 Intersection of Hwys 163 and 6-50, SE 7.9 0.83 + 0.08 0.63 £ 0.06 0.78
side of Cresent Junction, Utah

UT-zz E side of Hwy 50, at White River, N of 9.9 1.020.06 0.71 £0.08 1.2
Colton, Utah

uT-23 N side of Hwy 40, at intersection with 9.0 1.0£0.16 0.90 £ 0.14 0.92
Hwy 45, in NE Utah, ~16 km W of Utah-
Colorado border

uT-24 Approx. 1.2 km N of I-70 on W side of 12 1.4 £0.08 1.120.08 1.6
Hwy 6-50, ~8 km W of Green River, Utah

ur-25 Approx. 19 km W of Green River, Utah, 5.0 1.0:0.10 e 0.71
at intersection of 1-70 and Hwy 24

UT-26 Approx. 21 km S of 1-70, on Hwy 24 6.6 0.54 £ 0.04 0.26 £ 0.02 0.46

) toward Hanksville, Utah .

UT-27 Approx. 16 km € of Hwy 24 at end of 5.2 0.53 £ 0.06 0.59 £ 0.08 0.55
Twist Gap Rd.

uT-28 N of 1-70 ~19 km, on dirt road along 7.2 0.79 £ 0.08 0.79 £ 0.08 0.77
Green River, N of Green River, Utah

uT-29 Entrance to Devils Garden in Arches 9.2 0.93£0.10 e 1.3
National Park, N of Moab, Utah

uT-30 N side of 1-80 ~22 km £ of Knolls, 1) 1.2 £0.12 0.9 £ 0.08 0.9

uT-31 Approx. 16 km £ of Wendover, dtah. . 7.7 1.4£0.06 1.2:£0.08 1.3
N side of I-80 in the Bonneville
Salt Flats

ur-32 W corner of intersection of 1-80 u 1.5£0.08 172010 1.0

and I-15, at Tremonton, Utah

c'E:q)osure rate determined from 3 to 4 measurements at each location using a "l;h-ﬁ" tube as descrifnd in '
Appendix 1.

bgyandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 335U measure-
sents are <5% (20).

®No data obtained.
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Fig. 30. Location of background samples and external gamma-ray
exposure rate measurements in Utah.
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Hwy 55, near Strasburg, Virginia

Table 31. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Virginia
Nuclide concentration jn
S Average external
Sample gamma exposure surface soil (pCi/q)
designation Description of sample location rate (uR/W)¢ 228, 2327h 238y
VA-1 E side of I-81 in rest area ~24 ka N of as 1.120.08 0.98%0.04 0.89
Bristol, Virginia .
VA-2 E side of I-81, ~2.4 km N of Hwy 680 7.9 1.1+0.10 0.85 £ 0.04 0.97
intersection, W of Wytheville,
Virginia
VA-3 " E side of 1-81, 0.8 km S of Hwy 232-605 11 0.62 £ 0.04 0.93 ¢0.08 0.78
at Newbern, Virginia .
VA-4 Approx. 1.6 km N of intersection of I-81 6.3 0.66 £ 0.04 1.0+ 0.06 1.1
and Hwy 115, on E side of 1-81, N of
Roanoke, Virginia
VA-5 E side of 1-81, ~0.8 km S of intersection 11 0.92 £ 0.04 0.79 £+ 0.06 0.93
with Hwy 60, near Buena Vista, Virginia
VA-6 € side of 1-81, ~0.8 km S of intersection 5.3 1.1+ 0.06 0.9120.06 1.3
with Hwy 256, near Sidney, Virginia
YA-7 $ side of Hwy 211, E of I-81 at Visitors 8.2 0.78 £ 0.06 0.94 2 0.06 1.1
Center in National Forest, W of
Luray, Virginia
VA-8 Approx. 6.4 km W of Amissville, Virginia, 13 0.81 £ 0.04 1.420.06 1.0
on S side of Hwy 211
VA-9 S side of Hwy 50, about 1% blocks W of 6.8 0.97 £ 0.06 0.94 2 0.06 0.86
1-495 loop in Fairfax, Virginia
VA-10 W side of 1-95 {n MW corner of inter- 4.4 0.60 £ 0.06 0.42 + 0.04 0.68
section with Hwy 642, ~3.2 km SW of
Woodbridge, Virginia
VA-11 Rest stop on W side of 1-95, ~18 km 3.9 0.76 + 0.08 0.63 £ 0.08 0.85
N of Richmond, Virginia
VA-12 W corner of intersection of 1-85 and 4.8 0.62 £ 0.04 0.55%0.04 0.78
Hwy 40, near McKenney, Virginia
VA-13 SW corner of intersection of I-81 and 9.1 1.0£0.10 0.84£0.10 1.1

