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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 r a d i a t i o n  l e v e l s  across the United States have been 
measured by the O f f - S i t e  P o l l u t a n t  Measurements Group o f  t he  Health and 
Safety Research D i v i s i o n  a t  Oak Ridge Nat ional  Laboratory (QRNL). These 
measurements have been conducted as p a r t  o f  t he  QRWL program o f  rad io-  
l o g i c a l  su rve i l l ance  a t  i n a c t i v e  uranium m i l l s  and s i t e s  formerly 
u t i l i z e d  du r ing  Manhattan Engineer O i s t r i c t  and e a r l y  Atomic Energy Com- 
mission pro jects .  The measurements inc luded determinat ion o f  22sRa, 
232Th, and 238U concentrat ions i n  surface so i  1 samples and measurement 
o f  external  gamma-ray exposure ra tes  a t  1 m above the  ground surface a t  
t he  l o c a t i o n  o f  s o i l  sampling. This in format ion i s  being u t i l i z e d  f o r  
comparative purposes t o  determine the extent  o f  contamination present a t  
t he  survey s i t e s  and surrounding o f f - s i t e  areas. 

The sampling program t o  date has provided background in format ion a t  
356 l oca t i ons  i n  33 s tates.  External  gamma-ray exposure ra tes  were 
found t o  range from less than 1 t o  34 pR/h, wi th  an U.S. average o f  
8.5 pR/h. The nationwide average concentrat ions o f  226Ra, 232Th, and 
233U i n  surface s o i l  were determined t o  be 1.1, 0.98, and 1.0 pCi/g, 
respect ive ly .  





INTRODUCTION 

Background radiation levels in the United States have been measured 
by the Off-Site Pollutant Measurements Group of the Health and Safety 
Research Division at Oak Ridge National Laboratory (ORNL) from 1975 
through 1979. During this time, radionuclide concentrations of 226Ra, 
232Th, and 238U in surface soil samples have beefi 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 o f  regional differences and similarities in 
data val ues. 

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- 
1 ows. 

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-l 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 t o  assess its radiological 
condition, need for corrective action, ownership, and present and pro- 
jected local population.* Phase I1 was the preparation o f  a detailed 
engineering assessment of each site including the existing radiation 
levels, exposure t o  the public and projected public health implications, 
practicable remedial actions, and costs of remedial action alterna- 
tives, 1,2 The Off-Site Pollutant Measurements Graup provided radiologi- 
cal assessments o f  each of the 22 sites for the Energy Research and 

1 
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Development Administration [now the Department of Energy (DOE)]. To 
develop a basis for a radiological assessment o f  the impact that these 
sites had on their respective locations, background samples in the 
western states were collected and analyzed. Phase I11 in the mill 
tailings program is the implementation and completion o f  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 o f  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 
t o  some industrial participants regarding radioactive characteristics of 
residual material, sites became contaminated. Contracts for needed 
services were made and terminated as required. However, at termination, 
the sites were to have been decontaminated according to guidelines then 
in use. Most of these sites were decontaminated, but since that time 
many of the radiological records have been lost and radiological crite- 
ria for the unrestricted release o f  these sites have changed. A QOE 
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 f o r  unrestricted or 
limited use, as required. This program is called the Formerly Utilized 
MEDIAEC 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 t o  

understand the significance of radiation levels present at FUSRAP sites, 
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RADIOLOGICAL MEASUREMENT TECHNIQUES 

Measurement o f  External Gamma-Ray Exposure Rates 

External gamma-ray exposure rates were measured with a glass-walled 
Geiger-Mueller (6-M) tube (“Phil”) in association with a battery-powered 
portable scaler. The meas- 
urements were taken approximately 1 an above the ground surface at the 
location of the background so< 1 samples. Typically, three 1-min read- 
ings were made at each location, and the average value was reported. 

This instrument is described in Appendix I .  

Soil Sampling and Radionuclide Analysis 

The background surface soil samples were collected from the top 
6 cm of the soil, and approximately 600 cm3 of the §Oil was placed in a 
plastic bag. Rocks greater than approximately 2 - 5  cm diameter were 
purposely excluded from the sample. The sample was returned t o  ORNL, 
where it was dried for 24 h at l l O ° C  and then pulverized to a particle 
size no greater than 500 pm in diameter (-35 mesh). A 30 cm3 aliquot o f  
the pulverized sample was sent t o  the Analytical Chemistry Division at 
ORNL for 238U concentration analysis by neutron absorption techniques4 
(Appendix TI). Other aliquots from the pulverized sample were transfer- 
red t o  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 [GeCLi)] detector, and the spectra 
obtained were analyzed fur the nzsRa and 232Th using computer tech- 
niques. A more detailed description of the Ge(Li) detector and soil 
sample analytical procedure is provided in Appendix 11. 

LOCATIONS OF STATE B A C K ~ R ~ ~ N D  S PLES AND MEASUREMENTS 

The locations o f  the background samples and measurements in the 
United States are shown in Fig. I. From t h i s  map, i t  is evident that 
these locations are nonrandom and are positioned along major highways. 
These locations were selected by several considerations: (I) proximity 
t o  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 
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the location was undisturbed. Those locations were selected which 
appeared to have been uncultivated o r  at least fallow for a number of 
years. 

The location o f  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: 

A1 abama 
A1 as ka 
Arizona 
Arkansas 
California 
Colorado 
Del aware 
Florida 
Georgia 
Idaho 
I1 1 i noi s 

I ndi ana 
Kansas 
Kentucky 
Louisiana 
Mary1 and 
Mi chi gan 
Mississippi 
Missouri 
Nevada 
New 3 e r s ey 
New Mexico 

New York 
North Carol i na 
Qhio 
Oregon 
Pennsylvania 
Tennessee 
Texas 
Utah 
Vi rgi nia 
West Virg 
Wyomi ng 

ni a 

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 garnma-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 226Ra, 232Th, and 
238U in surface soil samples (in pCi/g) a t  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 o f  356 samples were analyzed from the 
33 states. Exposure rate measurements were ade in all but 3 of the 
sampled states (Alaska, Michigan, and New York). 

The standard deviation quoted in the results tables f o r  226Ra, 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 o f  errors from sampling methods, 
sample preparation, and system calibration has not been included. For 
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the 23811 determinations, the 20 value presented includes a l l  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 i s  not an additive value, but rather is 
multiplicative. Hence, for these data, values between one and two indi- 
cate a "re3atively" good fit to the lognormal distribution. The geomet- 
ric standard deviations reported contain 68% of the frequency values, 
and represent a la bound. ?he arithmetric standard deviations are re- 
ported as the 95% confidence (o r  2a) 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 i s  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 o f  the mean state values for comparative 
purposes must be exercised with caution, as the values reported may no t  
adequately characterize the state as a whole. However, continued sam- 
pling, as part o f  this program, will help to define further these state 
background levels. 

External gamma-ray exposure rates, measured at 1 rn above the ground, 
were found to range from less than 1 to 34 pR/h. State averages were in 
the range of 3 .3  pR/h (Texas) to 14 pR/h (Colorado, Nevada, and 
with a U. S. average of 8.5 pR/h. The standard deviations of the means 
indicate the significant variability of the individual values within a 
state (23 to 9l% relative arithmetic standard deviation, range of geo- 
metric standard deviation of 1.1 t o  1.7). A graphical representation o f  
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t h e  d i s t r i b u t i o n  o f  t he  s t a t e  average ex terna l  gamma-ray exposure r a t e  
i s  g iven  i n  F i g .  34. The grouping presented i n  t h i s  f i g u r e  suggests 
reg iona l  d i f fe rences  i n  the  background gamma r a d i a t i o n  l eve l s ,  w i t h  
western s ta tes  showing genera l l y  h igher  values than the  G u l f  Coast, 
m id -A t lan t i c ,  o r  mid-west,ern s ta tes .  

The s o i l  sample ana lys is  r e s u l t e d  i n  est imates o f  t he  mean values 
f a r  226Ra9 232Th, and 238U concentrat ions i n  sur face s o i l  i n  each o f  t he  
surveyed s ta tes .  Figures 35-37 d e p i c t  t he  d i s t r i b u t i o n  o f  the  s t a t e  
averages, w i t h  a s t r i k i n g l y  s i m i l a r  p a t t e r n  occu r r i ng  f o r  a l l  th ree  
rad ionucl ides.  This  p a t t e r n  groups the  s ta tes  w i t h  lower concentrat ions 
genera l l y  i n  the  coasta l  regjons, w i t h  the  h igher  concentrat ions occur- 
r i n g  i n  the con t inen ta l  i n t e r i o r  s ta tes .  The s t a t e  average 226Ra con- 
c e n t r a t i o n  i n  sur face s o i l  was found t o  vary from 0.65 pCi/g (Alaska) t o  
1.5 pCi/g (Kentucky, Nevada, New Mexico, and Ohio). Re la t i ve  a r i t h m e t i c  
standard dev ia t ions  ranged from 12  t o  158% f o r  t he  s t a t e  averages. 
I n d i v i d u a l  22sRa measureinents ranged f rom 0.23 t o  4.2 pCi/g. F o r  232Th, 
concentrat ions i n  i n d i v i d u a l  samples were found from 0.10 t o  3.4 pCi/g, 
w i t h  the  s t a t e  averages ranging from 0.24 pCi/g (F lo r i da )  t o  1.6 pCi/g 
(Arkansas). Again, t he  r e l a t i v e  a r i t h m e t i c  standard dev ia t i ons  i n d i c a t e  
the  v a r i a b i l i t y  of the  sample concentrat ions and the  small sample s ize ,  
w i t h  values o f  12 t o  173%. S t a t e  averages f o r  238U concent ra t ion  i n  
surface s o i l  vary  from 0.58 pCi/g (Louis iana) t o  1.6 pCi/g (Kentucky), 
w i t h  r e l a t i v e  a r i t h m e t i c  standard dev ia t ions  from 8 t o  183%. I n d i v i d u a l  
samples had 238U concentrat ions from 0.12 t o  3.8 pCi/g. The average 
concentrat ions i n  the  Un i ted  States f o r  a l l  th ree  nuc l ides  were 1.1, 
0.98, and 1.0 pCi/g f o r  226Ra, 2321h, and 238U, respec t i ve l y .  

DISCUSSION OF RESULTS 

External  Gamma- Way Exposure Rates 

Several i n v e s t i g a t o r s  have conducted ground surveys o f  na tu ra l  t e r -  
r e s t r i a l  r a d i a t i o n  i n  the  Un i ted  States,  us ing  a v a r i e t y  of de tec t i on  
r n e t k o d ~ . ~ - ~ ~  Table 38 presents a summary o f  t he  more extens ive o f  these 
measurement programs. Q f  these surveys those conducted by Beck, 7~ 

Lev in , l f  and LindekenI4 are  the  most comprehensive and bes t  s u i t e d  f o r  
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comparison with the data obtained during the ORNL program presented in 
this report. The detection methods utilized in these four investiga- 
tions were all different, and although the choice o f  instrumentation 
utilized influences the utility of the data, cornparison o f  the measure- 
ment results is still useful. 

Table 33 provides a comparison of the average gamma-ray exposure 
rates in the United States as measured by the investigators cited above 
and the results presented in this report. With few exceptions, the data 
are consistent on both state-by-state and national averages. This is 
somewhat surprising considering the wide variations in sample size and 
locations, and instrumentation and methods employed. It should again be 
emphasized that use o f  these data for  characterization o f  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 o f  this report are consistent with the 
results obtained by Oakley.16 In the analysis of Aerial Radiological 
Measurement Surveys (ARMS), it was concluded that the United States is 
divided into three fairly distinct terrestrial radiation zones: the 
coastal plain including all o r  portions of states bordering the Atlantic 
Ocean and the Gulf o f  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- 
i ting 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 o f  this type have been accumulated during 
recent years by many investigators, directed toward a variety o f  goats. 
This considerable but scattered 1 iterature has been summarized by the 
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Uni ted Nat ions S c i e n t i f i c  Committee on the  E f f e c t s  o f  Atomic Rad ia t ion  
i n  a number o f  repor ts ,  most r e c e n t l y  i n  t h e i r  UNSCEAR 1977 ed i t i on .17  

The r a d i o a c t i v i t y  o f  s o i l  depends upon t h a t  o f  t he  parent  rock  as 
w e l l  as the  s o i l  format ion and t ranspor t  processes t h a t  were involved. 
I n  the  course o f  such rock  weathering and s o i l  format ion,  chemical and 
biochemical i n t e r a c t i o n s  dynamical ly i n f l uence  the  d i s t r i b u t i o n  pa t te rns  
o f  uranium and thor ium, as w e l l  as a l l  the  rad ionuc l ides  created by the  
rad ioac t i ve  decay o f  these elements. Typ ica l  uranium, thorium, and 
radium contents o f  a wide v a r i e t y  o f  s o i l s  i n  Nor th America and Europe 
are  l i s t e d  i n  Table 40. These observed concentrat ions are a s t rong 
f u n c t i o n  o f  s o i l  type and s o i l  hor izon, w i t h  s i g n i f i c a n t  v a r i a t i o n  o f  
s o i l  r a d i o a c t i v i t y  w i t h  l o c a t i o n  and depth being common.lg The values 
obta ined dur ing  the measurement program presented i n  t h i s  r e p o r t  compare 
favorab ly  w i t h  the  l i t e r a t u r e  values. The mean U. S. concentrat ions f o r  
22sRa, 238U, and 232Th o f  1.1, 0.98, and 1.0 pCi/g f a l l  w i t h i n  the  range 
o f  observed values and are  on ly  s l i g h t l y  above the  tabu la ted  wor ld  aver- 
ages, 

The r e l a t i v e l y  few simultaneous measurements o f  the  uranium and 
radium concentrat ions i n  s o i l  i n d i c a t e  t h a t  r a d i o a c t i v e  e q u i l i b r i u m  i s  
roughly  obta ined i n  many s o i l s ,  b u t  l a r g e  dev ia t ions  from e q u i l i b r i u m  
are a l so  observed due t o  t he  d i f f e r e n t  geochemical p roper t i es  o f  uranium 
and radium compounds. l9 Departure from equi 1 ibri lsm occurs even more 
r e a d i l y  f o r  those 238U daughters beyond 222Rn because o f  t h e  escape o f  
gaseous radon from the  s o i l  ma t r i x  w i t h  subsequent m ig ra t i on  elsewhere 
p r i o r  t o  decay. The c o r r e l a t i o n  between the  radium and uranium concen- 
t r a t i o n  data presented i n  t h e  prev ious sec t i on  was computed f o r  the  346 
sampling l oca t i ons  where simultaneous measurements had been made. The 
c o r r e l a t i o n  c o e f f i c i e n t  f o r  these data was determined t o  be 0.77, i nd i -  
c a t i n g  good c o r r e l a t i o n ,  e s p e c i a l l y  f o r  t h i s  type o f  f i e l d  measurement. 
The U. S .  average Concentrat ions of radium and uranium showed a near l y  
1 t o  1 c o r r e l a t i o n ,  s i g n i f i f y i n g  t h a t  a t  l e a s t  on such a gross l e v e l ,  
rad ioac t i ve  e q u i l i b r i u m  e x i s t s .  



