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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 Off-Site Pollutant Measurements Group of the Health and
Safety Research Division at O0ak 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 238U 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 1locations in 33 states. External gamma-ray exposure rates were
found to range from less than 1 to 34 uR/h, with an U.S. average of
8.5 pR/h. The nationwide average concentrations of 226Ra, 232Th, and
238)) in 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 0ff-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 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 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.? 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. 192 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 (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 I1 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.3 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 inactive uranium
mill sites, background radiation levels were determined in order to
understand the significance of radiation levels present at FUSRAP sites.
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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 ("Phil") 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 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 coliected from the top
6 cm of the soil, andkapproximately 600 cm® of the scil 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 ym in diameter (-35 mesh). A 30 cm3® 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(lLi)] detector, and the spectra
obtained were analyzed for the 22®Ra and 232Th using computer tech-
niques. A more detailed description of the Ge(lLi) detector and soil
sample analytical procedure is provided in Appendix II.

LOCATIONS OF STATE BACKGROUND SAMPLES AND MEASUREMENTS

The 1locations 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 Tlocation 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 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
ITlinois 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 pR/h) and the concentration of %2%Ra, 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 225Ra, and
232Th concentrations in soil represent only the errors associated with
individual sample counting statistics. These values are given as the 20
(95% confidence) interval. Propogation of errors from sampling methods,
sample preparation, and system calibration has not been included. For



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 Tognormal 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 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 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 pR/h. State averages were in
the range of 3.3 puR/h (Texas) to 14 uR/h {Colorado, Nevada, and Wyoming)
with a U. S. average of 8.5 uR/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



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 226Ra 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 ?2%Ra 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 238y 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 238y 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 238U, 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.®~1% Table 38 presents a summary of the more extensive of these
measurement programs. Of these surveys, those conducted by Beck,?s!®
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 compahiéon 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.® 1In 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 considerabﬁe 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.?

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 simuitaneous 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 2380 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,

radiocactive equilibrium exists.



External Gamma-Ray Exposure Rates vs Radionuclide
Concentrations in So0il

Analysis of the data for correlation between the external gamma-ray
levels and radionuclide concentrations in the soil was conducted for
each vradionuclide measured, as well as the combination of all three.
The covrelation coefficients obtained were 0.48, 0.35, and 0.33 for
gamma vs #3%Th, gamma vs 22%Ra, 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 MeY for the 238U and 22%Ra chains). Further regression
analyses confirmed the correlation for both linear and logarithinic
regressions. The coefficient of determination (r?) 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 radionuclides in soii and rocks, are important in the correlation
with extérna] gamma-yray exposure rates, as would be expected. In
addition, measurement errors in both exposure rate determinations and
radionuclide concentrations would affect the observed degree ui correla-
tion.

SUMMARY

Background radiation levels across the United States have been
measured by the Off-Site Pollutant Measurements Group of the’Heaith 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 2%68Ra, 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 locations 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 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
238 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 238U, 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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Table 1. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Alabama
Nuclide concentration in
Average external : . L
Sample gamma exposure surface soil (pCi/g)
designation  Description of sample location rate (uR/h)< 226pa 2327h 238y
AL-1 Approx. 1.6 km S of I-65 on W side 3.7 0.59 + 0.02 0.65 + 0.04 0.67
of Hwy 17
AL-2 Approx. 3.2 km S of I-85 on Hwy 15, 7.8 1.0£0.14 0.87 £ 0.06 0.95
about 17 km W of Alabama-Georgia line
AL-3 Approx. 1.5 km § of I-85 on Hwy 80 near 4.4 1.4 £+ 0.10 1.5+ 0.10 0.95
Hwy 229 turnoff, N side of road
AL-4 Approx. 1.2 km W of I-65 on Hwy 106 in 3.7 0.49 £ 0.04 0.36 £ 0.08 0.51
front of small church and graveyard,
N side of road
AL-5 Rest area at end of I-10 (headed west) 3.2 0.47 £ 0.08 0.44 + 0.02 0.83
AL-6 Roadside park, ~8.1 km N of York, 6.5 0.93 £ 0.04 1.0 +£0.08 0.91
Alabama on £ side of Hwy 11 at mile
marker 11
AL-7 W side of frontage road off I-59 at 6.1 0.70 £ 0.02 0.67 £ 0.04 0.85
mile marker 148.8
AL-8 - Approx. 0.5 km W of I-59 (exit 231) N 3.0 0.99 + 0.06 0.63 £ 0.04 1.1

side of Hwy 40

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

described in

bstandard deviation of 226Ra and 232Th measurements are given as the 20 value.

Appendix I.

238) measurements are <5% (20).

Error in the

—
-+
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Table 2.

Background radiation levels and nuclide concentrations in

the State of Alaska

surface soil samples in

Average external

Nuclide concentration in
surface soil {pCi/g)

Sampie gamma exposure
designation  Description of sampie location rate (pR/h)<¢ 228Ra 2327h 238y

AK-1 S side of Tanana River, ~13 km SE 0.66 £ 0.12 0.98 + 0.20 0.62
0f the city Jimits of Fairbanks, Alaska

AK-2 Approx. 62 km NE of Fairbanks, Alaska, 0.59 + 0.08 0.66 £ 0.08 0.64
N side of Hwy 6

AK-3 N side of Hwy 3, at Wasilla, Alaska d 0.1 + 0.12 (.39

AK-4 Approx. 40 km £ of Kenai, Alaska, on 0.2 + 0.12 0.98 = 0.22 (.80
ine S side of Hwy 1, just below confluence
of Russian and Kenai Rivers

AX-5 N side of Hwy I, ~85 km W of Glenallen, .73 £ 6.10 0.% =+ 0.12 Q.77
Alaska

AK-6 Approx. 5 km S of Glenallen, Alaska, 06.59 + 0.06 2.3 £ 0.8 0.70
on the W side of Hwy 4

AK-7 Apprex. 24 km S of Tok Junction, C.43 £ 0.04 0.40 2 0.04 0.46

flaska, on W side of Hwy 1

aExposure rate determined from 3

described in Appendix I.

bsiancard deviation of 226Pa and

measurements are <5% {2¢).

“No data obtained.

d

Nuclide not found.

L0 4 measurements at each location

using a "Phil" tube as

232TH measurements are given as the 20 value. Error in the 2338y

91
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Table 3. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Arizona
Nuclide concentration in
Average external E
Sample gamma exposure surface soil (pCi/g)-
designation  Description of sample location rate (uR/h)% 22%Ra 2327h 238y
AZ-1 In valley 9.7 km S of uranium mill 9.5 1.7 + 0.08 0.46 + 0.08 0.97
tailings at Monument Valley, Arizona
AZ-2 S side of Hwy 64, ~0.6 km W of inter- 10 0.93 £+ 0.10 1.3 +0.12 0.92
section of Hwys. 89 and 64 '
AZ-3 N side of Hwy 89, 2.4 km E of Glen 5.3 0.23 £+ 0.06 0.20 * 0.08 0.27
Canyon Dam (mile marker 548)
AZ-4 S side of Hwy 160, ~0.4 km E of 12 2.0 + 0.10 1.0x0.16 1.8
intersection of Hwys 160 and 89
AZ-5 Near rest stop on Hwy 264, 11.4 km 6.8 0.40 £+ 0.06 0.39 = 0.06 0.47
E of Tuba City, Arizona
AZ-6 S side of Hwy 160, 3.2 km W of 12 0.42 £+ 0.10 0.42 £ 0.04 0.43

Kayenta, Arizona

“Exposure rate determined from 3 to 4 measurements at each location using a "Phil"

described in

PStandard deviation of 226Ra and 232Th measurements are given as the Zc value.

Appendix I.

238y measurements are <5% (20).

tube as

Error in the

81
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Table 4. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Arkansas

Nuclide concentration gn

Average external : .

Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate (uR/h)% 226Ra 2327h 238y
AR-1 Rest area W side of I-55, ~16 km 11 e 1.6 £ 0.24 1.6

NE of Gilmore, Arkansas

%exposure rate determined from 3 to 4 measurements at each Jocation using a "Phil" tube as
described .in Appendix I.

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

®Nuclide not found.

0¢
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Table 5. Background radiation levels and nuclide concentrations in surface soil samples in
the State of California

Nuclide concentration in

Average external surface soil (pCi/g)b

Sample gamma exposure
designation Description of sample location rate (uR/h)% 226Ra 2327h 238y
CA-1 W side of Hwy 395 at junction of 8.0 1.3+ 0.04 0.76 £ 0.08 1.3

Hwys 395 and 46, near Goose Lake, in
Northern California

CA-2 E side of Hwy 48, S of Goose Lake, 11 0.78 £ 0.04 0.55 + 0.04 0.83
S end of causeway
CA-3 E side of Hwy 48, W side of Goose 11 0.24 £ 0.04 0.30 £ 0.04 0.19

Lake at Crowder Flats turnoff

“Exposure 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
238Y) measurements are <5% (20).
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Fig. 6. Location of background samples and. external gamma-ray
exposure rate measurements in California.
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Table 6. Background radiation levels and nuclide

the State of

Sample
designation
€0-1
ce-2
C0-3

Co-4

C0-11
C0-12

€0-13
C0-14
C0-15

CG-16

€0-17

C0-18

concentrations in surface soil samples in
Calorado

Description of sample location

Nuciide concentration jn

Average external surface soil (pCi/g)b

gamma exposure

1.6 km N of Colorado-New Mexico border,
E side of Hwy 550

Approx. 8 km S oif Montrose, Colorado,
E side nf Hey 550

W side of Hwy 141, ~1.6 km S of Gateway,
Coloradg

Junction of Hwys 666 and 141, NW side of
Hey 141

5 of 1-70 at Colorado-Utah border

Approx. 2 km £ of Utah-Colorado border,
S side of Hwy 41

Intersection of Hwy 172 and 309, W side of
Adjacent to Hwy 666 at Pleasant View,
Colorado

Approx. 45 km S of intersection of Hwys
141 and 145

Beside road at Erikson Springs, Colorado,
between Crested Butte and Paonia

Approx. 0.4 km S of Crested Butte,
Colorado, W side of Hwy 135

St side of intersection of road at Spur
Guest Ranch

S side of Hwy 50, at Sargents, Colorado
S side of Hwy 114 at North Cochetopa Pass

Intersection of roads to Powerhorn and
Lake City, Colorado, S side of road

Big Blue turnoff on Hwy 149 between
Powerhorn and Lake City, Colorado, NW
of intersection

Approx. 450 m above Big Blue Mesa Dam
Reservoir, N of Hwy 50, S side of Take

rate (pR/h)“ 226Ra 2327h 238y
15 1.1+0.12 1.1+0.10 0.9

15 1.5+ 0.08 1.2+0.22 1.2

10 3.4 0.42+0.02 1.9
8.1 1.9+£+0.10 0.10+0.02 1.1
6.3 0.96 + 0.12 c 0.54
7.1 0.54 + 0.04 0.58 + 0.06 0.62

9.9 1.2 c 1.2

Hwy 309, ~1.6 km from La Plata City airport

12 1.2 c 0.99

13 1.6 1.2 +0.08 1.5

13 1.5 e 1.2

22 <2.0 c 1.3

21 1.2 c 1.0

19 2.1 1.5+ 0.06 3.0

16 1.3 e 1.1

13 1.3 e 1.3

15 1.4 e 1.3

18 0.91 1.5+ 0.04 1.3

15 0.85 c 1.0

SW side of Hwy 145 at Placerville,
Colorado, 275 m ¥ of intersection
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Table 6. {continued)

Nueclide concentration in

Average external surface soil (pCi/q)b

Sample gamma expusure
designation Description of sasple location rate (uR/h)% 2282, 232Th 23Ry
£0-19 N side of tuwy 90 at Utah-Colorado border 15 1.6 c 1.5
Cg-20 Woside of Hwy 139 imwediately acvoss 16 2.2+0.06 1.3+0.06 1.8
Dougltass Pass going N
£o-21 S side of Huwy 330 at Colbran, Colorads, 3.3 1.9 £+ 0.04 1.1+0.18 1.6
intersection with county road
cn-22 DeBegue, Colovado, 1 of intersection of 10 1.3 £+ 0.04 2.1 +2.6 1.3
county voad and Hwy 6-24
€0-23 Approx, 1.9 ka SE of Glenwood Springs, 15 1.2 £+ 0.10 ¢ 1.2
Colorado, NE side of Hwy 82
C6-24 Approx. 3.2 km W of Lay Coloradu Post 11 1.4 £ 0.08 1.1+0.10 1.3
Gffice, N side of Hwy 40
CG-25 Intersection of Moffat County roads 11 0.65 + 0.06 0.78 £ 0.04 0.66
17 and 119
C0-26 Intersection of Moffat County road 57 and 11 0.48 + 0.06 0.58 = 0.06 0.47
Hwy 50, E side of 57
co-27 S side of Hwy 6, 4.8 km E of intersection 14 1.2 £ 0.08 1.2 +0.08 1.1
of Hwy 82 and 1-70 in Glenwood Springs,
Colorado
£0-28 SW corner of intersection of I-70 and Hwy 24 19 1.8+0.16 3.1t 1.6 0.39
C0-29 Approx. 6.8 km £ of Eisenhower Tunnel on 34 1.8 +0.12 2.9+2.2 1.7
S side of 1-70
£0-30 SW corner of intersection of Manila Rd 17 1.3 £ 0.08 1.5+ 1.2 1.2
and I-70, 27 km E of Denver, Colorado
£0-31 SE corner of intersection of Hwy 40-287 14 1.3+ 1.2 1.1 £ 0.8 1.1
and I-70, ~130 kin £ of Denver, Colorado
C0-32 Burlington, Colorado, at SW cornar of 14 1.3 £0.06 1.4 +0.08 1.1

intersection of Hwy 388 and I-70

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

bstandard deviation of 225Ra and 232Th measurcments are giver as the 2o value. Error in the 238U measure-
ments are <5% {(Zo).

