
Contents:  The data used to estimate the activities of 1 3 1I deposited per
unit area of ground for each county of the contiguous United States
following each nuclear test of interest are described.  There are limited
data available from the time during which the tests were carried out.
In the absence of environmental radiation measurements, a meteoro-
logical transport and wet deposition model was used. The estimated
amounts of 1 3 1I released into the atmosphere by each test are tabulat-
ed.  The available measurements are described in Section 3.2.
Detailed mathematical descriptions of the pro c e d u res used to estimate
daily depositions of 1 3 1I are in Section 3.3. Comparisons of the
results obtained using diff e rent pro c e d u res are presented in S e c t i o n
3 . 4 . In Section 3.5, the nuclear weapons tests are subdivided
a c c o rding to the pro c e d u res used to estimate 1 3 1I deposition.  A
detailed listing of all tests considered in this re p o rt is provided as is 
the rationale  for selection of those tests. Section 3.6 p rovides 
s u m m a ry estimates of 1 3 1I deposition throughout the country fro m
weapons testing in Nevada.

3.1.  INTRODUCTION
The amount of 1 3 1I deposited in each county of the contiguous
United States1 for each shot was estimated using one of thre e
methods.  The method chosen depended upon the extent and
type of environmental measurements available.

The activity of 1 3 1I deposited on the ground was not mea-
s u red directly in the 1950s because most measurements of envi-
ronmental radioactivity at that time were of gross beta (b) activi-
ty; specific measurements of 1 3 1I in the environment were not

p e rf o rmed to a significant extent before 1960.  Since the half-life
of 1 3 1I is about 8 days, the activity of 1 3 1I present in the samples
collected more than thirty years ago has now completely
decayed, and there f o re cannot be analyzed.  Because few 1 3 1I
m e a s u rements were made at that time and because 1 3 1I pre s e n t
at that time cannot be measured today, the estimation of the
amount of 1 3 1I deposited on the ground at that time cannot be
based on unequivocal measurements of 1 3 1I.  It is possible, how-
e v e r, to estimate the amounts of 1 3 1I deposited on the gro u n d
f rom some of the measurements (e.g., exposure rates, total b
activity in air or deposited on sticky surfaces) which were sys-
tematically made after most of the tests as part of enviro n m e n t a l
monitoring programs.  Although most of the measure m e n t s
w e re made in the vicinity of the Nevada Test Site (NTS), one of
the environmental monitoring programs collected samples at up
to 95 sites located throughout the United States.

T h ree pro c e d u res are used for the determination of the
deposition of 1 3 1I in the counties of the contiguous United States
for which no monitoring data are available.  First, where there
a re enough measurements of deposition of gross b activity that
can be converted to estimates of 1 3 1I deposition, these, together
with precipitation data, are used to interpolate estimates of 1 3 1I
deposition for all counties of the contiguous United States.  A
statistical technique, kriging, described in Section 3.3.1.3, i s
used to make these estimates. Second, where the kriging pro c e-
d u re is unlikely to be satisfactory due to an insufficient number
of 1 3 1I deposition estimates based on the analysis of gross b
activities, a less complex method is employed.  For a county
without monitoring data, the 1 3 1I deposition is estimated using
the deposition estimate from the  nearest county with monitor-
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1   Data on the name, location, area, and population of each county of the contiguous 
United States are provided in Appendix 2.



ing data and the precipitation data for those counties ( s e e
Section 3.3.1.2.4). Those two pro c e d u res constitute what is
called the “historical monitoring data approach” in this re p o rt .
F i n a l l y, if estimates of surface deposition values of 1 3 1I are not
available, calculations of the wet deposition of 1 3 1I were based
upon a meteorological model (Section 3.3.2 and Appendix 1).
This is called the “ m e t e o rological transport appro a c h ” in this
re p o rt .

3.2.  AVAILABLE MEASUREMENT RESULTS FROM THE TESTING PERIOD
A limited number of environmental radiation measurements are
available from the period of testing in the atmosphere at the
NTS.  They are :

(a) m e a s u rements of exposure rates above ground, which
w e re obtained near the NTS after each test using sur-
vey meters and are called “close-in measurements of
e n v i ronmental radiation,”

(b) m e a s u rements of deposition of fallout on gummed
film.  This systematic monitoring of  fallout deposi-
tion was carried out for sites within the contiguous
U.S. and also for sites throughout the rest of the
world.  For the purpose of this re p o rt, only the sites
within the contiguous U.S. and, occasionally, a few
sites in Canada, have been considered.  This fallout
deposition network is called “national network of
deposition measure m e n t s , ”

(c) m e a s u rements of individual radionuclides in the
radioactive cloud, allowing the determination of the
activity distribution of the radionuclides to be made.
These measurements, called “radiochemical data,”
w e re necessary to establish the corre s p o n d e n c e
between the exposure rates above ground, or the 
fallout depositions, and the 1 3 1I depositions per unit
a rea of gro u n d ,

(d) m e a s u rements of exposure rates aboard aircraft, and

(e) o t h e r, less extensive measurement programs in the
temporal or spatial dimensions, such as the measure-
ments of ground-level air activity by the Public Health
S e rvice (PHS) and by the Naval Research Laboratory
(NRL), or the measurements of  activity in pre c i p i t a-
tion by the PHS.

In addition, the spatial and temporal distribution of rain-
fall vis-à-vis that of the radioactive cloud, which played an
i m p o rtant role in the determination of the deposition at the
national scale, is available from historical re c o rd s .

3.2.1.  Close-In Measurements of Environmental Radiation
For counties near the NTS, the primary data are exposure - r a t e
m e a s u rements using portable survey instruments.  An extensive

p rogram of exposure rate measurements was carried out in a few
counties near the NTS for several days following each test.
These exposure-rate measurements, together with other, less
extensive, monitoring data, were evaluated and archived by the
O ffsite Radiation Exposure Review Project (ORERP) of the
D e p a rtment of Energ y.  From these data, a Town Data Base
(Thompson 1990) and a County Data Base (Beck and Anspaugh
1991) were derived:

(a) The Town Data Base (TDB) lists the time of arrival of
the radioactive cloud produced by each test and the
e x p o s u re rate normalized at 12 hours after detonation
(H + 12) at 173 stations, re p resenting inhabited loca-
tions, in 4 counties of Nevada (Clark, Esmeralda,
Lincoln, and Nye) and in Washington County, Utah.
In order to provide a uniform basis of comparison, the
p e rtinent literature has used H + 12 as the standard
time to re p o rt exposure rates; fallout may have been
deposited on the ground before or after H + 12.

(b) The County Data Base (CDB) lists the estimated times
of initial arrival of the radioactive cloud and the esti-
mated exposure rates normalized at H + 12 in 24 sub-
divided areas of nine counties in Arizona, Californ i a ,
Nevada, and Utah, along with similar information for
120 additional counties (which were not subdivided)
in Arizona, California, Colorado, Idaho, New Mexico,
Nevada, Oregon, Utah, and Wy o m i n g .

The geographical areas included in the Town and County
Data Bases are shown in F i g u res 3.1 and 3.2, re s p e c t i v e l y.

3.2.2.  National Network of Deposition Measure m e n t s
Monitoring of long-range fallout deposition in the United States
in the 1950s was carried out primarily by the Health and Safety
L a b o r a t o ry (HASL) of the Atomic Energy Commission in coop-
eration with the U.S. Weather Bureau (Beck 1984; Harley et al.
1960).  The HASL deposition network evolved gradually, begin-
ning in the fall of 1951 with the Buster-Jangle test series.  The
original monitoring technique consisted of collectors which were
trays of water; these were soon replaced by gummed paper for
the 1952 Tu m b l e r-Snapper test series. The gummed paper was
replaced by an acetate-backed ru b b e r-base cement gummed fil m
in 1953, and this medium was used until the program ended in
1960. 

A 1 square foot (0.093 m2) exposed area of gummed fil m
was positioned horizontally on a stand 3 feet (0.9 meters) above
the ground.  Usually two replicate films were exposed during a
24-h period beginning at 1230 Greenwich Mean Time (GMT)
for the Upshot-Knothole, Teapot, Plumbbob and Hard t a c k - I I
series and at 1830 GMT for the Buster-Jangle and Tu m b l e r-
Snapper series.  Daily high volume air samples also were collect-
ed at many of the gummed-film sites.

The number and types of monitoring sites in operation 
in the United States changed from one test series to another.
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F i g u re 3.1. Geographical coverage of the Town Data Base of the ORERP study of the U.S. Department of Energ y : each of the 173 stations is marked
with its code number. The approximate center of the Nevada Te s t Site is marked with a star.

Longitude (degrees)
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F i g u re 3.2. Geographical coverage of the County Data Base of the ORERP study of the U.S. Department of Energy: the 9 counties in solid colors are
those that were subdivided while the 120 counties hatched in blue were not subdivided. County boundaries for the remainder of the states
in which the County Data Base is located also are shown. The approximate center of the Nevada Test Site is marked with a star and the 5
counties covered by the Town Data Base are shown in white.

Table 3.1. Number of contiguous U.S. sites of fallout monitoring by HASL, for which data are available, by test series (Beck 1990).

1 9 5 1

1 9 5 2

1 9 5 3

1 9 5 5

1957 

1 9 5 8

5 1 - 6 1a

9 3

9 5

8 9

4 2b

4 0

Test Series Year Number of sites

B U S T E R - J A N G L E

T U M B L E R - S N A P P E R

U P S H O T- K N O T H O L E

T E A P O T

PLUMBBOB 

H A R D TACK-PHASE II

a The number of sites of fallout monitoring varied from one test series to another.

b Estimates of 1 3 1I deposition also were derived from 25 sites at which measurements of b activity in air and in
p recipitation were carried out by the Public Health Serv i c e .
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Although only about 40 sites operated continuously thro u g h o u t
the atmospheric testing era, the number generally was incre a s e d
during the testing periods and reached a maximum of 95 in
1953 (Upshot-Knothole series) (Table 3.1) .

F i g u re 3.3 illustrates the geographical coverage of the net-
work during the Upshot-Knothole series.  F i g u re 3.4 shows the
reduced available coverage during 1957, which was the last year
of substantial atmospheric testing at the NTS; during that year,
h o w e v e r, estimates of 1 3 1I deposition also were derived from 25
sites from the PHS network (described in Section 3.2.5) .

The gummed-film samples were sent to HASL where they
w e re processed and total beta activity counts were made.  The
m e a s u red beta activities were extrapolated to the middle of the
sampling day, using the assumption that the total beta activity
d e c reased with time after detonation t, expressed in hours,
a c c o rding to a power function (t- 1 . 2).  These fallout results, as
well as the amount of precipitation re c o rded at the sampling
location that day, were published in joint re p o rts by HASL and
the U.S. Weather Bureau (List 1953, 1954, 1956; NYO 1952,
1 9 5 4 ) .

The HASL network effectively fulfilled its purpose of
indicating quickly where and when fallout occurred.  Although
this network was not designed to derive radiation exposures, it
re p resents the only data set available on a daily basis over the
e n t i re United States during most of the atmospheric testing peri-
od.  There f o re, it was extensively used to derive deposition esti-
mates of 1 3 1I (or of any other radionuclide from fallout) at the
national scale.

3.2.3.  Radiochemical Data
M e a s u rements of individual radionuclides in the radioactive
cloud were conducted after many events (Hicks 1981a).  These
m e a s u rements, called “radiochemical data”, were used to estab-
lish the relative amounts of radionuclides in the radioactive
cloud, immediately after detonation.