9 

External ~ a ~ m a - ~ ~ ~  Exposure Rates vs  Radinnrrcl icde 
Concentrations i n  So i  1 

Analysis o f  the data  for co r re l a t ion  between the external gamma-ray 
leve ls  and rad ionuc l ide  concentrations in the sol" 1 was conducted f o r  
each raaionuclide measured, as well as the combination o r  a l l  three.  
The cor re l a t ion  coe f f i c i en t s  obtained were 0.48, 8.35, and 0.33 f o r  
gamma vs y32T&, gamma v s  z2sRa, and gamma vs 238e), respect ively.  The 

r e l a t i v e  magnitude o f  the  coe f f i c i en t s  r e f l e c t  the  respect ive average 
gamma-ray energy per d i s in t eg ra t ion  of each decay chain (1.9 MeV f o r  
2327h, and P MeV f a r  the 2380 and 22"Ra chains).  Further regression 
analyses conf i rmed the  cor re l  a t ion  f o r  both 1 i near and 1 ogari thini c 
regressions.  -Ihe coe f f i c i en t  o f  determination (r2) vd? l ies f o r  each 
individual co r re l a t ion ,  as we1 1 as  the  co r re l a t ion  betwe@ln t h e  dependent 
and two o r  more independent. variables are? g iven i n  fable 41. These 
r e s u l t s  suggest t h a t  other- f a c t o r s ,  such as the  magnituie o f  the casmic- 
ray cont r ibu t ion ,  emanation o f  radon from the s o i l ,  and t he  presence o f  
other  radionuclides i n  s o i l  and rocks, a r e  i m p o r t a t  i n  the cor re la t ion  
w i t h  external  gamma-ray exposure r a t ~ + s ,  a s  would be expected. In 
addi t ion ,  measureoient errors l"n both exposuu'e ra te  determinations and 
radionuclide concentrations wou i d  affect.  the  observed degree n r  correla- 
t ion .  

Background rad ia t ion  leve ls  across the  United StaLes have been 
measured by the  Of f - s i t e  Pol lutant Measurements Group ai '  t h e  Heal th  and 
Safety Research Division a t  ORML, as part, o f  their program o f  Ivdioiogi- 
cal  surve i l lance  a t  inac t ive  uranium mi l l s  and FUSRAP s i t e s .  lha's in- 
formation i s  being u t i 1  i zed  f o r  comparative purposes t a  determine the 
ex ten t  of contamination present  a t  the  survey s i t e s .  The ~ ~ ~ ~ k g r ~ u n ~  
measurements inc i uded determi nation o f  226R;i, 232^i h and 2 a s U  concentra- 
t ions  i n  surface s o i l  samples, and detect ion o f  external gamma-ray ex- 
posure r a t e s  a t  I M above the  surface a t  the  locat ions o f  s o i l  sampling. 
Data were co l lec ted  a t  356 nonrandom, r e l a t i v e l y  undisturbed areas  i n  a 
t o t a l  of 33 s t a t x s  froin 1375 through 1979. Additional sampling will  be 

conducted as  pa r t i c ipa t ion  in  the  FUSRAP progu'am conLinues. 
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External  gamma-ray l e v e l s ,  as measured w i t h  a glass-wal led,  energy- 
compensated G-M tube, were found t o  range from l e s s  than 1 t o  34 pR/h. 
S ta te  averages va r ied  from 3.3 pR/h (Texas) t o  14 pR/h (Colorado, Neva- 
da, and Wyoming), w i t h  a U. S. average o f  8.5 pR/h. The s t a t e  average 
22sRa concentrat ions i n  sur face s o i l ,  as determined by gamma spectros- 
copy, ranged from 0.65 pCi/g (Alaska) t o  1 . 5  pCi/g (Kentucky, Nevada, 
New Mexico, and Ohio). I n d i v i d u a l  measurements ranged from 0.23 t o  4.2 
pCi/g. For 232Th concentrat ions ,3150 determined by gamma spectroscopy, 
i n d i v i d u a l  samples conta ined from 0.10 t o  3.4 pCi/g, w i t h  s t a t e  averages 
ranging from 0.24 pCi/g (F lo r i da )  t o  1 . 6  pCi/g (Arkansas). Analys is  f o r  
2381) concentrat ions i n  s o i l ,  as determined by neutron absorp t ion  tech- 
niques, r e s u l t e d  i n  i n d i v i d u a l  values ranging from 0.12 t o  3.8 pCi/g. 
S ta te  average 238U concentrat ions v a r i e d  from 0.58 pCi/g (Louis iana) t o  
1.6 pCi/g (Kentucky). The average concentrat ions i n  the  Un i ted  States 
were 1.1, 0.98, and 1.0 pCi/g f o r  226Ra, 232Th, and 238U, respec t i ve l y .  
The c o r r e l a t i o n  between the  radium and uranium concentrat ions was good 
( c o r r e l a t i o n  c o e f f i c i e n t  o f  0.77), i n d i c a t i n g  t h a t  r a d i o a c t i v e  e q u i l i b -  
r ium i s  roughly  obta ined i n  most samples. The geographical d i s t r i b u t i o n  
o f  background l e v e l s  f o r  t he  ex terna l  gamma-ray measurements as w e l l  as 
the  rad ionuc l i de  concentrat ions i n  s o i l  samples was s i m i l a r .  Regional 
d i f f e rences  were ev ident ,  w i t h  western s ta tes  showing genera l l y  h igher  
values than coasta l  o r  mid-eastern areas. 

Analys is  o f  t he  c o r r e l a t i o n  between the  ex terna l  gamma r a d i a t i o n  
l e v e l s  and the  rad ionuc l i de  concentrat ions i n  s o i l  d i d  n o t  i n d i c a t e  a 

s t rong r e l a t i o n s h i p  between these parameters. C o r r e l a t i o n  c o e f f i c i e n t s  
ranged from 0.33 t o  0.48. Fur ther  regress ion ana lys i s  conf i rmed t h i s  
assessment f o r  bo th  l i n e a r  and loga r i t hm ic  regressions. These r e s u l t s  
suggest t h a t  o the r  fac to rs ,  such as the  cosmic-ray c o n t r i b u t i o n ,  radon 
emanation, and the  presence o f  o ther  rad ionuc l ides  i n  s o i l  and rocks,  
a re  s i g n i f i c a n t  i n  the  c o r r e l a t i o n  w i t h  ex terna l  gamma-ray exposure 
rates.  
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Table 1. Background r a d i a t i o n  l eve l s  and nuc l ide concentrations i n  surface s o i l  samples i n  
the State o f  Alabama 

B" Nuclide concentrat ion 
surface so i  1 (pCi/g) Average external 

Samp 1 e gamma exposur% 
designation Descr ip t ion o f  sample l oca t i on  r a t e  (pR/h) 22sRa 232Th 23au 

AL-1 

AL-2 

Ab-3 

AL-4 

Ab-5 
AL-6 

Ab-7 

AL-8 

Approx. 1.6  km S o f  1-65 on W s ide  
of Hwy 17 
Approx. 3.2 km S o f  1-85 on Hwy 15, 
about 17 km W o f  Alabama-Georgia 1 i ne  
Approx. 1.5 km S o f  1-85 on Hwy 80 near 
Hwy 229 t u r n o f f ,  N side o f  road 
Approx. 1.2 krn W o f  1-65 on Hwy 106 i n  
f r o n t  o f  small church and graveyard, 
tal s ide of road 
Rest area a t  end o f  1-10 (headed west) 
Roadside park, %8.1 km N o f  York, 
Alabama on E s ide  of Hwy 11 a t  m i le  
marker 11 
W side o f  frontage road o f f  1-59 a t  
m i  1 e marker 148.8 
Approx. 0.5 km W o f  1-59 ( e x i t  2311 N 
side o f  Hwy 40 

3.7 

7.8 

4.4 

3.7 

3.2 
6.5 

6 .1  

3.0 

0.59 f 0.02 

1.0 +- 0.14 

1.4 f 0.10 

0.49 It: 0.04 

0.47 k 0.08 
0.93 f 0.04 

0.70 +- 0.02 

0.99 2 0.06 

0.65 2 0.04 

0.87 f 0.06 

1.5 +_ 0.10 

0.36 It: 0.08 

0.44 f 0.02 
1.0 +- 0.08 

0.67 +- 0.04 

0.63 f 0.04 

0.67 

0.95 

0.95 

0.51 w 
A 

0.83 
0.91 

0.85 

1.1 

Exposure r a t e  determined from 3 t o  4 measurements a t  each loca t i on  using a "Phi l "  tube as a 

bStandard dev ia t ion  o f  22sRa and 232Th measurements are given as the 20 value. 
described i n  Appendix 1. 

238U measurements are - ~ 5 %  ( 2 0 ) .  
Error  i n  the  
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Fig. 2. location o f  background samples and external gama-ray 
exposure rate measurements i n  Alabama. 
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Table 3. Background r a d i a t i o n  l e v e l s  and nuc l ide  concentrat ions i n  surface s o i l  samples i n  
the  Sta te  o f  Arizona 

Nucl ide concentrat ion n Average ex terna l  
§amp 1 e gamma exposure surface s o i  1 (pCi/g) B 

designat ion Descr ip t ion  o f  sample l o c a t i o n  r a t e  (pR/h)* 226Ra 232Th 2 3 8 ~  

AZ- 1 I n  v a l l e y  9.7 km S o f  uranium m i l l  9.5 1.7 2 0.08 0.46 f 0.08 0.97 
t a i  1 i ngs a t  Monument Val 1 ey , Arizona 

AZ-2 S s ide o f  Hwy 64, %0.6 km W o f  i n t e r -  10 0.93 f 0.10 1.3 2 0.12 0.92 

AZ-3 N s ide  o f  Hwy 89, 214 km E o f  Glen 5.3 0.23 f 0.06 0.20 f 0.08 0.27 

AZ-4 S s ide o f  Hwy 160, %0.'4 km E o f  12 2.0 -t 0.10 1.0 f 0.16 1.8 

sec t ion  o f  Hwys. 89 and 64 

Canyon Dam (mi le  marker 548) 

i n t e r s e c t i o n  o f  Hwys 160 and 89 

+ 
t3 

AZ- 5 Near r e s t  stop on Hwy 264, 11.4 km 6. a 0.40 2 0.06 0.39 f 0.06 0.47 
E o f  Tuba City, Arizona 

AZ- 6 S s ide o f  Hwy 160, 3.2 km W o f  
Kayenta, Ar izona 

0.42 2 0.10 0.42 f 0.04 0.43 12 

Exposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing a "Ph i l "  tube as a 

bStandard dev ia t i on  o f  226Ra and 2a2Th measurements a re  g iven as the  20 value. 
described i n  Appendix I. 

2 W  measurements are - (5% (20). 
E r r o r  i n  the  
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Fig. 4. Location o f  background samples and external gama-ray 
exposure rate measurements i n  Arizona, 
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ORNL- OWG 80-8736 

- -  

e ARKANSAS STATE BACKGROUND 
SAM PC E LOCAT 1 ONS 

Fig. 5. Location of background samples and external gama-ray 
exposure r a t e  measurements i n  Arkansas. 



Table 5. Background rad ia t i on  leve ls  and nuc l ide concentrat ions i n  surface s o i l  samples i n  
the State o f  C a l i f o r n i a  

Nucl ide concentrat ion i n  
surface so i  I ( p c i / g T  Average external  

Samp 1 e gamma exposure 
designation Descr ip t ion o f  sample l oca t i on  r a t e  (pR/h)a 22sRa 32Th 2381) 

CA- 1 W s ide o f  Hwy 395 a t  junc t ion  o f  9.0 1.3 f 0.04 0.76 f 0.08 1.3 
Hwys 395 and 46, near Goose Lake, i n  
Northern C a l i f o r n i a  

S end o f  causeway 

Lake a t  Crowder F l a t s  t u r n o f f  

L. 
h3 

CA- 2 E s ide o f  Hwy 48, S o f  Goose Lake, 11 0.78 2 0.04 0.55 k 0.04 0.83 

CA- 3 E s ide o f  Hwy 48, W side o f  Goose 11 0.24 f 0.04 0.30 k 0.04 0.19 

a 

%tandard dev ia t ion  o f  226Ra and 232Th measurements are given as the  20 value. 

Exposure r a t e  determined from 3 t o  4 measurements a t  each loca t i on  using a "Ph i l "  tube as 
described i n  Appendix I. 

* 3 W  measurements are - (5% ( 2 0 ) .  
Er ro r  i n  the  
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~- 

SiQ' l o  
designation 

C O - 1  

. . . 

C0-2 

co-3 

co-4 

('u 5 

cc- 6 

c i -  7 

C0-8 

c0-9 

LO- 10 

Table 6. Background radiation levels and nuclide concentrdtions in surface soil samples in 
the State o f  Colorado 

co - 

C0- 

c0- 

CO-14 

CO-15 

CO-15 

CO-17 

co- 18 

Average external 
yamma exposure 

rate (pR/h)' Description o f  sample location 

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

Approx 6 km 5 iii Montrose, Colorado, 
E side o f  L!,,.~y 550 

W siilr I . J ~  /I*;. 141, ~ 1 . 6  krn S o f  Gateway, 
Col orario 

JUiiit i o c  o f  tiv+ys 666 aiid 141, NW side o f  
li.;y 1 J 1 

5 c! I - lC at Colorado-Utah border 

Approx 2 km E o f  Utah-Colorado border, 
S side o t  b y  41 

Interjection of Hwy 172 and 309, W side o f  
Hh,y 309, .,1.6 km from La Plata City airport 

Adjarent to Iliiy 666 2t Pleasant View, 
Colorado 

Appt-ox. 45 km 5 o f  intersection o f  Hwys 
141 and 145 

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

Approx. 0.4 km S o f  Crested Butte, 
Colorado, k' side o f  Hwy I35 

5E side o f  intersection of road at Spur 
Guest Ranch 

S side o f  Hwy 50, at Sargents, Colorado 

S side of liwy 114 at North Cochetopa Pass 

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

Big Blue turnoff on lluy 149 between 
Powerhorn and Lake City, Colorado, We4 
o f  intersection 

Approx. 450 m above Big Blue Iksa Oam 
Reservoir, N o f  H:fy 50, S side of lake 

j!4 side o t  ;+wy 145 at Placerville, 
Colorado, 275 m V o f  intersection 

Nuclide concentration in 
surfacg..!oil (pci/glb . 

15 

15 

10 

8.1 

6 . 3  

7 . 1  

9 . 9  

12 

13 

13 

22 

21 

19 

16 

13 

15 

18 

15 

1.1 ? 0.12 1.1 f 0.10 

1.5 ? 0.08 1.2 f 0.22 

3.4 0.42 f 0.02 

1.9 f 0.10 0.10 f 0.02 

0 . 9 6  2 0. 12 

0.54 ? 0.04 0.58 f 0.06 

e 

1.2 e 

1 . 2  e 

1.6 1.2 ? 0.08 

1.5 e 

(2.0 e 

1.2 e 

2.1 1.5 f 0.06 

1.3 e 

1.3 e 

1.4 e 

1.5 f 0.04 0.91 

0.85 e 

0.95 

1.2 

1.9 

1.1 

0.54 

0.62 

1.2 

0.99 

1.5 

1.2 

1.3 

1.0 

3.0 

1.1 

1.3 

1.3 

1 . 3  

1 . 0  
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16 

1 . 6  

2 . 2  f 0.06 

e 

1.3 f 0.06 

1.5 

1.8 

1 . 9  2 0.04 

1 . 3  t 0.04 

1 . 7  f 0 . 1 0  

1 . 4  t 0 . 0 8  

0 . 6 5  t 0 . 0 6  

0.48 ? 0.06 

1 . 2  ? 0 .08  

1.1 f 0.18 

2 . 1  f 2.6 

C O - 2 1  

cn-2s 

ct i -23 

CG-24 

C0-?5 

GO-25  

GO-27 

3 .3  

10 

15 

11 

11 

11 

14 

1 . 6  

1.3 

1 . 2  

1 . 3  

0.66 

0.47 

1.1 

C 

1.1 + 0 10 

0.78 i_ o 04 

0.58  L 0.06 

1 2  ? 0.08 

I n t e r s e i t i o ' i  u f  $!o f fa t  County roads 
17  and 119 

I i i t e i w c t i o n  o f  Moff i i t ,  Gonrity ccad 51 and 
Hwy 5 0 .  E s i d e  of 57 

5 s i d e  o f  ii-iy 6, 3 .8  k.m E c l i  ifit 
o f  tiiwy 82 and 1 - 7 0  i n  C l c ~ ~ w o o d  S 
co l o  rad<> 

iw c o r n e r  o f  i n t e r w c i i o i i  o f  1-70 a n d  Hwy 24 

Apprnx. 6 8 kni C of Eisentmwer Tunnel on 
5 b i d e  uf I-lti 

5W coi 'ner o f  i n t e r i e c t i a n  o f  Man i la  Rd 
and 1.70, : i  %qi E o f  Denver, Colorad f i  

SC c a r n e f  o i  i n k r s e c t i o n  o f  i-iwy 40-287 
and 1 - 7 0 ,  ,\.I30 kin L o f  O r i i v i . r s  Colorado 

Burlington, Culorddoj  at. SM mrnec  of 
i n t e r s e l l i o r i  o f  Hwy 348 arid 1-70 

CO"75 

GO-29 

1.8 t 0.16 

1.8 f 0 .  12 

3 . 1  2 1 . 6  

2 . 9  f 2 .2  

0.99 

1 . 7  

13 

34 

co-30 17 1.3 f 0.08  1.5 f 1.2 1 . 2  

C0-31 14 1.3 t 1.2 1.1 P 0 . 8  1.1 

co-32 14 1.3 i 0.06  1 .4  f 0 .08  1.1 

"Exposure ra tx determined from 3 t o  4 me;rsurewnts ai. each l o c a t i o n  u s i i i y  a " P h i l "  tube  a5 descr ibed i n  

'Standard d e v i a t i o n  o f  226Ra and 2 3 2 1 h  measiirsment5 a rc  given as  t,he 20 va lue .  