“Nuclide not found.
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Table 7. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Delaware

Nuclide concentration zn

Average external surface soil {(pCi/g)

Sample gamma exposure ,
designation Description of sample location rate (uR/h)4 226Ra 2327 238y
DEL-1 E side of Hwy 301, S end of Summit 6.9 1.1+0.06 1.2 +0.06 1.1
Bridge
DEL-2 SE corner of intersection of I-95 and 5.0 1.2 +0.06 1.2 +0.08 1.2

March Rd, N side of Wilmington, Delaware

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
238 measurements are <5% (20).

Le
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Table 8. Background radiation levels and nuclide concentrations in surface soil sampies in
the State of Florida

Average external Nuclide concentrat1on)%n

surface soil {pCi/g

Sample gamma exposure
designation Description of sample location rate (uR/h)¢ 226R4 2227h 238y

Fi-1 N side of 1-10, midway between Jacksonville, 3.4 -0.47 £ 0,10 0.21 £0.02 0.23
Florida, and intersection of 1-10 and I-75

FL-2 S of Starke, Florida, on US 301, just N of e 0.41 £ 0.06 0.29 £ 0.06 d
Hwy 227 on W side of hwy

FL-3 NE of intersection of Hwys 60 and 39, ~10 4.1 1.4 + (.10 0.25 £ 6.08 1.8
ke S of Plant City, Florida

Fi-4 Approx. 4.5 km S of Fort Mead, Fiorida, 4.7 1.2 +£06.12 0.25 + 0.62  0.98
SW side of intersection of Hwy 17 and
urmarked dirt road

fl-5 Approx. 1l km W of Arcadia, florida, on 7.4 2.3+0.14 0.20 £ 0.04 2.0
Hay 72, W side of Horse Creek

Fi-6 N side ¢f bridge between Bradenton and 3.8 4.97 = 0.44 4 1.1
Palmetto, Florida, on £ side of Hwy 41

FL-7 HE correr of intersection of I-75 and 2.7 0.2% £ 0.4 0.12 +G.94 0.20
Hwy 54 near Zephyrhills, Flerida

FL-8 £ side of 1-75, 2.4 km N of Hwy 44 4.1 0.67 £ 0.04 .37 £0.04 0.30

FL-9 E side of 1-75, 1.5 km S of Micanopy exit 4.3 0.83 £ 0.12 6.21 x (.04 0.56
at mile marker 244

FL-10 tntersection of I-75 and Hwy 90, W of Lake 4.8 0.45 + ¢.08  0.26 £ 9.04 0.1b
{ity, Florida

FL-11 E side of I-75 across from welcome 2.5 d d 0.312
station at Florida-Georgia border

FL-12 intersection of Scenic Hwy and Summit <1.6 0.28 ¢ ¢

420 8.26 £ 0.02 0.42
8tyd., Pensaccla, Florida .

62

tocation using a "Pnil’ tube as described in

*

“Ixposive rate determined from 3 to & measurements at sach
Appendix 1.

Pstandard deviation of 220Ra and 2527Th measurements are given as the 20 vatue. Error in the U330 measure-
ments are <5% (2o}

]

d

Mo data cbtained.

ffuctide not found.
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Table 9. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Georgia
Nuclide concentration in
) Average external curface soil (pCi/g)L
Sample gamma exposure
designation Description of sample location rate (pR/h)“ 226Ra 2327h 238y
G&-1 NE corner of intersection of I-75 4.9 0.50 £ 0.02 0.28 £ 0.04 0.48
and Hwy 37, near Adel, Georgia
GA-2 Approx. 0.4 km N of Arabi exit on 3.1 0.46 '+ 0.04 0.47 + 0.32 0.48
1~75, £ side of road
GA-3 E side of I-75, ~1.6 km S of Perry, 3.7 0.80 2 6.04 0.78 £ 0.04 0.82
Gecrgia, exit
GA-4 E side of I-75, ~1.6 km S of Rumble 1.9 0.81 + 0.04 0.87 +0.04 0.87
Rd, near Forsyth, Gesrgia
GA-5 NE corner of intersection of I-75 4.4 §.68 £ 0.02 0.61 +0.04 0.67
and Hwy 138, S of Morrow, Georgia
GA-6 NE corner of [-75 and Emerson- 6.1 1.3 £ 0.02 1.9 ¢ 0.10 1.1
Alatoona intersection
GA-T Best stop, E side of I-75, ~3.2 km 6.5 0.6 + 0.06 0.84 + 0.08 0.71
N of Dalton, Georgia
GA-8 Approx. 0.8 km N of I-85 at Palmetto 6.7 1.6 + 0.08 3.4 £ 0.18 1.6
exit at mile marker 56
GA-9 3.8 1.2 £ 0.06 0.76 £ 0.06 1.1

Approx. 1.2 km N of I-85 on Hwy 109,
0.4 km E on Hwy 14, S side of rvoad

>3

¢

D 13 o B D > . o
Standard deviation of 22€Ra and 232Th measurements are given as the 20 value. Error in the 238y

measurements are <5% (20).

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

1€
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Table 11. Background radiation levels and nuclide concentrations in surface soil samples in

the State

of I1linois

Nuclide concentration %n

Average external surface soil (pCi/g)

Sample gamma exposure
designation Description of sample location rate (uR/h)% 226Ra 2327Th 238y
IL-1 Approx. 1.6 km W of Albers exit, on 11 0.83 £ 0.06 1.1 0.08 1.0
S side of I-65
IL-2 SW corner of intersection of I-64 and 7.5 1.1+0.10 1.1x0.06 1.2
Hwy 460, S of Mt. Vernon, I1linois
It-3 S side of I-64, ~0.4 km E of inter- 7.2 0.82 £ 0.04 0.94 +0.12 0.87
section of I-64 and Hwy 1, near
IMYinois-Indiana border
IL-4 Approx. 1.9 km S of I-270 on Hwy 3 7.4 e 1.2 £ 0.06 1.1
on W side of road
IL-5 SW corner of intersection of Hwys 50, 8.6 0.88 +0.04 1.0+0.04 1.0
3, and 158 near Columbia, I1linois
IL-6 W side of Hwy 3, on S side of Marys 7.3 1,2 +0.30 1.0+0.06 1.2
‘River, S of Chester, Illinois
IL-7 S side of Hwy 186, ~3.5 km E of 7.6 0.65 £ 0.08 0.49 + 0.34 0.64
Ware, I1linois
IL-8 Intersection of I-24 and Hwy 45, 7.8 1.2+0.10 0.81£0.5 1.4

in NW corner

%Exposure rate determined from 3 to 4 measure
described in Appendix I.

bStandard daviation of 22%Ra and 232Th measur
238 measurements are <5% (20).

®Nuclide not found.

menis at each Tocation using a "Phil" tube as

ements are given as the 20 value. Error in the

Ge
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Table 12. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Indiana

Nuclide concentration gn

Average external surface soil (pCi/g)

Sample gamma exposure

designation Description of sample location rate (uR/h)¢ 226pR3 2327h 238y

IN-1 SE corner of intersection of I-64 6.0 1.0 £06.08 1.1+¢0.10 1.1
and Hwy 161, in edge of woods

IN-2 SE corner of intersection of I-64 7.1 1.1+ 6.06 1.2 +£0.08 1.4

and Hwy 66, next to graveyard

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 2o value. Error in the
238y measurements are <5% (20). '

LE
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Table 13. Background radiation ievels and nuclide concentrations in surface soil samples in
the State of Kansas

Nuclide concentration %n

Average external surface soil (pCi/g)

Sample gamma exposure
designation Description of sampie location rate (uR/h) 2264 2327k 238y
KS-1 Approx. 550 m E of intersection of 14 1.4 x 0,12 e 1.2
[-70 and Hwy 83-383, W of Oakley,
Kansas
KS-2 SW corner of intersection of I-70 12 1.4 £ 0,10 1.6 +0.18 1.4
and Hwy 283, W of Hays, Kansas
KS-3 In pasture behind rest stop on § 10 1.0 £ 0.08 1.6x0.08 1.1

side of I-70, approx. 3.2 km E of
Hays, Kansas

KS-4 In field behind rest stop on § side 6.6 0.57 £ 0.04 0.32 +0.08 0.58
of I-70, ~1.1 km W of intersection
with Hwy 156

KS-5 Rest area on S side of I-70, ~1.4 km 8.2 G.34 £ 0.59 e (.82
W of intersection with Hwy 77
KS-6 S side of I-70, ~0.5 km W of inter- 9.8 1.1 +0.54 1.5%0.90 1.4

section with Hwy 4

a . . . . .
Exposure rate determined from 3 to 4 fleasurements at each location using a "Phil" tube as
described in Appendix I.

2 - . . . ,
Standard deviation of 226Ra and 232Th measurements are given as the 2c value. Error in the
-
=33 measurements are <5% (20).

cNucIide not found.

33
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Table 14. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Kentucky
Nuclide concentration jn
Average external : . %
Sample gamma exposure surface soil (pCi/g)
designation Description of sample locatioen rate (pR/h) 226Ra - 2327h 238y
Ky-1 Rest area on S side of 1-64, ~38 km 7.1 .0x0.06 1.5+0.10 1.3
E of Louisville, Kentucky
KY-2 Rest area on S side of I-64, ~1.6 km 7.1 .5+0.14 1.1 +0.56 1.5
E of intersection with Hwy 60
K¥-3 W side of 1-75, ~R km S of Richmond, 9.9 .5+0.12 1.2 +0.60 1.5
Kentucky, at S end of rest area
Ki-4 NW corner of intersection of I-75 and 16 .3+0.04 1.51+0.08 1.4
Hwy 80, N of London, Kentucky
KY-5 N side of Hwy 62, ~0.5 km E of the 6.9 .0+0.04 1.2+008 1.3
intersection with Hwy 68, near
Daffenville, Kentucky
KY~6 S side of Western Kentucky Parkway, 3.9 .2 +£0.12 e 1.3
~0.3 kim £ of Hwy 109 ‘intersection,
near Charleston, Kentucky
Ky-7 S side of Western Kentucky Parkway, 6.2 .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 .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 .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 (I1-24), at inter- d 4+ 006 1.2%0.10 1.7
section with Hwy 68, SE of Paducah,
Kentucky
KY-11 Approx. 2.4 km E of Grayson, Kentucky, 7.7 .81 + 0.06 1.0+ 0.14 1.1
vest stop on N side of [-64
KY-12 Approx. 13 km W of Mt. Sterling, 9.3 .2 +0.06 1.5+0.14 1.7
Kentucky, SE corner of intersection
of [-64 and Hwy 60
KY-13 S side of 1-64, ~1.6 km E of Hwy 32 11 .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 1.

_ Psrandard deviation of 225Ra 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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Table 15. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Louisiana

Nuclide concentration 2n

Average external surface soil (pCi/g)

Sample gamma exposure
designation Description of sample location rate (uR/h)¢ 226Ra 2327h 238

LA-1 S side of Hwy 80, just N of I-20 6.0 0.84 £+ 0.04 0.72 £ 0.04 0.81
at Bossier City, Louisiana

LA-2 S side of Hwy 136, ~0.8 km W of 57 e e 0.48
intersection with Hwy 149, 0.8 km
N of I-20 near Ruston, Louisiana

LA-3 N side of Hwy 603 at intersection 3.5 0.58 + 0.04 0.60 = 0.04 0.44
with Hwy 65, ~4 km S of I-20 near :
Tallulah, Louisiana

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 ngen as the 2c value. Error in the
238 measurements are <5% (20).

°Nuclide not found.

£y
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Table 16.

Background radiation levels and nuclide concentrations in surface soil samples in
the State of Maryland

Average external

Nuclide concentration in

surface so0il (pCi/g)b

Sample gamma exposure
designation Description of sample location rate (pR/h)? 226Ra 232Th 238y

MD-1 SW corner of intersection of Hwys 50 6.3 0.77 £ 0.04 0.67 + 0.04 0.893
and 197, ~20 km E of Washington, D. C.

