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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 0ff-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 2238) 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
comparative 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.5. average of
8.5 uR/h. The nationwide average concentrations of 226Ra, 232Th, and
238|) ipn surface soil were determined to be 1.1, 0.98, and 1.0 pCi/g,
respectively.
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INTRODUCTION

Background radiation levels in the United States have been measured
by the O0ff-Site Poliutant Measurements Group of the Health and Safety
Research Division at 0Oak Ridge National Laboratory (ORNL) from 1975
through 1979. During this time, radionuclide concentrations of 226Ra,
232Th, and 238 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 atll 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 utiltized during
Manhattan Engineer District (MED) and early Atomic Energy Commission
(AEC) projects. A brief history of these programs is provided as fol-
lows.

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.Z 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.1s2 The 0ff-Site Pollutant Measurements Group provided radiologi-
cal assessments of each of the 22 sites for the Energy Research and
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Development Administration [now the Department of Energy (DDE)]. 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 radioactive 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 Off-Site Pollutant
Measurements Group has assumed a major role in characterizing the cur-
rent radiological status of these sites. As with the ipactive 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 1. The meas-
urements were taken approximately 1 m above the ground surface at the
location of the background soil samples. Typically, three 1-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
pilastic 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 pym 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 aliguots 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
te 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 ‘location was undisturbed. Those locations 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 ‘ncluded 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
ItTinois 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
s0i]1 sample analyses are presented in Tables 1-33 for each state where
sampies were taken. The data include the average exposure rate at 1m
above the ground (in pR/h) and the concentration of 226Ra, 232Th, and
238y jn 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 inciuded. For
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the 238) 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 238U 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
multiplicative. 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 1lo bound. The arithmetric standard deviations are re-
ported as the 95% confidence {or 2¢) values.

The number of sampling locations within any particular state ranges
from 1 (in Arkansas) to 33 (in Pennsylvania). Obviously, the character-
ization 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 1in 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 pR/h. State averages were in
the range of 3.3 pR/h (Texas) to 14 pR/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 repreésentation of



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-Attantic, or mid-western states.

The soil sample apalysis 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 (lLouisiana) 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 238|, 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.5~1% Table 38 presents a summary of the more extensive of these
measurement programs. Of these surveys, those conducted by Beck,7s1%
Levin,1! and Lindeken!? are the most comprehensive and best suited for
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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.!® 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 Gulf-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.17

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
226Rg 238\, 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 238y, 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 238y and 22%Ra chains). Further regression
analyses confirmed the correlation for both 1linear and logarithmic
regressions. The coefficient of determination (r2) values for 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 radionuctides 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 tevels across the United States have been
measured by the 0ff-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 22%Ra, 232Th, and 238U concentra-
tions in surface soil samples, and detection of external gamma-ray ex-
posure rates at 1 m above the surface at the Tocations of soil sampling.
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 uR/h.
State averages varied from 3.3 puR/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
238U 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 238U 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 226Ra, 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 radiaticn
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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exposure rate measurements in Arizona.
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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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Background radiation levels and nuclide concentrations in surface soil samples in

the State of Cotorado

Nuclide ccncentration jn

Average external surface soil (pCi/g

Sample gamma exposure
designation Description of sample lecation rate (pR/h} & 226, 2327h 238y
{0-1 1.6 km N of Colorado-New Mexico border, 15 1.1+90.,12 1.1+490.10 0.9
E side of Hwy 550
CD-2 Approx. 8 km S of Montrose, Colorado, 15 1.5+0.08 1.2¢+0.22 1.2
E side of Hwy 550
co-3 W side ¢f Hwy 141, ~1.6 km 5 of Gateway, 10 3.4 (.42 £ 0.02 1.9
Colorado
C0-4 Junction of Hwys 666 and 141, NW side of 8.1 1.9 +£0,10 0.10 +0.02 1.1
Hwy 141
Co-5 S of I-70 at Colorado-Utah border 6.3 0.96 + 0.12 e 0.54
C0-6 Approx. 2 km E of Utah-Colorade border, 7.1 0.54 £ 0.04 0.58 £+ 0.06 0.62
5 side of Hwy 41
cn-7 [ntersection of Hwy 172 and 309, W side of 9.9 1.2 < 1.2
Hwy 309, ~1.6 km from La Plata City airport
£o-8 Adjacent to Hwy 666 at Pleasant View, 12 1.2 2 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 o 1.2
between Crested Butte and Paonia
{0-11 Approx. 0.4 km $ 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
€0-13 S side of Hwy 50, at Sargents, Colorado 19 2.1 1.5 + 0.06 3.0
C0-14 S side of Hwy 114 at North Cochetopa Pass 16 1.3 c 1.1
C0-15 Intersection of roads to Powerhorn and 13 1.3 <] 1.3
Lake City, Colorade, S side of road
£0-16 Big Blue turncff on Hwy 149 between 15 1.4 a 1.3
Powerhorn and Lake City, Colorado, NW
of intersection
C0-17 Approx. 450 m above Big Blue Mesa Dam 18 0.91 1.5+ 0.04 1.3
Reservoir, N of Hwy 50, S side of lake
ch-18 SW side of Hwy 145 at Placerville, 15 0.85 c 1.0