"Nucl ide not. found 

Appendix I .  

ments a re  55% {AT).  
Error i n  t h e  ?:jnU measure- 
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I 0 CM.ORAOO STATE RACKGRQUNU 
SAMPLE LOCAYiOhlS 

Fig. 7. Locat ion  of  background samples and external gamma-ray 
exposure rate measurements i n  Colorado. 



Table 7. Background radiation levels and nuclide concentrations in surface soil samples in 
the State o f  Delaware 

Nuclide concentration n Average external 
Sample gamma exposure surface soi 1 (p&i/g) i, 

designation Description o f  sample location rate ( P R / ~ ) ~  226Ra 2 3 2 j h  2 3 8 ~  

DEL-1 E side o f  Hwy 301, S end of Summit 6.9 1,1 f 0.06 1.2 f: 0.06 1.1 
N Bridge U 

DEL-2 SE corner o f  intersection of 1-95 and 5.0 1.2 2 0.06 1 .2  f 0.08 1.2 
March Rd, N side o f  Wilmington, Delaware 

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

238U measurements are - (5% (20). 
bStandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 
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F i g  8. L o c a t i o n  o f  background sampl es and external gamma-ray 
exposure rate measiirements i n  Del aware and Mary1 and. 



Table 8. Background r a d i a t i o n  l e v e l s  ana n u c l i d e  concentrat ions i n  sur face so i l  samples i n  
the  Sta te  o f  F l o r i d a  

Sample 
des i gnat i on r3escc ipt isn of sample l o c a t i o n  

An Nbc l i de  concen t ra t i on  
su r face  s o j  1 (pCi/g) Average ex te rna l  

gamma exposure 
r a t e  (pR/'h>' 2 2 6 ~ ~  2 3 2 j h  238U 

FL-1 

FL-2 

FL-3 

Fi-4  

FL-5 

FL-6 

FL-IC. 

F L - i l  

FL-12 

N s ide  o f  1-10, midway between Jacksonv i l l e ,  
F l o r i d a ,  and i n t e r s e c t f o i l  o f  1-10 and 1-75 

S o f  Starke,  F l o r i d a ,  on Lis 301, j u s t  N o f  
b y  227 oil W s i d e  o f  hwy 

NE of i n t e r s e c t i o n  o f  Hwys 60 and 39, 1.10 
km 5 o f  P l a n t  Ci ty ,  F l o r i d a  

Approx. 4 . 5  kni S of F o r t  Mead, F.ior ida,  
SW s ide  o f  i n t e r s e c t i o n  c f  Hwy 17 and 
unmarked d i r t  road 

Approx. 11 kin W o f  Arcadja, F?orida, on 
Hvj:j 72, L( s i d e  of  hiirse Creek 

N s ide  c f  b r i dge  betweer. Sradenton an3 
Pa j inc t to ,  F'!cr ida. ai? E s ide  of  Hwy 41 

HE cori?er o f  i n t e r s e c t i o n  o f  1-75 and 
liwy 54 near Zephyrhills, Flo r ida  

E s ide  of  1-75, 2 . 4  kin ?4 of Hwy 44 

E s ide  o f  1-75, 1.5  km 5 of Micancpy e x i t  
a t  m j l e  marker 144 

i n t e c s x t i c n  o f  1-75 and Hwy 90, V 3 f   aka 
C i - t y ,  F l o r i d a  

E s ide  of i-75 across f r o m  vtelcome 
s t a t i o n  a t  !'lorida-Cieorgia border 

i n2e rsec t i on  o f  Scenic 'iwy and SLimmit 
S l v o , ,  Pe:isaccid, Frorida 

3 . 4  

c 

4.1 

4.7 

7.4 

5.8 

2 . 7  

4. I 

4.3  

6 . 8  

2 . 5  

0.47 f 0.10 

0.41 ? 0.06 

1 . 4  + 0.10 

1.2 t G.12 

2 . 3  t 0. I4 

0.57 f 0.04 

0.25  2 0.C4 

0.67 i 0.04 

0.E3 2 0.12 

0.45 i 0.08 

d 

0.28 I c. 02 

0 . 2 1  + 0.02 0.23 

0.29 _+ 0.06 d 

0.25 z 0.08 1.8 

0.25. * 0.02 0.99 

0.20 f 0.04 2.0 

d 1.1 

0.12 * 0.04 3.20 

0.37 + 0.04 0.30 

G.21 ? 0.04 0.56 

0.26 t 3.04 0.15 

d 0. i2 

0.26 i 3.02 0.42 
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Table 9. Background radiation levels and nuclide concentrations in surface soil samples in 
the State o f  Georgia 

Nuclide concentration 'n 
surface so i l  (pCi/g)  l f s  Average external 

aamma exDosure Sample 
designation Oescription o f  sample location rate (;R/h)" 22sRa 232Th 23qj 

GA- 1 

Gk- 2 

GA-3 

GA-4 

Gk- 5 

GA- 6 

GA- 7 

GA-8  

GA-'3 

NE corner o f  intersection o f  1-75 
and Hwy 37, near Adei. Georgia 

Approx. 0.4 km N o f  Arabl" exit on 
1-75, E side o f  road 

E side o f  1-75, %1.6 kin § o f  Perry, 
Georgia, exit 

E side o f  1-75, %1.6 kin S o f  Rumble 
Rd, near Forsyth, Georgia 

NE corner' o f  intersection o f  1-75 
and Hwy 138, S o f  Morrow, Georgia 

NE corner o f  1-75 and Emerson- 
Alatoona intersection 

Rest stop, E side o f  1-75? -3.2 km 
N o f  Dalton, Georgia 

Approx. 0.8 km N o f  1-85 a t  Palmetto 
exit at mile marker 56 

Approx. 1 . 2  km N o f  1-85 on Hwy 109, 
0.4 kni E oil Hny 14 ,  S side o f  road 

4.9 

3.1 

3.7 

1 . 9  

4.4 

6.5 

E .  7 

9 .0  

0.50 k 0.02 0.28 t 0.04 0.48 

0.46 2 0.04 0.47 i: 5.32 0.48 

0.81 4 0.04 0.87 5 0.04 0.87 

0.68 k 0.02 0.61 2 0.04 0.67 

1 .3  It 0.02 1.9 k 0.10 1.1 

1.6 2 0.08 3.4 0.15 1.6 

1.2 4 0.06 0.76 i 0.G6 1.1 

LZ Exposure rate detern!?:ned fron! 3 t o  4 measurements at eacb location using a "Phi l i '  tube as described 

Standard deviation o f  226Ra and 232Th measurements are given as the 20 value. 
+ n  Appendix I, 

waswemenis are ' 5% (20). 
D 

Error in the 238U 

w + 
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CRNL-GNSAO-Cl751 

GEORGIA STATE CACKGROUIUD S4MPLE LOCATIONS 

F i g .  10. I-ocation o f  background sarnpl P S  and :.xternal qancna-ray 
cxposure ra te  measurements i n  G e o q i a .  
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F i g .  11. Location o f  background samples and ex te rna l  gamma-ray 
exposure ra te  measurements i n  Idaho. 
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Fig.  12. Location o f  background samples and external gamma-ray 
exposure ra te  measurements i n  I11 i n o i s .  
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Fig,  13.  Locat ion of background samples and external gamma-ray 
exposure rate measurements in Indiana. 
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l a b l e  14. Rackground r a d i a t i o n  l e v e l s  and nuc l i de  concentrat ions i n  surface s o i l  samples i n  
the  Sta te  o f  Kentucky 

b" Avera(le external Nucl ide concent ra t ion  
surface s o i l  (pCi/g) Sampl e yamma exposurs 

des ignat ion  Desc r ip t i on  o f  sample l o c a t i o n  r a t e  (vR/h) 2 2 6 ~ ~  ,232717 2.3811 

K Y - 1  

KY-2  

KY-3 

KY-4 

KY-5 

Rest area on 5 s ide  o f  1-64, *38 km 
E o f  L o u i s v i l l e ,  Kentucky 

Rest. drea on S s ide  o f  1-64, *1.6 km 
E o f  i n t e r s e c t i o n  w i t h  He GO 

W s ide  o f  I.-75, .-"8 km S cif Richmond, 
Kentucky, a t  S end o f  r e s t  area 

NW corner o f  i n t e r s e c t i o n  o f  1-75 and 
Hwy 80, N o f  Ihondon, Kentucky 

N s ide  o f  thy  62, %0.5 kin E o f  t he  
i n t e r s e c t i o n  w i t h  Hwy 68, near 
Daf f env i  1 l e ,  Kentucky 

S s ide  o f  West,ern Kentucky Parkway, 
4 . 3  km E of  thy 109 i n t e r s e c t i o n ,  
near Ct idr leston, Kentucky 

S s ide  o f  Western Kentucky Parkway, 
-0.3 km E o f  Wwy 231 i n t e r s e c t i o n  
S o f  Beaver Ddin, Kentucky 

SE corner o f  i n t e r s e c t i o n  o f  1-65 
and Hwy 31W, L o f  Bowling Green, 
Kentucky 

I n t e r s e c t i o n  o f  Hwys 90 arid 163, 
E o f  Summer Shade, Kentucky, SW 
corner o f  i n t e r s e c t i o n  

N s ide  o f  I4wy 95 ( I -24) ,  a t  i n t e r -  
sec t i on  w i t h  Hwy 68, SE o f  Paducah, 
Kentucky 

Ayprox. 2.4 km E o f  Grayson, Kentucky, 
r e s t  stop on PI s ide  o f  1-64 

Approx. 13 kin W o f  M t .  S t e r l i n g ,  
Kentucky, SE corner o f  i n t e r s e c t i o n  
o f  1-64 and Hwy 50 

S s ide  o f  1-64, 1.1.6 kin E o f  Hwy 32 
a t  Morehead, Kentucky 

7 .  I 

7 . 1  

9.7 

1G 

G .  9 

1 .0  .t 0.06 

1 .5  f 0. 14 

1.5f 0.12 

1 . 3  f 0.04 

1.0 f 0.04 

1.5 t: 0.10 

1.1 fr 0.56 

1 .2  f 0.60 

1.5 f 0.08 

1.2 f 0.08 

1.3 

1.5 

1.5 

1.4 

1.3 

1.2 f 0 .12  1 . 3  KY-6 3.9 e 

KY-7 6 . 2  1.1 f 0.06 1 .2  2 0.08 1.3 

KY-8 4 . 3  1 . 6  L 0.08 1.4 t: 0.08 1.4 

4.8 1.5 +_ 0.08 0.88 f 0.08 1 . 3  KY- 9 

KY-10 1.4 t: 0.06 1.2 f 0. 10 1 . 7  

1.1 

I. 7 

K Y - 1 1  

KY- 12 

7. 7 

9.3 

0 . 8 1  .?. 0 .66  

1 . 2  ? 0.06 

1 . 0  _+ 0. 14 

1.5 ? 0. 14 

11 4.2 f 0.18 1.2 f 0.04  3.8 KY-13 

aExposure r a t e  determined from 3 t o  4 measuremerits a t  each l o c a t i o n  us ing  a "Ph i l "  tube as 

bStandard dev ia t i on  o f  22cKa and 232Th measurements a re  y iver i  a5 the  2t7 value. 

'Nuclide no1 found. 
'No data obt.ained. 

descr ibed i n  Appendix I .  

2 . W  wedsurernents a re  55% ( 2 0 ) .  
Er ro r  i n  the  
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Fig. 15. Location o f  background samples and external gamma-ray 
exposure rate measurements i n  Kentucky. 



,. . . 

Table 15. Background r a d i a t i o n  l e v e l s  and nuc l ide  concentrat ions i n  surface s o i l  samples i n  
the  State o f  Louis iana 

Average ex terna l  
Sample gamma exposurea 

designat ion Descr ip t ion  o f  sample l o c a t i o n  r a t e  (pR/h) 226Ra 232Th 2 3 8 ~  

LA- 1 S s ide o f  Hwy 80, j u s t  N o f  1-20 
a t  Bossier City, Louis iana 

6.0 0.84 k 0.04 0.72 k 0.04 0.81 

P w 
LA- 2 S s ide o f  Hwy 136, %0.8 km W o f  5.7 e c 0.48 

i n t e r s e c t i o n  w i t h  Hwy 149, 0.8 km 
N o f  1-20 near Ruston, Louis iana 

w i t h  Hwy 65, s4 km S o f  1-20 near 
Tal 1 u l  ah, Louis iana 

LA- 3 N s ide o f  Hwy 603 a t  i n t e r s e c t i o n  3.5 0.58 rt 0.04 0.60 rt 0.04 0.44 

Exposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing a "Ph i l "  tube as U 

described i n  Appendix I .  

238h) measurements are - (5% ( 2 0 ) ~  
Nucl ide n o t  found. 

bStandard dev ia t i on  o f  226Ra and 232Th measurements are given as the  20 value. 

e 

E r r o r  i n  the  
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9 LOUISIANA STATE BACKGROUND 
SAMPLE LOCATIONS 

F i g .  16. Location of background samples and external gama-ray 
exposure r a t e  measurements i n  Louisiana. 



Table 16. Background r a d i a t i o n  l e v e l s  and nuc l ide  concentrat ions i n  sur face s o i l  samples i n  
the State o f  Maryland 

Nucl ide concentrat ion i n  
surface so i  1 (pCi/g)b Average external  

gamma exposurg 
2 3 8 ~  

§amp 1 e 
des ignat ion Descr ip t ion  o f  sample l o c a t i o n  r a t e  (pR/h) 22sRa 232Th 

M D - 1  SW corner o f  i n t e r s e c t i o n  of  Hwys 50 6 . 3  0.77 2 0.04 0.67 f 0.04 0.93 
and 197, ~ 2 0  km E o f  Washington, D. C. 