%Exposure rate determined from 3 to 4 measurements at each location using a "Phil* tube as described in

Appendix 1.

bstandard deviation of 22%Ra and 232Th measurements are given as the 20 value.

ments are <5X (20).

Error in the 238U measure-
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ORNL-OWS §0-8Me4

OWEST VIRGINIA STATE BACKGROUND
SAMPLE LOCATIONS

Fig. 32. Location of background samples and external gamma-ray
exposure rate measurements in West Virginia.
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Table 33. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Wyoming

Average external Nuclide concentration jn

Sample gamma exposure surface soil (pCi/g
designation Description of sample location rate (pR/h)% 226p, 232Th 23y

wy-1 E side of Hwy 789, ~1.6 km N of 14 0.91+£0.04 1.21:0.10 0.93
Wyoming-Colorado border, at Baggs,
Wyoming

Wy-2 Approx. 1.6 km NW of intersection of 20 1.321.2 1.5+ 1.3 0.98
Hwys 220 and 287, NW of Muddy Gap,
Wyoming

wY-3 S side of Hwy 789, ~3.2 km KE of Lander, 13 1.1+ 0.08 0.93+0.10 0.87
Wyoming

wY-4 Just W of intersection of Hwys 26 and 12 0.80 £ 0.06 1.8 %£0.12 0.82
287, S side of road, W of Morton, :
Wyoming

wY-5 " Junction of Hwys 26 and 89, near: 11 1.4 £ 0.22 0.87 £ 0.10 0.98
Moran, Wyoming, at entrance to Grand
Teton Park

wY-6 Approx. 1.6 km S of intersection of 10 1.3£0.34 122016 1.2
Hwys 16 and 120, S of Cody, Wyoming

wY-7 Approx. 1.6 km E of Shoshoni, Wyoming 13 0.92+£0.08 1.1 +0.06 0.93

. on S side of Hwy 26

wy-8 Port of Entry in Casper, Wyoming on [-25 15 0.65 £ 0.04 0.70 £ 0.10 0.66

wY-9 SW corner of intersection of Hwys 487 15 0.73 £ 0.08 0.59 2 0.12 0.79
and 91, N of Medicine Bow, Wyoming .

WY-10 Approx. 0.8 km S of 1-80, on W side of 16 0.95 ¢ 0.10 0.69 + 0.06 0.83
Hwy 789, about 21 km € of Wamsutter,
Wyoming

WY-11 Approx. 16 km N of Douglas, Wyoming, 12 1.7 £ 0.22 (] 1.9
on S side of North Platte River, at
Hwy 93 bridge

‘Wy-12 W of rest area at intersection of I-25 11 0.97 £ 0.04 1.220.10 1.3
and Hwy 314, near Slater, Wyoming

WY-13 At Wyoming-Colorado border, on W side 15 0.82 £ 0.04 1.1 % 0.06 0.89

of I-25, S of Cheyenne, Wyoming

ZExposure rate determined from 3 to 4 measurements at each location using a "Phil" tube as described in

Appendix I.

bstandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 23%y measure-
ments are <5X (20).