Colorade, 275 m W of intersection
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Tabie 6. (continued)

Average external

Nuclide concentration
surface soil {pli/g)

En

Sample gamma_exposure
designation Description of sample location rate (pR/h) 226pa 232Th 228y
’ co-19 N side of Hwy 90 at Utah-Colorade border 15 1.6 e 1.5
co-20 W side of Hwy 139 immediately across 16 2+0.06 131006 1.8
Douvglass Pass going N
ce-21 S side of Hwy 330 at Eolbran, Colorado, 9. 9+0.04 1.112018 1.6
. intersection with county road
C0-22 DeBeque, Colorado, N of intersection of 10 3+0.08 2.1+2.6 1.3
county road and Hwy 6-24
. C0-23 Approx. 1.9 km 5B of Glenwood Springs, 15 2+0.10 e 1.2
Colorado, NE side of Hwy 82
C0-24 Approx. 3.2 km W of Lay Colorade Post 11 4+0.08 1.1:010 1.3
Dffice, N side of Hwy 40
C0-25 Intersection of Moffat County roads 11 .69 + 0,06 0.78 +0D.04 0.66
17 and 119
C0-26 Iintersection of Moffat County road 57 and 11 .48 + .06 0.58 + 0.06 0.47
Hwy 503, £ side of 57
" Co-27 S side of Hwy 6, 4.8 km E of intersection 14 2+008 1.2+008 1.1
of Hwy 82 and I-70 in Glenwood Springs,
Colorado
co-28 SW corner of intersection of I-70 and Hwy 24 19 8+016 31+1.6 099
R Co-29 Approx. 6.8 km E of Eisenhower Tunnei on 34 B+0.12 291+ 2.2 1.7
S side of I-70
C0-30 SW corner of intersection of Manila Rd 17 3+0.08 1.5z 1.2 1.2
.. and I-70, 27 km £ of Denver, Colerado
c0-31 SE corner of intersection of Hwy 40-287 14 3+ 1.2 1.1 +0.8 1.1
v and 1-70, ~13C km £ of Denver, Colorado
- C0-32 Burlingtorn, Colorado, at Sk corner of 14 .3+0.06 1.4:008 1.1

intersection of Hwy 388 and 1-70

aExpusure rate determined from 3 to 4 measurements at each location using a "Phil1" tube as described in

Appendix 1.

Bstandard deviation of 225Ra and 232Th measurements are given as the 2o value.

ments are <5% (2o).
“Nuclide not found.

Error in the ?38%) measure-
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SMARYLAND AND DELAWARE 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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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 gamnma-ray
exposure rate measurements in Idaho.
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Fig. 12. Location of background samples and external gamma-ray
exposure rate measurements in I11inois.
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Fig. 13. Location of background samples and external gamma-ray
exposure rate measurements in Indiana.
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Fig. 14. Location of background samples and external gamma-ray
exposure rate measurements in Kansas.
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Table 14. Background radiatien leveis and nuclide concentrations in surface sotl samples in
the State of Kentucky
Nuclide concentration in
Average external : . %
Sampte gamma exposure surface soil (pCi/g)
designation Description of sample location rate (pR/h) 226Ra -2327h 238y
“ Ky-1 Rest area on S side of [-64, ~38 km 7.1 1.0 £+ 0,06 1.5+ 0.10 1.3
E of Louisvilie, Kentucky
Ky-2 Rest area on S side of I-64, ~1.6 km 7.1 1.5+ 0.14 1.1+0.56 115
. E of intersection with Hwy 60
KY-3 W side of I-75, ~8 km § 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 1.3 +0.04 1,5x0.08 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+0.08 1.3
intersection with Hwy 68, near
Daffenville, Kentucky
) KY-6 S side of Western Kentucky Parkway, 3.9 1.2 +0.12 a 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 1.2+0.08 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,
N Kentucky
* KY-9 Intersection of Hwys 90 and 163, 4.8 1.5+ 0.08 0.88 £0.08 1.3
* E of Summer Shade, Kentucky, SW
. corner of intersection
KY-10 N side of Hwy 95 (1-24), at inter- d 1.4 £ 0.06 1l.2%0.10 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 I-64
KY-12 Approx. 13 km W of Mt. Sterling, 9.3 1.2+0.06 1.5+0.14 L7
Kentucky, SE corner of intersection
of I-64 and Hwy 60
KY-13 S side of I-64, ~1.6 km E of Hwy 32 11 4,2 +0.,18 1.2+ 0.04 3.8

at Morehead, Kentucky

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.
238)) measurements are <5% (20).