MD- 2 E s ide o f  Hwy 301, ~ 0 . 5  km N o f  
i n t e r s e c t i o n  w i t h  Hwy 305, E o f  
Centervi  11 e, Mary1 and 

7.4 0.70 +_ 0.04 0.70 +_ 0.06 0.85 

3 
MD- 3 N s ide o f  JFK Turnpike a t  i n t e r s e c t i o n  5.8 0.58 f 0.06 0.85 ? 0.10 0.66 

MD-4 SW corner o f  i n t e r s e c t i o n  o f  1-95 and 4.5 0.49 2 0.08 0.48 2 0.02 0.54 

w i t h  Hwy 272 cn 

1-695 i n  $W Bal t imore,  Maryland 

Cunningham Fa1 7 s State Park 

on W s ide o f  Hwy 219 

MCI- 5 W s ide of Hwy 15,  S of entrance t o  8. a 1.2 -t 0.06 0.86 k 0.10 0.91 

MD- 6 Approx. 0.8 km S o f  Accident, Maryland, C 0.59 k 0.04 0.63 2 0.04 0.80 

Exposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing  a " P h i l "  tube as a 

descr ibed i n  Appendix I .  

238U measurements are - (5% (20). 
%tandard dev ia t i on  o f  zesRa and 232Th measurements are given as the  20 value. 

CNo data obtained. 

E r r o r  i n  t h e  



Table 17. Background r a d i a t i o n  l e v e l s  and n u c l i d e  c o n c e n t r a t i o n s  i n  s u r f a c e  s o i l  samples i n  
t h e  S t a t e  o f  Mich igan 

N u c l i d e  c o n c e n t r a t i o n  ' n  Average e x t e r n a l  su r face  soi 1 (pCi/g) b Sample gamma exposwe 
des i g n a t i  on D e s c r i p t i o n  o f  sampie l o c a t i o n  r a t e  (pR/h)" 226Ra 232Th 2 3 8 ~  

M I - 1  

MI-2 

MI-3 

MI-4 

MI-5 

MI-6 

MI-7 

Mi-8 

MI-9 

MI-10 

E s i d e  o f  Hwy 23 a t  t h e  Mich igan-Ohio 
bo rde r ,  j u s t  N o f  Toledo, Ohio 

N o f  Hwy 71, j u s t  E o f  Corunna, Mich igan 

W s ide  o f  G r a t i o t  County road,  ~ 3 . 2  km 
SW o f  Edgewooo, Micn igan,  n e x t  t o  Bad 
Creek 

Approx. 2 km E o f  M t .  P leasan t ,  Michigan, 
on S s i d e  o f  Hwy 20 i n  I s a b e l l a  I n d i a n  
Reserva t i  on 

Approx. 2 Icm S o f  Mid land,  Mich igan,  o n  
M id land  County road  between M id land  and 
Poseyv; 1 l e ,  Hich igan  

Approx. 11 kin o f  S t .  Johns, Michigan, 
on W s i d e  o f  road  a t  i n t e r s e c t i o n  w i t h  
county  road 

Approx. 6.4 km E o f  Adr ian,  Michigan, a t  
t h e  i n t e r s e c t i o n  o f  D e e r f i e l d  Rd and 
W e l l s \ r i l l e  Hwy 

Approx. 6 km N o f  Adr ian,  Michigan, a t  
t h e  i n t e r s e c t i o n  o f  Shepard Rd. and 
Bent  Qak Hwy 

S s i d e  o f  Hwy 223, s1P km W o f  Adr ian,  
Mich igan 

Approx. 1.6 km E 3 f  ilwy 52, on E. Gorman 
Rd.,  about 8 km S o f  Adr ian,  Mich igan 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

0.99 f 0.10 

0.79 f 0.08 

0.46 ? 0.04 

0.51 f 0.02 

0.65 f 0.06 

0.86 f 0. 10 

2.0 t 0.12 

1.5 * 0.12 

1 . 5  ? 2.0 

1.2 f 0. 14 

0.54 f 0.04 0.78 

0.76 1 0.02 0.65 

0.24 t 11.04 0.34 

0.39 f 0.02 0.49 

0.51 2 0.02 0.50 

0.66 t 0. 12 0.57 

0.41 f 0.28 1.0 

0.82 f 0.08 1.1 

0.69 f 0.04 1 . 2  

0.54 f 0. 12 0.70 

P cn 

'Exposure r a t e  determined f rom 3 t o  4 measurements a t  each l o c a t i o n  u s i n g  a " P h i l "  t ube  as desc r ibed  i n  

%tandard d e v i a t i o n  o f  226Ra and 232Th measurements a r e  g i v e n  as t h e  20 va lue.  

CNo d a t a  obta ined.  

Appendix I. 

ments a r e  (5% ( 2 0 ) .  
E r r o r  i n  t h e  238U measure- 
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Fig. 17. Location o f  background samples and external gama-ray 
exposure ra te  measurements i n  Michigan. 
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Table 19. Background radiation levels and nuclide concentrations in surface soil samples in 
the State o f  Missouri 

Sampl e 
designation Description o f  sample location 

Nuclide concentration in 
surface soil (pCi/g)b Average external 

gamma exposure 
rate (pR/h)* 22sRa 232Th 2381) 

MO-1 

MO-2 

M-3 

MO-4 

MO-5 

MO-6 

MO-7 

MO-8 

MO-9 

MO-10 

Approx. 45 km E of Kansas City, 
Missouri, in pasture field on S side 
of 11-70 

Approx. 140 km E of Kansas City, 
Missouri, at intersection of 1-70 and 
exit J ,  SE corner 

Rest stop on S side o f  1-70, *16 krn 
E of Williamsburg, Missouri 

SE corner o f  intersection of Hwy 175 
and 1-70 in O'Fallon, Missouri 

Approx. 34 km N of Missouri-Arkansas 
border, on E side o f  1-55, mile marker 2 1  

E side o f  1-55, ~ 1 4  km N of intersection 
w i t h  Hwy Alt. 61, at mile marker 75 

E s-ide of 1-55, 2.1.6 krn S of Appleton 
exit, E of Friedheim, Missouri 

Exit 0 off 1-55, near Bloomsdale, 
Missouri 

E side o f  1-55, 4 . 4  km S o f  Hwy 141 
intersection, Maxvil'le, Missour-i 

W sjde of Hwy 367, 2.0.3 km S o f  inter- 
section with Hwy 67, N of S t .  Louis,  
Missouri 

6.0 

10 

6 . 7  

7.5  

8.1 

5.4 

7 .6  

6.8 

5.  i 

4.6 

1 . 4  f 0.04 

1.3 f 0.06 

1.1 5 0.06 

1.3 f 0.08 

1 . 2  ?: 0.04  

0 .31  f 0.04 

1.1 f 0.06 

0.83 2 0.04 

1.1 i 0.06 

1.0 -e 0.10 

1 . 3  2 0.10 

1.2 k 0.10 

1.0 f 0.08 

1.1 9 0.12 

1 .2  9 0.06 

0.32 f 0.04 

1.1 2 0.06 

0 .76  k 0.06 

1.1 f 0.06 

0.95 2 0.14 

1.7 

1.3 

1 .2  

1.1 

1.3  

0.33 

1.1 

0.81 

1. i 

0.76 

________ -~ ~ 

'Exposure rate Getermined from 3 to 4 measurements at each location using a " P h i l "  tube as described i n  

'Standard deviation o f  226Ra and 232Th measurements are given as the 2u value. 
Appendix I. 

ments are 55% (20). 
Error i~ the 238U measure- 



@MISSOURI STATE BACKGROUYD SAMPLE LOCATIONS 

F3g. 19.  Location of background samples and external gamma-ray exposure rate measurements 
in Missouri. 
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NEVAOA STATE BACKGROUND 
SAMPLE LOCATIONS 

Fig .  20. Location s f  
exposure rate measurements 



Table 21. Background r a d i a t i o n  l e v e l s  and n u c l i d e  concen t ra t i ons  i n  sur face so41 samples i n  
t h e  S t a t e  o f  New Jersey 

Nuc l i de  concen t ra t i on  .n Average e x t e r n a l  
Sample gamma exposure sur face s o i l  (pCi/g) b 

des igna t ion  D e s c r i p t i o n  o f  sample l o c a t i o n  r a t e  (pR/h)' 226Ra 232Th 2 3 8 ~  

NJ-1 

NJ-2 

NJ-3 

N3-4 

NJ-5 

NJ-6 

NJ-7 

NJ-8 

N3-9 

N3-10 

NJ-11 

NJ-12 

NJ-13 

NJ-14 

f o r t  Mot t ,  New Jersey, -30 m from 
Oeleware R ive r  

W s ide  o f  P lan t  Rd., between 1-295 and 
Hwy 130 i n  Deepwater, New Jersey 

S s i d e  o f  Hwy 49, -3.7 km S o f  Br idgeton,  
New Jersey 

S r i d e  o f  Hwy 40, j u s t  W o f  Hwy 50 
j u n c t i o n ,  NU o f  B e l c o v i l l e ,  New Jersey 

N s i d e  o f  Hwy 40, between H w y  47 and 55, 
j u s t  W o f  Malaga, New Jersey 

SE corner  o f  i n t e r s e c t i o n  o f  1-295 and 
Hwy 30, near Cherry H i l l ,  New Jersey 

S s ide  o f  Hwy 70, j u s t  E o f  i t s  i n t e r -  
s e c t i o n  w i t h  Hwy 72 near Lebanon S ta te  
f o r e s t  

E s ide  o f  Hwy 9, -1.6 km N o f  i t s  
i n t e r s e c t i o n  w i t h  Hwy 70, S o f  Lake 
Wood, New Jersey 

I n t e r s e c t i o n  o f  Hwys 9 and 18, SE co rne r ,  
~ 1 . 6  km S o f  Sagre Woods South, New Jersey 

I n t e r s e c t i o n  o f  1-195 and Hwy 130, NE 
corner ,  -5 km N o f  Y a r d v i l l e ,  New j e r s e y  

E s ide  o f  Hwy 1, i n  SE corner  o f  
i n t e r s e c t i o n  w i t h  Hwy 18, near 
Highland Park, New Jersey 

N s ide  o f  1-287, between Hwys 1 and 
27, S o f  Metuchen, New Jersey 

N s i d e  o f  1-287, E o f  Rando lphv i l l e  
Rd. e x i t ,  S o f  Piscataway, New Jersey 

W s i d e  o f  Hwy 18, -3.2 km S o f  1-287, 
N o f  New Brunswick, New Jersey 

2.3 

5.5 

7.4 

2.8 

4.2 

6.1 

3.1 

4.3 

4 . 7  

6.2 

8.3 

6.0 

3.4 

6.5 

0 .31  f 0.06 

0.79 2 0.06 

0.96 2 0.16 

0.24 f 0.02 

0.28 f 0.02 

1.1 i+ 0.14 

0.45 k 0.10 

0.52 t 0.06 

0.59 f 0.04 

0.93 t 0.04 

1.1 f 0.08 

1.3 k 0.24 

0.55 f 0.06 

0 .81  f 0.04 

0.33 f 0.06 

0.87 f 0.06 

0.84 f 0.06 

c 

0 .31  f 0.02 

0.95 -+ 0.10 

0.31 f 0.06 

0.50 0.04 

0.66 * 0.04 

0.80 2 0.10 

0.90 f 0.44 

0.85 f 0.16 

0.53 ? 0 .04  

1.1 f 0.06 

0.31 

0.99 

0.64 

0.13 

0.35 

0.96 

0.42 

0.68 

0.46 

1.0 

1.1 

0.93 

0.50 

1.0 

ul 
P 



Table 21. (continued) 

Nuclide concentration '6" 
surface soi 1 (pCi/g) Average external 

Samp 1 e gamma exposure 
designation Description o f  sample location rate (pR/h)a a26Ra 2 3 2 ~ h  238u 

NJ-15 SE corner o f  intersection o f  1-287 
and Hwy 28, W of Bound Brook, New 
Jersey 

-~ ~~ 

6.8 1.0 f 0.10 1 .0  f 0.10 1.2 

NJ- 16 S side o f  Hwy 22, %16 km E o f  inter- 6.8 0.95 t 0.06 1.1 +- 0.06 1.2 
section with 1-287 

NJ-17 NW corner of intersection o f  1-78 and 6.3 1.2 * 0.14 1.1 2 0.14 1.2 
Hwy 531, -1.6 km N o f  Watchung, New 
Jersey 

1-287, near Pluckeman, New Jersey 

Hwy 523, *3.2 km 5 o f  Qldwick, New 
Jersey 

NJ-18 NE corner o f  intersection o f  1-78 and 5 . 1  0.78 f 0.06 1.2 f 0.06 0.70 

NJ-19 NE corner o f  intersection o f  1-78 and 9.5 1.2 f 0.06 1.5 -L 0.06 1.2 

HJ-20 Approx. 9.6 km W o f  Somerville, New 
Jersey, on S side of Hwy 22 

7.3 1.3 k 0.06 1.2 f 0.86 1.2 

NJ-21 N side of Hwy 202, 1.180 m S o f  Mills 13 0.90 k 0.06 1.2 f 0.08 1.4 
Rd, W of Raritan, New Jersey 

NJ-22 E side o f  Hwy 206, ~ 2 8 0  m S o f  Hwy 
513 and Chester, New Jersey 

1 . 4  2 0. 10 0.95 f 0.06 1.0 5.6 

NJ-23 NW corner o f  intersection o f  1-80 9.1 0.32 f 0.04 0.89 t 0.04 0.85 
and Hwy 517, at Allamuchy, New Jersey 

and 1-287, W of Bound Brook, New Jersey 
NJ-24 NW corner of intersection o f  Hwy 22 d 1.2 k 0. 30 1.5 i 0. 10 1.3 

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

Appendix 1. 

ments are 55% (20) .  
%tandard deviation o f  246Ra and 232Th measurements are given as the 20 value. Error in the 238U measure- 

Nuclide not found. C 

dNo data obtained. 
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Table 22. Background r a d i a t i o n  l e v e l s  and nuc l i de  concentrat ions i n  sur face s o i l  samples i n  
the  State o f  New Mexico 

Nucl ide concentrat ion ' n  Averaqe ex te rna l  sur face s o i  I (pCi/g) b ____ Sample gamma exposure 
des ignat ion Desc r ip t i on  o f  sample l o m t i o n  r a t e  (pR/h)" 726Rd 2 3 2 r h  2 . 3 8 ~  

NM- 1 Approx. 0.8 km E o f  Red Rock Trading 8 . 7  1.6 2 0.10 0.48 2 0.10 0.53 
Post, N s ide  o f  road a t  Arizona-New 
Mexico border  

NM- 2 I n t e r s e c t i o n  o f  roads a t  B e a u t i f u l  16 2 . 7  2 0.20 1 .8  2 0.22 1.5 
Mountain, over look ing Sanostee, 
New Mexico 

NM- 3 SW s ide  o f  i n t e r s e c t i o n  o t  Hwy 666 
and road t o  Sanostee, New Mexico 

I n t e r s e c t i o n  o f  Fariningtoii Rd and 
Navajo Mine Rd, %9.F km N o f  B i t s i ,  
Mew Mexico 

I n t e r s e c t i o n  o f  l a  Vida Miss ion Rd, 
Farmington Rd, and Iiwy 7 ,  ~ 4 2  km S 
o f  Farmington, New Mexico 

NM-4 

NM- 5 

10 1.4 ? 0.10 0.81 I 0 . 0 8  0.96 

9 . 5  2 . 1  t 0.12 0.98 t 0.14 1.2 

11 1.4 t 0.12 0.86 t 0.12 0 . 9 1  

NM- 6 Approx. 1 .6  km S o f  San Juan River ,  a. 4 1.4 ? 0.10 1.0 f 0.06 0.91 
SW o f  Fal-mington, New Mexico, W s ide  
o f  Hwy 

Mexico border, N o f  LaPla ta ,  New Mexico 

Hwy 666, N o f  Shiprock, Mew Mexico 

NM- 7 W s ide  o f  Hwy 170, a t  t he  Colorado-New 9.9 2 .0  +_ 0.16 1 . 3  I0.14 1.3 

NM-8 New Mexico-Colorado border, E side o f  7.9  2 .0  ? 0. 12 1.1 r 0. 10 1.5 

NM-9 Arirona-New Mexico border ,  N s ide  o f  6.8 1.3 t 0.10 0.43 t 0.70 0.93 
Hwy 504, W o f  Bec lab i to ,  New Mexico 

NM- 10 SW corner  o f  i n t e r s e c t i o n  o f  1-40 
and Hwy 66, j u s t  E o f  Grants ,  hew 
Mexico 

W s ide  o f  Hwy 53, 1.14 km S o f  1-40 
arid Grants, New Mexico 

C ibo ld  Nat ional  Forest  

NM- 11 

NM- 12 Approx. 4.8 k m  E o f  San Mateo i n  

7 . 2  1 .0  t 0.04 0.54 f 0.06 0.99 

11 1.2 ? 0.06 0.78 i 0 . 0 6  1.1 

15 0.72 i 0 . 0 8  0.86 i 0.08 0.83 

NM-13 Approx. 3 .2  km N o f  Gal lup,  New 8 . 9  1.1 f 0.06 1.3 -f 0. 10 1 . 3  
Mexico, E s ide  o f  Hnry 666 a t  KK 
cross ing 

"Exposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  using  a " P h i l "  tube as described i n  

bStandavd d e v i a t i o n  o f  22fiKa and 2 ' 2 T t i  measurements are g iven as the  20 value. 
Appendix I. 

measurements are 55% (2u) .  
E r r o r  i n  the 238U 
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@ NEW MEXICO STATE BACKGROUND 
SAMPLE LOCATIONS 

F i g .  22. Locat ion of background samples and ex terna l  gamma-ray 
exposure r a t e  measurements i n  New Mexico. 