MD-2 E side of Hwy 301, ~0.5 km N of 7.4 0.70 £ 0.04 0.70 + 0.06 0.85
intersection with Hwy 305, E of
Centerville, Maryland

MD-3 N side of JFK Turnpike at intersection 5.8 0.58 + 0.06 0.85 % 0.10 0.66
with Hwy 272

MD-4 SW corner of intersection of I-395 and 4.5 0.49 + 0.08 0.48 + 0.02 0.5
I-695 in SW Baltimore, Maryland

MD-5 W side of Hwy 15, S of entrance to 8.8 1.2 £ 0.06 0.80 = (.10 0.91
Cunningham Falls State Park '

MD-6 Approx. 0.8 km S of Accident, Maryland, c 0.59 £ 0.04 0.63 * 0.04 0.80

on W side of Hwy 219

“Exposure rate determined from 3 to 4 measurements at each location using a "Phil"

described in

? 35 .
Standard deviation of 22%Ra and 232Th measurements are given as the 2o value.

Appendix I.

238 measurements are <5% {20).
CNo data obtained.

tube as

Error in the

SY



Table 17.

Background radiation levels and nuclide concentrations in surface soil samples in
the State of Michigan

Average external

Nuclide concentration
surface soil (pCi/g)

lp

Sample gamma exposure
designation Description of sampie location rate (uR/h)< 226p, 2327h 238y
MI-1 E side of Hwy 23 at the Michigan-Ohio e 0.99 £ 0.10 0.54 £ 0.04 0.78
border, just N of Toledo, Dhic
MI-2 N of Hwy 71, just E of Corunna, Michigan e 0.79 £ 0.08 0.76 £ 0.02 0.65
MI-3 W side of Gratiot County road, ~3.2 km c 0.46 £ 0.04 0.24 + 0,04 0.34
SW of Edgewood, Michigan, next to Bad
Creek
MI-4 Approx. 2 km £ of Mt. Pleasant, Michigan, 2 0.51 + 0,02 0.39x0.02 0.49
on S side of Hwy 20 in Isabella Indian
Reservation
Mi-5 Approx. 2 ¥m S of Midland, Michigan, on e 0.69 £ 0.06 0.51 £0.02 (.50
#Midland County road between Midland and
Poseyville, Michigan
MI-6 Approx. 11 km of St. Johps, Michigan, e 0.86 +0.10 0.66 + 0.12 0.57
on W side of road at intersection with
county road
MI-7 Approx. 6.4 km £ of Adrian, Michigan, at ¢ 2.0+0.12 0.41 £ 0.28 1.0
the intersection of Deerfield Rd and
Wellsville Hwy
Mi-8 Approx. b km N of Adrian, Michigan, at c 1.5 29,12 0.82 +0.08 1.1
the intersection of Shepard Rd. and
8ent Dak Hwy
MI-3 S side of Hwy 223, ~11 km W of Adrian, e 1.5+ 2.0 0.69 £ 0.04 1.2
Michigan
MI-10 Approx. 1.6 km E of Hwy 52, on £. Gorman e 1.2+ 0.14 0.54 £ 0.12 0.70

Rd., about 8 km S of Adrian, Michigan

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 <5% (20).

®No data obtained.

9¥



47

ORNL-OWG 80 - 8784

SMICHIGAN STATE BACKGROUND SAMPLE LOCATIONS

%"/' - g

",

Fig. 17. Location of background samples and external gamma-ray
exposure rate measurements in Michigan.



Table 18. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Mississippi

Nuclide concentration, in

Average external Ny

Sample gamma exposure - surface soil {pbi/g) -
designaticn  Description of sample location rate (uR/h)4 226Ra 2327h 238y
MIS-1 Rest stop ~10 km E of Vicksburg, 11 1.3 +£0.30 0.8 +0.10 0.69
Mississippi, on S side of 1-20, mile
marker 6.5
MIS-2 Behind Ramada Inn at intersection of 4.3 1.6 £ .10 1.7 £ 0.40 1.7
Hwy 35 and 1-20, near Forest,
Mississippi, in wooded area
MIS-3 S side of I1-20, ~19 km W of Mississippi- 8.7 0.77 £ 0.02 0.8 = (.04 ¢.81

Alabama border, ai Russel exit

a . . - . - . . , .
Exposure rate determined from 3 to 4 measuremenis at each location using a "Phil" tube as
described in Appendix I.

bstandard deviation of 225Ra and 232Th measurements are given as the 2o vailue. Error in the
238 measurements are <5% {2o).

1517
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Table 19.
the State of Missouri

Background radiation levels and nuclide concentrations in surface soil samples in

Average external

Nuclide concentration_in
surface soil (pCi/g)P

Sample gamma exposure
designation Description of sample location rate (uR/h)? 226pa 2327h 238y

MO-1 Approx. 45 km E of Kansas City, 6.0 1.4 + 0.04 1.3x0.10 1.7
Missouri, in pasture field on S side
of I-79

M0-2 Approx. 140 km £ of Kansas City, 10 1.3+£0.06 1.2+0.10 1.3
Missouri, at intersection of I-70 and
exit J, SE corner

M0-3 Rest stop on S side of I-70, ~16 km 6.7 1.1 +0.06 1.0+ 0.08 1.2
E of Williamsburg, Missouri

M0-4 SE corner of intersection of Hwy 175 7.5 1.3+ 0.08 1.1+0.12 1.1
and I-70 in 0'Fallon, Missouri

M0-5 Approx. 34 km N of Missouri-Arkansas 8.1 1.2 £0.04 1.2 +0.06 1.3
border, on £ side of 1-55, mile marker 21

MO-6 E side of I-55, ~14 km N of intersection 5.4 0.31 £ 0.04 0.32+0.04 0.33
with Hwy Alt. 61, at mile marker 76

MO-7 E side of I-55, ~1.6 km S of Appleton 7.6 1.1 +0.06 11006 1.1
exit, E of Friedheim, Missouri

M0-8 Exit 0 off 1-55, near Bloomsdale, 5.8 0.83 £ 0.04 0.76 £ 0.06 0.81
Missouri

MO-$ £ side of [-55, ~0.4 km S of Hwy 141 5.1 1.1+0.066 1.1+006 1.1
intersection, Maxville, Missoury

M0-10 W side of Hwy 367, ~0.3 km S of inter- 4.6 1.0 £ 0.10 0.95x 0.14 0.76
section with Hwy 67, N of St. Louis,
Missouri

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

Appendix 1.

botandard deviation of 226Ra and 232Th measurements are given as the 20 value.
ments are <5% (20).

Error in the 238\ measure-

06
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Table 20. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Nevada

Nuclide concentration,in

Average external surface $oil (pCi/g)b

Sample gamma exposure
designation Description of sample location rate (uR/M)% 226Ra 282Th 238y
Nv-1 Approx. 4.8 km W of Nevada-Utah 19 1.7+ 0.10 3.0+£0.14 1.8
border, S side of Hwy 40
NV-2 N side of 1-80, ~270 m E of Death, 14 2.0+0.14 1.4x0.18 1.3
Nevada, exit
NV-3 Rest stop on N side of I-80, ~1.6 km 12 1.6 £ 0.06 1.4+ 0.08 1.4
W of Hwy 21
NV-4 N side of Hwy 40, ~5 km E of Winnemucca, 15 1.4 £+ 0.06 1.4 £0.08 1.3
Nevada
NV-5 Junction of Hwys 85 and 140, NW corner, 12 1.5+ 0.06 1.2+0.08 1.3

~50 km N of Winnemucca, Nevada

NV-6 Approx. 180 m W of Hwy 140 junction at 11 0.89 £ 0.12 0.62 +0.14 0.74
Denio, Nevada

%Exposure rate determined from 3 to 4 measurements at each Tocation using a "Phil" tube as
described in Appendix I.

bstandard deviation of 226Ra and 232Th measurements are given as the 2o value. Error in the
238 measurements are <5% (2¢).

25
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Table 21.

the State of New Jersey

Background radiation levels and nuclide concentrations in surface soil samples in

Average external

Nuclide concentration
surface soil (pCi/q)

ln

Sample . gamma exposure
designation Description of sample location rate (uR/h)¢ 226R4 2327h 233y

NJ-1 fort Mott, New Jersey, ~30 m from 2.3 .31 £ 0,06 0.33 £0.06 0.31
Jeieware River

NJ-2 W side of Plant Rd., between 1-295 and 5.5 .78 £ 0.06 0.87 + 0.06 0.99
Hwy 130 in Deepwater, New Jersey

NJ-3 S side of Hwy 49, ~3.7 km S of Bridgeton, 7.4 .96 £ 0,16 0.84 + 0.06 0.64
New Jersey

NJ-4 S side of Hwy 40, just W of Hwy 50 2.8 .24 £ 0,02 e 0.13
junction, NW of Belcoville, New Jersey

NJ-5 N side of Hwy 40, between Hwy 47 and 55, 4.2 .28 ¥ 0.02 0.31 £+ 0.02 0.35
just W of Malaga, New Jersey

NJ-6 SE corner of intersection of I-295 and 6.1 L1204 0.95+0.1p 0.96
Hwy 70, near Cherry Hill, New Jersey

N3-7 S side of Hwy 70, just E of its inter- 3.1 .45 + 0.10 0.31 % 0.06 0.42
section with Hwy 72 near Lebanon State
Forest

NJ-8 E side of Hwy 9, ~1.6 km N of its 4.3 .52 + 0.06 0.50 + 0.04 0.68
intersection with Hwy 70, S of Lake
Wood, New Jersey

NJ-9 Intersection of Hwys 9 and 18, SE corner, 4.7 .59 £ 0.04 0.66 £ 0.04 0.46
~1.6 km S of Sagre Woods South, New Jersey

NJ-10 Intersection of I-195 and Hwy 130, NE 6.2 .93 £ 0.04 0.80:0.10 1.0
corner, ~5 km N of Yardville, New Jersey

NJ-11 E side of Hwy 1, in SE corner of 8.3 .1+0.08 0.900.44 1.1
intersection with Hwy 18, near
Highland Park, New Jersey

NJ-12 N side of I-287, between Hwys 1 and 6.0 .310.24 0.85+0.16 0.97
27, S of Metuchen, New Jersey

NJ-13 N side of I-287, E of Randolphville 3.4 .55 £ 0.06 0.53 + 0.04 0.50
Rd. exit, S of Piscataway, New Jersey

NJ-14 W side of Hwy 18, ~3.2 km S of [-287, 6.5 81 £0.04 1.1 +0.06 1.0

N of New Brunswick, New Jersey

¥S



Table 21.

{continued)

Nuclide concentration in
Average external : on ¥
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate {pR/h)< 226Rg 2327h 238y
NJ-15 SE corper of intersection of I-287 6.8 1.0£0.10 1.0 £0.10 1.2
and Hwy 28, W of Bound Brook, New i
Jerseay
NJ-16 S side of Hwy 22, ~16 km E of inter- 6.8 0.95 £+ 6.06 1.14£0.06 1.2
section with 1-287
NJ-17 NW corner of intersection of I-78 and 6.3 1.2+0.14 1.1+£0.14 1.2
Hwy 531, ~1.6 km N of Watchung, New
Jersey
NJ-18 NE corner of intersection of I-78 and 5.1 0.78 £ 0.06 1.2 £ 0.06 0.70
1-287, near Pluckeman, New Jersey
NJ-19 NE corner of intersection of I-78 and 8.5 1.2+0.06 1.5+0.06 1.2
Hwy 523, ~3:2 km S of Oldwick, New
Jersey
NJ-20 Approx. 9.6 km W of Somerville, New 7.3 1.3+0.06 1.2+08 1.2
Jersey, on § side of Hwy 22
NJ-21 N side of Hwy 202, ~180 m § of Mills 13 0.90 £ 0.06 1.2 £ 0.08 1.4
Rd, W of Raritan, New Jersey
NJ-22 E side of Hwy 206, ~280 m 5 of Hwy 5.6 1.4 £0.10 0.95+0.06 1.0
513 and Chester, New Jersey
NJ-23 NW corner of intersection of 1-80 9.1 0.92 £ 0.04 0.89 £ 0.04 0.85
and Hwy 517, at Allamuchy, New Jersey
NJ-24 NW corner of intersection of Hwy 22 d 1.5 £0.10 1.3

and 1-287, W of Bound Brook, New Jersey

1.2 £ 0.30

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

Appendix I.

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

ments are <5% (20).
®Nuclide not found.
dNo data obtained.

Error in the %38y measure-

89
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Table 22. Background radiation levels and nuclide concentrations in surface soil samples in
the State of New Mexico
Nuclide concentration in
Average externat i : : b
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location vate (uR/h)“ 226Ra 2327Th 238y
NM-1 Approx. 0.8 kim £ 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 Beautifu) 16 2.7+£0.20 1.8%0.22 1.5
Mountain, overloocking Sanostee,
New Mexico
NM-3 SW side of intersection of Hwy 666 10 1.4 +0.10 0.87 +£0.08 0.96
and road to Sanostee, New Mexico
Ni4-4 Intersection of Farmington Rd and 9.5 2.1+0.12 0.98+0.14 1.2
Navajo Mine Rd, ~3.6 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 S
of Farmington, New Mexico
NM-6 Approx. 1.6 km S 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 border, N side of 6.8 1.3+ 0.10 0.48+0.70 0.93
Hwy 504, W of Beclabito, New 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 0.73 £ 0.06 1.1
and Grants, New Mexico
RM-12 Approx. 4.8 km E of San Mateo in 15 0.72 + 0.08 0.86 + 0.08 0.83
Cibola Naticnal Forest
NM-13 Approx. 3.2 km N of Galiup, New 8.9 1.1+ 0.06 1.3+0.10 1.3
Mexico, £ 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.
b

measurements are <5% (20).