“Nuclide not found.

dNo data obtained.

Error in the
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Fig. 15. Location of background samples and external gamma-ray
exposure rate measurements in Kentucky.
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Fig. 16. Location of background samples and external gamma-ray
exposure rate measurements in Louisiana.
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Fig. 17. Location of background samples and external gamma-ray
exposure rate measurements in Michigan.
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Fig.  18. Location of background samples and external gamma-ray
exposure rate measurements in Mississippi.
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Fig. 20. Location of background samples and external gamma-ray
exposure rate measurements in Nevada.
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Table 22. Background radiation levels and nuclide concentrations in surface soil samples in
the State of New Mexice
Nuclide concentration in
Average external < : L
Sample gamma exposure surface soil (pCi/g)
designation Description of sample Tocation rate {(pR/h)} 226Ra 2327 238y
NM-1 Approx. 0.8 km E of Red Rock Trading 8.7 1.6 + 0,10 0.48 + 0.10 0.53
Post, N side of road at Arizona-New
Mexico border
NM-2 Intersection of roads at Beautiful 16 2.7+0.20 181022 1.5
Mountain, overlooking Sanostee,
New Mexico
NM-3 SW side of intersection of Hwy 666 L] 1.4 £+ 0.10 0.87 + 0.08 0.9
and road to Sanostee, New Mexico
NM-4 Intersection of Farmington Rd and 9.5 2.1+0.12 0.98+0.14 1.2
Navajo Mine Rd, ~9.6 km N of Bitsi,
New Mexico
NM-5 Intersection of La Vida Mission Rd, 11 1.4 £0.12 0.8 +0.12 0.91
Farmington Rd, and Hwy 7, ~42 km §
of Farmington, New Mexico
NM-6 Approx. 1.6 km § of San Juan River, 8.4 1.4 + 0.10 1.0 +0.06 0.91
SW of Farmington, New Mexico, W side
of Hwy
NM-7 W side of Hwy 170, at the Colorado-New 9.9 20+0.16 1.3+0.14 1.3
Mexico border, N of LaPlata, New Mexico
NM-8 New Mexico-Colorado border, E side of 7.9 2.0+0.12 1.1+0.10 1.5
Hwy 666, N of Shiprock, New Mexico
NM-9 Arizona-New Mexico horder, N side of 6.8 1.3+0.10 0.48 0,70 0.93
twy 504, W of Beclabito, Hew Mexico
NM-10 SW corner of intersection of 1-40 7.2 1.0 £+ 0.04 0.54 + 0.06 0.99
and Hwy 66, just E of Grants, New
Mexico
NM-11 W side of Hwy 53, ~14 km S of I-40 11 1.2 + 0,06 0.78 £0.06 1.1
and Grants, New Mexico
NM-12 Approx. 4.8 xm E of San Mateo in 15 0.72 + 0.08 0.86 + 0.08 0.83
Cibola National Forest
NM-13 Approx. 3.2 km N of Gallup, New 8.9 1.1+0.06 1.3+0.10 1.3
Mexico, E side of Hwy 666 at RR
crossing

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

Appendix 1.

borandard deviation of 226Ra and 232ZTh measurements are given as the 2¢ value.
measurements are <5% (20}).