On the basis of the radiochemical data, the corre s p o n-
dence between external gamma radiation exposure rate and
radionuclide ground depositions, as a function of time after det-
onation, has been published by Hicks (1981a) for all tests that
resulted in off-site detection of radioactive materials.  The tabu-
lated results include 30 decay times, grouped in three time peri-
ods following detonation: 10 decay times between 1 and 21
hours, 10 decay times between 1 to 300 days, and 10 decay
times between 1 to 50 years.  For each of these times, Hicks cal-
culated: (a) the exposure rate from external gamma radiation,
(b) the deposited activity per unit area of ground of specifie d
individual radionuclides (including 1 3 1I), and (c) the total
deposited activity per unit area of ground of all radionuclides.
Thus, given a measurement of the exposure rate, one can derive
the 1 3 1I and total deposition on the ground.  Similarly, if the total
deposition is known, the 1 3 1I deposition and the exposure rate
can be determ i n e d .

3.2.4.  Aircraft Measure m e n t s
A i rcraft measurements were used: (1) to track the movement of

the radioactive cloud and sample its contents, or (2) to estimate
o ff-site radiation fields .

A i rcraft sampling of radioactive clouds was obtained at
high altitudes in 1951 (Machta et al. 1957).  In general, fli g h t s
w e re made along the 80th and 95th meridians, at elevations
between 2.5 and 9.2 km.  The aircraft were equipped with two
filters, which were changed alternately every 15 min, so that
each filter was exposed for 30-min periods.  After sufficient time
for decay of the natural radioactivity, the filter was measure d
with a Geiger counter.  The conversion of the counting rates
into activity concentrations in air was not attempted because of
inadequate information on the efficiency of the fil t e r, the count-
ing geometry of the Geiger counters, etc. (Machta et al. 1957).

Aerial surveys of off-site radiation fields began in 1953
and continued until 1970 with aircraft flying at altitudes of 50
to 500 ft (Burson 1984).  The data from those aerial surv e y s
w e re used extensively to assist in quickly estimating the fallout
radiation patterns.  In general, the aerial survey results were
used to support the ground data, not vice-versa, since the aerial
s u rvey technique was still under development and many uncer-
tainties existed in its application.  In many locations, however,
g round measurements were not made and the aerial surv e y
results alone were relied on to extend the fallout patterns.  This
o c c u rred particularly during the Plumbbob test series in 1957
and also in the 1960s when the aerial survey results were more
reliable (Burson 1984).

The radioactive clouds from cratering and vented under-
g round tests, beginning in 1960, were tracked by aircraft (usual-
ly two) (Anon. 1975, 1976; Crawford 1970; Placak 1962;
Thompson 1966).  The movements and speed of the radioactive
cloud were determined by on-board exposure-rate meters and
by visual observations of dust in the cloud.  Many such clouds
w e re tracked beyond the test site and a few were tracked into
neighboring states to the north and east of NTS.  High-volume
air samples also were collected in the aircraft, depositing
radioactive particles on special fil t e r s .

3.2.5.  Other Measurement Pro g r a m s
Other measurement programs, less extensive than those
described above, were established in the 1950s with the purpose
of monitoring fallout or man-made activity in air or in water
(RHD 1960).

The Public Health Service operated several networks,
among which:

( a ) The Nationwide Radiation Surveillance Network,
established in April 1956 consisted of about 40 sta-
tions in which sampling operations included: (a) the
daily radioassay of beta-emitting suspended part i c u-
late matter with relatively long half-lives, collected on
a filter from approximately 2,000 cubic meters of air,
(b) two (or more) daily determinations of extern a l
gamma radiation levels with a portable survey meter,
(c) the collection of radioactive fallout with gummed-
film devices, (d) the collection of precipitation sam-
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F i g u re 3.3. Geographical coverage of the gummed-film network during the Upshot-Knothole test series. The diamonds re p resent the gummed-fil m
stations operated by HASL. The approximate center of the Nevada Test Site is marked with a star.

F i g u re 3.4. Geographical coverage of the deposition network during the Plumbbob test series in 1957. The diamonds re p resent the gummed-film stations
operated by HASL; the circles re p resent the sites where air and precipitation were collected and analyzed for their activity content by PHS; the
s q u a res re p resent the cities where both HASL and PHS had monitoring stations; the approximate center of the Nevada Test Site is marked with
a star.
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ples, and (e) the preparation of pre l i m i n a ry re p o rt s
f rom which public information might be made avail-
able by State and Te rritorial departments of health
(PHS 1957).  The results of the Nationwide Radiation
S u rveillance Network were used in this re p o rt to sup-
plement the daily estimates of 1 3 1I deposition derived
f rom the HASL gummed-film network.

(b) The National Air Sampling Network, established in
1953, consisted of 17 stations in 1953 and about 200
in 1957.  Twenty-four hour samples of suspended
p a rticulate matter were collected on filters on a pre d e-
t e rmined sampling schedule.  Unfort u n a t e l y, the only
results that could be found (PHS 1958) were pre s e n t-
ed in a statistical manner without indication of the
sampling dates.  This form of presentation pre c l u d e d
the use of the results for the purpose of re c o n s t ru c t-
ing the fallout patterns after each test.

Beginning in December, 1949, the Naval Researc h
L a b o r a t o ry operated stations for the detection and collection of
both natural radioactivity and radioactive atomic bomb debris
( B l i ff o rd et al. 1956).There were as many as five stations in the
contiguous U.S. (Washington, D.C.; Glenview, IL; San Francisco,
CA; San Diego, CA; Bre m e rton, WA).  A filter was used to col-
lect airborne particles for each 24-h period beginning at 1600
local time.  At the end of the collection interval the filter was
removed from the pumping system and its activity re c o rd e d
o v e rnight or for approximately 16 hours.  The results, re p o rt e d
on a daily basis, constitute the only time series of radioactivity
m e a s u rements that could be found for the Ranger test series
( J a n u a ry - Febru a ry 1951).

The other measurement programs operated or sponsore d
by governmental agencies (RHD 1960) were not used because
their results were either not found or not suitable for the pur-
poses of this study, usually because the sampling times were too
l o n g .

3.2.6.  Precipitation Data
P recipitation, hereafter used interchangeably with the words rain
or rainfall, efficiently scavenges particles suspended in the
a t m o s p h e re and can result in much greater deposition than that
due to dry processes such as sedimentation, impaction, and dif-
fusion.  However, although a substantial fraction of the amount
of radioactive materials present in the air may be scavenged by
rainfall at particular locations, the fraction of the whole radioac-
tive cloud so removed during one day is small.

Nuclear weapons were detonated  when dry weather was
p redicted so that the deposition of radioactive materials onto the
g round in the vicinity of the NTS would be as low as possible.
H o w e v e r, because dry conditions were seldom maintained over
the entire U.S. for several days after each shot, rainfall re p re s e n t s
the primary means by which 1 3 1I was deposited east of the
Rocky Mountains.  Fort u n a t e l y, there was (and is) a very com-
p rehensive national network of precipitation monitoring stations

operated by cooperative observers for the U.S. Weather Bure a u ,
now the National Oceanic and Atmospheric Administration
(NOAA).  For many years, this network, with rare exceptions,
p rovided at least one measurement location in each of the coun-
ties of the contiguous United States.  F i g u re 3.5 illustrates the
location of such stations, together with county boundaries, for
one state.

The rainfall amounts re p resent 24-h accumulations end-
ing usually at 9:00 a.m. local time or within an hour or two of
that time.  For the purposes of this re p o rt, a single pre c i p i t a t i o n
value for each day (the arithmetic average of all readings in the
county) was assigned to the entire county.  The date to which
the precipitation value was assigned was the day that collection
of precipitation was begun.  Counties without data were rare ;
such counties were assigned amounts of rainfall based on mea-
s u rements from locations in the closest adjacent counties.  For
the purpose of this re p o rt, the amounts of rain were categorized
on a logarithmic scale by index value as shown in Table 3.2.

3.3.DESCRIPTION OF THE METHODS USED TO ESTIMATE DAILY
DEPOSITIONS OF 131I PER UNIT AREA OF GROUND
Two approaches were used to estimate daily depositions 
of 1 3 1I per unit area of ground (also called daily deposition 
densities of 1 3 1I ) :

(a) The historical monitoring data approach: for the tests
and counties for which environmental radiation mea-
s u rements were available that could be used to derive
estimates of 1 3 1I depositions per unit area of gro u n d ,
these measurements served as a basis for the assess-
ment of 1 3 1I depositions per unit area of ground in the
counties and for the days in which the samples or the
m e a s u rements were taken.  For other counties and
days in which no environmental radiation measure-
ment was available that could be used to derive esti-
mates of 1 3 1I depositions per unit area of ground, the
estimates of daily depositions of 1 3 1I per unit area of
g round were inferred from the closest counties in
which daily depositions of 1 3 1I per unit area of gro u n d
w e re derived from environmental radiation measure-
ments for the same day, using mathematical tech-
niques that took into account the daily pre c i p i t a t i o n
v a l u e s .

(b) The meteorological transport approach: for the Ranger
series of tests (January - F e b ru a ry 1951) and during the
u n d e rg round testing era, useful environmental radia-
tion measurements  were not available, either for the
e n t i re country or for a large part of it.  For those tests,
calculations of the deposition of 1 3 1I were based upon
a meteorological transport model for those counties
w h e re precipitation occurre d .
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Table 3.2. Relationship between the 24-h precipitation amount and the precipitation index.

n o n e

t r a c e

0 . 0 1 - 0 . 0 3

0 . 0 3 - 0 . 1 0

0 . 1 0 - 0 . 3 0

0 . 3 0 - 1 . 0 0

1 . 0 0 - 3 . 0 0

3 . 0 0 - 5 . 0 0

5.00 or over

n o n e

t r a c e

0 . 2 5 - 0 . 7 6

0 . 7 6 - 2 . 5

2 . 5 - 7 . 6

7 . 6 - 2 5

2 5 - 7 6

7 6 - 1 2 7

127 or over

(inches) (millimeters)

1

2

3

4

5

6

7

8

9

P recipitation index
n u m b e r

24-h precipitation amount

F i g u re 3.5. Network of stations collecting precipitation in New York State. The numbers re p resent rainfall on April 27, 1953 in hundredths of inches.
The solid lines are the county boundaries. The circles show the location of the gummed-film stations.
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3.3.1.  Historical Monitoring Data Appro a c h
The historical monitoring data approach consists of: (a) pro c e s s-
ing the historical data available to derive estimates of deposition
of 1 3 1I per unit area of ground, and (b) using mathematical tech-
niques to interpolate between observed sampling locations using
a u x i l i a ry information. The main advantage of this method is that
it does not re q u i re the knowledge of:

(a) the amount of 1 3 1I released into the atmosphere ,

(b) the mechanisms of transport and diffusion of 1 3 1I 
in the atmosphere, or

(c) parameters for predicting deposition of 1 3 1I 
on the gro u n d .

3.3.1.1.  Determination of 1 3 1I deposition in counties with
monitoring data

3.3.1.1.1.  Close-in deposition
The depositions of 1 3 1I per unit area of ground after each test
w e re derived for 134 counties near the NTS from the County
Data Base and the Town Data Base, which provide estimates for
the time of arrival, TOA, of the radioactive cloud and for the
e x p o s u re rate normalized at 12 hours after detonation, H + 12,
for specific localities and are a s .

As shown in Table 2.6 and F i g u re 2.4, the activity of 1 3 1I
that is found in the radioactive cloud or on the ground after a
nuclear test results not only from the production of 1 3 1I itself but
also from the decay of its precursor radionuclides (1 3 1 mTe, 1 3 1Te ,
and, to a lesser extent, 1 3 1Sb).  The activity of 1 3 1I calculated 12
hours after a nuclear test does not, there f o re, re p resent the
“total” activity of 1 3 1I that will be found 1 or 2 days later and
which is the quantity of interest of this study.  In order to take
into account the contribution that these precursors eventually
will make to the activity of 1 3 1I, the activity of 1 3 1I at H + 12 is
calculated as if all precursors had already decayed into  1 3 1I .
The activity obtained, called “total” activity of 1 3 1I at H + 12, and
denoted as A1 2, is calculated as:    

A1 2 5

w h e re :
N1 2 is the total number of atoms present per square meter of ground of

1 3 1Sb, 1 3 1 mTe, 1 3 1Te, and 1 3 1I ,

T4 is the radioactive half-life of  1 3 1I (hours),

3,600 is the number of seconds per hour, and

0.027 nCi per disintegration s- 1 is a conversion coeffic i e n t .