Standard deviation of 228Ra and 2%2Th measurements are given as the 20 value. Ervor in the 238y
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Table 23. Background radiation levels and nuclide concentrations in surface soil samples in
the State of New York
| Nuc]ide contehtration in
Average external ° on
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate (uR/h)% 226Ra 2327 238y
NY-1 City of Tonawanda, New York, at city e 0.97 £ 0.08 0.65 + 0.06 0.99
1imit on River Rd., across from Con-
solidated Freightways Terminal
NY-2 W side of road connecting Hwys 77 and e 0.48 + 0.04 0.46 = 0.04 0.97
31, ~4.8 km E of Lockport, New York
NY-3 W side of River Rd., Tonawanda, New York, e 1.2 £+ 0.04 0.88 £0.06 1.2
across from Allied Chemical Corp.
NY-4 Intersection of Tonawanda Creek Rd. and e 0.69 £+ 0.04 0.40 £ 0.12 0.76
Niagara Falls Bivd. in North Tonawanda,
New York
NY-5 Approx. 0.8 km S of Simonds Saw and e 0.74 £+ 0.06 0.79 £ 0.06 0.85
Steel Company on E side of Hwy in
Lockport, New York
NY-6 Approx. 9 km S of Lockport, New York, e 1.0+£0.04 1.1+0.06 0.9

on W side of Hwy 78

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

described in

bstandard deviation of 226Ra and 232Th measurements are given as the 20 value.

Appendix I.

238 measurements are <5% (20).
°No data obtained.

Error in the
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Table 24. Background radiation levels and nuclide concentrations in surface soil samples in
the State of North Carolina
Nuclide concentration jn
Average external - on 3
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate (uR/h)% 226Ra 232Th 238y
NC-1 North Carolina-Virginia border on W 7.3 0.53 + 0.06 0.42 + 0.02 0.65
side of I-85, ~3.6 km N of Norlina,
North Carolina ‘
NC-2 Approx. 21 km N of Durham, North 12 0.77 £ 0.02 1.5+0.14 0.91
Carolina, at intersection of [-85
and Hwy 15
NC-3 Approx. 16 km W of Greensboro, North 3.2 0.48 + 0.08 0.51 £ 0.06 0.73
Carolina, in NE corner of intersection
of 1-85 and Hwy 61
NC-4 NE corner of intersection of I-40 and 4.9 0.58 + 0.02 0.53 £ 0.04 0.73
Hwy 801, W of Winston-Salem, North
Carolina
NC-5 N side of I-40, ~2.4 km W of Conover, 7.0 0.78 £ 0.04 0.91 + 0.06 0.90
North Carolina
NC-6 Rest area on N side of I-40, ~4.8 km 9.5 1.2 £ 0.06 1.0 +0.06 1.6
E of Marion, North Carolina
NC-7 NE corner of intersection of I-40 and 3.0 0.95+ 0.04 1.5+0.10 1.1
Hwy 215, W of Ashville, North Carolina
NC-8 Rest stop N side of 1-40, at Tennessee- 13 0.92 £+ 0.34 1.0 +£0.3 0.39

North Carolina border

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

Appendix I.

bstandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 238U measure-
ments are <5% (20).
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Table 25.

the State of Chio

Background radiation levels and nuclide concentraticns in surface soil samples in

Sample

Average external

Nuclide concentration in
surface soil (pCi/g)P

gamma exposure
designation Description of sample location rate (uR/h)® 226p, 2327h 238y
On-1 Rest area on $ side of I1-71, ~16 km 9.2 2.5+ 0,16 0.71 +0.02 2.2
S of Columbus, Ohio, at mile marker 92
OH-2 Approx. 51 km N of Columbus, Ohio, at 7.1 1.5%0.12 0.74 x 0.60 1.3
rest stop on S side of I-71
OH-3 Approx. 21 km E of Wickliffe, Ohio, at 9.2 1.1+ 0.04 1.1%0.10 1.2
rest stop on'S side of I-90
OH-4 Approx. 8 km S of 1-70, at intersection e 2.0+0.14 1.0x0.16 1.7
of Hwy 13 and 188, near Thornville, Bhio
OH-5 SE corner of intersection of I-77 and 11 1.3+40.12 1.5%0.20 1.6
Hwy 821, at Macksburg, Chio
OH-6 Rest area on E side of 1-77, ~16 km 8.2 1.9+£0.16 1.1+0.24 1.6
S of I-76, near Buffalo, Ohio
OH-7 SW corner of intersection of I-70 and 8.5 1.5+0.16 1.5x0.18 1.7
Hwy 9, S of St. Clairsville, Ohio
OH-8 W side of [-475, between Hwys 28 and 2, 5.1 0.81 +0.04 0.8 % 90.02 0.76
in W Toledo, Chic
OH-9 Rest stop on W side of I-75, just S 4.9 1.3+ 0.08 0.93+0.06 1.2
of Findlay, Ohio
0H-10 W side of I-75, just S of Hwy 67 4.8 1.5+0.06 1.0+0.06 1.4
exit, E of Wapakoneta, Ohio
OH-11 W side of I-75, ~0.4 km N of inter- 2.8 1.2 £ 0.04 0.99 £ 0.06 0.96
section with Hwy 571, near Tipp City,
Ohio
0K-12 W side of I-75, just N of intersection 4.8 1.0 + 0.04 0.98 £ 0.04 0.86

with Hwy 122, E of Middletown, Ohio

a . R : o . . .
Exposure rate determined from 3 to 4 measurements at each location using a "Phil" tube as described in

Appendix 1.

PStandard deviation of 226Ra and 2%2Th measurements are given as the 20 value.

measurements are <5% {20).
“No data obtained.

Error in the 238y
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Table 26. Background radiation levels and nuclide concentrations in surface soil samples in
the State of Oregon

Nuclide concentration in

Average external surface soil (pCi/g)?

Sample gamma exposure
designation Description of sample location rate (uR/h) 226R3 2327h 238y
OR-1 NE side of Hwy 140 at Oregon-Nevada 19 2.1+0.08 1.5%0.12 2.0
border
OR-2 N side of Hwy 140, ~1.6 km W of Adel, 10 0.24 + 0.30 0.46 * 0,04 0.55
Oregon
OR-3 Approx. 0.8 km N of Oregon-California 13 2 0.65 £ 0.06 0.70

border, on W side of Goose Lake, W
side of road

OR-4 S side of Hwy 140, ~1.6 km W of 8.3 0.40 £ 0.68 0.43 £ 0.04 0.50
Duartz Mis,, Oregon

{R-5 Intersection of Hwys 395 and 31 at 9.7 .61+ 0.10 0.55 0.92 0.5%7
Yalley Falls, Oregon, N side of ¥

OR-& N side of Hwy 31, at W end of Paisiey, 9.5 0.82 £ 0.04 0.74 £ 0.06 0.80
Oregon

OrR-7 Across Trom Wagontire, Oregon, on E 10 .81 £ 0.04 0.68 = 0.04 05.78
side of Hwy 395

UR-8 fpprox. 8 km E of Burns, Gregon, on i2 .95 £ 6.08 0.8 + 0.70 1.6
S side of Hwy 25

OR-9 S side of Hwy 20, at W city limits of 8.2 0.62 0,12 0.46 £ 5.06 0.59

suntura, Gregon

“Exposure rate determined from 3 4o 4 measurements at each locatien using a "Phil" tube as
described in fppendix I.

Standard deviation of 2Z5Ra and 23%Th measurements are given as the 20 vajue. Error in the
24 v
228y measurements are <5% (20).

“Ho data obtained.
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Table 27. Background radiation levels and nuciide concentrations in surface soil samples in
the State of Pennsylvania
Nuclide coencentration in
Average external : en §
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate (pR/h)% 226Ra 23271h 238

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 [-79, ~3.2 km S of inter- e 1.1+0.12 1.0+0.06 1.1
section with Hwy 6-19, near Kerrtown,
Pennsylvania

PA-3 Along Hwy 40 at Glyde, Pennsylvania 6.8 1.2+£0.08 1.410.08 1.4

PA-4 Along Hwy 40 at Chalkhill, Pennsylvania 2.5 1.4 £ 6.06 1.2 +0.08 1.3

PA-5 Along Hwy 40 at Addison, Pennsylvania 3. 1.2 £+ 0.06 0.99 + 0.06 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. 1.7£0.12 0.72+0.36 1.4
Pepnsylvania, along Hwy 18

PA-8 Along Hwy 18, at Frankfort Springs, 4. 1.2 +0.08 1.4+008 1.3
Pennsylvania

PA-9 Along Hwy 18, at Shippingport, 3. 1.3+0.14 131010 1.3
Pennsylvania

PA-10 S side of Hwy 519, between I-79 and 7. 0.84 £ 0.04 1.3+0.08 1.2
Hwy 19, near Strabare, Pennsylvania

PA-11 NE side of Mwy 980 at intersection with 5. 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 [-79, near Mt. Movrris,
Pennsylvania

PA-13 E city limits of Cannonsburg, 8. 1.0£0.08 1.1+008 1.3
Pennsylvania, on Hwy 980

PA-14 Bank of Linden Creek, ~3.2 ¥m E of 6. 0.76 + 0.04 1.0 £0.06 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 0.8 +0.64 1.5
Creek, ~8 km £ 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 Wvano, Pennsylvania

PA-17 S side of Pennsyivania Turnpike 7.6 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 1.1t 0.08 1.2
E of Earlston, Penpsylvania

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



08

Table 27. (continued)

Average external

Nuclide concentration Ln
surface soil (pCi/g}

Sample gamma exposure
designation Description of sample location rate (uR/h)% 226p3 2327h 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 0.85+ 0.04 1.2+0.08 1.1
Hwy 443, near Hanover, Pennsylvania

PA-23 N side of Pennsylvania Turnpike, W side 8.4 1.1 +0.06 1.1+0.06 1.2
of exit 15, near the Blue Mtn. Tunnel

PA-24 E side of I-79 between Meadow Lands 12 1.7+0.06 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+006 1.3
Park on Hwy 980

PA-27 NE of intersection of Hwys 422 and 8.9 1.5+ 0.08 1.5+0.10 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 1.3 +0.08 1.7
Pennsylvania, at Hwy 228 intersection

PA-29 Intersection of twg secondary roads, E 8.7 1.3 +0.12 1.3+0.10 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 S 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 Timits

PA-32 E side of Hwy 217 S of Blairsville, 8.9 1.1 +0.08 1.1 +0.10 1.1
Pennsylvania, near the Conemaugh
River

PA-33 SW side of the township of Torrance, 3.7 1.1 £+ 0.20 0.89 £ 0.4 0.79

Pennsylvania

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

Appendix I.

Pstandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 238U measure-
ments are <5% (20).

®No data obtained.
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Table 28.

70

the State of Tennessee

Background radiation levels and nuclide concentrations in surface soil samples in

Sample
designation

Description of sample location

Average externa)

gamma exposure
rate (uR/h)%

Nuclide concentration in
surface soil (pCi/g)b

226R,

232Th

238y

TN-1

™-2

™-4

TN-5

TN-6

TN-7

TN-8

TN-10

T™-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 Crossville, Tennes-
see, at MW corner of intersection of
I-40 and Hwy 127

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

N side of I-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 I1-70,
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 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 I-81, ~3.2 km N of inter-
section with Hwy 81, near Fall Branch,
Tennessee

7.0

11

0.98 + 0.12

1.1 £+ 0.06

1.3 +0.10

0.65 + 0.02

1.4 £ 0.14

0.95 + 0.10

1.4 £ 0.08

0.98 £ 0.10

+

0.83 £ 0.44

0.80 £ 0.06

1.1 £ 0.04

0.97 + 0.14

0.66 + 0.04

1.1 £ 0.08

j=1

.67 + 0.08

i
o
+
e
s
=

1.1 + 0.60

0.95

0.89

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

Appendix 1.

Standard deviation of 226Ra and 232Th measurements are given as the 20 value.

ments are <5% (2u).
®Nuclide not found.
dNo data obtained.