Error in the 2384
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exposure rate measurements in New Mexico.
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Table 27. Background radiation Jevels and nuclide concentrations in surface soi) samples in
the State of Peansylvania
Nuclide concentration jn
Average external s . L
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate {(pR/h)% 22604 232Th 238
PA-1 Rest area at Pennsylvania-Ohio border 5.2 0.46 £ 0.04 0.38 £ 0.02 0.41
on I-90, W of Erie, Penmsylvania
PA-2 W side of 1-79, ~3.2 km 5 of inter- o 1.1 +0¢.12 1.0+0.06 1.1
section with Hwy 6-19, npear Kerrtown,
Pennsylvania
Pa-13 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 1.21+0.08 1.3
PA-5 Along Hwy 40 at Addison, Pemnsylvania 3.2 1.2 £0.06 0.99 3006 1.1
PA-6 Aleng Hwy 18, ~1.6 km N of Hickory, 5.6 1.6 +0.06 1.7 +0.08 L5
Pennsylvania
PA-7 Approx. 2.4 km N of Burgettstown, 4.9 1.7+ 0.12 0.72+0.35 1.4
Pennsylivania, along Hwy 18
PA-8 Along Hwy 18, at Frankfort Springs, 4.5 1.2+0,08 1.4+0.08 1.3
Pennsylvania
PA-9 Along Hwy 18, at Shippingport, 3.1 1.3+0.14 1.31+0.10 1.3
Pennsylvania .
PA-10 § side of Hwy 519, between 1-79 and 7.6 0.84 +0.04 1.3+0.08 1.2
Hwy 19, near Strabane, Pennsylvania
PA-11 NE side of Hwy 980 at intersection with 5.7 1.4 +0.14 1.3 +0.02 1.5
1-79, near Cannonsburg, Pennsylvania
PA-12 At Pennsylvania-West Virginia border, 5.5 0.83 £+ 0.04 0.88 + 0.06 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 1.0 2006 1.1
Hwy 19, on Hwy 519, near Cannonsburg,
Pennsylvania
PA-15 N side of Linden Rd., along Linden 7.4 1.4+0.10 0.88 = 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 0.95+0.12 0.97
Hwy 31, near Wyano, Pennsylvania
PA-17 S side of Pennsylvania Turnpike 1.6 2.4+0.12 1.0%0.08 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 Earlston, Penasylvania
PA-19 $ side of Hwy 30 in Caledonia State 5.8 1.120.22 0.9 t0.06 0.78

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

Nuctide cancentration jn
Average external . on i
Sample gamma exposure surface soil (pli/g}
designation Description of sample location rate (uR/h)% 226pa 232Th 238y ¥
PA-20 Approx. 11 km N of Easton, Pennsylvania, 2.5 0.81 + 0.10 0.69 + 0,12 0.63
on W side of Hwy 611
PA-21 Intersection of I-78 and Hwy 143, just N 8.1 0.96 + 0.04 1.2 +0.04 1.0
of Lenhartsville, Pennsylvania
PA-22 NW corner of intersection of I-81 and 7.3 6.85 +0.04 1.2+0.08 1.1
Hwy 443, near Hanover, Pennsylvania
PA-23 N side of Pennsylvania Turnpike, W side 8.4 1.L1+0.06 1.1+0.06 1.2 N
of exit 15, near the Blue Mtn. Tunnel
PA-24 E side of I-79 between Meadow Lands 12 1.7+ 006 1.4:0.14 1.4
and Race Track exits, near McGovern,
Pennsylvania
PA-25 Approx. 3.2 km NE of Cannonsburg 9.4 1.4+ 0.06 1.5+0.08 1.4
Industrial Park, on E side of I-79,
in Cannonsburg, Pennsylvania
PA-26 Approx 1.6 km N of Cannonsburg Industrial 14 1.0+ 0.04 1.2+0.06 1.3
Park on Hwy 980
PA-27 NE of intersection of Hwys 422 and 8.9 1.5+0.08 1.5+x010 1.9
28-66 at Kittanning, Pennsylvania
PA-28 W side of 1-79, ~32 km N of Pittsburg, 5.7 1.9+ 0.20  :13+008 1.7
Pennsylvania, at Hwy 228 intersection
PA-29 Intersection of two secondary roads, E 8.7 1.3+£0.12 1.3+x0.10 1.1
of Blairsville, Pennsylvania, at Toms
Run Creek -
PA-30 Secondary road ~1.3 km E of Strangford, 5.1 0.72+0.06 0.78+0.06 0.78
Pennsylvania
PA-31 § side of Market St., E end of Blairs- 7.5 0.98 + 0.08 1.0+ 0.08 0.87 -
ville, Pennsylvania, S of Hwy 22 near
city limits
PA-32 E side of Hwy 217 S of Blairsville, 8.9 1.1+0.08 11010 1.1
Pennsylvania, near the Conemaugh
River
PA-33 SW side of the township of Torrance, 3.7 1.1 +0.20 ©0.89 % 0.04 0.79

Pennsylvania

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

Appendix I.

bstandard deviation of 225Ra and 232Th measurements are given as the 2o value. Error in the 233y measure-
ments are <5% (20).

®No data obtained.

"y
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Table 28.
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the State of Tennessee

Background radiation levels and nuclide concentrations in surface soil semples in

Sample
designation

Description of sample location

Average external
gamma exposure
rate (uR/h)%

Nuclide cencentration jn

surface soil (pCi/g

226R,

2327Th

238

TN-1

TN-2

TN-3

TN-9

TN-10

TN-11

TN-12

Welcome station at Tennessee-Kentucky
border, W side of I-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 Crossviile, Tennes-
see, at NW 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

E 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, NW of Jackson,
Tennessee

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

Approx. 1 km 5 of Tennessee-Kentucky
border, on W side of Hwy 127, near
Chanute, Tennessee

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

Rest stop on S side of 1-40, ~3.2 km
W of intersection with 181, near
Nandridge, Tennessee