Table 23. Background radiation levels and nuclide concentrations in surface soil samples in 
the State o f  New York 

Nuclide concentration 
surface soil (pCi/g) Average external 

Samp 1 e gamma exposurea 
des i gnat i on Description o f  sample location rate (pR/h) 22sRa 232Th 2 3 8 ~  

NY-1  City o f  Tonawanda, New York, at city e 0.97 k 0.08 0.65 +- 0.06 0.99 
1 imi t on River Rd. , across from Con- 
sol idated Freightways Terminal 

NY-2 W side of road connecting Hwys 77 and e 0.48 5 0.04 0.46 +, 0.04 0.97 
31, ~ 4 . 8  km E o f  Lockport, New York 

NY-3 W side o f  River Rd., Tonawanda, New York, e 1.2 f: 0.04 0.88 2 0.06 1.2 
across from Allied Chemical Corp. Lrl 

v, 

NY-4 Intersection of Tonawanda &reek Rd. and C 0.69 f 0.04 0.40 f 0.12 0.76 
Niagara Falls Blvd. in North Tonawanda, 
New York 

NY- 5 Approx. 0.8 km S o f  Simonds Saw and e 0.74 f 0.06 0.79 2 0.06 0.85 
Steel Company on E side of Hwy in 
Lockport, New York 

NY-6 Approx. 9 km S o f  Lockport, New York, c 1.0 2 0.04 1.1 k 0.06 0.96 
on W side o f  H w y  78 

a 

bStandard deviation of 226Ra and 232Th measurements are given as the 20 value, 

eNo data obtained. 

Exposure rate determined f rom 3 to 4 measurements at each location using a "Ph i l "  tube as 
described in Appendix I. 

238U measurements are - (5% ( 2 0 ) .  
Error in the 
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Table 24. Background radiation levels and nuclide concentrations in surface so i l  samples in 
the State o f  North Carolina 

Nuclide concentration i n  
Average external surface soil  (pciigj Sample gamma exposure 

designation Description of sample location rate (pR/h)a 226Ra 232Th 2381) 

NC-1 North Carol ina-Virginia border on W 
side o f  1-85, 4.6 km N o f  Norlina, 
North Carolina 

FIC-2 

NC- 3 

NC-4 

Approx. 21 km N o f  Durham, North 
Carolina, at intersection o f  1-85 
and Hwy 15 

Approx. 16 km W o f  Greensboro, North 
Carolina, in NE corner o f  intersection 
o f  1-85 and Hwy 61 

NE corner of intersection of 1-40 and 
Hwy 801, W o f  Winston-Salem, North 
Carol i na 

NC-5 N side o f  1-40, ~ 2 . 4  km W o f  Conover, 
North Carol i na 

NC-6 Rest area on N side o f  1-40, 2.4.8 km 
E o f  Marion, North Carolina 

7.3 0.53 f 0.06 0.42 k 0.02 0.65 

12 0.77 ? 0.02 1.5 f 0.14 0.91 

3.2 0.48 k 0.08 0.51 ? 0.06 0.73 

4.9 0.58 f 0.02 0.53 +- 0.04 0.73 

7.0 0.78 k 0.04 0.91 B 0.06 0.90 

9.5 1.2 ? 0.06 1.0 ?r 0.06 1 . 6  

NC-7 NE corner of intersection o f  1-40 and 9.0 0.95 0.04 1.5 k 0. 10 1.1 
Hwy 215, W of Ashville, North Carolina 

North Carolina border 
NC-8 Rest stop N side o f  1-40, at Tennessee- a3 0.92 k 0. 34 1 . 0  f 0. 36 0.39 

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

Appendix I .  

ments are - (5% (20). 
bStandard deviation of 226Ra and 232Th measurements are given as the 20 value. Error in the 238U measure- 
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Fig .  24. 
i n  North Carol ina. 

Location o f  background samples and external gamma-ray exposure r a t e  measurements 



Table 25, Background radiation levels and nuclide concentrations in surface so i l  samples in 
the State of Ohio 

Sample 
designation Description of sample location 

Nuclide concentration in 
surface s o i l  (pCi/g)b Average external 

gamma exposure 
rate (uR/hja 226Ra 2 3 2 ~ h  2 3 8 ~  

OH-1 

OH-2 

OH- 3 

OH-4 

OH-5 

OH- 6 

OH- 7 

OH-8 

OH-9 

OH-10 ' 

OH-11 

OH-12 

Rest area on S side of 1-71, 1.16 km 
S of Columbus, Ohio, a t  mile marker 92 

Approx. 51 km N o f  Columbus, Ohio, at 
rest stop on S side of 1-71  

Approx. 2 1  km E of  Wickliffe, Ohio, at 
rest stop on S side o f  1-90 

Approx. 8 km S of 1-70? at intersection 
o f  Hwy 13 and 188, near Thornrille, Ohio 

SE corner of intersection o f  1-77 and 
Hwy 821, at Macksburg, Ohio 

Rest area on E side of 1-77, 1.16 km 
S o f  1-70, near Buffalo, Ohio 

SW corner of intersection of 1-70 and 
Hwy 9 ,  S o f  St. Clairsville, Ohio 

W side of 1-475, between Hwys 20 and 2, 
in bl Toledo, Ohio 

Rest stop on L; side of 1-75, just S 
o f  Findlay, Ohio 

W side of 1-75, just S o f  Hwy 67 
exit, E of Wapakoneta, Ohio 

W side of 1-75, 2.0.4 km N o f  inter- 
section with Hwy 571, near Tipp City, 
Ohio 

W side of 1-75, just N of intersection 
with Hwy 122, E o f  Middletown, Ohio 

9.2 

7 .1  

9.2 

C 

11 

a. 2 

8 .5  

5 . 1  

4 .9  

4 .8  

2.8 

4.8 

2.5 f 0.16 0 .71  f 0.02 2.2 

1 . 5  * 0.12 0.74 f 0.60 1.3 

1.1 i 0.04 1.1 f 0.10 1 . 2  

2.0 f 0.14 1.0 f 0,16 1.7 

1 . 3 k  0.12 1 . 5  2 0.20 1.6 

1.9 t 0.16 1.1 f 0.24 1.6  

1 . 5  t 0.16 1.5 f 0.18 1.7 

0 .81  +_ 0.04 0.80 f 0.02 0.76 

1 . 3  f 0.08 0.93 f 0.06 1 . 2  

1 .5  ? 0.06 1.0 f 0.06 1 .4  

1 . 2  f 0.04 0.99 f 0.06 0.96 

1.0 f 0.04 0.98 f 0 .04  0.86 

'Exposure rate determined from 3 to 4 measdrements at each locdtiof, dsing a ''Wil'' tube as described i n  

%tandard deviation o f  226Ra and 232Tn measurements are given as the 20 value. 

"No data obtained. 

Appendix I. 

measurements are 55% (20). 
Error in the 238U 
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F ig.  25. Location of background samples and exter-nal gamma-ray 
exposure rate measurements i n  Ohio. 
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Fig .  26. Location o f  background samples and external gamma-ray exposure rate measurements 
i n  Oregon. 
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Table 27. Background r a d i a t i o n  l e v e l s  and nuc l i de  concentrat ions i n  sur face s o i l  samples i n  
the  State o f  Pennsylvania 

Sample 
des ignat ion Desc r ip t i on  o f  sample l o c a t i o n  

Nucl ide concentrat ion ‘n  
sur face s o i l  (pCi/g) Average ex te rna l  

gama exposure 
r a t e  (pR/h)* =6Ra 2 3 2 ~ h  2 3 8 ~  

PA- 1 

PA-2 

PA- 3 

PA-4 

PA-5 

PA-6 

PA- 7 

PA-8 

PA-9 

PA- 10 

P A - 1 1  

PA- 12 

PA-13 

PA-14 

PA-15 

PA- 16 

PA- 17 

PA-18 

PA-19 

Rest area a t  Pennsylvania-Ohio border 
on 1-90, W o f  E r i e ,  Pennsylvania 

W s ide  o f  1-79, 2.3 2 km S o f  i n t e r -  
sec t i on  w i t h  Hwy 6-19, near Kerrtown, 
Pennsylvania 

Along Hwy 40 a t  Glyde, Pennsylvania 

Along Hwy 40 a t  C h a l k h i l l ,  Pennsylvania 

Along Hwy 40 a t  Addison, Pennsylvania 

Along Hwy 18, *1 6 km N o f  Hickory,  
Pennsylvania 

Approx 
Pennsylvania, d long Hwy 18 

Along thy 18, d t  F r a n k f o r t  Springs, 
Pennsyl vani a 

Along Hwy 18, a t  Shipp ingpor t ,  
Pennsylvania 

S s ide  o f  Hwy 519, between 1-79 and 
Hwy 19, near Strabane, Pennsylvania 

NE s ide  o f  Hwy 980 at i n t e r s e c t i o n  w i t h  
J-79, near Cannonsburg, Pennsylvania 

A t  Pennsylvania-West Y i r g i n i a  border, 
on W s ide  o f  1-79, near M t  Mor r i s ,  
Pennsylvania 

E c i t y  l i m i t s  o f  Cannonsbury, 
Pennsylvania, on Hwy 980 

Bank o f  Linden Creek, %3.2 km E o f  
Hwy 19, on Hwy 519, near Cannonsburg, 
Pennsylvania 

M s ide  o f  Linden Rd , along Linden 
Creek, 1.8 km E o f  Hwy 1 9 ,  near 
Cannonsburg, Pennsylvania 

SW corner o f  i n t e w e c t i o n  o f  1-70 and 
Hwy 31, near Uyano, Pennsylvania 

S s ide  o f  Pennsylvania Turnpike 
(1-70-76), 2.8 ka W o f  Somerset, 
Pennsylvania 

S s ide  o f  Pennsylvania Turnpike, 4 km 
E o f  Ear ls ton,  Pennsylvania 

S s ide  o f  Hwy 30 i n  Caledonia State 
Park, $5 6 km E o f  Chambersburg, 
Pennsylvania 

2 4 km N o f  Burgettstown, 

5.2 

I 

6.8 

2.5 

3.2 

5.6 

4 . 9  

4.5 

3.1 

7.6 

5.7 

5.5 

8.3 

6 .7  

7.4 

6.9 

7.6 

6.6 

5.8 

0.46 ?: 0.04 

1.1 f 0.12 

1.2 2 0.08 

1 .4  4 0.06 

1 . 2  2 0.06 

1.6 t 0.06 

1 . 7  i 0.12 

1 . 2  f 0.08 

1 . 3  t 0.14 

0.84 r 0.04 

1.4 i 0.14 

0.83 t 0.04 

1.0 2 0.08 

0.76 f 0.04 

1.4 k 0. 10 

0.99 4 0.12 

2.4 ? 0.12 

0.96 2 0.06 

1.1 f 0.22 

0.38 t 0.02 0.41 

1 . 0  f 0.06 1.1 

1.4 f 0.08 1 .4  

1.2 i 0.08 1.3 

0.99 f 0.06 1 , 9  

1.7 t 0.08 1.5 

0.72 t 0.36 1.4 

1.4 t 0.08 1.3 

1.3i0.10 1.3 

1.3f0.08 1.2 

1 . 3  f 0.02 1.5 

0.88 4 0.06 1.0 

1.1 f 0.08 1.3 

1.0 i: 0.06 1.1 

0.88 f 0.64 1.5 

0.95 i: 0. 12 0.97 

1.0 I O . 0 8  1.2 

1.1 t 0.08 1 .2  

0.95 0.06 0.78 
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Table 27. (continued) 

Sample 
des ignat ion 

PA-20 

.i._.__.I._-I_ 

PA-21 

PA-22 

PA-23 

PA-24 

PA-25 

PA-26 

PA-27 

PA-28 

PA-29 

PA-30 

PA-31 

PA-32 

PA-33 

Desc r ip t i on  o f  sample l o c a t i o n  
-. ....... ........... ... 

Approx. 11 km N o f  Easton, Pennsylvania, 
on W s ide  o f  thy 61.1 

I n t e r s e c t i o n  o f  1-78 and Hwy 143, j u s t  N 
o f  Lenhar t sv i l l e ,  Pennsylvania 

NW corner  o f  i n t e r s e c t i o n  o f  1-81 and 
Hwy 443, near Hanover, Pennsylvania 

N s ide  o f  Pennsylvania Turnpike, W s ide  
o f  e x i t  15, near the  Blue Mtn. Tunnel 

E s ide o f  1-79 between Meadow Lands 
and Race Track e x i t s ,  near McGovern, 
Pennsylvania 

Approx. 3.2 km NE o f  Cannonsburg 
I n d u s t r i a l  Park, on E s ide  o f  1-79, 
i n  Cannonsburg, Pennsylvania 

Approx 1.6 km N o f  Cannonsburg I n d u s t r i a l  
Park on tiwy 980 

NE o f  i n t e r s e c t i o n  o f  Hwys 422 and 
28-66 a t  K i t t ann ing ,  Pennsylvania 

W s ide o f  1-79, 232 km N o f  P i t t sbu rg ,  
Pennsylvania, a t  Hwy 228 i n t e r s e c t i o n  

I n t e r s e c t i o n  o f  two secondary roads, E 
o f  B l a i r s v i l l e ,  Pennsylvania, a t  Toms 
Run Creek 

Secondary road 2.1.3 km E o f  St rangford,  
Pennsylvania 

S s ide o f  Market S t . ,  E end o f  E l a i r s -  
v i l l e ,  Pennsylvania, S o f  Hwy 22 near 
c i t y  l i m i t s  

E s ide  o f  Hwy 217 S o f  E l a i r s v i l l e ,  
Pennsylvania, near the Conemaugh 
River  

SW s ide o f  the township o f  Torrance, 
Pennsylvania 

....... 

Average ex te rna l  
gamma exposure 

r a t e  (pR/h)' 

2.5 

..... 