Error in the 238y measure-
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Tabie 29.

the State of Texas

Background radiation levels and nuclide concentralions in surface soil sampies in

Nuciide concentration jn
Average external rFaca cnil fund /oD
Sampie Canms exposure surface 50l {pli/g)
designation Descriptior of sample location rete {uR/h)9 2282¢ 2827h 2538
TH-1 S side of Hwy 16, behind Holiday Inn in 5.3 1.0 £ 4,08 (.47 £0.35 0.70
Kerrvilie, Texas
TX-2 E side of Hwy 59, at intersection with 2.5 0.88 = 0.10 0.78 £ 0.14 0.68
Hwy 239, ~3.2 km W of Goliad, Texas
TX-3 E of Beevilie, Texas, at intersection of 2.3 .54 = .06 0.40 = G.12 §.56
Hwys 59 and 161, W side of ramp fo Hwy 131
TX-4 N side of Hwy 624, just W of intersection 5.6 0.73 £ 0.12 0.85 £ 0.02 1.5
with Hwy 281, near Orange Grove, Texas
TX-5 £ side of Hwy 16, at S city limit of 2.2 1.1+ §.08 0.83 +0.14 0.87
Tilder:, Texas
TX-% Rest area on S side of Hwy 97, ~1.6 km 2.6 .4+ 0,38 1.1zx6.12 1.0
E of Jourdanion, Texas
TX-7 S side of Hwy 87, just E of intersection 1.4 1.1+290.10 0.84 % 0.02 1.9
with Hwy 97, near Stockdale, Texas
TX-8 Approx. 0.8 km W of Yorktown, Texas, at 2.4 0.63 £ 0.06 (.76 + 0.04 0.64
intersection of Hwys 72 and 2980, S side
af Hwy 72
TX-9 S side of Hwy 942, ~1.6 ki E of Hwy 53 3.2 C.57 = 6.04 0.67 = 0.04 0.48
and Leggett, Texas, in yard of Prarie
Jones Baptist Church
TX-10 Rest area on E side of Hwy 59, ~8 km 5.2 0.93 £ 0.26 0.58 £ 0.12 0.74

S of Garvrison, Texas

a- ; - . . . > .
Exposure rate determined from 3 to 4 measurements at each location using a "Phii" tfube as describec in

Appendix I.

Estandard deviation of 226Ra and 232Th measurements are given as the 20 value.
ments are <5% {(2¢).

Ervor in the 238y peasure-

al
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Table 30.

74

Background radiation levels and nuclide concentrations in surface soil samples in
the State of Utah
Nuclide concentration jn
Average external : : g
Sample gamma exposure surface soil (pCi/g)
designation Description of sample location rate (pR/h) 226R3 232Th 238y

uT-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

ur-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

uT-3 N side of Hwy 40, just S of the Great 6.4 1.0+£0.14 0.20 +0.02 1.9
Salt Lake, W of Salt Lake City, Utah

ur-4 Approx. 2 km N of Hwy 40, along the 11 1.5+x0.12 1.1+0.12 1.0
Surplus Canal, about 3 km W of the
Salt Lake City International Airport
No. 1

UT-5 Intersection of Hwy 68 and 500 S St., 9.0 1.1+0.12 0.78+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 1.90.08 2.3+0.14 1.5
section with Hwy 110, W side of
Syracuse, Utah

ur-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

ur-9 N side of Emigration Canyon Rd., E of 6.5 1.0+ 0.08 0.88 + Q.06 0.72
Rwy 40 in SE Salt lLake City, Utah

UT-10 E side of Hwy 68, E of intersection 7.3 1.7+ 0.20 1.3 +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 1.1+0.066 0.94
Baccaus, Utah, in NE corner

uT-12 NE corner of intersection of Hwys 111 10 1.5 +0.12 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 1.2+0.12 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 1.5+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

UT-16 E side of Hwy 146 at junction with Hwy 7.9 1.7+ 0.14 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 0.83 +0.04 0.83

~5 km W of Hwy 114, N of Provo
Municipal Airport
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Table -30. (continued)

Average external Nuclide concentration Ln

Sample gamma exposure surface soil (pCi/q)
designation Description of sample location rate (uR/h) 226R, 2327h 238y
uT-18 N side of Hwy 80 at Utah-Wasatch County 5.9 1.5+ 0.10‘ 0.76 £ 0.06 0.94

line, near Wildwood, Utah

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

uT-20 Approx. 4.8 km S of Blanding, Utah, 10 1.1 e 0.94
F 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

UT-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
Hwy 45, in NE Utah, ~16 km W of Utah-
Colorado border

4
had
—
o
o

.90 + 0.14 0.92

uT-24 Approx. 1.2 &km N of [-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

Ur-25 Approx. 19 km W of Green River, Utah, 5.0 1.0 £ 0.10 c 0.71
at intersection of 1-70 and Hwy 24

uT-26 Approx. 21 km S 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 £ 0.0B 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

ur-32 NW corner of intersection of I-80 14 1.5+ 0.08 1.7x0.10 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 1.

Standard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 238U measure-
ments are <5% (2c¢). :

®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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Table 31. Background radiation levels and nuclide concentrations in surface scil samples in
the State of Virginia

Nuclide concentration in

Average external surface soil (pCi/g)

Sample gamma exposure
designation Description of sample location rate (uR/h)% 226Ra 2327 238y

VA-1 E side of 1-81 in rest area ~24 km N of 4.5 1.1 + 0.04 0.98 £ 0.04 0.89
Bristol, Virginia

VA-2 E side of 1-81, ~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 I-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 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 Hwy 60, near Buena Vista, Virginia

VA-b E side of I-81, ~0.8 km S 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, £ of I-Bl at Visitors 8.2 0.78 + 0.06 0.94 £ 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 1.4 +£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

VA-10 W side of 1-95 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 I-95, ~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 SW corner of intersection of I-81 and 9.1 1.0+ 0.10 0.84 +0.10 1.1
Hwy 55, near Strasburg, Virginia

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

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



ORNL-DWG 80- 8746

®VIRGINIA STATE BACKGROUND SAMPLE LOCATIONS

64 '\.\»
69
Ry~ 0
o (220,
ek va-a 8 o
" /)
, P o
| / i/ ROANOKE
f {
{-\ X g VA-ASM y
; ¢ & 5 Noed < AD: a
_ yos a 4 PR’ =9 wvn-rLE
KY ‘ B amsro. gosceoLa 5 -
: P ra )
TENN o v ENN <] 32
-1

7
m m NCAR > Gb @ Eg}i
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Table 32.

the State of West Virginia

Background radiation levels and nuclide concentrations in surface soil samples in

Average external

Nuclide concentration
surface soil (pCi/g)

Ep

Sampie gamma exposure -
designation Bescription of sample location rate (uR/h)4 226Rq 2321H 238y

Wy-1 Along Hwy 219 at Parsons, West Virginia 6.0 1.2 + 0.06 .6 £0.06 1.3

Wv-2 Along Hwy 50 at Macomber, West Virginia 7.0 0.84 + 0.08 1.1+ 0.08 1.2

Wy-3 Along Hwy 30 at West Virginia-Pennsylvania 8.2 1.5+ 0.10 .4 +0.18 1.5
border, near Chester, West Virginia

Wv-4 Along I-79 at Lost Creek, West Virginia 10 1.5+ 0.10 .6 +0.14 1.5

WV-5 NW corner of intersection of 1-79 and 6.0 0.78 £ 0.0¢ 1.4 x0.06 1.5
Hwy 119, near Wellford, West Virginia

WV-6 W side of I-79, ~1.6 km S of intersection 8.2 1.3 £ 0.08 .3 +£0.10 1.2
with Hwy 19, just N of Canfield, West
Yirginia

W=7 NE corner of intersection of I-64 and 4.6 0.88+0.08 1.1 +0.08 1.3
Hwy 34, ~10 km S of Winfield, West
Virginia

Wy-8 W side of I-81, ~8 km N of West 9.4 1.3 £ 0.06 20,06 1.1
Virginia-Virginia border, near Bunker
Hi1l, West Virginia

Wy-9 SE corner of intersection of I-77 and 11 1.5 £ 0.04 .5+£0.16 1.8
Hwy 27, ~5 kim N of Charleston, West
Virginia

Wy-10 NW corner of intersection of I-77 and 5.9 1.6 £ 0.08 .4 +0.12 1.8
Hwy 33, at Ripley, West Virginia

Wy-11 E side of 1-77, ~2.4 km S of inter- 8.0 1.3+ 0.04 .2 +0.08 1.6

section with Hwy 50, at Parkersburg,
West Virginia

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

Appendix I.

bstandard deviation of 22%Ra and 232Th measurements are given as the 20 value. Error in the 238U measure-
ments are <5% (20).

6L
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Table 23, Background radiation lewvels and nuclide concentrations in surface coil samples in
the State of Wyoming

Nuclide concentration gn

Average externa : ;
werage external surface s0il (pCi/g)

Sample GRRRG. @XPOSUre -
designation Description of sample location rata (uR/h)7 726R3 2327h 238y

wy-1 £ side of Hwy 789, ~L.6 km N of 14 0.91 £0.04 1.1 20.10 0.93
Wyoming-Colorado border, at Baggs,
Wyoming

WY-2 Approx. 1.6 km NW of intersection of 20 1.3 x1.2 1.5 2 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, 12 1.1+ 0.08 0.92 + 0.1 0.87
Wyoming

Wy-4 Just W of intersection of Hwys 726 and 12 0.80 + 0.06 1.6 £0.12 0.82
287, S side of road, W of Morton,
Wyoeming

WY-5 Junction of Hwys 26 and 89, near 11 1.4 +0.22  0.87 £ 0.10 0.9%8

Moran, Wyoming, at entrance fo Grand
Teton Park

WY-6 Approx. 1.6 km S of intersection of 10 1.2+0.16 1.2+£0.16 1.2
Hwys 16 and 120, S of Cody, Wyoming

WY-7 Approx. 1.6 km E of Shoshoni, Wyominy 13 0.92 £ 0.08 1.1 % 0.06 §G.93
on S side of Hwy 26

WY-8 Port of Entry in Casper, Wyoming on I-29 1% 0.65 £ 0.04 0.70 + G.10 0.66

wWY-3 SW corner of intersection of Hwys 437 15 D.73 £ 0.68 0.%9 % 06.12 0.79
and 91, N of Medicine Bow, Wycming

WY-10 Approx. 0.8 km 5 of [-80, on W side of 16 D.95 £ 3.10 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 c 1.9

on § side of North Platte River, at
Hwy 93 bridge

Wy-12 W of rest area at intersection of 1-25 11 0.97 + 0.04 1.2x0.10 1.3
and Hwy 314, near Slater, Wyocming
0.82 + 0.04 1.1 +0.06 0.89

Wy-13 At Wyoming-Colorado border, on W sids 15
of 1-25, S of Cheyenne, Wyoming :

aExposure rate determined from 3 to 4 measuvements at sach lecation using a "Phil" tube as described in
Appendix I.

Botandard deviation nf 226Ra and 232Th measurements are given as the 2u value, Ervor in the 238U measure-
ments are <5% (20}.

®No data obtained.
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in Wyoming.
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Table 34. Summary of state background exiernal gamsa exposure rate measurements®

Arithmetic mean Geometric mean

ate  mamwements ol Cpiem e s
taken {(uk/h} (uk/h) (uR/h)
Alabama 8 3.0 - 7.8 4.8 2 3.5 4.5 : 1.4
Alaska d 4 d d
Arizona 6 5.1 - 12 9.3+ 5.8 8.9 : 1.4
Arkansas 1 13 11 1€
California 3 9.6 - 11 i+ 2.3 10 1.1
Colorado 3z 6.3 - 34 14 & 10 14 1.4
Delaware 4 5.0 - 6.9 6.0 % 2.6 5.9 1.3
florida 11 1.0~ 7.4 4.0 % 3.2 3. 1.7
Georgia 9 1.9 ~ 9.0 5.1+ 4.2 4.7 1.6
Idaho 13 11 - 16 12 £ 3.2 12 1.1
I1linois a8 1.2 - 1 8.1 % 72.5 8.0 1.2
Indiana 2 6.0 - 7.1 8.6t 1.5 6.5 1.1
Kansas 6 6.6 - 14 0 oE 5.2 9.8 1.3
Kentucky 12 3.9 - 1l 7.4 x 4.6 7.0 1.4
Lovisiana 3 3.5 - 6.0 5.1 % 2.7 4.9 1.4
Maryland 5 4.5 - 8.8 .6 £ 3.2 6.4 : 1.3
Michigan d d 4 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 1L - 1 14 £ 5.7 14 ;1.2
Hew Jersey 23 2.2 - 13 6.1+ 4.8 5.7 : 1.5
New Mexiceo 13 6.8 - 18 0+ 5.4 9.7 : 1.3
New York d of d d
North Carolina 8 3.7 1 B.2 26.5 7.6 : 1.6
Ohio 1 2.8 ~ 11 6.9 & 5.0 6.4 : 1.5
Oregon E] B2 - 1t 11 £ 6.6 i1 : 1.3
Pennsylvania 32 2.% - 14 5,7 % 5.0 6.2 : 1.5
Tennessee 12 L B B 6.4 £ 4.8 5.9 : 1.5
Texas 10 1.4 - 56 3.3 0% 3.0 3.0 : 1.6
Utah 32 5.0 - 14 2.7 = 4.5 8.4 - 1.3
Virginia 13 tR R 7.4 % 5.8 6.9 : 1.5
West Virginia 11 4.4 - 1 77 r 3.9 7.4 : 1.3
Wyoming i3 o 20 18 v 5.2 13 1.2
U. s. Average 327 PR URE Ak % 41 7.5 ¢ 4.7

1-33 for individual siates.
wean ia the Zo value.