“No data obtained.
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Table 34. Summary of state background external gamma exposure rate measurements?
Arithmetic mean Geometric mean
e amverof o Rogest Tondsundard and standarg
taken (uR/N) gva7;ion deviation
HR/h) (uR/h)
Alabama 8 3.0- 7.8 4.8 ¢ 3.5 45 : 1.4
Alaska d d d ) d
Arizona 6 5.3 - 12 9.3 ¢ 5.4 8.9 : 1.4
Arkansas 1 11 1°é 1né
California 3 9.0 - 11 10 £ 2.3 10 : 1.1
Colorade 32 6.3 - 34 14 £ 10 14 : 1.4
Delaware 2 5.0 - 6.9 6.0 £ 2.6 5.9 : 1.3
Florida 1 <1.0 - 7.4 4.0 3.2 3.6 : L7
Georgia 9 1.9~ 9.0 5.1 +4.2 4.7 : 1.6
Idaho 13 11-16 12 £ 3.2 12 : 1.1
IMinois 8 7.2-11 8.1%2.5 8.0 : 1.2
Indiana 2 6.0 -~ 7.1 6.6 £ 1.5 6.5 : 1.1
Kansas 6 6.6 - 14 10 £ 5.2 9.8 : 1.3
Kentucky 12 3.9-11 7.4 4.6 7.0 : 1.4
Louisiana 3 3.5 - 6.0 5.1 2.7 4.9 : 1.4
Maryland 5 4,5 - 8.8 6.6 £ 3.2 6.4 :1.3
Michigan d d d d
Mississippi 3 43-1 8.0 £ 6.7 7.4 : 16
Missouri 10 4.6 - 10 6.8 £ 3.2 6.6 : 1.3
Nevada 6 11-19 14 £ 5.7 14 : 1.2
New Jersey 23 23-13 6.1 4.8 5.7 : L5
New Mexico 13 6.8 - 16 10 £ 5.4 9.7 : 1.3
New York d d d d
North Carolina 8 3.2-13 8.2 £ 6.5 7.6 : 1.6
Ohio 11 2.8-1 6.9 £ 5.0 6.4 : 1.5
Oregon 9 8.2-19 11 ¢ 6.6 11 :13
Pennsylvania 32 2.5-14 6.7 £ 5.0 6.2 : 1.5
Tennessee 12 29-1 6.4 £ 4.8 5.9 : 1.5
Texas 10 1.4 - 5.6 3.3% 3.0 3.0 : 1.6
Utah 32 5.0 - 14 8.7+ 45 8.4 :1.3
Virginia 13 '3.9-13 7.4 £5.8 6.9 : 1.5
West Virginia 11 4.6 - 11 7.7 £ 3.9 7.4 : 1.3
Wyoming 13 10 - 20 14 2 5.2 13 : 1.2
U. S. Average 327 <1.0 - 34 8.5 4.1 7.5 : 1.7

<mmary of data contained in Tables 1-33 for individual states.

"bgrandard deviation of arithmetic mean is the 20 value.
°The geometric standard deviation is a multiplicative parameter to the geo-

metric mean conta

ining 68X (lo) of the frequency values.