The value of N1 2 i s :

N1 2 = 

w h e re :
T1, T2, and T3 a re the radioactive half-lives of 1 3 1Sb, 1 3 1 mTe, and 1 3 1Te ,

re s p e c t i v e l y, expressed in hours, and

A1, A2, A3, A4 a re the depositions at H + 12 of 1 3 1Sb, 1 3 1 mTe, 1 3 1Te, and 1 3 1I
obtained using the tabulated quotients, published by Hicks (1981a), of
the deposition of 1 3 1I per unit area of ground at H + 12 and of the
e x p o s u re rate at H + 12.

If N1 2 in equation 3.1 is replaced by its value, one obtains:

A1 2 =

The variation with time of the “total” activity of 1 3 1I
deposited per unit area of ground is only due to the radioactive
decay of 1 3 1I.  There f o re, the “total” activity of 1 3 1I deposited per
unit area of ground at the time of arrival, TOA in hours, of the
radioactive cloud is estimated as:

AT O A 5 A1 2 3 e 
3 (TOA -12)

3.3.1.1.1.1. Estimation of deposition densities of 1 3 1I 
in the Town Data Base are a
The values of AT O A derived from the Town Data Base are for 
173 inhabited places in five counties (Clark, Esmeralda, Lincoln,
and Nye in Nevada, and Washington in Utah).  As an example:
Table 3.3 p resents the estimates of “total” 1 3 1I  deposition densi-
ties at TOA following the Simon test, detonated April 25, 1953.
Results for each of the 173 inhabited locations were derived
f rom the Town Data Base.  Results for the other 71 tests for
which Town Data Base data are available are provided in the
A n n e x e s .

It is to be noted that the estimates of 1 3 1I deposition den-
sities (per unit area of ground) that are listed in Table 3.3 a re, in
most cases, derived from several measurements of exposure rates
and that the values selected are the medians of readings taken
within 2.5 km of the inhabited location considered.  (The medi-
an [or median value] of a distribution is such that, if a number
of measurements are taken, half  would be greater than the
median and half would be less than that value). 

In this re p o rt, the distribution of the estimates of deposi-
tion density is assumed to be log-normal.  A  log-normal distrib-
ution is in F i g u re 3.6: it is characterized by its median value and
by its geometric standard deviation, GSD, which describes the
dispersion of the values around the median.  The arithmetic
mean of a log-normal distribution is always greater than the
median whereas the mode of the distribution is lower than the
median.  The relative spread between the mode, the median,
and the mean increases with the GSD.  The log-normal distribu-
tion presented in F i g u re 3.6 has a GSD of 2. F i g u re 3.7 s h o w s ,

(3.4)  

-ln 2 
}

T4

(3.3)  
A1 T1 1 A2 T2 1 A3 T3 1 A4 T4}}}

T4

(3.2)  
A1 T1 1 A2 T2 1 A3 T3 1 A4 T4}}}

0 . 0 2 7 3 3 , 6 0 0 3 l n 2

(3.1)  
3 , 6 0 0 3 0 . 0 2 7 3 l n 2 3 N1 2}}}

T4
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Table 3.3. Estimates of median 1 3 1I depositions per unit area of ground (nCi m- 2) at the Town Data Base sites following the test Simon detonated 4/25/1953.

1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 1
4 2
4 3
4 4
4 5
4 6

N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V

L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N
L I N C O L N

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2

9 3 0 0
3 9 0 0

1 6 0 0 0
2 9 0 0
2 5 0 0
2 0 0 0
1 8 0 0
1 1 0 0
9 0 0
8 2 0
7 7 0
6 1 0
6 0 0
8 1 0
8 1 0
4 0 0
3 8 0
7 7 0
2 4 0
0
0
0

2 4 0
0
0
0
0
0
0
0
0
0
0
0
0

2 8 0
0
5 5

1 1 0
0
0
0
0
0
0
0

1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 0
1 . 0
1 . 0
1 . 4
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 4
1 . 0
1 . 4
1 . 4
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0

0 . 0 3 5
0 . 0 3 5
0 . 0 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5
0 . 0 3 5

0 . 0 0 3 5
0 . 0 3 5
0 . 0 0 3 5
0 . 0 3 5

0 . 0 0 3 5
0 . 0 3 5
0 . 0 3 5

0 . 0 0 3 5
0 . 0 0 3 5
0 . 0 0 3 5

0 . 1 5
0 . 0 1 5
0 . 0 1 5
0 . 1 5
0 . 1 5
0 . 1 5
0 . 1 5
0 . 1 5

0 . 0 1 5
0 . 0 1 5
0 . 0 1 5

S i t e

c o d e

S t a t e C o u n t y S u b - c o u n t y

(Fig. 3.8)
M e d i a n G S D

Deposition 

weight, w

(Eq. 3.3 and 3.4)

1 3 1I depostion density  (AT OA ,nCi m- 2)
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Table 3.3.  cont’d

4 7
4 8
4 9
5 0
5 1
5 2
5 3
5 4
5 5
5 6
5 7
5 8
5 9
6 0
6 1
6 2
6 3
6 4
6 5
6 6
6 7
6 8
6 9
7 0
7 1
7 2
7 3
7 4
7 5
7 6
7 7
7 8
7 9
8 0
8 1
8 2
8 3
8 4
8 5
8 6
8 7
8 8
8 9
9 0
9 1
9 2
9 3
9 4

N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V

L I N C O L N
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E
N Y E

2
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8 4
8 3
0
0

1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 4
1 . 4
1 . 0
1 . 0

0 . 0 1 5
0 . 1 4
0 . 1 4
0 . 1 4
0 . 1 4

0 . 0 1 4
0 . 0 1 4
0 . 1 4
0 . 1 4
0 . 1 4

0 . 0 0 4 6
0 . 0 0 4 6
0 . 0 0 4 6
0 . 0 0 4 6
0 . 0 4 6

0 . 0 0 4 6
0 . 0 4 6
0 . 0 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6

0 . 0 0 4 6
0 . 0 4 6
0 . 0 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 0 4 6
0 . 2 4

0 . 0 2 4
0 . 0 2 4
0 . 0 2 4
0 . 0 2 4
0 . 2 4

0 . 0 2 4
0 . 2 4

0 . 0 2 4

S i t e

c o d e

S t a t e C o u n t y S u b - c o u n t y

(Fig. 3.8)
M e d i a n G S D

Deposition 

weight, w

(Eq. 3.3 and 3.4)

1 3 1I depostion density  (AT OA ,nCi m- 2)
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Table 3.3.  cont’d

9 5
9 6
9 7
9 8
9 9

1 0 0
1 0 1
1 0 2
1 0 3
1 0 4
1 0 5
1 0 6
1 0 7
1 0 8
1 0 9
1 1 0
1 1 1
1 1 2
1 1 3
1 1 4
1 1 5
1 1 6
1 1 7
1 1 8
1 1 9
1 2 0
1 2 1
1 2 2
1 2 3
1 2 4
1 2 5
1 2 6
1 2 7
1 2 8
1 2 9
1 3 0
1 3 1
1 3 2
1 3 3
1 3 4
1 3 5
1 3 6
1 3 7
1 3 8
1 3 9
1 4 0
1 4 1

N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V
N V

N Y E
N Y E
N Y E
N Y E
N Y E

C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K
C L A R K

E S M E R A L D A
E S M E R A L D A
E S M E R A L D A
E S M E R A L D A
E S M E R A L D A
E S M E R A L D A
E S M E R A L D A
E S M E R A L D A
E S M E R A L D A

3
3
3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
1
1
1
1
1
2
2
2
2

0
0
0
0
0
0
0
0
0
7 0
7 0
0
0

1 2 0 0
1 5 0 0 0 0
8 0 0 0 0
2 6 0 0 0
1 5 0 0 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8 4
8 3
0

1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 4
1 . 4
1 . 0
1 . 0
1 . 6
1 . 4
1 . 4
1 . 6
1 . 4
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0

0 . 0 2 4
0 . 0 2 4
0 . 0 2 4
0 . 0 2 4
0 . 0 2 4
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 7 7
0 . 0 1 0
0 . 1 0

0 . 0 1 0
0 . 1 0
0 . 1 0
0 . 1 0
0 . 1 0
0 . 1 0

0 . 0 1 0
0 . 1 0

0 . 0 1 0
0 . 1 0
0 . 0 1 0
0 . 0 1 0
0 . 1 0

0 . 0 1 0
0 . 0 1 0
0 . 3 3
0 . 3 3
0 . 3 3
0 . 7 1
0 . 0 7 1
0 . 0 7 1
0 . 0 7 1
0 . 0 7 1
0 . 2 5
0 . 2 5
0 . 2 5
0 . 2 5

S i t e

c o d e

S t a t e C o u n t y S u b - c o u n t y

(Fig. 3.8)
M e d i a n G S D

Deposition 

weight, w

(Eq. 3.3 and 3.4)

1 3 1I depostion density  (AT OA ,nCi m- 2)
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Table 3.3.  cont’d

1 4 2
1 4 3
1 4 4
1 4 5
1 4 6
1 4 7
1 4 8
1 4 9
1 5 0
1 5 1
1 5 2
1 5 3
1 5 4
1 5 5
1 5 6
1 5 7
1 5 8
1 5 9
1 6 0
1 6 1
1 6 2
1 6 3
1 6 4
1 6 5
1 6 6
1 6 7
1 6 8
1 6 9
1 7 0
1 7 1
1 7 2
1 7 3

U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T
U T

WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N
WA S H I N G T O N

1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

8 1 0
8 1 0
8 1 0
0

8 1 0
1 1 0 0

0
1 1 0 0
7 2 0
8 1 0
8 1 0
8 1 0
8 1 0
8 1 0
8 1 0
8 1 0
0

8 1 0
8 1 0
0
0
0
0
0
0
0
0
0
0
0
0
0

1 . 4
1 . 4
1 . 4
1 . 0
1 . 4
1 . 4
1 . 0
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 4
1 . 0
1 . 4
1 . 4
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0

0 . 2 4
0 . 2 4
0 . 2 4
0 . 2 4

0 . 0 2 4
0 . 0 1 8
0 . 1 8

0 . 0 1 8
0 . 1 8
0 . 1 8
0 . 1 8
0 . 1 8

0 . 0 1 8
0 . 0 1 8
0 . 0 1 8
0 . 0 1 8
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2
0 . 0 6 2

S i t e

c o d e

S t a t e C o u n t y S u b - c o u n t y

(Fig. 3.8)
M e d i a n G S D

Deposition 

weight, w

(Eq. 3.3 and 3.4)

1 3 1I depostion density  (AT OA ,nCi m- 2)

for a constant median of 1, how the mean of  a log-normal dis-
tribution increases with the GSD.  Also shown in F i g u re 3.7 a re
c u rves labelled “Median x 1 GSD” and “Median / 1 GSD”; the
p robability of a value lying between the median and either
“Median x 1 GSD” or “Median / 1 GSD” is 0.34.

The GSD values associated with the distributions of the
deposition of 1 3 1I per unit area of ground at each Town Data
Base site for the test Simon are taken from Thompson (1990)
and listed in Table 3.3.