“The geometric standard devi

s @ weltinlicative pavameter to the geo-
metric mean containing 68k (do) of

g frogquency values,

dNo data on external gamma exposure rabes available for the state.

€yalues for standard deviation cannel be compubed.
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Table 35. Summary of state background concentrations of ?2%Ra in surface soil?
state nber of e o CandStandagdang standard.
analyzed (vCi/q) eviation deviation
(pCi/g) (pCi/g)

Alabama 8 0.47 - 1.4 0.82 + 0.62 0.77 : 1.5
Alaska ) 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~ 1.7 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
Idaho 12 0.64 - 1.6 1.1+ 0.51 1.1 : 1.3
I1Tinois 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 : 1.1
Kansas 6 0.34 - 1.4 $5.97 + 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 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 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 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+ 0.93 1.4 : 1.4
Oregon 8 0.24 ~ 2.1 6.82 £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 11 0.78. ~ 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. S. Average 327 0.23 - 4.2 1.1+ 0.48 1.0 : 1.6

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

bStandard deviation of arithmetic mean is the 2o value.

“The geometric standard deviation is a multiplicative parameter to the geo-
metric mean containing 68% (1lo) of the frequency values.

dNo»data on 226Ra concentration available for state.
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Table 36. Summary of state background concentrations of 232Th in surface seil &

Arithmetic mean

Geometric mean

Sl il o stawend st
veed i/ (pCi/g) (pCi/q)
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 16 1.6% 1.69
California 3 0.30 - 0.76 0.54 £ 0.45 6.50 : 1.5
Colorado 20 0.10 - 3.1 1.3+1.4 .1 21
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 : L5
I1tinois 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
touisiana 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 0D.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 : 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 : 13
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 20 value.

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

dyalues for standard deviation cannot be computed.
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Table 37. Summary of state background concentrations of 222U in surface soil?
Goate ber ot R ot Cana Standon o shandard.
analyzed (pCi/g) ?;é?}é?n C?;é?/;;n

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 0.57 : 2.0
Arkansas 1 5 1.5 1.5d
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. + 0.10 1.2 : 10
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
Idaho 13 0.66 - 2.2 1.1 +0.88 1.1 : 1.4
I1Tinois 3 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 b 0.58 - 1.4 1.1 #+ 0.60 1.0 : 1.4
Kentucky 13 1.1 - 3.8 1.6 +1.4 1.5 : 1.4
lLouisiana 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 =11 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 x 0.68 0.76 : 1.8
New Mexico 13 0.53 -~ 1.5 1.1 + 0.55 1.0 : 1.3
New York 0.76 - 1.2 0.95 + 0.26 0.94 : 1.2
North Carolina 0.39 - 1.6 0.87 + 0.71 N0.81 : 1.5
Ohio 12 0.76 ~ 2.2 1.4 +0.79 1.3 : 1.4
Oregon 9 0.5 - 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 + 0.53 1.4 : 1.2
Wyaming 13 0.66 - 1.9 1.0 + 0.63 0.97 : 1.3
U. S. Average 355 0.1z - 3.8 1.0 &+ 0.83 0.9 : 1.6

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% (lu) of the frequency values.

dVa]ues for geometric standard deviation cannct be computed.
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Table 28. Ground surveys of background radiz

tion in the United States

Reference

Location

Instrumentation

Solon, 1960°
Stephens et al., 19616

Beck et al., 19647
Segall, and Reed, 1964
Lowder and Condon, 1965¢
Wollenberg et al. 19g910

Levin et ai., 19681:

Golden, 19881%

Yeates et al., 15702

Lindeken et al.,1871%4

38 U.S. towns and cities
30 Yocations near San Francisco

Approx. 115 Tocations in 23 states

New Hampshire, Vermont

New Kampshire, Vermont

30 locatiens near San Francisco
.1

{same as Stephens et at., 1961}

1,102 towns in 24 stateg

Florida-vicinity of phosphate beds

Baston, Massachusetts

187 ltocations across the s,

Remarks

lon chamber
Portable scintiliator

Spectrometer and
ion chamber

Personal dosimeters
{ion chambers)

Spectrometer
Portable scintillatoe
Portabie scintillator

Portable scintiliator

Portabie scintillator

lon chamber

Thermaluminescent dosimeters

125 measurements

2-3 measurements/Tocation, some taken in
different years

400 people; performed concurrently with
Lowder and Condon (1965)

Gutdogrs
Indoors-160 homes and apartments

9,026 measyrements; all states were east
of the Mississippi River except lowa,
Minnesota, and Colorado

1,161 measurements, majority in south-
western Polk County, Florida

6 measurements sutdoors

15 measurements/5 frame dweliings
3 measurements/3 apts.

L& measurements/4 office bidgs.

Outdoors at U.5. weathsr stations

16



Table 39.

State No. of
Alabama 8
Alaska f
Arizona 6
Arkansas 1
california 3
Coiorado 32
Connecticut f
Delaware 2
Fiorida 11
Georgia

Hawaii f
idaho 13
111inois 8
Indiana 2
Towa f
Ransas )
Kentucky 12
Louisiana 3
Maine !
Maryiand 5
Massachusetts f
Michigan f
Minnesota !
Mississippi 3
Missouri 10
¥ortana I
Nebrasxa f
Mevada

New Hampsnire
New Jersey 23

lccatioans

Compariso

ORNLP

Mzan exposure
rate (pR/h)

5.8 + 3.5
5
9.3 5.4
11
0 +2.3
16 10
!
6.0 + 2.6
4.0 ¢ 3.2
5.1 % 6.2

-+

33

12+ 3.2
8.1+ 2.5
6.6 = 1.9
f
10+ 5.2
7.4 £ 4.6
5.1« 2.7
f
6.6 £ 3.2
S
I

n of state background ex

e

Mean exposure

o Th

13

- —t

i

(K]
I+

- P WO @

m\li_r_’cn
~J
= T T T
e

~

ternal gamma exposu

-

No. of
tocatians

_—

v

P
2
1
5
2
!
!
5
3
3
2
2

i
1
1
2
2
!
!
1
3
1
1
3

o

e

—

re rate neasurements”

Mean expasure

(Ko

F S T Tt

"y

Beck®

Mean exposure
rate (pR/N)

i1 £ 3.8
P
i2
7.2 +5.8
12 +4.0
f
f
¥
11
,
f
10 £ 0.59
f
!
10 £ 1.6
f
8.5
f
I
b
f
8.7
12
13 + 0.57
12 + 8.1
f
g.2 4.9
r
b



Table 39. {continued)
GRNL? Levin® Lindekin® Beck?

State _ND. gf ¥ean exposure No.Aqf Mean exposure No. : Mean exposure No. qf Mean exposure

jocations  rate {uR/h) Tocations rate {pR/h) locations  rate (uR/B) locations  rate (pR/h)
New Mexico 13 10 = 5.4 F bl 2 i3+ 0.85 b 7
New York 7 f 48 8.9+ 1.6 3 16 £ 3.2 r £
North Carolina 8 8.2+6.5 87 3.6+ 1.9 2 7.0 4.4 15 i5%£6.1
North Dakota 7 7 I f 2 9.9 1.7 7 7
Ohio 11 6.9 % 5.0 4 10 + 0.85 1 1t i 7
Oklahoma f f f 7 1 8.7 f f
{regon 9 i1t 6.6 f 7 4 8.6+ 1.4 2 7.6 2.8
Pennsylvania 32 6.7 £ 5.0 10 10 £ 1.5 2 i1 £ 4.5 f £
Rhode istand 5 F 4 10+ 1.4 1 i0 7 f
South Carclina 7 7 56 8.1x16 2 2+5 16 0 +£5.2
Soeuth Dakota f N F £ 2 0+ 1.1 8 il £ 3.5
Tennesses 12 6.4 + 4.8 20 9.5 + 1.2 1 4 2 11+ 0.14
Texas 16 3.3+ 3.¢ 7 10 8.9+ 5.9 2 6.4 + 8.5
ran 32 8.7 £ 4.5 ; 7 2 4195 569 9.8 + 3,59
Vermont 7 f 3 3.1%0.92 2 i3 ¢ 3.5 f f
Yirginia 13 7.4 £ 6.3 43 5% 1.5 2 5.9 £ 3.4 5 7
Washingtorn F f F 7 3 8.0 7.1 14 5.5% 2.2
West Virginia i1 1.7+ 3.9 7 il 1 8.7 7 4
Wisconsin F f F 7 1 8.8 1 9.6
Wyoming 13 i4 £ 5.2 7 f 2 5% 5.2 6 9.8 + 3.7
4. 5. Average 3z7 8.5 4.1 11G2 9.2 £ 2.4 197 0+ 4.9 114 9.9 + 4.3

“state averages are given as ihe arithmetic mean and standard
PTabulated from Table 34.

“From ref. 11,
Ergm ref. 4.
SErom ref. 7. Includess contribution from faliocub.
fNo data reporied.

fadditional data provided in ref. 15.

deviation {Z2o).

€6
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Table 40. Background radionuclide concentrations 1in
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
2327h 0.22-1.31 0.65

aAdapted from ref. 18.



Table 41.

Correlation statistics for background measurements

Variables in model

Regression No. of

analysis Bependent Independent observations r2

Linear Gamma 238y 327 0.11
Gamma 2Z6Ra 319 0.12
Gamma 2527h 332 §.23
Gamma 228Rg, 238y 297 0.12
Gamma 232Th, 238y 297 0.24
Gamma 226Rg, 2527 2597 0.25
Gamma 226pg, 2327h 238y 297 0.25

Logarithmic Gamma 238y 327 0.15
Gamma Z26Ra 319 0.15
Gamma 2327k 302 0.18
Gamma 226Rg 238y 297 0.15
Gamma 232Th, 238y 297 0.20
Gamma 226Rg, 282Th 297 0.20
Gamma 226pg, 23271hH, 238y 297 g.20

G6
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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 Tong 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 gquenching 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 Tow 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 x12%. The polar re-
sponse obtained with the same counter and shield is shown in Fig. I-C.

National Bureau of Standards (NBS) traceable sealed scurces 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
ervors 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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Fig. I-A. Glass-walled, organic-filled Geiger-Mueller {G-M) tube with
battery-powered portable scaler.
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Appendix II

SOIL ANALYTICAL PROCEDURES
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ANALYSIS FOR 22%Ra AND 252Th USING THE Ge(Li) DETECTION SYSTEM

Soil samples for 22%Ra and 2327h 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 scintiila-
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 sysiem of the
0ff-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-cm® Ge{Li) detector system
(see Figs. TI-A, 1I-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 symmelric about its axis, and two
additional bottles across the end surface of the detector, perpendicuiar
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 ervor 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 vadionuclides corresponding to those gamma-ray lines found in
the sample. The program, which is accessible through a remote terminal,
relies on a library of radioiscotopes, which contains approximately 700
isotopes and 2500 gamma-rays, and which runs continuously on the IBM-360
system at ORNL. 1In identifying and quantifying “%®Ra, six principal
gamma-ray lines are analyzed. Most of these are from #'*Bi and corre-
spond to 295, 352, 609, 1120, 1765, and 2204 keV. For analysis of
232Th, seven gamma lines of 1its daughters are analyzed (239, 338, 583,
795, 911, 969, and 2615 keV).
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NEUTRON ABSORPTION TECHNIQUE FOR 233U ANALYSIS*

Following the initial soil sample drying and pulverizing, a 30 cm®
aliquot is sent to the Analytical Chemistry Division of ORNL for 233y
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 235U in the sample.
Neutron activation of the sampies 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/cm?-s, a count of the
delayed-neutron activity is made using a paraffin moderator with a BFj;
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 #35U. Calculations are then made utilizing the fol-

lowing equation:

235|) in test sample =

235 i comparator sample Net count of test sample
P b (Net count of comparator sample

)

The 228U 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 Jower limit of detection of ~40 ppb (102 pCi/g) for
238U.

XF. 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).



Fig. II-A.

Soil sample holder

above the Ge(Li) detector.
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Soil sample holder attached to Ge(Li) detector.

Fig. II-B.



Fig. II-C.

ORNL-Photo 6711-76

3

&

&
B

* * 8. e

%

E promprpr

Ge(Li) detector

Fel
ALRERE 4T
>

and holder inside lead shield with associated 4096-channel

analyzer.