dno data on external gamma exposure rates available for the state.
®values for standard deviation cannot be computed.
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Table 35. Summary of state background concentrations of 226Ra in surface s0i1?
suate vimber of  farge of "t and standarg
analyzed (pCi/q) (pCi/g) (pCi/g)
Alabama 8 0.47 - 1.4 0.82 £ 0.62 0.77 : 1.5
Alaska 6 0.43 - 0.92 0.65 £ 0.32 0.64 : 1.3
Arizona 6 0.23 - 2.0 0.95% 1.5 0.70 : 2.4
Arkansas d d d d
California 3 0.24 - 1.3 0.77 £ 1.0 0.62 : 2.4
Colorado 32 0.48 - 3.4 1.4 1.1 1.3 : 15
Delaware 2 1.1 - 1.2 1.2+ 0.14 1.2 : 1.1
Florida 11 0.25 - 2.3 0.84£1.2 0.67 : 2.0
Georgia 9 0.46 - 1.6 0.88 £ 0.77 0.81 : 1.6
1daho 12 0.64 - 1.6 1.1 £ 0.51 1.1 : 1.3
11linois 7 0.65 - 1.2 0.97 £ 0.41 0.95: 1.3
Indiana 2 1.0 - 1.1 1.1 ¢ 0.07 1.1 11
Kansas 6 0.34 - 1.4 0.97 £ 0.85 0.8 : 1.8
Kentucky 13 0.81 - 4.2 1.5 ¢ 1.7 1.4 : 15
Louisiana 2 0.58 - 0.84 0.71 £ 0.36 0.70 : 1.3
Maryland 6 0.49 - 1.2 0.72 £ 0.50 0.69 : 1.4
Michigan 10 0.46 - 2.0 1.1+ 0.97 0.95 : 1.6
Mississippi 3 0.77 - 1.6 1.2 £ 0.82 1.2 : 1.5
Missouri 10 0.31 - 1.4 1.1 £ 0.61 1.0 : 1.6
Nevada 6 Q.89 - 2.0 1.5+ 0.72 1.5 : 1.3
New Jersey 24 0.24 - 1.4 0.87 + 0.67 0.78 : 1.7
New Mexico 13 0.72 - 2.7 1.5 1.1 1.5 : 1.4
New York 6 0.48 -'1.2 0.85 £ 0.51 0.81: 1.4
‘North Carolina 8 0.48 - 1.2 0.78 £ 0.48 0.74 : 1.4
Ohio 12 0.81 - 2.5 1.5 2 0.93 1.4 : 1.4
Oregon 8 0.24 - 2.1 0.82 ¢ 1.1 0.68 : 1.9
Pennsylvania 33 0.46 - 2.4 1.2 £ 0.75 1.1 : 1.4
Tennessee 10 0.65 - 1.4 1.1 £ 0.51 1.0 : 1.3
Texas 10 0.54 - 1.4 0.89 ¢ 0.54 0.85 : 1.4
- Utah 32 0.53 - 1.9 1.3+ 0.74 1.2 : 1.4
Virginia 13 0.60 - 1.1 0.85 £ 0.38 0.83 : 1.3
West Virginia 1 0.78 - 1.6 1.3 £ 0.57 1.2 : 13
Wyoming 13 0.65.- 1.7 1.0 ¢ 0.59 1.0 : 1.3
U. S. Average 327 0.23 - 4.2 1.1+ 0.48 1.0 : 1.6

2summary of data contained in Tables 1-33 for individual states.

bStandard deviation of arithmetic mean is the 20 value.

®The geometric standard deviation is a multiplicative parameter to the geo-
metric mean containing 68X (1lg) of the frequency values.