8 .1  

7.3 

8.4 

12 

9.4 

14 

8.9 

5.7 

8.7 

5.1 

7.5 

8.9 

3.7 

Nucl ide concentrat ion bn 
sur face s o i l  (pCi/g) 

226Ra 2 3 2 ~ h  2 3 8 ~  
__ 

0 . 8 1 f  0.10 0.69 f 0.12 

0.96 f 0.04 1.2 f 0.04 

0.85 f 0.04 1.2 f 0.08 

1.1 f 0.06 1.1 f 0.C6 

1.7 f 0.06 1.4 f 0.14 

1.4 i- 0.06 1.5 f 0.08 

1.0 f 0.04 1.2 f 0.06 

1 .5  * 0.08 1 .5  f 0.10 

1.9 f 0.20 1 .3  f 0.08 

1.3 f 0.12 1.3 2 0.10 

0.72 f 0.06 0.78 f 0.06 

0.38 * 0.08 1.0 f 0.08 

1.1 * 0.08 1.1 f 0.10 

1.1 i- 0.20 0.89 i 0.04 

0.63 

1.0 

1.1 

1.2 

1.4 

1.4 

1.3 

1.9 

1 . 7  

1.1 

0.78 

0.87 

1.1 

0.79 

......... I_ _I-. .. ... 

'Exposure r a t e  determined from 3 t o  4 measuremepts a t  each l o c a t i o n  us ing a " P h i l "  tube as descr ibed i n  

%tandard d e v i a t i o n  o f  226Ra and 232Th measurements are g iven as the 2u value. 

CNo data obta ined 

Appendix I. 

ments are 55% (20). 
E r r o r  i n  the 238U measure- 
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Fig.  27. Location of background samples and external gamma-ray exposure rate measurements 
in Pennsylvania. 



Table 28. Background r a d i a t i o n  l e v e l s  and nuc l i de  concentrat ions i n  sur face s o i l  samples i n  
the  State o f  Tennessee 

Samp 1 e 
des ignat ion Desc r ip t i on  o f  sample l o c a t i o n  

Nucl ide concentrat ion i n  
sur face s o i l  (pci_/gP Average ex te rna l  

gamma exposure 
2 3 2 ~ h  238u r a t e  (pR/h)' 226Ra 

TN-1 

TN-2 

TH-3 

TN-4 

TN-5 

TN-6 

TN-7 

TN-8 

TN- 9 

TN-10 

TN-11 

TN-12 

Welcome s t a t i o n  a t  Tennessee-Kentucky 
border, W s ide  o f  1-75 near J e l l i c o ,  
Tennessee 

SW s ide  o f  1-75. 1.0.8 km M o f  i n t e r -  
sec t i on  w i t h  Hwy 61, a t  Mor r i s ,  
Tennessee 

Approx. 6 .4 km N o f  Crossv i l l e ,  Tennes- 
see, a t  FBI$ corner o f  i n t e r s e c t i o n  o f  
1-40 and Hwy 127 

Rest s top *32 km I4 o f  Cookevi l le ,  
Tennessee, on N s ide o f  1-40 

N s ide  o f  1-40, %0.4 km W o f  i n t e r -  
sec t i on  w i t h  Hwy 70, i n  E Nashv i l l e ,  
Tennessee 

E s ide  o f  Hwy 13, 4 . 4  km N o f  1-70. 
near Bu f fa lo ,  Tennessee 

W bank o f  Forked Deer River ,  on N 
s ide  o f  1-40, %1.3 km W o f  i n t e r -  
sec t i on  w i t h  Hwy 20, NW o f  Jackson, 
Tennessee 

N s ide  o f  1-40, 1.0.8 km W o f  i n t e r -  
sec t i on  w i t h  Hwy 64, E o f  Memphis, 
Tennessee 

Approx. 1 km S o f  Tennessee-Kentucky 
border, on W s ide  o f  Hwy 127, near 
Chanute, Tennessee 

W s ide o f  Hwy 27, 1.0.2 km S o f  i n t e r -  
sec t i on  w i t h  Hwy 52, near E l g i n ,  
Tennessee 

Rest s top on S s ide  o f  1-40, %3.2 km 
'rJ o f  i n t e r s e c t i o n  w i t h  1-81, near 
Oandridge, Tennessee 

E s ide  o f  1-81, 4 2  km N o f  i n t e r -  
sec t i on  w i t h  Hwy 81, near F a l l  Branch, 
Tennessee 

7.0 

8. 7 

6.9 

3.1 

6.3 

2.9 

6.3 

9.1 

4.3 

4.5 

6 . 1  

11 

0.98 f 0.12 0.83 f 0.44 0.95 

C 0.80 k 0.06 0.91 

0.72 ?r 0.04 0.68 _t 0.06 0.72 

1.1 f 0.06 1.1 ?r 0.04 1.1 

1.3 _+ 0. 10 0.97 ? 0.14 1 .3  

d d 1.1 

0.65 ?r 0.02 0.66 i 0.04 0.77 

1.4 ?r 0. 14 1.1 2 0.08 1 . 3  

0.95 _+ 0. 10 0.67 f 0.08 0.98 

1.4 ? 0.Oe 1.5 % 0.14 1.2 

1 .2  2 0.04 1.0 ? 0.06 1 . 3  

0.98 f 0.10 1.1 ?r 0.60 0.83 

'Exposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing a "Ph i l "  tube as descr ibed i n  

bStandard d e v i a t i o n  o f  226Ra and 232Th measurements are g iven as the 20 tialue. 

'Nuclide not found. 
%o data obtained. 

Appendix I .  

ments are 55% (20). 
E r r o r  i n  the  238U measure- 



Fig. 28. 
i n  Tennessee e 

Location o f  background samples and external gamma-ray exposure rate measurements 
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Fig. 29. Location o f  background samples and external gama-ray 
exposure rate measurements i n  Texas. 
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Table 30. Background r a d i a t i o n  l e v e l s  and nuc l i de  concentrat ions i n  sur face s o i l  samples i n  
the State o f  Utah 

................. ...........--.I_ 

2" Nucl ide concentrat ion 
sur face s o i l  (pCi/g) Average external  

Sample gamma exposurg 
des ignat ion Desc r ip t i on  o f  sample l o c a t i o n  r a t e  (pR/h) 226Ra 2 3 2 ~ h  23811 
............. __ .. ._ 

u-r- 1 NW corner o f  i n t e r s e c t i o n  o f  Hwys 68 
and A l t .  50, downtown S a l t  Lake C i t y ,  
Utah 

NE corner o f  i n t e r s e c t i o n  o f  Hwy A l t  
50 and 5600 5 .  S t . ,  i n  W S a l t  Lake 
C i t y ,  Utah 

N s ide  o f  Hwy 40, j u s t  S o f  the Great 
S a l t  Lake, 'rl o f  S a l t  Lake C i t y ,  Utah 

UT-2 

UT-3 

7.1 1.9 f 0.12 0.75 f 0.06 1.6 

7.9 1.5 f 0. 12 1.1 t 0. I8 0.96 

6 . 4  1 .0  f 0.14 0.20 ?- 0.02 1.9 

u r -4  Approx. 2 km N o f  Hwy 40, a long the 11 1.5 t 0.12 1.1 f 0.12 1 .0  
Surplus Canal, about 3 km W o f  t he  
S a l t  Lake City I n t e r n a t i o n a l  A i r p o r t  
Nu. I 

UT-5 I n t e r s e c t i o n  o f  Hwy 68 and 500 S S t . ,  9.0 1.1 f 0.12 0.78 f 0.12 0.92 
W side o f  Hwy 68 i n  Nor th S a l t  Lake 
C i t y ,  Utah 

and Grover La. i n  Farmington, Utah 
UT-6 NE corner o f  i n t e r s e c t i o n  o f  Burke La. 11 1.8 ? 0.18 1 . 7 ?  0.22 1.2 

UT-7 S s ide o f  Hdy 127, j u s t  W o f  i n t e r -  
sec t i on  w i t h  Hwy 110, W s ide o f  
Syracuse, Utah 

7.0 1.9 Z 0.08 2.3 k 0.14 1 .5  

UT-8 Approx. 2 km E o f  Hwy 89, i n  Wasatch 11 1.2 I 0.08 1.7 + 0.14 2.4 
Nat ional  Forest ,  E o f  South Weber, Utah 

u r -9  N s ide  o f  Emigration Canyon Rd., E o f  
Hwy 40 i n  SE S a l t  Lake City, Utah 

UT-10 E s ide  o f  Hwy 68, E o f  i n t e r s e c t i o n  
w i t h  Hwy 173 i n  Murray, Utah 

UT-11 I n t e r s e c t i o n  o f  Hwys 173 and 111, S o f  
Baccaus, Utah, i n  NE corner  

UT-12 NE corner o f  i n t e r s e c t i o n  o f  Hwys 111 
and 48, 6 km SW o f  S a l t  Lake City 
I n t e r n a t i o n a l  A i r p o r t  No. 2 

UT- 13 E s ide  o f  Hwy 71, between 10600 and 
12400 S S t .  i n  Sandy, Utdh 

6.5 1.0 f 0.08 0.88 10.06 0.72 

7.3 1 . 7  ? 0.20 1.3 f 0.10 1.1 

8.8 1.5 f 0.14 1.1 ?- 0.G6 0.94 

10 1.5 f 0.12 1.5 ? 0.06 1.0 

9.5 1.2 f 0.12 1.4 1 0 . 0 8  1.8 

UT-14 SE corner  o f  i n t e r s e c t i o n  o f  tlwys 152 10 1.7 f 0.14 1.5 2 0.14 1 . 3  
and 210, along S bank o f  B i g  Cotton- 
wood Creek, E o f  B u l e r v i l l e ,  Utah 

and 68, W o f  Lehi, Utah 
UT-15 SW corner o f  i n t e r s e c t i o n  o f  Hwys 73 9.5 1.6 t 0.14 1 . 5  f 0.18 0.93 

UT-16 E s ide  o f  Hwy 146 a t  j u n c t i o n  w i t h  Hwy 7.9 1.7 1 0 . 1 4  1 . 2  ? 0.08 1.0 
80 SE o f  A lp ine,  Utah 

UT-17 N s ide  o f  access t o  Provo Boat Harbor, 6.0 1.4 2 0.12 0.83 1 0.04 0.83 
1.5 km W o f  Hwy 114, N o f  Provo 
Mun i c i pa 1 A i  r p o r t  
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Table 30. (continued) 

Average ex te rna l  
Sample gamma exposurg 

des i g n a t i  on Desc r ip t i on  o f  sample l o c a t i o n  r a t e  (pR/h) 
--.__ 

UT-18 

UT-19 

UT-20 

UT-21 

UT-22 

UT-23 

UT-24 

UT-25 

UT-26 

UT-27 

UT-28 

UT-29 

UT-30 

UT-31 

UT-32 

N s ide o f  Hwy 80 a t  Utah-Wasatch County 
l i n e ,  near Wildwood, Utah 

NE corner  o f  i n t e r s e c t i o n  o f  Hwy 163 
and road t o  Monument Va l l ey  m i l l  s i t e ,  
~ 1 . 3  km S o f  Mexican Hat, Utah 

Approx. 4.8 km S o f  Blandiny, Utah, 
E s ide  o f  Hwy 163 a t  a i r p o r t  entrance 

I n t e r s e c t i o n  o f  Hwys 163 and 6-50, 5E 
s ide  o f  Cresent Junct ion,  Utah 

E s ide  o f  Hwy 50, a t  White River ,  N o f  
Col ton,  Utah 

N s ide  o f  b y  40, a t  i n t e r s e c t i o n  w i t h  
Hwy 45, i n  NE Utah, -16 kin W o f  Utah- 
Colorauo border  

Approx. 1.2 km N o f  1-70 on W s ide  o f  
Hwy 6-50, 28 km W o f  Green R ive r ,  Utah 

Approx. 19 km W o f  Green R ive r ,  Utah, 
a t  i n t e r s e c t i o n  o f  1-70 and Hwy 24 

Approx. 2 1  km 5 o f  1-70, on Hwy 24 
toward Hanksv i l le ,  Utah 

Approx. 16 km E o f  Hwy 24 a t  end o f  
Tw is t  Gap Rd 

N o f  1-70 1.19 km, on d i r t  road a long 
Green River ,  N o f  Green River ,  Utah 

Entrance t o  D e v i l s  Garden i n  Arches 
Na t iona l  Park, N o f  Moab, Utah 

N s ide  o f  1-80 %22 km E o f  Kno l l s ,  
Utah 

Approx. 16 km E o f  Wendover, Utah, 
N s ide  o f  1-80 i n  the  Bonnev i l l e  
S a l t  F l a t s  

NU corner  o f  i n t e r s e c t i o n  o f  1-80 
and 1-15, a t  Tremonton, Utah 

5.9 

8.9 

10 

7.9 

9.9 

9.0 

1 2  

5.0 

6 . 6  

5.2 

7.2 

9.2 

14 

7.7 

14 

~ ~ 

Nuc l ide concen t ra t i on  ' n  
sur face mi  1 (pCi/g) b 

2 2 6 ~ ~  232Th 2380 

1.5 2 0.10 0.76 t 0.06 0.94 

0 .75  f 0.02 C 0.57 

1.1 c 0.94 

0.83 f 0.08 0.63 f 0.06 0.78 

1.0 +_ 0.06 0 . 7 1  +_ 0.08 1.2 

1 .0  f 0. 16 0.90 f 0.14 0.92 

1.4 t 0.08 1.1 +_ 0.08 1.6 

1.0 f 0.10 C 0.71 

0.54 ?: 0.04 0.26 f 0.02 0.46 

0.53 t 0.06 0.59 f 0.08 0.55 

0.79 f 0.08 0.79 t 0.08 0.77 

0.93 t 0.10 C 1.3 

1.2 f 0. 12 0.96 t 0.08 0.96 

1 .4  t 0.06 1.2 2 0.08 1.3 

1.5 k 0.08 1.7 t 0.10 1.0 

_I- 

aExposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing  a "Phil" tube as descr ibed i n  

bStandard d e v i a t i o n  o f  226Ra and 232Th measurements are g iven as the  20 value. 

CNo data obtained. 