Many of the 1 3 1I depositions per unit area of ground pre-
sented in Table 3.3 a re listed as zeros.  In fact, those values may
be true zeros, where there was no deposition of radioactive
materials from the test Simon, or they may be lower than a

t h reshold value of the deposition, inferred from the detection
limit of the exposure-rate meter, which was taken to be equal 
to three times background at the time of measurement 
(0.06 mR h- 1 for most tests, 0.15 mR h- 1 for the test Harry ) .
Since the exposure rate from fallout deposition varies sharply
during the first hour after detonation, the threshold value of the
deposition there f o re depends on the time elapsed after detona-
tion at the point of measurement, and this elapsed time is likely
to have varied substantially from location to location and fro m
test to test.  The threshold value of the deposition also depends
on the conversion coefficient from the exposure rate at H+12 to
the “total” 1 3 1I deposition, which also varied from test to test.
The smallest non-zero 1 3 1I depositions per unit area of gro u n d



that were derived from the Town Data Base varied from test to
test: for example, the smallest non-zero 1 3 1I depositions obtained
for the test Schooner detonated on 8 December 1968 was esti-
mated as 1.8 nCi m- 2, while the smallest non-zero 1 3 1I deposi-
tion obtained for the test Harry detonated on 19 May 1953 was
estimated as 360 nCi m- 2.  For the purpose of this re p o rt, it was
assumed that there was no 1 3 1I deposition in the locations where
the exposure rates were below the detection limit.

Because of the substantial variations, within the same
c o u n t y, in the deposition of 1 3 1I resulting from some of the tests
(see, for example, the range of 1 3 1I deposition densities in
Lincoln and in Clark counties in Table 3.3), it would not be
a p p ropriate to select a single deposition value as re p re s e n t a t i v e
of the 1 3 1I deposition per unit area of ground in entire counties
of the area covered by the Town Data Base.  For that re a s o n ,
each of those five counties was subdivided into two to thre e
a reas, hereafter called “sub-counties”, and estimates of 1 3 1I depo-
sition were made for each sub-county.  The total number of sub-
counties in the area covered by the Town Data Base is 13. The
variability of 1 3 1I deposition estimates in each sub-county was
not as large as in entire counties, but still substantial for some
tests (see, for example, the range of 1 3 1I depositions in sub-coun-
ty LINCOLN 1 in Table 3.3). In determining the estimates of 1 3 1I
depositions in sub-counties, the fact that the resulting thyro i d
doses depends to a large extent on the 1 3 1I concentrations in
milk, and there f o re on the 1 3 1I contamination of pasture, was
taken into account.  As explained below, this was done by
assigning greater weights to the deposition densities measured at
locations near dairy farms than to those measured elsewhere. 

The characteristics of each sub-county (location, are a ,
population) are provided in Appendix 2. Within these sub-
counties, the exposure rates determined in other areas were
given a much higher weight than the exposure rates measure d
near dairy farms or farms with family cows.  The location of

d a i ry farms and of farms with family cows was taken from a sur-
vey conducted by the Public Health Service in the early 1960s
(PHS 1964). The data on locations of farms and numbers of
cows are shown in F i g u re 3.8. Deposition estimates for locations
in the vicinity of dairy farms or farms with family cows were
given a weight, wh i g h, 10 times greater than the weights, wl o w,
given for locations distant from dairy farms or from farms with
family cows. In a sub-county, sc,  with Nh i g h Town Data Base
sites with high deposition weights and Nl o w sites with low depo-
sition weights, the relationship: 

Nl o w 3 wl o w 1 Nh i g h 3 wh i g h 5 1                              (3.1)

holds because the sum of all weighting factors must be one.
Since wh i g h 5 1 0 3 wl o w, equation 3.1 can be written as:

wl o w ( Nl o w 1 10 3 Nh i g h) 5 1                                  (3.2)

and the values of the weights can be computed from the 
following equations:

wl o w 5 1 / (Nl o w 1 1 0 3 Nh i g h)                              (3.3)

a n d :

wh i g h 5 10 / (Nl o w 1 1 0 3 Nh i g h)                            (3.4)

The arithmetic means of the deposition weights for all
Town Data Base sites are presented in Table 3.3. For the purpos-
es of the uncertainty analysis, it is assumed that the deposition
weights are log-normally distributed with a GSD of 1.5.
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F i g u re 3.8. Location of the sites where exposure rates were measured in the Town Data Base area (small circles and large circles) and location of the
d a i ry farms and farms with family cows (numbers indicating the number of cows in those farms). In a given sub-county, the Town Data
Base sites that are re p resented with large circles, located near farms with cows,  were given a weight 10 times greater than the Town Data
Base sites re p resented with small circles in the estimation of the median 1 3 1I deposition per unit area of gro u n d .

Longitude (degrees)



The 1 3 1I deposition per unit area of ground, averaged over
the sub-county, AT O A(sc), is derived fro m :

AT O A(sc) 5 S
N

n = 1
AT O A( n ) 3 w ( n )

where:
•  n refers to a Town Data Base site in sub-county, sc,

•  N is the total number of sites in the sub-county, and

•  w(n) is the deposition weight for Town Data Base site, n. The 
numerical value of w(n) is either the value of wl o w or that of wh i g h

for the sub-county considere d ( Table 3.3).

Since both AT O A(n) and w(n) are assumed to be 
l o g - n o rmally distributed, the median value of AT O A(sc) can
either be derived numerically from equation 3.5, by means of a
Monte Carlo pro c e d u re, or analytically, using a mathematical
p ro c e d u re with a number of underlying assumptions. Because of
the subjective and somewhat arbitrary manner in which the
u n c e rtainties on both AT O A(n) and w(n) have been assigned, a
relatively simple analytical pro c e d u re was deemed to be suffi-
cient for the purposes of the uncertainty analysis in this re p o rt .
The basis for the simpler pro c e d u re and the associated assump-
tions are described below.

The analytical pro c e d u re, called the multiplicative 
l o g - n o rmal method, is based on the following theore m
(Aitchison and Brown 1969; Crow and Shimizu 1988): 2

I f :
• X1, X2, ..., XN a re multivariate log-normal random variables,
• mn and sn

2 a re the mean and variance of Yn = ln Xn,
• rn n ’ is the correlation between Yn and Yn ’, with n Þ n ’ ,

t h e n :
• the product X = X1 3 X2 3 . . . XN is log-normally distributed, and
• the function Y = ln X is normally distributed with:
• a mean:  m = m1 + m2 + ... mN ( 3 . 6 )

a n d
• a variance:

s2 =  S
N

n = 1
s2

n 1 S
N

n = 1
S
N

n ’ = 1
r nn’ sn sn ’ ( 3 . 7 )

If there is no correlation between any of the variables, the
variance of Y is simply:

s2 5 s1
2 1 s2

2 1 . . .sN
2 (3.8) 

It follows from the pro p e rties of log-normal distributions that:
• the median of X, denoted as <X>, is equal to: em

• the geometric standard deviation of X, denoted as GSD(X), 
is equal to: es

• the arithmetic mean of X, denoted as m(X), is:

m (X) 5 e m + s2 / 2 5 < X > 3 e s2 / 2 ( 3 . 9 )

• the variance of X, denoted as s2(X), is:

s2 ( X ) 5 m2( X ) 3 (e s2 - 1)         (3.10) 

In the case of summation of variables, as in equation 3.5,
it is also assumed that the distribution of a sum of log-norm a l l y
distributed variables is log-normal. This is strictly not tru e
( C row and Shimizu 1988) but it has been shown that, in the
case of independent log-normal variables, the sum of those vari-
ables can be approximated reasonably well by a log-normal dis-
tribution (Barakat 1976; Fenton 1960; Mitchell 1968).
T h e re f o re, if:

• X1, X2, ..., XN a re multivariate log-normal 
random variables,

• mn and sn
2 a re the mean and variance of Xn,

• rn n ’ is the correlation between Xn and Xn ’, with n Þ n ’ ,
t h e n :

• X = X1 + X2 + ...XN is assumed to be log-normally distributed, with:
• a mean: m(X) = m1 + m2 + ...mN   ( 3 . 1 1 )

a n d
• a variance:

s2(X)  =  S
N

n = 1
s2

n 1 S
N

n = 1
S
N

n ’ = 1
r n n ’ sn sn ’

( 3 . 1 2 )

If there is no correlation between any of the variables, the
variance of X is simply:

s2(X) = s 1
2 + s 2

2 + ...sN
2                                                              ( 3 . 1 3 )

It follows from the pro p e rties of log-normal 
distributions that:

• the mean of Y = ln(X), denoted as m, i s :

µ = ln 3 4   ( 3 . 1 4 )

m ( X )}}
11 + s2( X )

}
m2( X )

2 0 . 5

(3.5)  
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• the standard deviation of Y, denoted as σ, i s :

σ 5 3 ln 11 1 2 4
O . 5

( 3 . 1 5 )

• the median of X, denoted as <X>, is equal to eµ

• the geometric standard deviation of X, denoted as GSD(X), 
is equal to eσ.

In summary, two critical assumptions are involved in
using the multiplicative log-normal method:      

(1) the random variables must be assumed to be 
l o g - n o rmally distributed, and

(2) the distribution of a sum of log-normally distributed
random variables must be assumed to be log-norm a l .

The symbols used throughout this re p o rt for the parame-
ters of a log-normally distributed variable, X, and of its loga-
rithm, Y, are :

• the median of X is symbolized by <X>

• the geometric standard deviation of X is symbolized by
G S D ( X )

• the arithmetic mean of X is symbolized by m(X)

• the variance of X is symbolized by s2( X )

• the median and arithmetic mean of Y = ln X is 
symbolized by µ(X) or the shortened version, µ

• the standard deviation of Y = ln X is symbolized by
σ (X) or the shortened version, σ

It is useful to note that equations 3.9 a n d 3 . 1 0 can be 
written as:

m ( X ) 5 < X > 3 e 0.5 σ 2( X ) ( 3 . 1 6 )

s2( X ) 5 m2( X ) 3 (e σ2( X ) 2 1 ) ( 3 . 1 7 )

The values for m (X),<X>, σ (X), and GSD (X) are 
computed using the following re l a t i o n s h i p s :

µ(X) = ln 3 4   ( 3 . 1 8 )

< x > 5 e µ ( X ) 5

( 3 . 1 9 )

σ (X) 5 3 ln 11 1 2 4
O . 5

( 3 . 2 0 )

G S D (X) 5 e σ( X ) = e 3 ln 11 1 2 4
O . 5

( 3 . 2 1 )

The multiplicative log-normal method has been applied
to the variables in equation 3.5 in order to derive the medians
and geometric standard deviations of AT O A(sc). It is assumed that
t h e re is no correlation between the variables in equation 3.5.

In the first step, the product of AT O A(n) and w(n), 
denoted as WAT O A(n), called the weighted 1 3 1I deposition 
density for Town Data Base site n, is computed:       

WAT O A( n ) 5 AT O A( n ) 3 w ( n ) ( 3 . 2 2 )

The median of WAT O A(n) is then calculated using:

< WAT O A( n ) > 5 < AT O A(n) > 3 < w(n) > ( 3 . 2 3 )

The values listed in Table 3.3 a re the median of AT O A( n )
and the mean of w(n). The median of w(n), as used in e q u a t i o n
3.23, is derived from the mean using equation 3.16:

< w (n) > 5 m (w(n) ) 3 e -0.5 σ2 ( X ) ( 3 . 2 4 )

The geometric standard deviation of WAT O A(n) is 
calculated using:

G S D( WAT O A( n ) ) 5 e σ ( WAT O A ( n ) ) ( 3 . 2 5 )

s2( X )
}
m2( X )

s2( X )
}
m2( X )

m ( X )}}
11 1s2( X )

}
m2( X )

2 0 . 5

m ( X )}}
11 + s2( X )

}
m2( X )

2 0 . 5

s2( X )
}
m2( X )
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in which the value of σ ( WAT O A(n)) is derived from the
variance, computed as in equation 3.8:

σ 2 ( WATOA ( n ) ) 5 σ 2 ( AT O A(n) ) 1 σ 2 ( w(n) ) ( 3 . 2 6 )

In equation 3.26, the value of σ2( AT O A(n)) is obtained fro m
the value of GSD(AT O A(n)) listed in Table 3.3, u s i n g :

σ 2 ( ATOA ( n ) ) 5 [ ln (GSD ( AT O A(n)) ] 2 ( 3 . 2 7 )

while the value of σ 2(w(n)) is obtained from the 
assumption that GSD(w(n)) is equal to 1.5 :

σ 2 ( w ( n ) ) 5 [ ln (GSD (w (n))) ] 5 [ ln (1.5) ] 2 ( 3 . 2 8 )

In a second step, the median and geometric standard
deviation of the sum of the weighted 1 3 1I deposition densities
f rom each of the N Town Data Base sites in the sub-county con-
s i d e red are determined. From equations 3.5 and 3.22:

ATOA  (sc) 5 S
N

n = 1
WATOA ( n )

The mean of AT O A(sc) is obtained using:

m (ATOA (sc)) 5 S
N

n = 1
m( WATOA ( n ) )

w h e re the values of m(WAT O A(n)) are calculated 
f rom the relationship given in equation 3.16.