dpno: data on 22%Ra concentration available for state.
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Table 36. Summary of state background concentrations of 232Th in surface soil %
Arithmetic mean  Geometric mean
State “amles  valws o standard  and standard
analyzed (pCi/g) :vc?)ign deviation
pti/g (pCifg)
Alabama 8 0.36 - 1.5 0.77 £ 0.71 0.70 : 1.6
Alaska 7 0.19 - 2.3 0.87 ¢ 1.4 0.67 : 2.2
Arizona 6 0.20 - 1.3 0.63 £ 0.83 0.52 : 2.0
Arkansas 1 1.6 1.6% 1.64
California 3 0.30 - 0.76 0.54 £ 0.45 0.50 : 1.6
Colorado 20 0.10 - 3.1 1.3 1.4 1.1 : 2.1
Delaware 2 1.2 1.2 £ 0.04 124
Florida 10 0.12 - 0.37 0.24 £ 0.13 0.23: 1.3
Georgia 9 0.28 - 3.4 1.121.9 0.85: 2.1
Idaho 13 0.42 - 1.9 1.2+ 0.73 1.1 : 15
Itlinois 8 0.49 - 1.2 0.96 £ 0.43 0.93 : 1.3
Indiana 2 1.1-1.2 1.2 £ 0.14 1.2 : 1.1
Kansas 4 0.32 - 1.6 1.3:1.2 1.1 : 2.2
Kentucky 12 0.88 - 1.5 1.2+ 0.39 1.2 : 1.2
Louisiana 2 0.60 - 0.72 0.66 £ 0.17 0.66 : 1.1
Maryland 6 0.48 - 0.86 0.70 £ 0.28 0.69 : 1.2
Michigan 10 0.24 - 0.82 0.56 £ 0.35 0.53: 1.5
Mississippi 3 0.81 - 1.7 1.1 ¢ 0.50 1.1 1.5
Missouri 10 0.32 - 1.3 1.0 ¢ 0.56 0.95 : 1.5
Nevada 6 0.62 - 3.0 1.5 ¢ 1.6 1.4 : 1.7
New Jersey 23 0.31 - 1.5 0.90 £ 0.66 0.82 : 1.6
New Mexico 13 0.48 - 1.8 0.95 £ 0.73 0.89 : 1.5
New York 6 0.40 - 1.1 0.71 + 0.52 0.67 : 1.5
North Carolina 8 0.42 - 1.5 0.92 £ 0.83 0.83 : 1.6
Ohio 12 0.71 - 1.5 1.0 £ 0.50 1.0 : 13
Oregon 9 0.43 - 1.5 0.72 £ 0.66 0.66 : 1.5
Pennsylvania 33 0.38 - 1.7 1.1 % 0.53 1.1 :1.3
Tennessee 11 0.66 - 1.5 0.95 £ 0.50 0.92 : 1.3
Texas 10 0.40 - 1.1 0.73 £ 0.40 0.70 : 1.4
Utah 28 0.20 - 2.3 1.1 £0.92 0.97 : 1.7
Virginia 13 0.42 - 1.4 0.86 £ 0.47 0.83 : 1.4
West Virginia 11 1.1-1.6 1.4 £ 0.35 1.3 : 1.2
Wyoming 12 0.59 - 1.8 1.1+ 0.68 1.0 : 1.4
U. S. Average 331 0.10 - 3.4 0.98 £ 0.46

0.87 : 1.7

%Summary of data contained in Tables 1-33 for individual states.

Standard deviation of arithmetic mean is the 2a value.

“The geometric standard deviation is a multiplicative parameter to the geo-
metric mean containing 68X (10) of the frequency values.

dvalues for standard deviation cannot be computed.
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Table 37. Summary of state background concentrations of 232§ in surface s0i1?
- EE W RRE S
analyzed (pCi/g) (pCi/g) (pCi/g)