Appendix I .  

ments a re  (5% ( 2 ~ ) .  
E r r o r  i n  the 238U measure- 
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Table 31. Background r a d i a t i o n  l e v e l s  and nuc l i de  concentrat ions i n  sur face s o i l  samples i n  
the S ta te  o f  V i r g i n i a  

Nucl ide concentrat ion ' n  Average ex te rna l  sur face s o i l  (pCi/g) b Sample gamma exposure 
des igna t ion  Desc r ip t i on  o f  sample l o c a t i o n  r a t e  (pR/h)a 22FRa 2 3 2 ~ h  23Su 

VA- 1 

VA- 2 

VA- 3 

VA-4 

VA- 5 

VA-6 

VA- 7 

VA-8 

VA-9 

VA-10 

V A - 1 1  

VA-12 

VA-13 

E s ide  o f  1-81 i n  r e s t  area -24 km N o f  
B r i s t o l ,  V i r g i n i a  

E s ide  o f  1-81, -2.4 km N OT Hwy 680 
i n t e r s e c t i o n ,  W o f  Wy thev i l l e ,  
V i  r g i  n i  a 

E s ide  o f  1-81, 0.8 km S o f  Hwy 232-605 
a t  Newbern, V i r g i n i a  

Approx. 1 .6  km N o f  i n t e r s e c t i o n  o f  1-81 
and Hwy 115, on E s ide  o f  1-81. N o f  
Roanoke, V i r g i n i a  

E s ide  o f  1-81, -0.9 krn S o f  i n t e r s e c t i o n  
w i t h  Hwy 60, near Buena V is ta ,  V i r g i n i a  

E s ide  o f  1-81, -0.8 km 5 o f  i n t e r s e c t i o n  
w i t h  Hwy 256, near Sidney, V i r g i n i a  

S s i d e  o f  Hwy 211, E o f  1-81 a t  V i s i t o r s  
Center i n  Nat ional  Forest ,  W o f  
Luray, V i r g i n i a  

Approx. 6.4 km W o f  Amissv i l l e ,  V i r g i n i a ,  
on 5 s ide  o f  Hwy 211 

5 s ide  o f  Hwy 50, about 1% blocks  W o f  
1-495 loop i n  F a i r f a x ,  V i r g i n i a  

W s ide  o f  1-95 i n  NW corner  o f  i n t e r -  
s e c t i o n  w i t h  Hwy 642, -3.2 km SW o f  
Woodbridge, V i r g i n i a  

Rest s top on W s ide  o f  1-95, -18 km 
N o f  Richmond, V i r g i n i a  

NW corner  o f  i n t e r s e c t i o n  o f  1-85 and 
Hwy 40, near McKenney, V i r g i n i a  

SW corner  o f  i n t e r s e c t i o n  o f  1-81 and 
Hwy 55, near Strasburg, V i r g i n i a  

4.5 

7.9 

11 

6 . 3  

11 

5.3  

8.2 

13 

6.8 

4.4 

3.9 

4.8 

9.1 

1.1 t 0.04 

1.1 t 0 10 

0.62 f 0.04 

0.66 t 0.04 

0.92 t 0.04 

1.1 t 0 . 0 6  

0.78 t 0.06 

0 81 t 0.04 

0.97 ? 0.06 

0.60 + 0.06 

0.76 f 0.08 

0.62 f 0.04 

1 .0  t 0.10 

0.98 t 0.04 

0.85 ?: 0.04 

0.93 f 0.08 

1.0 ? 0.06 

0.79 t 0.06 

0 .91  i 0.06 

0.94 f 0.06 

1.4 .t 0.06 

0.94 f 0.06 

0.42 f 0.04 

0.63 I 0.08 

0.55 t 0.04 

0.84 t 0. 10 

0.89 

0.97 

0.78 

1.1 

0.93 

1 . 3  

1.1 

1.0 

0.86 

0.68 

0.85 

0.78 

1.1 

aExposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing a " P h i l "  tube as descr ibed i n  

bStandard d e v i a t i o n  o f  226Ra and 232Th measurements dre g iven as the 20 value. 
Appendix I .  

ments a re  55% (2u). 
E r r o r  i n  the 238U medsure- 



ORNL-DWG 80-8746 

aVIRGINIA STATE BACKGROUND SAMPLE LOCATIONS 

Fig .  31. Location o f  background samples and external gamma-ray exposure rate measurements 
i n  V-irg-inia. 



Table 32. Background rad . ia t ion  l e v e l s  and n u c l i d e  concent ra t ions  i n  surface s o i l  samples i n  
the  Sta te  o f  West V i r g i n i a  

5amp 1 e 
des ignat ion  D e s c r i p t i o n  o f  sample l o c a t i o n  

Nuc l i de  concen t ra t i on  ' n  Average ex te rna l  
aama exDosure sur face  s o i l  (pCi/g) b 

226Ra 232Th 23811 " r a t e  &R/h)" 

WV- 1 

wv- 2 

wv- 3 

w- 4 

w-5 

wv-6 

wv- 7 

W - 8  

WV- 9 

wv- 10 

wv- 11 

Along Hwy 219 a t  Parsons, West V i r g i n i a  

Along Hwy 50 a t  Macomber, West V i r g i n i a  

Along Hwy 30 a t  West V i rg in ia -Pennsy lvan ia  
border,  near Chester, West V i r g i n i a  

Along 1-79 a t  Los t  Creek, West V i r g i n i a  

NW corner o f  i n t e r s e c t i o n  o f  1-79 and 
Hwy 119, near We l l f o rd ,  West V i r g i n i a  

W s ide  o f  1-79, 2.1.6 km S o f  i n t e r s e c t i o n  
w i t h  Hwy 19, j u s t  N o f  Canf ie ld ,  West 
V i r g i n i a  

NE corner  o f  i n t e r s e c t i o n  o f  1-64 and 
Hwy 34, 1.10 km 5 o f  Win f i e ld ,  West 
V i  r g i  n i  a 

W s ide  o f  1-81, ~8 km N o f  West 
V i r g i n i a - V i r g i n i a  border,  near Bunker 
H i l l ,  West V i r g i n i a  

SE corner  o f  i n t e r s e c t i o n  o f  1-77 and 
Hwy 27, 1.5 km N o f  Char leston, West 
V i r g i n i a  

NW corner o f  i n t e r s e c t i o n  o f  1-77 and 
Hwy 33, a t  R ip ley ,  West V i r g i n i a  

E s ide  o f  1-77, 1.2.4 km S o f  i n t e r -  
sec t i on  w i t h  Hwy 50, a t  Parkersburg, 
West V i  r g i  n i  a 

6.0 

7.0 

8 .2  

10 

6.0 

8.2 

4.6 

9.4 

11 

5.9 

8.0 

1 . 2  f 0.06 1 .6  f 0.06 1.3 

0.84 f 0.08 1.1 f 0.08 1.2 

1.5 f 0.10 1.4 f 0.18 1.5  

1 .5  f 0.10 1.6 f 0.14 1.5 

0.78 f 0.06 1.4 f 0.06 1.5 

1 .3  f 0.08 1 . 3  f 0.10 1.2 

0.88 f 0.08 1.1 f 0.08 1 .3  

1.3 f 0.06 1.2 f 0.06 1,1 

1.5  ? 0.04 1.5  f 0.16 1.8 

1.6 f 0.08 1.4 f 0.12 1.8 

1.3  f 0.04 1 . 2  f 0.08 1.6 

"Exposure r a t e  determined from 3 t o  4 measurements a t  each l o c a t i o n  us ing  a "Phi l" tube as descr ibed i n  

'Standard d e v i a t i o n  o f  22sRa and *3*Th measurements a re  g iven as the  20 value. 
Appendix I. 

ments a re  55% (20). 
E r r o r  i n  t h e  238U measure- 
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F i g .  32, Locatian o f  background samples and external gainina-ray 
exposure r a t e  measurements i n  West Virginia.  



I ?  .1. 

W Y - 1  

MY-2 

WY-3 

WY-4 

WY-5 

Wf-6 

WY-7 

WY-8 

WY-9 

WY-10 

W Y - 1 1  

WY - 12 

WY-13 

E s ide  o f  Wwy 789. * ~ 1 . 6  km N ilf 
Wyoming-Colorado border, a t  Uagy.:, 
Wyoming 

Apprax. 3 .6  km NW o f  irltcri 
Hwys 220 arid 287, NLd o f  Msril 
Wyoming 

5 s ide o f  Hwy 78Y1 *-3.2 Ikm "it o f  ldnlter, 
Wyomi ng 

Wyoming 

Junct ion o f  kwys 26 and 8 9 ,  iiedi- 
Moran, 'ulyamirig, a t  e i i t ra i r r r  t c  GrdnS.1 
Teton Park 

Approx. 1 . 6  k m  S o f  int,ersect,ion of 
Hwys 1 6  arid 120, 5 a f  Cody, Wyu:nii.ig 

AprJrOX. 1 . 5  km P O f  Shoshoni, kj>,Jnli t@q 
on S side o f  Hwy Z6 

Por t  o f  Ent ry  i l l  Casper, Ljyomiiig i)n 1 - 2 5  

SW corner o f  i n t e r s e c t i o n  uf  
and 91,  N o f  Medicine Bow, Wyum 

Approx. 0.8 km S o f  I--O0, ijii 
Hwy 789, about 2 1  km E o f  Lda 
Wyomi ng 

Approx. 16 km N o f  Do?ryla5.,; 
on S s ide  o f  N o r t h  P i a t t e  R i  
tlwy 93 br idge 

13 0.91 2 0.Q4 1.1 i 0.10 0 .93  

. 71: .. 

11 

16 

1.i + 0.(?f! 0.93 .i 0 10 0 87 

1.1 t 0 . 2 %  0.87 + 0 .  10 0.98 

0.q2 i 0 ne 1.1 4 0.06 0.93 

0 . 6 5  ? 0.04 0.70 3. b.10 0.66 

0.73 ? 0.08 0 . 5 9  ?r 0.12 0.79 

0.95 I J.10 0.69 * 0.06 0.83 

I ?  1 . 7  1 O . ? ?  c 1.9 

W o f  r e s t  area a t  inter;ectioii o f  1-25 1.1 0 .97  t 0.04 1 . 2  i 0.10 1.3 
and Hwy 314, near. Sla te r ,  Wy~wii iy 

A t  Wyming-ColwraiJi~ horde i , ,  o n  W s i t k  I S  0.82 + 0.04 1.1 4 0.06 0.89 
o f  1-25, 5 o f  Cheyenne, Wyoming 

aExposure r a t e  determined T,om 3 t o  4 rneasui'mi-ntr. a t  canll i a c a t i o r r  us ing d " P h i l "  tube as described i n  

'Standard dev ia t i on  of 22GRa and 2 3 2 - r / i  measurcnrertts all'+ g i v e n  a 5  the  ?u !;alw. 

CNo data obtained. 

Appendix I. 

inents are 5% ( 2 ~ ) .  
F ~ a r  i n  blie 2 3 s U  mea511re- 
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F i g .  33. Location o f  background samples and external gamma-ray exposure ra te  measurements 
i n  Myomi rig. 







Table 35. Summary o f  s t a t e  background concentrat ions o f  :'zsRa i n  sur face s o i l a  

State 
A r i t hmet i c  mean Geometric mean 

and standa d and standard 
dev i  a t  ionc' 

Number o f  Range o f  
samples Val UP!; 

analyzed ( P C i / d  
5 dewi a t  io i i  

W / g )  (pCi/g) 

A1 abama 
A1 as ka 
Arizona 
Arkansas 
C a l i f o r n i a  

' Colorado 
Del aware 
F1 o r i  da 
Georgia 
Idaho 
I1 1 i no i  s 
Ind iana 
Kansas 
Kentucky 
Loui s i  ana 
Mary1 and 
Michigan 
M i s s i s s i p p i  
Missour i  
Nevada 
New Jersey 
New Mexico 
Hew Yerk 
Nor th Caro l ina 
Ohio 
Oregon 
Pennsylvania 
Tennessee 
Texas 
Utah 
V i r g i n i a  
West V i r g i n i a  
Wyorni ng 

8 

6 
6 
d 

3 

32 
2 
11 
9 
12 

7 
2 

6 
13 
2 
6 

10 
3 

10 
6 

24 
1 3  
6 
8 

12 
a 
33 
10 
10 
32 
13 
11 
13 

0.47 - 1.4 
0 . 4 3  - 0.92 
0 . 2 3  - 2 .0  

d 

0.24 " 1 3 

0.48 - !.4 
1.1 ~ 1 . 2  
0.25 I 2 . 3  

0.46 - 1.6 
0.64 - 1.6 
0.65 - 1.2 
1.0 - 1.1 
0.34 - 1.4 
0.81 - 4.2 
0.58 - 0.84 
0.49 - 1 . 2  
0.46 -. 2.0 
0.7J .. 1.6 
0.31 - 1.4 
0.89 - 2.0 
0.24 - 1 . 4  
0.72 - 2 . 7  
0.48 - 1.2 
0.48 - 1.2 
0.81 - 2.5 
0.24 - 2 . 1  
0.46 - 2.4 
0.65 - 1 .4  
0.54 - 1.4 
0.53 -. 1.9 
0.60 - l.P 
0.78 - 1 . 6  
0.65 . 1 ,7  

0.82 5 0.62 
9.65 f. 0.32 
0.95 f. 1.5 

d 

0.77 +_ 1.0 
1.4 t l.1 
1.2 t- 0.14 
0.84 -t. 1.2 
0.88 k 0.77 
1.1 ? 0.51 
0.97 f 0.41 
1.1 t 0.07 
0.97 -h 0.85 
1.5 5 1.7 
0. 71 -h 0.36 
0.72 f. 0.50 
1.1 2 0.97 
1.2 ?r 0.82 
1.1 -h 0.61 
1.5 f. 0.72 
0.87 k 0.67 
1 . 5  ? 1.1 
0.85 f 0.51 
0.78 -t. 0.48 
1.5 5 0.93 
0.82 +_ 1.1 
1.2 f 0.75 
1.1 ?r 0.51 
0.89 k 0.54 
1.3 k 0.74 
0.85 k 0.38 
1.3 t. 0.57 
1.0 k 0.59 

0.77 : 1.5 
0.64 : 1.3 
0.70 : 2.4 

0.62 : 2.4 
1.3 : 1,s 
1.2 : 1.1 
0.67 : 2.0 
0.81 : 1.6 
1.1 : 1.3 
0.95 : 1.3 
1.1 : 1.1 
0.86 : 1.8 
1.4 : 1.5 
0.70 : 1.3 
0.69 : 1.4 
0.95 : 1.6 
1.2 : 1.5 
1.0 : 1.6 
1.5 : 1.3 
0.78 : 1.7 
1.5 : 1.4 
0.81 : 1.4 
0.74 : 1.4 
1.4 : 1.4 
0.68 : 1.9 
1.1 : 1.4 
1.0 : 1.3 
0.85 : 1.4 
1.2 : 1.4 
0.83 : 1.3 
1.2 : 1.3 
1.0 : 1.3 

d 

U. S. Average 327 0.23 .. 4.2 1.1 i 0.48 1.0 : 1.6 

aSummary o f  data contained i n  Tables 1-33 f o r  i n d i v i d u a l  s ta tes.  
bStandard d e v i a t i o n  o f  a r i t h m e t i c  mean i 5  the 20 value. 
'The geometric standard d e v i a t i o n  i s  a m u l t i p l i c a t i v e  parameter t o  t h e  geo- 

dNo data on 22sRa concentrat ion a v a i l a b l e  f o r  s ta te.  
m e t r i c  mean con ta in ing  68% (lu) o f  the frequency walues. 
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Table 36, Summary o f  state background concentrations o f  232Th i n  surface so i l  a 

State 
Arithmetic mean Geometric mean 

deviat ion b deviat ion 
Range o f  and standard and standacd Number o f  

samples values 
( pC i /g 1 (pCF/g) analyzed (pCi/g) 

A1 abarna 
Alaska 
Arizona 
Arkansas 
Ca l i fo rn ia  
Color ado 
Del aware 
F lo r ida  
Eeorgi a 
Idaho 
I1 1 i noi s 
l n d i  ana 
Kansas 
Kentucky 
Louisiana 
Mary1 and 
Hi ch i  gan 
M i  ss i  ssippi  
Missouri 
Nevada 
New Jersey 
New Mexico 
New York 
North Carolina 
Ohio 
Oregon 
Pennsylvania 
Tennessee 
Texas 
Utah 
V i rg in ia  
West b ' i rg in ia 
Wyorni ng 

8 
7 
6 
1 
3 
20 

2 

10 
9 
13 
8 
2 
4 
12 
2 
6 
10 
3 
10 
6 
23 
13 
6 
a 

12 
9 
33 
11 
10 
28 
13 
11 
12 

0.36 - 1.5 
0.19 - 2.3 
0.20 - 1.3 

1.5 
0.30 - 0.76 
0.10 - 3.1 

1.2 
0.12 - 0.37 
0.28 - 3.4 
0.42 - 1.9 
0.49 - 1.2 
1.1 - 1.2 
0.32 - 1.6 
0.88 - 1.5 
0.60 - 0.72 
0.48 - 0.86 
0.24 - 0.82 
0.81 - 1.7 
0.32 - 1.3 
0.62 - 3.0 
0.31 - 1.5 
0.48 - 1.8 
0.40 - 1.1 
0.42 - 1.5 
0.71 - 1.5 
0.43 - 1.5 
0.38 - 1.7 
0.66 - 1.5 
0.40 - 1.1 
0.20 - 2.3 
0.42 - 1.4 
1.1 - 1.6 
0.59 - 1.8 