The variance of AT O A(sc) is obtained using:

s2 ( ATOA (sc)) 5 S
N

n = 1
s2 ( WATOA ( n ) )

w h e re the values of s2( WAT O A(n)) are calculated from the
relationship given in equation 3.17.

The median of AT O A(sc) is obtained fro m :

< ATOA (sc)> 5 e µ ( AT O A ( s c ) )

w h e re the value of µ ( WAT O A(sc)) is calculated from the
relationship given in equation 3.18.

The geometric standard deviation of AT O A(sc) is obtained
f ro m :

G S D ( ATOA (sc)) 5 e σ ( AT O A ( s c ) )

w h e re the value of σ ( WAT O A(sc)) is calculated from the
relationship given in equation 3.20.

The median of the AT O A values obtained in each sub-
county in this way was taken to re p resent the median deposition
density of 1 3 1I on the ground in that sub-county. The complete
results (estimates of <AT O A(sc)> and of GSD(AT O A(sc)) for each
sub-county in the Town Data Base area and for each test are pre-
sented in the A n n e x e s .

3.3.1.1.1.2.  Estimation of deposition densities of 1 3 1I in the
County Data Base are a
The County Data Base provides estimates for the time of arr i v a l
of the radioactive cloud and for the exposure rate normalized at
12 hours after detonation (H + 12) for 55 nuclear tests and for
a reas in 129 counties in Arizona, California, Colorado, Idaho,
Nevada, New Mexico, Oregon, Utah, and Wyoming (Beck and
Anspaugh 1991). Values of <AT O A> were derived from the
County Data Base and from the tabulated quotients, published
by Hicks (1981a) for all the tests considered, of the deposition
of 1 3 1I per unit area of ground at H + 12 and of the exposure
rate at H + 12.  The calculational pro c e d u re involves e q u a t i o n s
3 . 1 to 3 . 4. The variable AT O A is assumed to be log-normally dis-
tributed.  The largest uncertainty in the determination of AT O A i s
believed to be due to the estimation of the median exposure rate
at H + 12 in the area considered. The geometric standard devia-
tion attached to the distribution of ATOA is assumed to be equal
to the geometric standard deviation assigned by Beck and
Anspaugh (1991) to the  exposure rate at H + 12.

The County Data Base provides data for 120 undivided
counties and for nine counties (located in Arizona, Californ i a ,
Nevada, and Utah) subdivided into 22 county segments because
of the substantial variations in the exposure rates at H + 12
resulting from some of the tests.  In this re p o rt, two of those
county segments (the division of Kingman in Mohave county in
Arizona and the county segment including Bishop,
Independence and Lone Pine divisions in Inyo county in
C a l i f o rnia) were further subdivided into two parts in order to
account for large diff e rences in the origin of fresh cows’ milk
supplied in those areas. The total number of geographic divi-
sions (counties or sub-counties) in the area covered by the
County Data Base is 144 (see Appendix 2) .

The median of the ATOA values obtained in each county
or sub-county was taken to re p resent the median deposition
density of 1 3 1I on the ground in that county or sub-county.  As
an example, Table 3.4 p resents the results obtained for the shot
Simon, detonated April 25, 1953. Complete results for the 55
tests for which County Data Base information is available are
p resented in the Annexes.

H e re again, as was the case for the depositions derived
f rom the Town Data Base, a large number of the 1 3 1I depositions
per unit area of ground presented in Table 3.4 a re listed as zero s .
In fact, those values may be true zeros, where there was no
deposition of radioactive materials from the test Simon, or they
may be lower than a threshold value of the deposition, as
i n f e rred from the detection limit of the instruments or methods
that served to determine the exposure rate at H+12 in each par-

(3.33)  

(3.32)  

(3.31)  

(3.30)  

(3.29)  
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SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

CA

CA

CA

CA

CA

CA

CO

CO

CO

CO

CO

CO

CO

CO

CO

CO

CO

CO

ID

ID

ID

ID

ID

ID

ID

ID

APACHE

COCHISE

GILA

GRAHAM

GREENLEE

MARICOPA

NAVAJO

PIMA

PINAL

SANTA CRUZ

YAVAPAI

YUMA

MOHAVE1*

MOHAVE2*

MOHAVE3*

MOHAVE4*

COCONINO1*

COCONINO2*

COCONINO3*

LOS ANGELES

MONO

SAN BERNADINO

INYO1*

INYO2*

INYO3*

DELTA

DOLORES

GARFIELD

LA PLATA

MESA

MOFFAT

MONTEZUMA

MONTROSE

OURAY

RIO BLANCO

SAN JUAN

SAN MIGUEL

ADA

BANNOCK

BEAR LAKE

BINGHAM

BONNEVILLE

CANYON

CARIBOU

CASSIA

4800

0

0

0

0

0

3200

0

0

0

0

0

1400

1200

1200

1200

1400

8100

1600

8

8

8

8

8

200

740

1500

500

1100

960

150

1100

740

740

510

740

740

22

22

31

22

15

15

23

30

1.7

1.0

1.0

1.0

1.0

1.0

1.7

1.0

1.0

1.0

1.0

1.0

1.7

1.7

1.9

1.9

1.7

1.7

1.5

1.7

1.7

1.7

1.7

1.7

1.9

1.7

1.7

1.7

1.7

1.5

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

Test name D a t e

( y / m o / d )

S t a t e C o u n t y

M e d i a n G S D

1 3 1I deposition density  (AT OA , nCi m- 2)

Table 3.4. Estimates of median 1 3 1I depositions per unit area of ground (nCi m- 2) at the County Data Base area following shot Simon detonated 4/25/1953.

* Sub-county identified by the number at the end of the county name.
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Table 3.4.  cont’d

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

ELMORE

FRANKLIN

GOODING

JEROME

LINCOLN

MINIDOKA

ONEIDA

OWYHEE

POWER

TWIN FALLS

CHURCHILL

DOUGLAS

ELKO

EUREKA

HUMBOLDT

LYON

MINERAL

PERSHING

STOREY

WASHOE

WHITE PINE1*

WHITE PINE2*

WHITE PINE3*

CARSON CITY

LANDER1*

LANDER2*

BERNALILLO

CATRON

CHAVES

COLFAX

CURRY

DE BACA

DONA ANA

EDDY

GRANT

GUADALUPE

HARDING

HIDALGO

LEA

LINCOLN

LOS ALAMOS

LUNA

MCKINLEY

MORA

OTERO

QUAY

22

30

22

22

22

22

30

15

30

22

13

6

13

14

13

6

6

13

6

13

41

41

41

13

14

14

1400

380

3700

270

2200

2200

0

740

0

2200

740

0

740

3000

1500

0

3900

740

0

1800

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.5

1.7

1.5

1.5

1.7

1.7

1.0

1.7

1.0

1.7

1.7

1.0

1.7

1.7

1.7

1.0

1.7

1.7

1.0

1.7

Test name D a t e

( y / m o / d )

S t a t e C o u n t y

M e d i a n G S D

1 3 1I deposition density  (AT OA , nCi m- 2)
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Table 3.4.  cont’d

SIMON

SIMON

SIMON

SIMON
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SIMON
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SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON
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SIMON

SIMON

SIMON
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530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425

530425
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530425

530425

530425

530425

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

OR

OR

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

UT

RIO ARRIBA

ROOSEVELT

SANDOVAL

SAN JUAN

SAN MIGUEL

SANTA FE

SIERRA

SOCORRO

TAOS

TORRANCE

UNION

VALENCIA

HARNEY

MALHEUR

BEAVER

CACHE

CARBON

DAGGETT

DAVIS

DUCHESNE

EMERY

GARFIELD

GRAND

JUAB

MILLARD

MORGAN

PIUTE

RICH

SALT LAKE

SAN JUAN

SANPETE

SEVIER

SUMMIT

UINTAH

UTAH

WASATCH

WAYNE

WEBER

IRON1*

IRON2*

IRON3*

KANE1*

KANE2*

TOOELE1*

TOOELE2*

1500

2200

3000

1500

1500

3000

0

370

740

2200

440

2300

13

13

880

30

150

74

74

150

380

390

590

150

470

74

390

52

100

1100

220

390

74

150

110

110

380

52

810

400

400

800

800

22

110

1.7

1.7

1.7

1.7

1.7

1.7

1.0

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.5

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.5

1.7

1.7

1.7

1.7

1.7

1.7

Test name D a t e

( y / m o / d )

S t a t e C o u n t y

M e d i a n G S D

1 3 1I deposition density  (AT OA , nCi m- 2)



ticular county or sub-county.  This detection limit is likely to
have varied from location to location and from test to test.  The
t h reshold value of the deposition also depends on the conver-
sion coefficient from the exposure rate at H+12 to the “total” 1 3 1I
deposition, which also varied from test to test.  The smallest
n o n - z e ro 1 3 1I deposition per unit area of ground that was
derived from the County Data Base varied from test to test: for
example, the smallest non-zero 1 3 1I deposition obtained for the
test Schooner detonated on 8 December 1968 was estimated to
be 0.3 nCi m- 2, while the smallest non-zero 1 3 1I deposition
obtained for the test Tesla detonated on 1 March 1955 was esti-
mated to be 28 nCi m- 2.  For the purpose of this re p o rt, it was
assumed that there was no 1 3 1I deposition in the counties and
sub-counties for which exposure rates at H+12 were not re p o rt-
ed in the County Data Base.

3.3.1.1.2.  National monitoring of deposition measure m e n t s
The gummed-film network data, when available, are used to
derive 1 3 1I deposition densities throughout the United States for
all the nuclear tests that resulted in significant fallout.  The origi-
nal fallout data have been re-evaluated by Beck (1984), and
coworkers, Beck et al. (1990).