60T






111

ORNL/TM-7343
Distribution Category UC-70

INTERNAL DISTRIBUTION

1. J. A. Alexander 34-38, T. E. Myrick
2. J, A Auxier 39. J. Northcutt
3. C. F. Baes, III 40, F. R, 0'Donnel}
4-8. B. A. Berven 41. P. T, Dwen
9. R. D. Birkhoff 42, M. E. Owens
10. B. G. Blaylock 43, D. C. Parzyck
11. R. 0. Chester 44, P. T. Perdue
12. C. Clark 45. C. R. Richmond
13. S. J. Cotter 46, D. A. Roberts
14, W. D. Cottrell 47. P. S. Rohwer
15, D. J. Crawford 48, W. H. Shinpaugh
16. N. H. Cutshalil 49. D. R. Simpson
17. H. W. Dickson 50. C. S. Sims
18. R. W. Doane 51. J. R. Stokely
19. K. F. Eckerman 52. T. Tamura
20. B. S. Ellis 53. P. J. Walsh
21. L. W. Gilley 54, J. P. Witherspoon
22-26, W. A. Goldsmith 55. D. A, Witt
27. G. S. Hill ‘ 56-57. File — Technology Assessments
28, S. V. Kaye 58. Central Research Library
29. R. W. Leggett 59. Document Reference Section
30, C. A, Little 60-61. Laboratory Records
31, R. S. Lowrie 62. Laboratory Records, ORNL-RC
32. E. T. Loy 63. ORNL Patent Office
33. H. R, Meyer

EXTERNAL DISTRIBUTION

64, Office of Assistant Manager for Energy Research and Development,
Department of Energy, Oak Ridge Operations O0ffice, Oak Ridge,
TN 37830
65-74, W. E. Mott, Director, Environmental and Safety Engineering
Division, Department of Energy, Washington, DC 20545
75-76. R. W. Ramsey, Program Manager, Remedial Action Program, Office
of Deputy Assistant Secretary for Nuclear Waste Management,
Department of Energy, Washington, DC 20545
77. W. R. Bibb, Research Division, Department of Energy, Oak Ridge
Operations Office, Oak Ridge, TN 37830
78. E. L. Keller, Technical Services Division, Department of Energy,
Oak Ridge Operations, Oak Ridge, TN 37830
79. Stuart Altman, New York University, Environmental Medicine, 550
1st Avenue, New York, NY 10016
80-81. James D. Berger, Oak Ridge Associated Universities, Oak Ridge,
TN 37830



82.

83.

100.
101.
102.
103.

112

Kenneth R. Baker, Institute of Nuclear Power Opsration,

1820 Water Place, Building C, Atlanta, GA 30339

Nathaniel F. Barr, Division of Health and Environmental
Effects Assessments, Department of Energy, Washington,

DC 20545

Charles J. Barton, Science Applications, Inc., 800 QOak

Ridge Turnpike, Oak Ridge, TN 37830

Richard Beers, Gec-Centers, Inc., 4700 Auth Place, Suite
LL-3, Camp Springs, MbD 20023

R. G. Beverly, Union Carbide Corporation, P. 0. Box 1049,
Grand Junction, CO 81501.

Jon A. Broadway, Environmental Protection Agency, P. O.

Box 3009, Montgomery, AL 36109

Z. G. Burson, EG&G, Inc., 680 E. Sunset Drive, Las Vegas,

NV 89101

D. S. Barth, National Environmental Research Center, U.S.
Environmental Protection Agency, P. 0. Box 15207, lLas

Vegas, NV 89114,

M. R. Bateman, Union Carbide Corporation, Corporate Research
l.aboratory Library, P. 0. Box 324, Tuxedo, NY 10987,

R. K. Bhat, State of New Jersey, Department of Environmental
Protection, Division of Environmental Quality, 380 Scotch
Road, Trenton, NJ 08628

L. H. Bohlinger. Louisiana Division of Radiation Control,

P. 0. Box 14690, Baton Rouge, LA 70808.

. E. Bolch, Biack Hall, University of Florida. Gainesvillie,
Fl. 32600

C. D. Broyles, Test Sciences (7110), Sandia Corporation,

P. 0. Box 5800, Albugquergue, NM 87115.

Richard Campbell, ETW, Department of Energy, Albugueraue
Operations Office, Albuquerque, NM 87115

W. R. Chappell, Center for Environmental Sciences, Box 136,
University of Colorado, Denver, CO 80202

M. W. Carter, Supervising Scientist for the Alligator Rivers
Region, Level 24, Office Tower Building, Bondi Junction Plaza,
Bondi Junction, N.S.W. 2022

Douaglas B. Chambers, Senes Consultants, 429 McNicoll Avenue,
Willowdale, Ontaric M2i 2C8

Enrico F. Conti, Office of Standards Deveiopment, Nuciear
Regulator Commission, Washington, DC 20545

G. Cowper, Head, Health Physics Braach, Chalk River Nuclear
Lahoratories, Chalk River, Ontario, Canada.

John Cavendish, National lead Company of Ohio, P. 0. Box 39158,
Cincinnati, OH 45239

R. J. Cloutier, Special Training Division, Oak Ridge
Associated Universities, 0Oak Ridge, TN 37830

M. Calkins, National Environmental Research Center,

U.S. Environmental Protection Agency, Cincinpati, OH 45288
S. R. Cook, Special Projects Manager, Atomic Industrial
Forum, Inc., 7101 Wisconsin Avenue, Washington, D.C., 20014



105.

106,
107.

108,
109.

110.
111.
112.
113.

114,
115,

116.
117.
118,
119.

120.
121.

122.
123,
124.
125.
126,

127.

113

William T. Crow, Office of Nuclear Material
Safeguards, U. S, Nuclear Regulatory Commis
tastern Avenue, Silver Springs, MD 20555
B. L. Cohen, University of Pittsburgh, Department of Physics,
Pittsburgh, PA 15261

R. D. Cooper, Office of the Assistant Secretary, Integrated
Assessments, U.S. Department of Energy, Washington, D.C.
20545

J. Crawford, Reactor Research and Technology Division, U.S,
Department of Energy, Washington, DC 20545

L. J. Deal, Assistant Director, Division of Operational and
Environmental Compliance, Department of Energy, Washington,

pC 20545

R. Dawley, Doty Associates, Inc., E. Division, Oak Ridge,

TN 37830

Dale H. Denham, Battelle Pacific Morthwest Laboratories,
Battelle Boulevard, P. 0. Box 999, Richiand, WA 933582

J. H. Davis, Tennessee Valley Authority, River Oaks Bldg.,
Muscie Shoals, AL 35660

J. J. Davis, Division of Safeguards, Fuel Cycie and Environ-
mental Research, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

Directorate of Health Protection, Commissicon of the European
Communities, Luxembourg

F. B. Dunaway, Office of Effects Evaluation, Nevada QOpera-
tions Office, U.S. Department of Energy, Washington, DU

20545

D. Durost, U.5. Department of Agriculture, GHI Building,

Room 120, 500 12th St,, SW, Washington, DC 20250

G. G. Eichholz, Georgia Institute of Technology, Scheol of
Nuclear Engineering, Atlanta, GA 30332

M. Eisenbud, New York University Medical Center, 501 First
Avenue, New York, NY 10016

H. J. Ettinger, Los Alamos National Laboratory, P. 0. Box
1663, Los Alamos, NM 87544

k. D, Evans, 4621 E. Crystal Lane, Scottsdale, AZ 85353

.. Fraley, Department of Radiobiology and Radiation Biology,
Colorado State University, Fort Collins, CO 850523

M. Gates, Nevada Operations Office, U.S. Department of tnergy,
P. 0. Box 1675, Las Vegas, NV 99101

F. Gera, C.N,E.N., Viale Regina, Margherita 125, 00198, Rome,
Italy

M. Goldman, Radiobiology Laboratory, University of California,
Davis, CA 95616

k. S. Goor, National Science Foundation, 2101 Copstitution
Avenue, Washington, DC 20418

R. L. Gotchy, Division of Site Safety and Environmental
Analysis, U.S. Nuclear Regulatory Commission, Hashington,

DC 20555

Tom P. Gesell, School of Public Health, The University of
Texas, P. 0. Box 20186, Houston, TX 77025

afety and
on, /°

S
5io



114

128. D. H. Groelsma, Office of Nuclear Waste Management, Remedial
Action Program, Department of Energy, Mail Stop B-107,
Washington, DC 20545

128. A. C. George, Environmentail Measurements Laboratory, U.S.
Department of Energy, 376 Hudson Street, New York, NY 10014

130. F. F. Haywood, Eberline Instrument Corporation, P. O.

Box 350, Oak Ridge, TN 37830

131. W. R. Hardwick, U.S. Bureau of Mines, Eight West Paseo
Redondo, Tucson, AZ 85705

132. J. H. Harley, Environmental Measurements laboratory, U.S.
Department of Energy, 376 Hudson Street, New York, NY 10014

133. E. A. Harre, Tennessee Valley Authority, Muscle Shoals, AL
35660

134, lew Hanchey, Division 4542, Sandia Laboratories, P. 0. Box
5800, Albuquerque, NM 87185

135, A. J. Hazle, Colorado Department of Health, 4210 E. 11th
Avenue, Denver, CO 80220

136. Jack Healy, Office of Environmental Policy Analysis, Los
Alamos Scientific lLaboratory, Los Alamos, NM 87545

137. D. W. Hendricks, Environmental Protection Agency, P. 0.

Box 15207, Las Vegas, NV 89121

138. Peter W. House, Director, Office of Technology Impacts, Depart-
ment of Energy, Washington, DC 20545

139. Bernard N. Jaroslow, Argonne National Laboratcory, Division
of Environmental Impact Studies, 9700 S. Cass Avenue,
Argonne, IL 60439

140. P, Jenkins, Mensanto Reseavch Corporation, Mound Facility,
Miamisburg, OH 45342

141. J. E. Jobst, EG&G, Inc., 680 E. Sunset Drive, lLas Vegas,

NV 89101

142. J. E. Johnson, Department of Radiobiology and Radiation
BioTogy, Colorado State University, Fort Collins, CO 80523

143. W. B. Johnson, Jr., State of Florida, Radiation Health
Program, P. 0. Box 6635, Orlando, FL. 32803

144, B. Kahn, Georgia Institute of Technology, Environmental
Resources Center, Atlanta, GA 30332

145. J. Kastner, Division of Siting, Health, and Safeguards
Standards, U. S. Nuclear Regulatory Commission, Washington,
DC 20555

146. P. Kearney, Division of Environmental Impact Studies, Argonne
National lLaboratory, 9700 South Cass Avenue, Argonne, IL
60439

147. R. E. Kidwell, U. S. Department of Transportation, Federal
Highway Administration, Washington, DC 20530

148, M. Kisieleski, Argonne National laboratory, Argonne,

IL 60439

149, C. L. Klinstiver, U. S. Department of Transportation,
Federal Highway Administration, Washington, DC 20590

150. E. R. Landa, Department of Interior, Geological Survey,
Mail Stop 424, Box 25046, Federal Center, Denver,

CO 80225



115

151. S, Lichtman, Environmental Protection Agency, 401 M Street,
SW, MS~-ANR-460-0RP, Washington, DC 20560

152, P. J. Magno, Environmental Protection Agency, Washington,
DC 20555

153, J. R. Maher, Division of Technology Assessments, Department
of Energy, Washington, DC 20545

154. G. Markos, Department of Geology and Geological Engineering,
Seuth Dakota School of Mines, Rapid City, SD 57701

155. J. W, McKiernan, Project Engineering, Division 4542, Sandia
National Laboratories, Albuquerque, NM 87185

156. B, J. McMurray, Battelle Pacific Northwest Laboratories,
Battelle Boulevard, P. 0. Box 999, Richland, WA 939352

157. H. Miller, Division of Waste Management, Nuclear Regulatory
Commission, Mail Stop 483SS, Washington, DC 20555

158. W. A. Mills, Environmental Protection Agency, Room 635,
Waterside Mall East, 401 M Street, SW, Washington, DC 20460

159, K. 7. Morgan, School of Nuclear Engineering, Georgia Institute
of Technology, Atlanta, GA 30332

160. R. 0. McClelilan, Lovelace Biomedical and Environmental
Research Institute, 5200 Gibson Blvd., SE, Albuguerqus,
NM 87108

161. H. A. C., McKay, A. E. R. E., Harwell, Didcot, Oxon., Engiland

16Z2. G. MchNeil, Head, Environmental Radiation Section, U. 5.
Environmantal Protection Agency, 345 Curtland, Atlanta,
GA 30308

163. W, R, Ney, National Council on Radiation Protection and
Measuremants, 7910 Woodmont Avenue, Bethesda, MD 20014

164, Y. C. Ng, Bicmedical and Environmental Research Division,
Lawrence Livermore Laboratory, P. 0. Box 808, Livermore,
CA 94550

165. H. T. Odum, Department of Environmental Engineering,
University of Florida, Gainesville, FLL 32601

166. G. Palm, Florida Phosphate Council, Suite 24, Executive
Piaza, 4406 S. Florida Avenue, P. 0. Box 5530, Lakeland,
Fi. 33803

167, D. A, Paul, U. S. Department of Agriculture, GHI Building,
Room 120, 500 12th Street, SW, Washington, DC 20250

168. H. R. Payne, U. S. Environmental Protection Agency, Region
IV, 1421 Peachtree Street, Atlanta, GA 30309

169. W. H. Pennington, Biomedical and Environmental Research
Division, U. S. Department of Energy, Washington, DC 20545

170. R. 0. Pohl, Laboratory of Atomic and Solid State Physics,
Clark Hall, Ithaca, NY 14853

171. B. J. Porter, lLouisiana Division of Radiation Control,
P. 0, Box 14690, Baton Rouge, LA 70808

172. C. Porter, Eastern Environmental Research Facility, U. S.
Environmental Protection Agency, P. 0. Box 3009, Montgomery,
AL 36109

173. K. Purushothamon, University of Misscuri, Rolla, MO 64501



174,

175.
176.
177.
178.
179.
180.
181.
182.
183.
184.