0.77 f 0.71 
0.87 f 1.4 
0 . 6 3  t 0.83 

1. gd 

0.54 k 0.45 
1.3 f 1.4 
1.2 t 0.04 
0.24 ? 0.13 
1.1 f 1.9 
1.2 f 0.73 
0.96 f: 0.43 
1.2 k 0.14 
1.3 f 1.2 
1.2 f 0.39 
0.66 k 0.17 
0.70 +c 0.28 
0.56 f: 0.35 
1.1 ? 0.50 
1.0 f 0.56 
1.5 ? 1.6 
0.90 f 0.66 
0.95 2 0.73 
0.71 * 0.52 
0.92 f 0.83 
1.0 f 0.50 
0.72 f 0.65 
1.1 k 0.53 
0.95 t 0.50 
0.73 f Q.40 
1.1 f 0.92 
0.86 ? 0.47 
1.4 f 0.35 
1.1 2 0.68 

0.70 : 1.6 
0.67 : 2.2 
0.52 : 2.0 

0.50 : 1.6 
1.1 : 2.1 

0.23 : 1.3 
0.85 : 2 . 1  
1.1 : 1.5 
0.93 : 1.3 
1.2 : 1.1 
1.1 : 2.2 
1.2 : 1.2 
0.66 : 1.1 
0.69 : 1.2 
0.53 : 1.5 
1.1 :1.5 
0.95 : 1.5 
1.4 : 1.7 
0.82 : 1.6 

0.67 : 1.5 
0.83 : 1.6 
1.0 : 1.3 
0.66 : 1.5 
1.1 : 1.3 
0.92 : 1.3 
0.70 : 1.4 
0.97 : 1.7 
0.83 : 1.4 
1.3 : 1.2 
1.0 : 1.4 

1.d 

1.2d 

0.89 : 1.5 

U. S. Average 331 0.10 - 3.4 0.98 f 0.46 0.87 : 1.7 

Summary o f  data contained i n  Tables 1-33 f o r  ind iv idua l  states. a 

%tandard deviat ion o f  ar i thmet ic mean i s  the 20 value, 
'The geometric standard deviat ion i s  a mu l t i p l i ca t i ve  parameter t o  the geo- 

dValues f o r  standard deviat ion cannot be computed. 
metr ic mean containing 68% (la) o f  the frequency values. 





T A b l e  3 7 .  Summary o f  s t a t e  background c o n c e n t r a t i o n s  o f  23BU i n  surface s o i l "  
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S t a l e  

A 1  a b m a  
A 1  as ka 
A r i  ~ o i i a  
Arkansas 

Cali fowri i d  

Colorado 
Del aware 
Florida 
Georgi a 
Idaho 
111 i n o i s  
I n d i a n a  
Kansas 
K P  n t 11 c ky  
I o u i  c i ana 
N d r j l a n d  
M i c h  i g m  
H i  s s i  s s  i pi) 1 

b l i  ss0ur.i 
Nevada 
New Jersey  
New Mexico 
New York 
North Carol i n a  
Ohio 
Oregon 

Pennsy lvan ia  
Tennessee 
Texas 
U L J ~  
V i r g i n i a  
West Virginia  
'dycwi ng 

8 

7 
6 
1 
3 

32 
2 

11 
9 

13 
8 
2 
5 

13 
3 
6 

1 0  
3 

10  
6 

24 
1 3  
6 
3 

1 2  
9 

33 
12 
10  
32 
13 
11 
13 

0 . 5 1  - 1.1 
0 .39  - 0.80 
0 .27  - 1.83  

1.5 
0.19 - 1 . 3  
0 . 4 7  - 3.0 
1.1 ' - 1 . 2  
0.1% - 7 .c  
0.48 - 1.6 
0 . 6 6  .- 2 . 2  

0. 64 .. 1.4 
L.1  - 1.4 
0.58 - 1.4 
1.1 - 3 .8  
0.44 - !1.81 
0.54 - 0 .93  
0 .34  - 1.2 
u .  ti9 '. 1 . 7  
0 . 3 3  - 1 . 7  
0.74 - 1.8 
0 .13  - 1 . 4  
0.53 - 1 . 5  
0.76 - 1 . 2  
0.39 - 1 . 6  
0.7fi - 2.2 
0.50 -' 2.0 
0.41 ~ 1 . 9  
0 . 7 2  - 1 . 3  
0 . 4 8  - 1.5  
0 .46  - 2.4 
0.68 - 1.3 
1.1 - 1.8 
0.66 - 1..9 

A r i t h m e t i c  mean 
and s t m d a r d  

d e v i a t i o n  h 
!pCi/g) 

0 . 8 5  -L 0.36 
0 . 6 3  t 0.30 
u e2 t 1.1 

1 . 5  
0 .  78 t 1 . 1  
1 . 7  -!. 0 . 9 1  
1 . 2  -t 0.10 
0.11 i 1 . 3  
0.85 2 0.72 
1.1 f 0.88 

1.1. 2 0.45 
1.3 3: 0 . 3 1  
1.1 i- 0.60  
1 . 6  ? 1 .4  
0 .58  -i- 0.40 
0.78 i (3.30 
0 . 7 3  f 0.55  
1.1 f 1.1 
1.1 + 0.73 
1 . 3  f 0.65 
0.86 2 0 .68  
1.1 k 0.55 

0.91, * 0 . 2 6  
0 .87  ? 0 . 7 1  
1.4 2. 0 . 7 9  
!1.84 ?. 0.89 
1 . 2  ?. 0.59 
1 . 0  f 0.39 
0 .32  2 0.59 
1 . 1  I O . 8 2  

0.9!j i- 0.34 
1.4 2 0.53 
1.0 rf- 0.63 

0.83 : 1 . 3  
0 . 6 1  : 1 . 3  
0.67 : 2.0 

1 . 5  
0..59 : 2.7 
1 . 2  : 1 . 4  
1 . 2  : 1 . 0  
0 .47  : 9.7  

0.79 : 7.5 
1.1 : 1 . 4  
1 . 0  : 1 . 3  
1.3 : 1.1 
1 . 0  : 1 . 4  
1 .5  : 1 . 4  
0.56 : 1 . 4  
0 .77  : 1 . 2  
0.68 : 1 . 5  

d 

0.98 : 1 . 6  
0.99 : 1 . 6  
1 . 3  : 1 . 3  
0 . 7 6  : 1.8 
1 . 0  : 1 . 3  
0.54 : 1.2 
0.81 : 1.5 
1 . 3  : 1 . 4  
0.76 : 1 . 5  
1 . 1  : 1.1 
1 . 0  : 1 . 2  
0.78 : 1.4 
1.0 : 1.4 
0.94 : 1.2 
1 . 4  : 1 . 2  
0 . 9 1  : 1 . 3  

U. S .  Average 355 0.12 .. 3.8 1.0 _t 0.83 0 .96  : 1 . 6  
-- ....._I_____ .. . .. .. 

Siimmdry o f  d a t a  con ta ined  i n  ' l ab les  1-33  f o r  i nd i v idua ' l  s t a t e s .  

The geomet r ic  standar'd d e v i a t i o n  i s  a m u l t i p l i c a t i v e  parameter t o  t h e  geo- 

ci 

'Standard d e v i a t i o n  o f  a r i t . hmet i c  mean i s  the  20 va lue .  
c- 

d V a l u i ? s  f o r  geomet r ic  s tandard  d e v i a t i o n  cannc t  be  computed. 
m e t r i c  mean c o n t a i n i n g  68% ( lu )  o f  t h e  f w y u e n c y  va lues .  



90 



,_
_

_
 

m
 

u
 

W
 

c
 

>
 

W
 

-2 

.
r
 





9 '6 
; 

2'2 7 S'S 

d 

Y 

41 
r J 

r 



94 

Table 40. Background rad ionucl ide  c o n c e n t r a l i o n s  i n  
su r face  s o i l  - World averagesa 

Radionuclide c o n c e n t r a t i o n  
i n  s o i l  ($i/g) Radionuclide ........ .. ._. 

Typical range World average 

226Ra 0.49-1.98 0.79 

2381) 0.33-1.32 0 .66  

2 3 2  l h  0.22-1.31 0.65 

0: Adapted from r e f .  18. 
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EXTERNAL ~ A ~ M ~  SURVEY METER 

External garnrna exposure rates are measured with an organic-fa” 1 led 
Geiger-Mueiler (G-M) tube that i s  15-cm long with a 30 mg/cm2 glass 
wall .  This  dosimeter i s  a RCL 18-60 micro G-M counter f i l l e d  with neon, 
argon, and a halogen quenching agent. The probe i s  surroun 
energy compensated shield o f  t i n  and lead. Pulses from th i s  u n i t  are 
counted w i t h  a battery-powered portable scaler  ( F i g .  I-A). Geiger- 
44ue71er counters are no t  typically used for  measuring gamma f ie lds  due 
t o  i? peak response a t  low p h o t o n  energies. However, perforated layers 
o f  . t in  (1 .0 mm on s i d e s  and end) and lead (0 .3  mm on sides ,  0 . 1  mm on 
end)  are used as energy compensation f i l t e r s  t o  f l a t t en  the peak re- 

A s  shown in Fig. 
1-8, the response o f  the P h i l  tube  with the perforated shield i s  inde- 

h o t u n  energies below approximately 200 keV. 

pendent o f  gamma energies down t o  50 keV, within k12%. T h e  p o l a r  t’e- 

spcrtise obtained w i t h  the same counter and shield i s  shown i n  Fig,  1-6. 
National Bureau of  Standards (NE51 traceable sealed sources o f  

s and zzsKa are  used f o r  calibration. Detector response i s  typically 
1. mR/hr = 3400 cpm, Each external background exposure measurement repre- 
s e n t s  the mean o f  a t  leas t  three one-minute counts. Instrument back- 
ground i s  subtracted aut in the f i n a l  determination o f  exposure rate.  

Errors associated with the use o f  the “Phil”  tube i n  measuring low- 
levels of gamma r a d i a t i o n  can be q u i t e  large. Individual measurement 
errors i n  garnma-ray f i e lds  o f  less t h a n  18 vR/h were found t o  range from 
50% t o  over 100% a t  the 95% confidence level .  For exposure rates  greater 
than 10 p R / h ,  the measurement e r ror  ranged from 25% t o  50%. Due to t h i s  
var iabi l i ty  a t  low exposure ra tes ,  use o f  th i s  instrument f o r  background 
determination has been discantinued, Exposure ra te  measurements in the 
current Q R N L  survey program are  made w i t h  a Reuter-Stokes RSS-111 Pres- 
surized Ion Chamber. 
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Appendix I1  

S O I L  ANALYTICAL PROCEDURES 





sh ie  
(see 
used 
face 
add i 

holder f o r  twelve o f  the  polyethylene bot t les  and a hackground 
d have been designed for  use w i t h  a SU-crn" Ge(i i )  d e t e c t o r  systern 
Figs .  TI-A, 11-8). Dur ing  c o u n t i n g  o f  the samples, the 'no1 
t o  p o s i t i o n  ten  o f  the sample b o t t l e s  r r round  the  ~ ~ ~ ~ n ~ ~ r ~ ~ ~ ~  sur- 
o f  the de tec tor ,  pardl le1 t o  and synrrrie'tric a b o u t  i t s  a x i s ,  and two  

ional b o t t l e s  across the  end surlace of the d e t e c t o r ,  perpendicular 

t o  and symaetric w i t h  - i t s  a x i s .  'di th a 3UU-cm" sample and a graded 
shield deve'loped f o r  use w i t h  the sy~txni ,  it. i s  possible t o  rneasesre less  
than 4 pCi/g o f  232-Th o r  2Z6Ra w i t h  an error o f  :k10% QI- l e s s .  l -he m i n i -  
m u i n  de tec tab le  concentration ( DC) f o r  t h e  system, consider ing the back- 
ground o f  &tis count ing system, i s  genera l ly  about  8 . 3  pCi /g .  

Pulse5 produced by t h e  Ge(L.i) crystal  are  sorted by a  el 
anialyzer (see F ig .  TI-C), s t a r e d  on nraynetic tape,  and subsequent.ly 
~ n t e r e d  i n t o  a computer program, which uses a l e a s t  squares m ~ t h o d  t o  

i d e n t i f y  radionucll i d e s  corresponding  i o  &hose gamma-ray 41 i nes  f o m d  in 
$,ne sample. ?'he program, which i s  accessible t h r o u g h  a remote t e r m i n a l  

w l i e s  on a 1 ibrary o f  radioisotopes, which conta ins  approx imate ly  700 

i so topes  and 251313 gamma-rays arid which iwtl4s cxnt inuously oi i  the IBM-360 
s y s t e m  a t  L., I n  i den t i fy ing  and quant i fying 2 2 z s ~ a ,  s i x  pa-incipal 
~ a n ? ~ a - ~ a ~  1 ines are analyzed. o ~ t  o f  these are  from 2 5 4 8 i  arid esorre- 

spernd t o  295, 3 5 2 ,  609, 1120, 1765, and 2204 keV. For analysis o f  
232Th ,  seven garitma 1 i nes at- i t s  daughters  a r e  artalyzed (239,  338,  583,  

795, 911, 969, and 2615 keV). 
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NEUTRON ASSQRPTION TECt lN IQUE FOR 238U ANALYSIS" 

Following t he  i n i t i a l  s o i l  sarnple drying and pu lve r i z ing ,  a 30 cm3 
a l i q u o t  i s  s e n t  t o  the  Analyt ical  Chemistry Divis ion o f  ORNL f o r  23xU 

a n a l y s i s  by neutron act- ivat ion.  The concent ra t ion  o f  i n  t h e  s o i l  
sample i s  determined by c o u n t i n g  delayed neutrons emi t ted  from f i s s i o n  
products produced by neutron a c t i v a t i o n  of t he  2351J i n  t h ~  sample. 
Neutron a c t i v a t i o n  o f  t h e  samples are made i n  t h e  pneumatic t u b e  i r r a d i -  
a t i o n  f a c i l i t y  of t he  Oak Ridge Research Reactor. tol lowing exposure t o  
a thermal neutron f l u x  o f  approximately 6 x n/cm2-s, a w a n t  of the 
delayed-neutron a c t i v i t y  i s  made us ing  d p a r a f f i n  nioderator with a BF3 
tube d e t e c t o r  assembly having a neutron count ing e f f i c i e n c y  o f  about 5%. 

The 235U content  of  a t e s t  sample i s  obtained by comparing i t s  delayed- 
neutron couait t o  that  obtained with a comparator sample conta in ing  a 
known quan t i ly  o f  235U.  Calcula t ions  a r e  then  made u t i l i z i n g  t h e  f o l -  
lowing equat ion:  

2351J i n  t e s t  sample = 

Che 2381) concent ra t ion  i s  then ca l cu la t ed  assunii ng t h a t  0.72% of na tura l  
uranium i s  235U. The p rec i s ion  o f  t h i s  method i 5  approximately t3% (ex- 
pressed as  the r e l a t i v e  standar-d dev ia t ion  f o r  20 or  95% confidence 
i n t e r v a l s ) ,  w i t h  a lower l i m i t  o f  de tec t ion  o f  -40 ppb pCi/g) f o r  
2 3 8 ~  

*F. F. Dyer, J .  F .  Emery, and G .  W. Leddicot te ,  A Coiiparatiue S tud9  
of the  Neutron Activation A n a l y s i s  of Uranium by i k l n y s d  Neu-tron Count- 
i n g ,  ORNI_--3342 (October 1962) .  
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