Beck (1984) reviewed the methods of analysis and inter-
p retation of gummed-film data re p o rted by Harley et al. (1960)
and modified the original analysis of the fallout data in order to
derive deposition estimates for 1 3 7Cs.  The corrections applied to
the original fallout data to derive the 1 3 1I deposition estimates
a re based on Beck’s (1984) work with 1 3 7Cs and are summarized
as follows:

1. The collection efficiency of the gummed film was re -
assessed.  Gummed film is an inefficient collector of
fallout relative to that actually deposited on the eart h ’s
s u rface.  The efficiency of collection was pro b a b l y
a ffected, among other factors, by humidity, dust load-
ing, washoff by rain, wind, and particle size of the fall-
out (Rosinski 1957, Rosinski et al. 1959). Estimates of

collection efficiency for dry deposition, which were
originally thought to be about 60%, are now believed
to have been only about 20% for the measured beta
a c t i v i t y.  This is based on comparisons of estimates of
1 3 7Cs deposition derived from exposure rates measure d
at gummed-film sites near the Nevada Test Site (where
d ry processes were the predominant mode of deposi-
tion) with estimates of 1 3 7Cs deposition made from the
gummed film.  There is also good agreement between
the 1 3 7Cs estimates based on the corrected efficiency of
collection of gummed film and re c e n t 1 3 7Cs activity
results from soil samples taken at diff e rent locations in
the western states (see Beck and Krey 1982). The col-
lection efficiency for wet deposition has been estimated
f rom three sets of experimental data: (a) comparison of
m e a s u rements of the fallout in precipitation carried out
by the Public Health Service in the 1950s and of the
c o rresponding gummed-film results obtained at the
same time and location; (b) measurements of naturally-
o c c u rring radioactive particles deposited by pre c i p i t a-
tion in 1986 on sticky material that exhibits pro p e rt i e s
similar to those of the gummed film used in the 1950s;
(c) measurements of 1 3 1I originating from the
C h e rnobyl accident and deposited by precipitation on
the same sticky material.  Although the results fro m
each of the 3 sets of data contain large variabilities, the
combination of the results clearly indicates that the
collection efficiency of gummed film depends on the
daily precipitation amount: about 30% for light rain
and less than 10% for heavy showers (Beck et al.
1990).  These values also are in agreement with mea-
s u rements carried out under controlled conditions
( H o ffman et al. 1989). Table 3.5 p resents the estimated
g u m m e d - film collection efficiencies for each pre c i p i t a-
tion index value used in this re p o rt .
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Table 3.4.  cont’d

Test name D a t e

( y / m o / d )

S t a t e C o u n t y

M e d i a n G S D

1 3 1I deposition density  (AT OA , nCi m- 2)

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

SIMON

530425

530425

530425

530425

530425

530425

530425

530425

UT

UT

WY

WY

WY

WY

WY

WY

BOX ELDER1*

BOX ELDER2*

CARBON

FREMONT

LINCOLN

SULETTE

SWEETWATER

UINTA

22

37

150

150

37

37

75

75

1.7

1.7

1.7

1.7

1.7

1.7

1.5

1.7



2. The efficiencies of radioactivity counting equipment
varied from test series to test series according to the
counting pro c e d u re and the radioactivity standard
used.  The data are corrected for the appro p r i a t e
counter efficiency to convert count rate to the pro p e r
value of beta activity.

3. As a result of sample preparation at temperatures rang-
ing from 500 to 550 degrees Celsius, it has been
assumed that the total beta activity measured on the
original samples did not include any of the volatile
radionuclides, such as 1 3 1I.  Although originally no cor-
rections were made for these losses, the total beta
activity results have since been corrected for the loss of
the volatile radionuclides using the data re p o rted by
Hicks (1981a).

4. The total beta activity at the time of sampling was
i n f e rred from the total beta activity at the time of
counting.  To this end, use was made of the calculated
decay rates of the total beta activity and of each of the
s i g n i ficant radionuclides, including 1 3 1I, that were pub-
lished by Hicks (1981a) for a number of fixed times
after detonation, and for each test that resulted in off -
site fallout.  These results show that the original t- 1 . 2

decay rate that previously was used occasionally re s u l t-
ed in occasional substantial errors in re p o rted beta
activities.  The proper decay rate for each test was used
in the evaluation.

5. The ratio of the 1 3 1I activity to the total beta activity at
the time of sampling is calculated from Hicks’ tables
(1981a).  The product of this ratio and of the total beta
activity permit the calculation of the 1 3 1I deposition per
unit area of ground; the results are expressed in

nanocuries per square meter (nCi m- 2) at the time of
d e p o s i t i o n .

6. When data other than gummed-film data were used,
f u rther calculations were necessary to estimate the 1 3 1I
deposition at that location.  Details on how these cal-
culations are perf o rmed can be found in Beck (1984).
For example, when high-volume air sampler data were
used, it was assumed that the quotient of the deposi-
tion rate and of the air concentration at ground-level 
(a quantity usually called deposition velocity) was
equal to 5 cm s-1 (Beck 1984).

Beck (1984) estimated a measurement uncertainty of
40% to all daily estimates of 1 3 7Cs deposition from gummed-fil m
data and a measurement uncertainty of 80% when other than
g u m m e d - film data were used.  In this re p o rt, the daily estimates
of 1 3 1I deposition obtained by means of the analysis described
above are taken as the median deposition densities of 1 3 1I in the
counties in which the gummed-film collectors were located,
with associated geometric standard deviations of 1.5.  These
daily estimates of 1 3 1I deposition were rounded to the neare s t
i n t e g e r, with the implication that values less than 0.5 nCi m- 2

a re treated as zero s .
One of the difficulties in the re-analyses of monitoring

data is that original data may have been either mislabelled or not
assigned to the appropriate nuclear weapons test.  In an eff o rt to
alleviate this potential diffic u l t y, locations of gummed-film moni-
toring that showed that fallout occurred were systematically
c o m p a red with the path of fallout cloud as projected by a mete-
o rological model (see Appendix 1). When discre p a n c i e s
between the data and the projected path occurred, pro f e s s i o n a l
judgment was applied to each case to decide whether or not to
utilize the gummed-film data.
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Table 3.5.  Variation of the estimated collection efficiency of fallout by gummed film as a function of daily rainfall. (Beck et al. 1990).

0

< 0.25

0 . 2 5 - 0 . 7 6

0 . 7 6 - 2 . 5

2 . 5 - 7 . 6

7 . 6 - 2 5

2 5 - 7 6

7 6 - 1 2 7

> 127

2 0

3 0

3 0

2 5

1 5

1 0

6 . 7

6 . 7

6 . 7

P recipitation 
i n d e x

Daily rainfall 
(mm)

Estimated collection efficiency of fallout
by gummed film, %

1

2

3

4

5

6

7

8

9



The resulting data set includes daily depositions of 1 3 1I at
up to 95 locations in the U.S. during most of the atmospheric
testing period.  Those 1 3 1I depositions are associated with infor-
mation on the precipitation amounts occurring during the same
24-h periods.  Table 3.6 lists, as an example, results obtained for
the shot Simon for the first 7 days following detonation. The
complete results for all tests for which gummed-film data were
analyzed are provided in the Annexes.

3.3.1.2.  Determination of 1 3 1I deposition in counties 
without monitoring data
The estimation of 1 3 1I deposition in more than 3,000 counties
based upon data available from 95 or fewer locations presents a
considerable problem in spatial interpolation.  A solution was
sought  that  would make the best use of all of the available
i n f o rmation known to affect the deposition at a site.  For exam-
ple, the amount of fallout at a particular site is known to be
highly dependent on whether or not precipitation occurred dur-
ing the passage of the cloud, and on the intensity of any such
p recipitation.  This is a systematic relationship in that, given that
the cloud is present, it is believed that the deposition generally
i n c reases with the intensity of the rain.  It also is clear that the
amount of fallout in counties that are near one another will be
m o re closely related than those that are farther apart.  When the
deposition measured in a particular county was high, it is more
likely that the deposition in a neighboring county also would be
high rather than low.  As one moves farther from the original
c o u n t y, however, the strength of this relationship diminishes.
This kind of relationship is far less certain than that involving
the rainfall.  In essence, the data are statistically correlated, and
the strength of this correlation depends on the distance between
the sites.

3.3.1.2.1.  Selection of the interpolation technique
Several methods for spatial interpolation of 1 3 1I deposition were
investigated.  Early analyses using a variety of interpolation tech-
niques showed that kriging results were far more flexible than
those obtained with other pro c e d u res such as spline curve fit-
ting.  Kriging originally was developed to estimate gold re s e rv e s
in the mining industry, but in recent years it has been used
i n c reasingly for the analysis of environmental contamination
(e.g., Zirschky 1985), including acid rain (Eynon and Switzer
1983).  The technique also was used by ORERP to estimate
some of the Town Data Base exposures (Thompson and
Hutchinson 1988).

The kriging technique was selected because it has the
advantage of being able to accommodate both systematic re l a-
tionships among the data, such as the amount of rainfall, and
statistical correlations among the data, such as the relative pro x-
imity of the diff e rent gummed-film sites.  Kriging also is known
to be an exact interpolator, in that the results will always yield
the exact value of the original data at a measurement site,
w h e reas some other methods, such as least squares, in general
re t u rn a somewhat diff e rent value depending on the fit to the

original data.  The particular approach to kriging used in this
study is described by Ripley (1981) and Oden (1984), and the
reader is re f e rred to those publications for the mathematical
details.  The computer code used to perf o rm the analyses was
p rovided by Oden (1987) and modified at EML in order to con-
f o rm to the particular re q u i rements of this study.

3.3.1.2.2.  Application of the kriging technique
The data upon which the kriging analysis is based are the 1 3 1I
depositions inferred from total beta activity at the gummed-fil m
locations in operation on a given day following a nuclear test
(Beck et al. 1990).  Generally, on the first day or two, detectable
deposition was confined to a few stations within several hun-
d red miles (or kilometers) of the Test Site.  In order to insure a
reasonable level of credibility in the calculated depositions, the
kriging analysis was carried out only for those tests that re s u l t e d
in a sufficient number (usually 20) of positive gummed-fil m
results.  When the close-in deposition pattern following a test
incorporated only a few locations, the patterns for two consecu-
tive days occasionally would be combined  in order to pro v i d e
an adequate data base for the kriging program.  As the fallout
cloud traveled (usually) eastward across the U.S., the deposition
p a t t e rn widened; however, many of the stations still did not
indicate any detectable fallout since the radioactive cloud rare l y
c o v e red the entire country. To avoid unnecessary interpolations
of many zero results between the gummed-film stations located
outside the deposition pattern, a gummed-film station was not
included in the analysis unless there was a measured deposition
of one or more of its four closest neighboring stations. Results
f rom Canadian stations located near the U.S. border were con-
s i d e red in this decision process.  This pro c e d u re was found to
p rovide satisfactory limits for enclosing the boundary of the
deposition pattern while focusing the analysis on the import a n t
locations with measurable fallout.  Any county outside the depo-
sition pattern was assigned a value of zero deposition for that
d a y.  On some days, two or more distinct areas of deposition
could be defined, e.g., an area of dry deposition in the west dis-
tant from an area of wet deposition in the east.  In such
instances, the two areas were analyzed separately because the
rainfall dependences and the strength of the proximity corre l a-
tions would generally be diff e rent in the two areas, and the com-
bination of the two areas would distort these re l a t i o n s h i p s .

The kriging analysis was carried out for each day and for
each distinct area of deposition by first converting the data to a
logarithmic scale.  This was done because the data tend to span
a wide range, often several orders of magnitude, with many low
values and a few much higher ones.  As with most enviro n m e n-
tal monitoring data, a log transformation brings the data closer
to a normal (bell-shaped) distribution.  Analyses perf o rm e d
without using this transformation resulted in physically unre a l i s-
tic fallout patterns compared to those obtained with logarithmic
t r a n s f o rmed data.  The transformed data at each site were fit to
the re p o rted precipitation index value for that site on that day;
this removed the systematic influence of rainfall. Other system-
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Month and day

S i t e S t a t e

Table 3.6. Estimates of 1 3 1I daily deposition derived from gummed-film results (DG; unit: nCi m- 2) and associated precipitation indices (Pi) for the test 
Simon detonated 4/25/1953.