185.
186,

187.
188.

189.
190.
191.
192.
193.

194.

195.
196.

197.
198.

116

H. R. Prins, Chief, Nuclear Engineering Section, New York
State Department of Environmental Conservation, 50 Wolf

Road, Albany, NY 12201

J. W. Poston, School of Nuclear Engineering, Georgia
Institute of Technology, North Avenue, Atlanta, GA 30322

0. G. Raabe, Radiobiology lLaboratory, University of
California, Davis, CA 95616

D. P. Rall, National Institute of Environmental Health
Sciences, P. 0. Box 12233, Research Triangle Park, NC 27709
C. J. Roberts, Argonne National Laboratory, EIS Division -
Building 10, Argonne., Il. 60439

C. E. Roessler, Department of Environmental Engineering
Sciences, University of Florida, Gainesville, FL 32611

R. C. Ross, United Nuclear Corporation, 101 Executive Bivd.,
Elmsford, NY 10523

.. C. Rouse, Division of Fuel Cycle and Material Safety,

U. S. Nuclear Regulatory Commission, Wasnington, DC 20555

S. Saari, Mitre Corporation, 1820 Dolly Madison Blvd.,
McLean, VA 22102

K. J. Schiager, Radiation Protection Consultant, ALARA, Inc.,
P. 0. Box 590, Fort Collins, CO 80522

R. A. Scarano, Chief, Uranium Recovery Licensing Brancn,
Division of Waste Management, NM55, Nuclear Regulatory
Commission, 7915 tastern Avenue, Silver Spring, MD 20555

S. D. Shearer, Hays & Lindsey, Inc., 5000 E. Ben White Blvd.,
Suite 111, Austin, TX 78741

J. Silhanek, Environmental Protection Agency, Waterside Mall,
East Tower, Washington, DC 20460

D. R. Stone, 2136 Suncrest l.ane, Chattanooga, TN 37421

E. J. Salmon, National Academy of Sciences, 2101 Constitution
Avenue, Washington, DC 20418

B. Salmonson, Regulatory Affairs, Exxon Minerals Corporation,
P. 0. Box 2180, Housten, TX 77001

J. K. Soldat, Pacific Northwest Laboratories, P. 0. Box 999,
Richland, WA 99352

H. J. Sonnenberg, U. S. Department of Transportation, Federal
Highway Administration, Washington, DC 20530

B. Spinrad, Oregon State University, Radiation Center, Corvallis,
OR 97331

A. C. Stern, Department of Environmental Sciences and
Fngineering, University of Nortn Carolina, 602 Croom Court,
Chapel Hil1l, NC 27514

J. Swinebroad, Biomedical and Environmental Research
Division, U. S. Department of Energy, Washington, DC 20545
A. B. Tanner, U. S. Geological Survey, Reston, VA 22070

J. G, Themelis, Department of Etnergy, P. 0. Box 2527, Grand
Junction, CO 81501

L. S. Taylor, National Council on Radiation Protection and
Measurements, 7910 Woodmont Avenue, Bethesda, MD 20014

W. S. Twenhofel, U. S. Geological Survey., Federal Center,
Denver, CO 80225



199.
200.
201,
202,
203.
204.

212.
213.
214,
215.
216.
217.

218.
219,
220.

221.

117

W. E. Thompson, Division of Fuel Cycle and Material Safety,
Nuclear Regulatory Commission, Washington, DC 20555

S. Walegora, Eberline Instrument Corporation, P. 0. Box
3874, Albuguerque, NM 87110

M. Walsh, R. E. C. S., 34 Whitelock Cres., Willowdale,
Ontario, Canada M-2KIV8

G. Wehmann, Idaho National Laboratory, 3955 Georgia Lane,
Ammon, ID 83401

F. W. Whicker, Department of Radiology and Radiation
Biology, Colorado State University, Fort Collins, CO 80523
T. A. Wolfe, Radiation Protection Bureau, Environmental
Improvement Division, State of New Mexico, P. 0. Box 968,
Crown Building, Santa Fe, NM 87503

G. Wu, Division of Waste Management, Nuclear Regulatory
Commission, MS-48355, Washington, DC 20555

R. Wynveen, Argonne National Laboratory, 9700 S. Cass
Avenue, Argonne, IL 60439

A. Whitman, Division of Environmental and Safety Engineering,
Department of Energy, Washington, DC 20545

A. M, Weinberg, Oak Ridge Associated Universities, Oak Ridge,
TN 37830

G. H. Whipple, University of Michigan, School of Public
Health, Ann Arbor, MI 48104

G. E. Wilkinson, Gardinier, Inc., P. 0. Box 3269, Tampa,

FL 33601

S. T. Windham, Eastern Environmental Research Facility, U. S.
Environmental Protection Agency, P. 0. Box 3009, Montgomery,
AL 36109

R. W. Wood, Biomedical and Environmental Research Division,
U. S. Department of Energy, Washington, DC 20545

I. L. Myers, M.D., State Health Officer, State Department of
Public Health, State Office Building, Montgomery, AL 36130
H. Beirne, M.D., Commissioner, Department of Health and Social
Services, Pouch H-01, Juneau, Alaska 99811

C. F. Tedford, Executive Director, Arizona Atomic Energy
Commission, 2929 W. Indian School Road, Phoenix, AZ 85017
R. Young, M.D., M.P.H,, Director, Department of Health,

4815 West Markham Street, Little Rock, Arkansas 72201

J. 0. Ward, Chief, Radiologic Health Section, State
Department of Health Service, 714 P Street, Sacramento,

CA 95814

F. Traylor, M.D., Executive Director, Department of

Health, 4210 East 11th Avenue, Denver, CO 80220

S. Pac, Commissioner, Department of Environmental Protec-
tion, State Office Building, Hartford, CT 06115

B. B. Rose, M.D., Director, Division of Public Health,
Department of Health & Social Services, Jesse S. Cooper
Memorial Building, Capitol Square, Dover, DE 19901

J. T. Howell, M.D., Director, Health Programs Office,
Department of Health & Rehabilitative Services, 1317
Windwood Blvd., Taliahassee, FL 32301



222.

223.

224.
225.
226.
227.

228.
229.
230.
231.

232.
233.

234,

235.
236.

237.

238,

239.
240,

241,

118

A. Carden, Acting Commissioner, Department of Human
Resources, State Office Building, 47 Trinity Avenue,
Atlanta, GA 30334

J. Rosario, Administrator, Bureau of Environmerntal Health,
Department of Public Health and Social Services, Govern-
ment of Guam, P. 0. Box 2816, Agana, Guam 96910

G. Yuen, Director, Department of Health, P. 0. Box 3378,
Honolulu, Hawaii 96801

M. Klein, Director, Idaho Department of Health and Welfare,
Statehouse, Boise, ID 83720

W. L. Kempiners, Acting Director, Department of Public
Health, 535 West Jefferson Street, Springfield, Il. 62761
R. G. Biankenrbaker, M.D., State Health Commissioner,
Indiana State Board of Health, 1330 West Michigan Street,
Indianapolis, IN 46206

L. E. Crane, Executive Director, Department of Environmental
Quality, 900 tE. Grand, Des Moines, Iowa 50319

J. F. Harkins, Secretary, Department of Health and Environ-
ment, Forbes Field, Building 740, Topeka, KS 66620

G. Stumbo, M.D., Secretary, Department for Human Rescurces,
Capitol Annex, Frankfort, KY 40621

B. J. Porter, Assistant Secretary, Office of Environmental
Affairs, State Department of Natural Resources, P. 0. Box
44066, Baton Rouge, LA 70804

M. R. Petit, Commissioner, Department of Human Services,
221 State Street, Augusta, ME 04330

C. R. Buck, Jr., Secretary, Department of Health and Mental
Hygiene, 0’'Conor Office Building, 201 West Preston Street,
Baltimore, MD 21201

A. L. Frechette, M.D., Commissioner, Massachusetts Depart-
ment of Public Health, 600 Washington Streei, Boston,

MA 02111

M. S. Reizen, M.D., Director, Department of Public Health,
3500 North Logan Street, P. 0. Box 30035, Lansing, MI 48909
G. Pettersen, M.D., Commissioner of Health, Minnesota
Department of Health, 717 Delaware Street, SE,

Minneapolis, MN 55440

A. B. Cobb, M.D., State Health Officer, State Board of
Health, Felix J. Underwcod State Board of Health

Building, P. 0. Box 1700, Jackson, MS 39205

J. Reichart, M.D., Acting Director, Division of Health,
Department of Social Services, Broadway State Office
Building, P. 0. Box 570, Jefferson City, MC 65101

A. C. Knight, M.D., Director, Department of Health &
Environmental Sciences, Cogswell Building, Helena, MT 59601
H. D. Smith, M.D., Director of Heaith, Department of
Health, 301 Centennial Mall, South, P. 0. Box 95007,
Lincoin, NE 68509

J. H. Carr, M.D., State Health Officer, Health Division,
State Department of Human Rescurces, 505 East King Street,
Carson City, NV 89710



242.

243.

244,

245,
246.

247.
248.
249,

250,

251.

252.
253.
254.

255.
256.
257.
258,

259.
260,
261.

119

M. H. Mires, M.D., Director, Divison of Public Health
Services, State Department of Health and Welfare, Health
and Welfare Building, Hazen Drive, Concord, NH 03301

Mrs. Jerry English, Commissioner, Department of Environ-
mental Protection, P. 0. Box 1390, John Fitch Plaza,
Trenton, NJ 08625

T. E. Baca, Director, Environmental Improvement Division,
Department of Health and Environment, P. 0. Box 968,

Santa Fe, NM 86503

D. Axelrod, M.D., Commissioner, State Department of Health,
Empire State Plaza, Tower Building, Albany, NY 12237

I. 0. Wilkerson, Jr., Director, Division of Facility
Services, Department of Human Resources, P. 0. Box 12200,
Raleigh, NC 27605

G. A. Christianson, Acting State Health Officer, State
Capitol Building, Bismarck, ND 58501

J. H. Ackerman, M.D., Director, Department of Health, 246
North High Street, P. 0. Box 118, Columbus, OH 43216

J. K. Leavitt, M.D., Commissioner, State Department of
Health, N.E. 10th and Stonewall Streets, P. 0. Box 53551,
OkTahoma City, OK 73152

K. Gebbie, Administrator, Health Division, Department of
Human Resources, 1400 Southwest Fifth Avenue, Portland,

OR 97207

C. L. Jones, Secretary, Department of Environmental Resources,
9th Floor, Fulton Building, Third and Locust Streets,

P. 0. Box 2063, Harrisburg, PA - 17120

J. R. Dueno, M.D., Secretary of Health, Department of Health,
Box 10427, Caparra Heights Station, Rio Piedras, PR 00922
J. E. Cannon, M.D., Director of Health, Department of Health,
Cannon Building, Davis Street, Providence, RI 02908

R. S. Jackson, M.D., Commissioner, South Carolina
Department of Health & Environmental Control, 2600 Bull
Street, Columbia, SC 29201

R. Blair, Secretary of Health, State Department of Health,
Joe Foss Office Building, Pierre, SD 57501

F. W. Fowinkle, M.D., Commissioner, Department of Public
Health, 344 Cordell Hull Building, Nashville, TN 37219

R. Bernstein, M.D., Commissioner, Texas Department of
Health, 1100 West 49th Street, Austin, TX 78756

J. 0. Mason, M.D., Executive Director, State Department of
Health, 205 W. North Temple, Box 2500, Salt Lake City,

Ut 84103

L. Novick, M.D., Commissioner, Department of Health, 60
Main Street, Burlington, VT 05041

J. B. Kenley, M.D., Commissioner, Department of Health,
109 Governor Street, Richmond, VA 23219

V. C. Brown, Commissioner, Department of Conservation and
Cultural Affairs, P. 0, Box 4340, Charlotte Amalie, St.
Thomas, VI 00801



262,

263.

264

265.

o]

266~ 5¢

-
=
-

.

120

J. Beare, M.D., M.P.H., Director, Health Services Division
(M/S 0844), Department of Social and Health Services,
Office Building No. 2., Olympia, WA 98504

G. E. Pickett, M.D., Director, State Department of Health,
1800 East Washington Street, Charleston, WV 25305

R. Durkin, Administrator, Division of Health, Department
of Heaith & Social Services, P. 0. Box 309, Madison,

WI 53701 '

1. J. Cohen, M.D., Adwinistrator, Division of Health &
Medical Services, Hathaway Building, 4th Floor, Cheyeiine,
WY 82001

Given distribution as shown in TID-4500 under category 70,
Nuclear Waste Management {25 copies - NTIS)

®U.S. GOVERNMENT PRINTING QFFICE: 1981-546-067/310