E side of I-8%, ~3.2 km N of inter-
section with Hwy 81, near Fall Branch,
Tennessee

7.0

11

0.98 + 0.12

0.72 £ 0.04

1.1 + 0.06

1.3 £0.10

0.65 % 0.02

1.4 + 0.14

0.95 £ 0.10

1.4 + 0.08

1.2 £+ 0.04

0.98 + 0.10

=

[y

[

.83 £ 0.44

.80 * 0.06

.68 ¢ 0.06

.1+£0.04

.97 £ 0.14

.66 ¢ 0.04

.1 +0.08

.67 + 0.08

.5+0.14

.0 £ 0.06

.1+0.60

0.95 )

aExposure rate determined from 3 to 4 measurements at each location using a "Phi1" tube as described in

Appendix 1.

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

®Nuclide not found.
dNo data obtained.
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Table 30. Background radiation levets and nuclide concentrations in surface soil samples in
the State of Utah

Nuclide concentration gn

Average external surface soil (pCi/g)

Sample gamma exposur
designation Description of sample location rate (uR/h) 226Ra 2327h 239
ur-1 NW corner of intersection of Hwys 68 7.1 1.9+0.12 0.75+0.06 1.6
and Alt. 50, downtown Salt Lake City,
Utah
ut-2 NE corner of intersection of Hwy Alt. 7.9 1.5+0.12 1.1%+0.18 0.9
50 and 5600 S. St., in W Salt Lake
City, Utah
ur-3 N side of Hwy 40, just 5 of the Great 6.4 1.0 £+ 0,14 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
Salt Lake City International Airport
No. 1
ur-5 Intersection of Hwy 68 and 500 S St., 9.0 1.1+0.12 0.7 +0.12 0.92
W side of Hwy 68 in North Salt Lake
City, Utah
uT-6 NE corner of intersection of Burke La. 11 1.8 + 0.18 1.7 +0.22 1.2
and Grover La. in Farmington, Utah
ut-7 S side of Hwy 127, just W of inter 7.0 1.9+0.08 2.3+0.14 1.5
section with Hwy 110, W side of
Syracuse, Utah
uT-8 Approx. 2 km E of Hwy 89, in Wasatch 11 1.2+0.08 1.7+0.14 2.4
National Forest, E of South Weber, Utah
uT-9 N side of Emigration Canyon Rd., E of 6.5 1.0 £ 0.08 0.88 + 0.06 0.72
Hwy 40 in SE 5alt Lake City, Utah
uT-10 E side of Hwy 68, E of intersection 7.3 1.7+ 0,20 1.:+0.10 1.1
with Hwy 173 in Murray, Utah
UT-11 Intersection of Hwys 173 and 111, S of 8.8 LL5+0.14 1,1x0.06 0.94
Baccaus, Utah, in NE corner
ur-12 NE corner of intersection of Hwys 111 10 1.5+¢0,12 1.5 +0.06 1.0
and 48, ~b6 km SW of 5alt Lake City
International Airport No. 2
ur-13 E side of Hwy 71, between 10600 and 9.5 1.2+0.12 1.410.08 1.8
12400 S St. in Sandy, Utah
uT-14 SE corner of intersection of Hwys 152 10 1.7+ 0.14 15+0.14 1.3
and 210, along S bank of Big Cotton-
wood Creek, E of Bulerville, Utah
UT-15 SW corner of intersection of Hwys 73 9.5 1.6 £0.14 1.5+0.18 0.93
and 68, W of Lehi, Utah
ur-16 E side of Hwy 146 at junction with Hwy 7.9 1.7+£ 014 12+008 1.0
80 SE of Alpine, Utah
ut-17 N side of access to Provo Boat Harbor, 6.0 1.4 £ 0.12 0.83 ¢+ 0.04 0.83

~5 km W of Hwy 114, N of Provo
Municipal Airport
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{continued)

Average external

Nuclide concentration
surface soil {pLi/g)

Iﬁ

Sample gamma exposur
designation Description of sample locatien rate (uR/h) 226Ra 2327 238y

uT-18 N side of Hwy 80 at Utah-Wasatch County 5.9 1.5+¢0.10 0.76 £ 0.06 0.94
1ine, near Wildwood, Utah

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

UT-20 Approx. 4.8 km 5 of Blanding, Utah, 10 1.1 4 0.94
£ side of Hwy 163 at airport entrance

uT-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

ur-22 E side of Hwy 50, at White River, N of 9.9 1.0 £+ 0.06 0.71+0.08 1.2
Colton, Utah

uT-23 N side of Hwy 40, at intersection with 9.0 1.0+£06.16 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 1-70 on W side of 12 1.4 +0.08 1.1 +0.08 1.6
Hwy 6-50, ~8 km W of Green River, Utah