4 / 2 5 4 / 2 6 4 / 2 7 4 / 2 8 4 / 2 9 4 / 3 0 5 / 0 1

D Ga P ib D G P i D G P i D G P i D G P i D G P i D G P i

A b i l e n e

A l b a n y

A l b u q u e rq u e

A l p e n a

A m a r i l l o

A t l a n t a

B a l t i m o re

B i l l i n g s

B i n g h a m t o n

B o i s e

B o s t o n

B u ff a l o

B u t t e

C a r i b o u

C a s p e r

C h a r l e s t o n

C h e y e n n e

C h i c a g o

Colo Springs

C o n c o rd i a

Corpus Chris

D a l l a s

D a n s v i l l e

Del Rio

D e n v e r

Des Moines

D e t ro i t

D u n k i r k

East Port

E l k o

T X

N Y

N M

M I

T X

G A

M D

M T

N Y

I D

M A

N Y

M T

M E

W Y

S C

W Y

I L

C O

K S

T X

T X

N Y

T X

C O

I A

M I

N Y

M E

N V
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S i t e S t a t e

Table 3.6.  cont’d
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Table 3.6.  cont’d
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atic relationships in the data were also explored, including any
possible dependence of fallout on the latitude and longitude of
the gummed-film station, and the predicted amount of radioac-
tive material in the air column above the gummed-film station
as determined from NOAA’s meteorological model.  In virt u a l l y
e v e ry case, the precipitation index emerged as the single most
i m p o rtant parameter in predicting systematic variations in 1 3 1I
deposition.  The calculated air column content was rarely a good
p redictor of the measured daily deposition.  This re flects the re l-
ative discrepancy between the calculated position of the radioac-
tive cloud and the observed areas of deposition (especially at
long distances from the NTS and several days after detonation)
and the uncertain altitude and efficiency of scavenging by rain
clouds relative to radioactive clouds.  The reasons for this are
discussed in Appendix 1, which describes  the meteoro l o g i c a l
model.     

Statistical correlations among the deposition values at
d i ff e rent locations were examined as a function of the re l a t i v e
distance between locations by using one of a number of simple
mathematical functions depending on a single parameter.  In
this study, several such mathematical functions were fit to each
data set, and the most appropriate data set for a given day and
test was determined by a cross-validation pro c e d u re.  This pro-

c e d u re consisted of removing one data point from the set and
using the other data points to predict its value by kriging.  The
average error obtained after sucessively removing and pre d i c t i n g
each point of the set in sequence is the cross-validation erro r.
The mathematical function with the smallest associated cro s s -
validation error generally was the one used.  The magnitude of
the improvement in the estimation of the interpolated values
which results from the use of statistical correlations was deter-
mined by comparing the cross-validation error after kriging,
including the effects of statistical correlations, with that obtained
after only correcting for the effect of precipitation (and any other
s i g n i ficant systematic relationships that were found).  This
i m p rovement corresponded to a reduction factor in the cro s s -
validation error of about 50% on average.

After the best fit to both systematic and statistical re l a-
tionships among the data was determined, these re l a t i o n s h i p s
w e re used to calculate the deposition at the geographic center
( c e n t roid) of each county that could have received fallout.  The
average precipitation index for each county, as provided by
NOAA, was used to predict the average wet deposition in the
c o u n t y.  A map of the U.S. was generated for each day following
each test showing the measured deposition at each gummed-
film location and the interpolated values at each county cen-
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F i g u re 3.9. Estimates of daily deposition of 1 3 1I per unit area of ground for April 27, 1953 (2 days after detonation of the shot Simon). The numbers in
l a rge characters re p resent the 1 3 1I deposition derived from the gummed-film results whereas the numbers in small characters are the inter-
polated results, for each county centroid, obtained by kriging.



t roid.  An example is shown in F i g u re 3.9.  Each map was exam-
ined to ensure that the interpolated values were consistent with
the measured deposition pattern, the rainfall pattern, and
expected atmospheric transport pro c e s s e s .

3.3.1.2.3.  Discussion of uncert a i n t i e s
The success of the interpolation eff o rt can be measured in sever-
al ways. The magnitude of the cross-validation errors indicates
that the deposition at any given location could be pre d i c t e d
f rom the 1 3 1I depositions derived from gummed-film data at
other locations to within about a factor of three.  The kriging
analysis itself produces an estimate of the interpolation error at
each site using the mathematical function describing the statisti-
cal correlations. This is called the kriging standard deviation.
Most alternative interpolation methods provide no such esti-
mate.  While there are a considerable number of assumptions
n e c e s s a ry to deduce an interpolation error from the kriging stan-
d a rd deviation, it can be used as a relative indicator of the
u n c e rtainty in the results.  In general, the closer a county cen-
t roid is to actual measurement locations, the smaller the interpo-
lation erro r.  The highest errors occur when values are extrapo-
lated beyond the boundaries of the fallout pattern.  Fort u n a t e l y,
this occurred rarely and generally involved low deposition val-
ues.  The kriging standard deviation indicates that the typical
interpolation error is about a factor of two or three.  This is in
general agreement with that estimated from the cro s s - v a l i d a t i o n
e rro r s .

The deposition estimate for each day and each county
obtained by the kriging analysis is assumed to re p resent the geo-
metric mean of a log-normal distribution; the geometric stan-
d a rd deviation, GSD, associated with the deposition estimate
was taken to be slightly higher than the kriging error in order to
account for other possible sources of error such as the uncer-
tainties attached to the estimates of 1 3 1I deposition at the
g u m m e d - film sites and the precipitation index.  The GSDs were
assigned as indicated in Table 3.7.

The estimate of 1 3 1I deposition derived from gummed-
film data at each gummed-film site was compared to the inter-
polated value at the centroid of the county within which it was
located in order to assess any potential biases in the interpolated
depositions for individual counties.  The average diff e rence in
these values was only 12%, which is very small compared to the
other estimates of interpolation erro r.  This would indicate that
the interpolation errors are about as likely to result in an overe s-
timate as in an underestimate at any particular site.  The total
activity of 1 3 1I deposited over the U.S. for each day was calculat-
ed by multiplying the interpolated deposition value at each
county centroid by the area of the county and summing all of
the county depositions.  When the total activity of 1 3 1I deposited
over the entire U.S. is summed for all days on which fallout
o c c u rred following a given test, the result can be compared to
the total amount of 1 3 1I estimated to have been produced by the
test.  For example, the total 1 3 1I deposition across the U.S. fro m
the test Simon was estimated to be 1.8 MCi by the kriging tech-
nique, or approximately 30% of the 1 3 1I produced by that test.
This does not include the deposition in the immediate vicinity
of the NTS, for which the spatial resolution of the gummed-fil m
stations is insufficient to provide adequate interpolated values.
H o w e v e r, the result is consistent with other estimates, and indi-
cates that the kriging analysis does not result in a significant sys-
tematic bias.  For other tests, the range of estimated total 1 3 1I
deposition was 3-70% of that produced, and varies generally in
a manner consistent with what is known of re l a t i o n s h i p s
between amounts of 1 3 1I produced by a test and the fallout asso-
ciated with that test (Beck et al. 1990). Estimates of the total
deposition of 1 3 1l is discussed in Section 3.6.

In summary, the challenging task of estimating re a l i s t i c
deposition values in over 3,000 U.S. counties from fewer than
100 data points was accomplished for 38 tests by using a com-
bination of statistical analysis together with all available inform a-
tion about the physical deposition process.  The method consist-
ed in using an interpolation scheme known as kriging, the
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Table 3.7. Geometric standard deviations (GSDs) attached to the estimates of 1 3 1I deposition, according to the values of the kriging error and of 
the precipitation index.

1 . 0 - 1 . 5
1 . 5 - 2 . 0
2 . 0 - 2 . 5
2 . 5 - 3 . 0
> 3.0

1 . 5
2 . 0
2 . 5
3 . 0
3 . 5

2 . 0
2 . 5
3 . 0
3 . 5
4 . 0

P recipitation indices 1 to 4 P recipitation indices 5 to 9

M u l t i p l i c a t i v e
kriging erro r

G S D



results of which were carefully monitored and inspected though-
out the process to ensure that the results were physically re a s o n-
able.  The predicted values are estimated by a variety of means
to be generally accurate within about a factor of three, and do
not appear to contain any significant bias in either dire c t i o n .

3.3.1.2.4.  Use of the Are a - o f - I n fluence Pre c i p i t a t i o n -
C o rrected (AIPC) method
For those tests and days that resulted in a very small number of
positive gummed-film results, the determination of the deposi-
tion in the counties without monitoring data re q u i red a less
complex approach.  In those cases, the irregular deposition pat-
t e rns that were generally involved would lead to unre a s o n a b l e
or questionable values if the  interpolation were perf o rmed by
the objective kriging technique.  Such cases were treated by a
much simpler method than kriging: the deposition in the county
of interest was taken to be the same as in the nearest county
with a measured gummed-film value if the precipitation indices
w e re the same; if the precipitation indices diff e red, the estimates
of deposition were adjusted using precipitation weights.  The
values of the precipitation weights, which were derived from the
scavenging coefficients used in the meteorological model
described in Appendix 1, a re presented in Table 3.8.

This simple technique, denoted as AIPC (acronym for
A re a - o f - I n fluence, Precipitation Corrected method) was used for
the days when the kriging pro c e d u re was not applied but posi-
tive 1 3 1I depositions per unit area of ground had been derived
f rom the gummed-film measurements and precipitation data
w e re available.  The AIPC technique was either used for com-
plete tests or for days following a test that had few positive
gummed film results. Generally, the tests to which this simpler
p ro c e d u re has been applied released less 1 3 1I into the atmos-

p h e re than did the tests for which kriging was done.
For the days and tests for which the AIPC method was

used, the GSD associated with the depositions obtained with the
AIPC method  was taken to be 1.5 for counties with gummed-
film values and 4.0 for all other counties

3.3.2.  Meteorological Tr a n s p o rt Appro a c h
The national network of gummed-film monitoring stations was
operational from the autumn of 1951 until 1960.  The
g u m m e d - film network was not operational for the tests of the
Ranger series detonated in January and Febru a ry 1951, or for
the tests of the underg round testing era (from 1961 to date). No
deposition data that can be related to those tests conducted at
the NTS are available,  except in the close-in area.  For these
tests, another method for determining the deposition of 1 3 1I
a c ross the U.S. has been employed, but it is deemed less re l i a b l e
than either the kriging or the AIPC methods.  This altern a t i v e
method simulates the transport and diffusion of the cloud of
radioactive debris across the United States based on observ e d
wind patterns and assumes that the 1 3 1I deposits only with pre-
cipitation.  

The 1 3 1I releases from the nine tests evaluated using the
m e t e o rological transport model were relatively small; only four
of them released more than 1 MCi of 1 3 1I and none more than
3.5 MCi.  The smaller amounts of 1 3 1I produced by the 9 tests in
this category should be kept in mind when the associated larg e
u n c e rtainties using this approach are compared to the smaller
u n c e rtainties associated with the depositions predicted by the
kriging and AIPC methods. 

T h ree of the four larger tests (Baker, Baker-2, and Fox
f rom the Ranger series) were air bursts which helps to justify the
use of a model which only predicts deposition by pre c i p i t a t i o n
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Table 3.8. Relationship between the 24-h precipitation values and the precipiation weights used in the AIPC m e t h o d .

n o n e

t r a c e

0 . 0 1 - 0 . 0 3

0 . 0 3 - 0 . 1 0

0 . 1 0 - 0 . 3 0

0 . 3 0 - 1 . 0 0

1 . 0 0 - 3 . 0 0

3 . 0 0 - 5 . 0 0

5.00 or over

n o n e

t r a c e

0 . 2 5 - 0 . 7 6

0 . 7 6 - 2 . 5

2 . 5 - 7 . 6

7 . 6 - 2 5

2 5 - 7 6

7 6 - 1 2 7

127 or over

1

1 . 5

2

2

4

6

1 0

1 0

1 0

(inches) (millimeters)

1

2

3

4

5

6

7

8

9

P recipitation Index P recipitation weight
24-h precipitation amount



scavenging.  The fourth test (Sedan) was a cratering event,
which produced airborne dust that deposited quickly.  Ve ry little
of the radioactive debris was transported much farther than a
few hundred kilometers,  where it was measured. 