Alabama 8 0.51 - 1.1 0.85 ¢ 0.36 0.83 : 1.3
Alaska 7 0.39 - 0.80 0.63 £ 0.30 0.61 : 1.3
Arizona 6 0.27 - 1.83 0.82 £ 1.1 0.67 : 2.0
Arkansas 1 1.5 1.5 l.Sd
California 3 0.19 - 1.3 0.78 £ 1.1 0.59 : 2.7
Colorado 32 0.47 - 3.0 1.2 +£0.91 1.2 : 1.3
Delaware 2 1.1 - -1.2 1.2 +0.10 1.2 : 1.0
Florida 1 0.12 - 2.0 0.71 + 1.3 0.47 : 2.7
Georgia 9 0.48 - 1.6 0.85 £ 0.72 0.79 : 1.5
Idaho 13 0.66 - 2.2 1.1 +0.88 1.1 : 1.4
I1linois 8 0.64 - 1.4 1.1 £ 0.45 1.0 : 1.3
Indiana 2 1.1 - 1.4 1.3+ 0.31 1.3 : 1.1
Kansas 6 0.58 - 1.3 1.1 = 0.60 1.0 : 1.4
Kentucky 13 1.1 - 3.8 1.6 +1.4 1.5 : 1.4
Louisiana 3 0.44 - 0.81 0.58 + 0.40 0.56 : 1.4
Maryland 6 0.54 - 0.93 0.78 £ 0.30 0.77 : 1.2
Michigan 10 0.34 - 1.2 0.73 £ 0.55 0.68 : 1.5
Mississippi 3 0.69 - 1.7 1.1 1.1 0.98 : 1.6
Missouri 10 0.33 - 1.7 1.1 +0.73 0.99 : 1.6
Nevada 6 0.74 - 1.8 1.3 t 0.65 1.3 : 1.3
New Jersey 24 0.13 - 1.4 0.8 + 0.68 0.76 : 1.8
New Mexico 13 0.53 - 1.5 1.1 £ 0.55 1.0 : 1.3
New York 6 0.76 -~ 1.2 0.95 = 0.26 0.94 : 1.2
North Carolina . 8 0.39 - 1.6 0.87 £ 0.71 0.81: 1.5
Ohio 12 0.76 - 2.2 1.4 £0.79 1.3 : 1.4
Oregon 9 0.50 - 2.0 0.84 £ 0.89 0.76 : 1.5
Pennsylvania 33 0.41 - 1.9 1.2 £ 0.59 1.1 : 1.4
Tennessee 12 0.72 - 1.3 1.0 £ 0.39 1.0 : 1.2
Texas 10 0.48 - 1.5 0.82 £ 0.59 0.78 : 1.4
Utah 32 0.46 - 2.4 1.1 £ 0.82 1.0 : 1.4
Virginia 13 0.68 - 1.3 0.95 ¢ 0.34 0.94 : 1.2
West Virginia 11 1.1 - 1.8 1.4 + (.53 1.4 : 1.2
Wyoming 13 0.66 - 1.9 1.0 + 0.63 0.97 : 1.3
U. S. Average 355 0.12 - 3.8 1.0 ¢ 0.83 0.96 : 1.6

aSummary of data contained in Tables 1-33 for individual states.

Standard deviation of arithmetic mean is the 20 value.

®The geometric standard deviation is a multiplicative parameter to the .geo-
metric mean containing 68% (lo) of the frequency values.

dVaIues for geometric standard deviation cannot be computed.
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Table 40. Background radionuclide concentrations in
surface soil — World averages? :

Radionuclide concentration

Radionuclide in soil (pCi/g)
Typical range World average
226Ra 0.49-1.98 0.79
238y 0.33-1.32 0.66
2327 0.22-1.31 0.65

?ﬁdapted from ref. 18.
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Appendix I

EXTERNAL GAMMA SURVEY METER
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EXTERNAL GAMMA SURVEY METER

External gamma exposure rates are measured with an organic-filled
Geiger-Mueller (G-M) tube that is 15-cm long with a 30 mg/cm® glass
wall. This dosimeter is a RCL 10-60 micro G-M counter filled with neon,
argon, and a halogen quenching agent. The probe is surrounded by an
energy compensated shield of tin and lead. Pulses from this -unit are
counted with a battery-powered portable scaler (Fig. I-A). Geiger-
Mueller counters are not typically used for measuring gamma fields due
to a peak response at low photon energies. However, perforated layers
of tin (1.0 mm on sides and end) and lead (0.3 mm on sides, 0.1 mm on
end) are used as energy compensation filters to flatten the peak re-
sponse at photon energies below approximately 200 keV. As shown in Fig.
I-B, the response of the Phil tube with the perforated shield is inde-
pendent of gamma energies down to 50 keV, within +12%. The polar re-
sponse obtained with the same counter and shield is shown in Fig. I-C.

National Bureau of Standards (NBS) traceable sealed sources of
137Cs and 226Ra are used for calibration. Detector response is typically
1 mR/hr = 3400 cpm. Each external background exposure measurement repre-
sents the mean of at least three one-minute counts. Instrument back-
ground 1s subtracted out in the final determination of exposure rate.