UT-25 Approx. 19 km W of Green River, Utah, 5.0 1.0 £ 0.10 e 0.1
at intersection of 1-70 and Hwy 24

uT-26 Approx. 21 km $ of I-70, on Hwy 24 6.6 0.54 + 0.04 0.26 + 0.02 0.46
toward Hanksville, Utah

uT-27 Approx. 16 km E 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 I-80 ~22 km E of Knolls, 14 1.2+0.12 0.96 £0.08 0.96
Utah

UT-31 Approx. 16 km E of Wendover, Utah, 7.7 1.4 + 0.06 1.2+0.08 1.3
N side of I-80 in the Bonneville
Salt Flats

yr-32 NW corner of intersection of I-80 14 1.5+ 0.08 1.7+ 0.10 1.0

and I-15, at Tremonton, Utah

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

Appendix I.
Standard deviation of 228Ra and 232Th measurements are given as the 26 value.

ments are <5% (20).
“No data obtained.

Error in the 233U measure-
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Table 31. Background radiation levels and nuclide concentrations ip surface soil samples in
the State of Virginia

Nuclide concentration ln

Average external surface s0il (pCi/g)

Sample : gamma exposure
designation Description of sample Jocation rate (pR/n)? 226Ra 232TH 238y
VA-1 E side of I-81 in rest area ~24 km N of 4.5 1.1 £+ 0.04 0,98 +0.04 0.8%
Bristel, Virginia
VA-2 E side of I-81, ~2.4 km N of Hwy 680 7.9 1.1+ 0.10 0.85 % G.04 0.97
intersection, W of Wytheville,
Virginia
VA-3 E side of I-81, 0.8 km § of Hwy 232-605 11 0.62 + 0.04 0,93 +0.08 0.78

at Mewbern, Virginia

VA-4 Approx. 1.6 km N of intersection of I-81 6.3 0.66 + 0.04 1.0 2 0.06 1.1
and Hwy 115, on E side of I-81, N of
Roanoke, Virginia

VA-5 E side of I-81, ~0.8 km S of intersection 11 0.92 £+ 0.04 0.79 £ 0.06 0.93
with Mwy 60, near Buena Vista, Virginia

VA-6 E side of [-81, ~0.8 km $ of intersection 5.3 1.1 £ 0.06 0.91+0.06 1.3
with Hwy 256, near Sidney, Virginia

VA-7 S side of Hwy 211, E of I-81 at Visitors 8.2 0.78+ 0,06 0.94 £ 0.06 1.1
Center in National Forest, W of
Luray, Yirginia

VA-8 Approx. 6.4 km W of Amissville, Virginia, 13 0.81 + 0.04 1.4 £0.06 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 + 0.06 0.86
1-495 loop in Fairfax, Virginia

YA-10 W side of I-95 in NW 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 1-9%, ~18 km 3.9 0.76 £ 0.08 0.63 £ 0.08 0.85
N of Richmond, Virginia

VA-12 NW corner of intersection of I-85 and 4.8 0.62 £ 0.04 0.55 + 0.04 0.78

Hwy 40, near McKenney, Virginia

VA-13 $W corner of intersection of I-81 and 9.1 1.0 + 0,10 0.84 £0.10 1.1
Mwy 55, near Strasburg, Virginia

AExposure rate determined from 3 to 4 measurements at each location using a "Phil" tube as described in
Appendix 1.

Pstandard deviation of Z%6Ra and 232Th measurements are given as the 2o value. Ervor in the 238U measure-
ments are <5% (20).
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@ WEST VIRGINIA STATE BACKGROUND
SAMPLE LOCATIONS

Fig. 32. Location of background samples and external ganma-ray
exposure rate measurements in West Virginia.
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Table 33. Background radiation levels and nruclide concentrations in surface soil samples in
the State of Wyeming
Nuclide concentration jn
hverage external Y .
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate (pR/h)7 2268, 2327} 238
Wy-1 E side of Hwy 789, ~1.6 km N of 14 0.91+0.04 1.1+0.10 0.93
Wyoming-Colorade border, at Baggs,
Wyoming
wY-2 Approx. 1.6 km NW of intersection of 20 1.3 +£1.2 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 NE of Lander, 13 1.1 +0.,08 0.93 +90.10 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, § 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 5 of intersection of 10 1.320.14 1.2+0.16 1.2
Hwys 16 and 12G, S of Cody, Wyoming
WY-7 Approx. 1.6 km E of Shosheni, 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 1-25 15 0.65 + 0,04 ©.70 £+ 0.10 0.66
Wy-9 SW corner of intersection of Hwys 487 15 0.73 £+ 0.08 0.59+0.12 0.79
and 91, N of Medicine Bow, Wyoming
WY-10 Approx. 0.8 km S of i-80, on W side of 16 0.95 + J.10 0.69 + 0.06 0.83
Hwy 789, about 21 km E of Wamsutter,
Wyoming
WY-11 Approx. 16 km N of Douglas, Wyoming, 12 1.7 £+ 0.22 c 1.9
on § side of North Platte River, at
Hwy 93 bridge
wWy-12 W of rest area at intersection of I-25 11 0.97 + 0.064 1.2 +0.10 1.3
and Hwy 314, near Slater, Wyoming
wY-13 At Wyoming-Colorado border, on W side 15 0.82 + 0.04 1.1 t+ .06 0.89

of I-25, S of Cheyenne, Wyoming

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

Appendix I.

betandard deviation of 225Ra and ?32Th measurements are given as the 2¢ value. Error in the 2380 measure-
ments are <5% (20).

“No data obtained.
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Table 34. Summary of state background external gamma exposure rate measurements®

Arithmetic mean Geometric mean
tate semwments e CHRIRGE i
H (uR/1) (uR/h)
Alabama 8 3.0-7.8 4.8 + 3.5 4,5 : 1.4
Alaska d d d d
Arizona b 5.3 - 12 9.3 + 5.4 8.9 : 1.4
Arkansas 1 11 11° 1€
California 3 9.0 - 11 106 £ 2.3 10 : 1.1
Colorado 32 6.3 - 34 14 + 10 14 : 1.4
Delaware 2 5.0 - 6.9 6.0 %26 59 : 1.3
Florida 11 <1.0 - 7.4 4.0t 3.2 3.6 : 1.7
Georgia 9 1.9- 9.0 5.1 +4.2 4.7 : 1.6
Idaho 13 11 - 16 12 + 3.2 12 11
I1linois 8 7.2 - 11 8.1 %25 8.0 :1.2
Indiana 2 6.0 - 7.1 6.6 £ 1.5 6.5 : 1.1
Kansas [ 6.6 - 14 10 + 5.2 5.8 : 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 5.4 : L3
Michigan d d d d
Mississippi 3 4.3 -11 8.0 £ 6.7 7.4 : 1.6
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 2.3-13 6.1 + 4.8 5.7 : 1.5
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 - 11 6.9+50 6.4 : 1.5
Oregen 9 8.2 - 19 11 + 6.6 11 N
Pennsylvania 32 2.5 - 14 6.7 £ 5.0 6.2 : 1.5
Tennessee 12 2.9-1 6.4 + 4.8 5.9 : 1.b
Texas 10 1.4 - 5.6 3.1 +3.0 3.0 : 1.6
ytah 32 5.0 - 14 8.7 4.5 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 + 5.2 13 : 1.2
U. S. Average 27 <1.0 - 34 g.5+41 7.5 : 1.7

aSummary 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 68% (lo) of the frequency values.

dNo data on external gamma exposure rates available for the state.
€yalues for standard deviation cannot be computed.
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Table 35. Summary of state background concentrations of ?26Ra in surface s0il1?
state vaber of  Ronge o Nnd Sandarg | and standarg
analyzed (pCi/g) eviation deviation
(pCi/y} (pCi/g)

Alabama 8 0.47 - 1.4 0.82 1 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 : 1.5
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 S 0.46 - 1.6 0.88 + 0.77 0.81 : 1.6
Idaho 12 0.64 - 1.6 1.1 +0.51 1.1 : 1.3
I11inois 0.6% - 1.2 0.97 + 0.41 0.95: 1.3
Indiana 1.0 - 1.1 1.1 £ 0.07 1.1 : 1.1
Kansas 0.34 - 1.4 0.97 ¢+ 0.85 0.86 : 1.8
Kentucky 13 0.81 - 4.2 1.5 ¢+ 1.7 1.4 : 1.5
Louisiana 2 0.58 - 0.84 0.71 £ 0.36 0.70 : 1.3
Maryland b 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 0.89 - 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 b 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 £ 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 £ 0.5 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 11 D.78 - 1.6 1.3 £+ 0.57 1.2 : 1.3
Wyoming 13 0.65 - 1.7 1.0+£0.59 1.0 : 1.3
U. 5. 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 2c value.