Errors associated with the use of the "Phil" tube in measuring 1ow-
levels of gamma radiation can be quite large. Individual measurement
errors in gamma-ray fields of less than 10 uR/h were found to range from
50% to over 100% at the 95% confidence level. For exposure rates greater
than 10 uR/h, the measurement error ranged from 25% to 50%. Due to this
variability at low exposure rates, use of this instrument for background
determination has been discontinued. Exposure rate measurements in the

current ORNL survey program are made with a Reuter-Stokes RSS-111 Pres-
surized Ion Chamber.
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Appendix II

SOIL ANALYTICAL PROCEDURES
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ANALYSIS FOR 226Ra AND 232Th USING THE Ge(Li) DETECTION SYSTEM

Soil samples for 226Ra and 232Th analysis are dried for 24 h at
110°C and then pulverized to a particle size no greater than 500 pm in
diameter (-35 mesh). Aliquots from this dried sample are transferred to
30-cm® polyethylene bottles (standard containers for liquid scintilla-
tion 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 geranium 1ithium-drifted [Ge(Li)] detector system of the
Off-Site Pollutant Measurements Group at ORNL.

A holder for twelve of the polyethylene bottles and a background
shield have been desfgned for use with a 50-cm® Ge(Li) detector system
(see Figs. II-A, II-B). During counting of the samples, the holder is
used to position ten of the sample bottles around the cylindrical sur-
face 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. With a 300-cm® sample and a graded
shield developed for use with the system, it is possible to measure less
than 1 pCi/g of 232Th or 22%Ra with an error of +10% or less. The mini-
mum detectable concentration (MDC) for the system, considering the back-
- ground of the counting system, is generally about 0.3 pCi/g.

Pulses produced by the Ge(Li) crystal are sorted by a 4096-channel
analyzer (see Fig. II-C), stored on magnetic tape, and subsequently
entered into a computer program, which uses a least squares method to
identify radionuclides corresponding to those gamma-ray lines found in
the sample. The program, which is accessible through a remote terminal,
relies on a library of radioisotopes, which contains approximately 700
isotopes and 2500 gamma-rays, and which runs continuously on the IBM-360
system at ORNL. In identifying and quantifying 226Ra, six principal
gamma-ray lines are analyzed. Most of these are from 2!4Bi and corre-
spond to 295, 352, 609, 1120, 1765, and 2204 keV. For analysis of
232Th, seven gamma lines of its daughters are analyzed (239, 338, 583,
795, 911, 969, and 2615 keV).




106
NEUTRON ABSORPTION TECHNIQUE FOR 238y ANALYSIS*

Following the initial soil sample drying and pulverizing, a 30 cm3
aliquot is sent to the Analytical Chemistry Division of ORNL for 238y
analysis by neutron activation. The concentration of 2350 in the s0i 1
sample is determined by counting delayed neutrons emitted from fission
products produced by neutron activation of the 235U in the sample.
Neutron activation of the samples are made in the pneumatic tube irradi-
ation facility of the Oak Ridge Research Reactor. Following exposure to
a thermal neutron flux of approximately 6 x 1013 n/cm2-s, a count of the
delayed-neutron activity is made using a paraffin moderator with a BF 3
tube detector assembly having a neutron counting efficiency of about 5%.
The 235U content of a test sample is obtained by comparing its delayed-
neutron count to that obtained with a comparator sample containing a

known quantity of 235y, Calculations are then made utilizing the fol-
Towing equation:

2350 in test sample =

. Net count of test sample
23S
U in comparator sample (Net count of comparator sample)

The 238y concentration is then calculated assuming that 0.72% of natural
uranium is 235Y. The precision of this method is approximately *3% (ex-
pressed as the relative standard deviation for 20 or 95% confidence

intervals), with a lower 1limit of detection of ~40 ppb (10=2 pCi/g) for
238U.

*F. F. Dyer, J. F. Emery, and G. W. Leddicotte, 4 Comparative Study

of the Neutron Activation Analysis of Uranium by Delayed Neutron Count-
ing, ORNL-3342 (October 1962).
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Soil sample holder attached to Ge(Li) detector.

Fig. 11-B.
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