©The geometric standard deviation is a muyltiplicative parameter to the geo-
metric mean containing 68% (1lg) of the frequency values.

dNo. data on 22%Ra concentration available for state.
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Table 36. Summary of state background concentrations of 232Th in surface soil%
b ot fange or  ArIeRtic nean  Geontric men
State samples values deviation deviation®
analyzed (pCi/qg) (pCi/q) (pCi/g)
Alabama 8 0.36 - 1.5 0,77t 0.71 0.70 : 1.6
Alaska 7 0.13 - 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 1.5d 1.64
California 3 0.30 - 0.7¢ 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 1.24
Florida 10 0.12 - 0.37 0.24 £ 0.13 0.23 : 1.3
Georgia 9 0.28 - 3.4 1.1+1.9 0.85: 2.1
Idaho 13 0.42 - 1.9 1.2+ 0.73 1.1 : 1.5
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 [ 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 L1l : 15
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 + (.83 0.83: 1.6
Ohio 12 0.71 - 1.5 1.0 £ 0.50 1.0 : 1.3
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 1 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 1 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. 5. Average 33 0.10 - 3.4 0.98 + 0.46 0.87 : 1.7

aSummary 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 68% (1lo) of the frequency values.

dyalues for standard deviation cannot be computed.
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Table 37. Summary of state background concentrations of 228 in surface soil®
ot e L g e
analyzed (pCi/g) eviation dev1§t1on
{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 ¢.61 : 1.3
Arizona 6 0.27 - 1.83 0.82 + 1.1 0.67 : 2.0
Arkansas 1 1.5 1.5 1.5%
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 1.4
Delaware 2 1.1 - 1.2 1.2 £ 0,10 1.2 . 1.0
Florida 11 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
Idahe 13 0.66 - 2.2 1.1 +0.88 1.1 1.4
IMVinois 0.64 - 1.4 1.1 *0.45 1.0 1.3
Indiana 1.1 - 1.4 1.3 +£0.31 1.3 1.1
Kansas . 0.58 - 1.4 1.1 + (.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 +0.65 1.3 : 1.3
New Jersey 24 0.13 - 1.4 0.86 = 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
Nerth 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 £ 0.83 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 +0.53 1.4 1.2
Wyoming 13 0.6 - 1.9 1.0 + 0.63 0.97 : 1.3
U. §. Average 355 0.12 - 3.8 1.0 + (.83 0.96 : 1.6

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

bStandard deviation of arithmetic mean is the 20 value.

°The geometric standard deviation is a multi

plicative parameter to the geo-
metric mean containing 68% (lo) of the frequency values.

dVa1ues for geometric standard deviation cannot be computed.
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ARITHMETIC MEANS
[ 7] NO MEASUREMENTS TAKEN

-

Bl 1.0 ncizg

B <10 ntin

Concentration of 238U in surface soil samples - State averages.

Fig. 37.
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Table 40. Background radionuciide concentrations in
surface soil — World averages®

Radionuclide concentration
in soil (pCi/g)

Radionuclide

Typical range World average
226Ra 0.49-1.98 0.79
238y 0.33-1.32 0.66
232Th 0.22-1.31 0.65

aAdapted from ref. 18.
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Appendix 1

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 Tead (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 ?2%Ra 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 is subtracted out in the final determination of exposure rate.

Errors associated with the use of the "Phil" tube in measuring low-
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 pn in
diameter (-35 mesh). ATliquots from this dried sample are transferred to
30-cm® polyethylene bottles (standard containers for liguid 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 lithium-drifted [Ge(Li)] detector system of the
O0ff-Site Pollutant Measurements Group at ORNL.

A holder for twelve of the polyethylene bottles and a background
shield have been designed for use with a 50-cm3® 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 %2®Ra, six principal
gamma-ray lines are analyzed. Most of these are from 2?14Bi and corre-
spond to 295, 352, 609, 1120, 1765, and 2204 keV. For analysis of
232Th, seven gamma 1ines of its daughters are analyzed (239, 338, 583,
795, 911, 969, and 2615 keV).
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NEUTRON ABSORPTION TECHNIQUE FOR 238U ANALYSIS*

Following the initial soil sample drying and pulverizing, a 30 cm3
aliquot is sent to the Analytical Chemistry Division of ORNL for 238
analysis by neutron activation. The concentration of 235U in the soil
sample is determined by counting delayed neutrons emitted from fission
products produced by neutron activation of the 2350 in the sample.
Neutron activation of the samples are made in the pneumatic tubs irradi-
ation facility of the Oak Ridge Research Reactor. Following exposure to
a thermal neutron flux of approximately 6 x 10!2 n/cm®-s, a count of the
delayed-neutron activity is made using a paraffin moderator with a BF;
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 235U, Calculatiocns are then made utilizing the fol-

lowing equation:

235 in test sample =

Net count of test sample )
count of comparator sanple

235y in comparator sample (et

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

intervals), with a lower limit of detection of ~40 ppb (102 pCi/g) for
238))

*F, F. Dyer, J. F. Emery, and G. W. Leddicotte, A Comparative Study
of the Neutron Activation Analysis of Uraniwm by Delayed Neutrcn Count-
ing, ORNL-3342 (October 1962).
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