T h e re are major uncertainties in each of the steps leading
to the predictions of deposited 1 3 1I by the meteorological trans-
p o rt model.  Rather than quantifying each of these uncert a i n t i e s ,
the overall uncertainty was described in the uncertainty of the
estimate of the scavenging, or wet removal, coefficient.  This
c o e fficient is the ratio of the deposited activity to the activity in
the overhead radioactive cloud, and its uncertainties are due to
e rrors in the source term of 1 3 1I, in the meteorological transport
model, in the assumed dispersion of the clouds and the charac-
ter of the scavenging process.  The scavenging coefficient is esti-
mated from data obtained during the predicted passage of
radioactive clouds over gummed-film stations while there was
p recipitation and thus it contains all the uncertainties of the
t r a n s p o rt and dispersion model as well as the uncertainties in
the scavenging characteristics.  It also includes the smaller
u n c e rtainties of the gummed-film 1 3 1I depositions at monitoring
sites, re f e rred to in Section 3.2.2.2.  The uncertainty in the
scavenging coefficient as described above can be applied dire c t l y
to the uncertainty that is assigned to the deposition of 1 3 1I esti-
mated by this method.

It should be emphasized, however, despite the limitations
of the meteorological transport method, the relatively small
atmospheric releases of 1 3 1I from these tests to which it is
applied produce small estimated deposition values. The use of
the meteorological model to estimate 1 3 1I depositions per unit
a rea of ground resulting from a given nuclear weapons test
involves the estimation of:

(a) the activity of 1 3 1I released into the atmosphere by the
test considere d ,

(b) the initial distribution of 1 3 1I in the mushroom cloud
p roduced by the explosion,

(c) the transport and dispersion across the U.S. of the 1 3 1I
p resent in the radioactive cloud,  and

(d) the deposition of 1 3 1I on the ground with falling 
p re c i p i t a t i o n .

A detailed description of the meteorological model 
is provided in Appendix 1.

3.4. COMPARISON OF THE ESTIMATES OF DAILY 131I DEPOSITIONS PER
UNIT AREA  OF GROUND OBTAINED WITH VARIOUS METHODS
T h e re are, all together, 3,094 counties and sub-counties for
which 1 3 1l deposition densities were estimated:

(a) 5 counties in the Town Data Base, subdivided into 
13 counties,

(b) 120 undivided counties and 9 counties sub-divided
into 24 sub-counties in the County Data Base, and 

(c) 2,937 undivided counties in the remainder of the 
contiguous United States.

In the area covered by the Town and County Data Bases
(157 counties and sub-counties, also called “near-NTS are a ” ) ,
estimates of 1 3 1I deposition per unit area of ground could be
obtained for the tests for which both exposure rates and
g u m m e d - film data are available, using ORERP results, the krig-
ing method, the AIPC method, and the meteorological transport
model.  The last three methods could also be used to estimate
1 3 1I depositions per unit area of ground in the 2,937 counties
re p resenting the remainder of the contiguous United States
when gummed-film data were available.  In order to illustrate
the advantages and disadvantages of the various methods, and
also in order to show the importance of some of the assump-
tions used in the calculations, the deposition results obtained
with the diff e rent methods are compared in the following sec-
tions, using several days of deposition following the test Simon
detonated April 25, 1953 as examples.

3.4.1. Comparison of the 1 3 1I Depositions Per Unit Area of
G round Obtained with Various  Methods for the Counties
Near the NTS
The estimates of 1 3 1I deposition per unit area of ground derived
by ORERP using measured  exposure rates, as well as those
obtained by the kriging and by the AIPC method for the coun-
ties in the near-NTS area are presented for the test Simon are
p resented in F i g u res 3.10, 3.11, and 3.12, re s p e c t i v e l y.  F i g u re 3.11
shows, in addition, the 1 3 1I depositions  per unit area of gro u n d
that are calculated from the gummed-film data, expressed in
nanocuries per square meter.  These values form the basis for
the estimation of 1 3 1I deposition per unit area of ground for the
kriging ( F i g u re 3.11) and the AIPC methods ( F i g u re 3.12). A n
a rray of supplementary data, some of which is classified, was
used by ORERP to produce the results in F i g u re 3.10. The esti-
mates of 1 3 1I deposition per unit area of ground that would be
obtained with the meteorological transport model have not been
calculated since it did not rain in most of the counties consid-
e red during the time of deposition of radioactive materials fol-
lowing the test Simon.  The results obtained with the meteoro-
logical transport model would have been extremely patchy
because the meteorological model can only calculate the deposi-
tions associated with falling pre c i p i t a t i o n .

Deposition of 131I on the Ground

3.31



The overall patterns of deposition obtained with the thre e
methods are fairly similar, with the highest values in nort h e rn
Arizona, southern New Mexico, and southwestern Colorado,
and with low values in California, southern Arizona, and west-
e rn Nevada.  There are, however, substantial diff e rences in the
deposition levels obtained in some counties: for example, a very
high deposition is calculated in Clark county in southeastern
Nevada with the ORERP data (F i g u re 3.10) whereas both the
kriging and the AIPC methods yield lower values for that coun-
ty; conversely, the deposition estimates derived from the ORERP
data for counties in the southern part of New Mexico are lower
than those estimated using either the kriging or the AIPC
method.  This is undoubtedly due to the fact that the deposition
at the widely separated gummed-film sites did not re p re s e n t
adequately the average deposition in those counties for that par-
ticular day. The ORERP approach employed more sources of
i n f o rmation and a finer resolution in the measurements and pro-
duced better estimates of the average deposition.  It is also to be
noted that the AIPC method, in the absence of rain, yields con-
stant deposition levels over large areas (see, for example, New
Mexico in F i g u re 3.12), resulting in areas of either high or low
contamination, whereas the transitions of contamination levels
between counties are smoother when the other two methods are
u s e d .

The overall similarity of the deposition patterns obtained
with the three methods is also verified in F i g u res 3.13 and 3 . 1 4 ,
w h e re the ratios of the depositions obtained in the same coun-
ties with, on the one hand, the kriging or the AIPC method,

and, on the other hand, the ORERP data, are plotted as his-
tograms.  F i g u re 3.13, which compares the estimates of 1 3 1I
deposition per unit area of ground obtained with the kriging
method to those derived from the ORERP data, shows that, on
the average, the kriging method resulted in deposition estimates
that were lower than those derived from the ORERP data. The
dispersion of the ratios, however, is relatively small, with most
of the values in agreement within a factor of 4.

F i g u re 3.14, which compares the estimates of 1 3 1I deposi-
tion per unit area of ground obtained with the AIPC method to
those derived from the ORERP data, shows, on the contrary, a
wider dispersion of the ratios but a larger number of counties in
which the AIPC method led to higher deposition estimates than
those derived from the ORERP data.

Even though the comparison of the estimates of 1 3 1I
deposition per unit area of ground obtained with the thre e
methods for the counties in the near-NTS area are limited to a
single test, it seems that the overall agreement is relatively good.
It is clear that the depositions obtained from the ORERP data are
to be pre f e rred to those obtained with the other two methods as
the ORERP data are culled from a large array of measure m e n t
results, some of which are not available to the general public.
Since the spatial variation of the fallout deposition was quite
substantial in the area near the NTS, the finer grid of measure-
ment results used by ORERP leads to a better re p resentation of
the fallout pattern .
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F i g u re 3.10. Estimates of 1 3 1I deposition per unit area from the exposure rates at H + 12 re p o rted by ORERP for the test Simon detonated April 25,
1953 and for the near- N T Sa re a .
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F i g u re 3.11. Estimates of 1 3 1I deposition per unit area of ground derived from the test Simon detonated on April 25, 1953 and for the near-NTS are a .
The numbers re p resent the 1 3 1I depositions derived from gummed-film measurements at the gummed-film sites.

F i g u re 3.12. Estimates of 1 3 1I deposition per unit area of ground derived from the gummed-film measurements by the AIPC method for the test Simon
detonated on April 25, 1953 and for the near-NTS area. 
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F i g u re 3.13. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the gummed-film measurements by the
k r i g i n g method to those derived from the exposure rates at H + 12 re p o rted by ORERP for the test Simon detonated on April 25, 1953 and
for the near-NTS area. 

F i g u re 3.14. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the gummed-film measurements by the
A I P C method to those derived from the exposure rates at H + 12 re p o rted by ORERP for the test Simon detonated on April 25, 1953 and
for the near-NTS area. 



3.4.2. Comparison of the 1 3 1I Depositions Per Unit Area of
G round Obtained with Various  Methods for the Counties in
the Remainder of the Contiguous United States
The sets of deposition estimates that have been obtained with
the meteorological model and with the kriging and AIPC meth-
ods for the 2,937 counties that are in the remainder of the con-
tiguous United States have been compared for April 28 and 29,
1953, that is, 3 and 4 days after the detonation of the test
Simon, at a time when deposition almost had ceased in the near-
NTS area but was observed in the eastern part of the country.  A
t h i rd comparison was made for July 8, 1957, three days after
detonation of the test Hood.  The date was selected because
rainfall was widespread and it provided an expanded test of the
m e t e o rological transport model.

3.4.2.1. Comparison of the 1 3 1I depositions per unit area of
g round obtained with various methods for the counties 
in the remainder of the contiguous United States for 
April 28, 1953 following test Simon 
The estimates of 1 3 1I deposition per unit area of ground that
w e re calculated with the kriging method, with the AIPC
method, and with the meteorological transport model are pre-
sented in F i g u res 3.15, 3.16, and 3.17, re s p e c t i v e l y.  F i g u res 3.15
and 3.16, which are based on the same set of gummed-film mea-
s u rements, are very similar, and both are notably diff e rent fro m
F i g u re 3.17.  Figures 3.15 and 3.16 show the same deposition pat-
t e rn, with relatively high values in Louisiana, Arkansas,

Missouri, Indiana, and South Dakota, and a widespread deposi-
tion area extending from Montana to Alabama.  In comparison,
the deposition pattern obtained with the meteorological trans-
p o rt model is more limited because the predicted location over
the entire radioactive cloud, calculated from the airmass trajecto-
ries and shown in F i g u re 3.18, is located over the eastern half of
the country. Also, there were large areas in the eastern part of
the country where it did not rain on April 28, 1953.  The mete-
o rological transport model predicts no deposition at those loca-
t i o n s .

The overall similarity of the deposition patterns obtained
with the kriging and with the AIPC methods is verified in F i g u re
3 . 1 9 , w h e re the ratios of the depositions estimated in the same
counties with the AIPC and with the kriging methods are plot-
ted as a histogram.  On the average, the kriging and the AIPC
methods resulted in deposition estimates that were within a fac-
tor of 2, with about 16% of the counties with no deposition
a c c o rding to the AIPC method and with some deposition
a c c o rding to the kriging method.

F i g u re 3.20, which compares the estimates of 1 3 1I deposi-
tion per unit area of ground obtained with the meteoro l o g i c a l
model and with the kriging method shows, in contrast, that the
deposition estimates obtained with the kriging method were in
general higher than those calculated with the meteoro l o g i c a l
model, and that the meteorological model did not predict any
deposition in almost 2,000 counties for which estimates of
deposition are available with the kriging method.
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F i g u re 3.15. Estimates of 1 3 1I deposition per unit area of ground derived from the gummed-film measurements by the kriging method on April 28, 1953
resulting from the test Simon detonated on April 25, 1953 for all counties of the contiguous United States.
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F i g u re 3.16. Estimates of 1 3 1I deposition per unit area of ground derived by the AIPC method on April 28, 1953 resulting from the test Simon detonated
on April 25, 1953 for all counties of the contiguous United States.

F i g u re 3.17. Estimates of 1 3 1I deposition per unit area of ground obtained using the meteorological transport model on April 28, 1953 following the
test Simon detonated on April 25, 1953 for all counties of the contiguous United States in which precipitation was re c o rd e d .
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F i g u re 3.18. Estimates of 1 3 1I contained in the radioactive cloud per unit area of ground obtained using the meteorological transport model on April 28, 1953
following the test Simon detonated on April 25, 1953 for all counties of the contiguous United States.

F i g u re 3.19. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the AIPC method to those derived fro m
the gummed-film measurements by the kriging method for April 28, 1953 resulting from the test Simon detonated on April 25, 1953 for
all counties of the United States with estimated non-zero deposition by the kriging method.



3.4.2.2. Comparison of the 1 3 1I depositions per unit area 
of ground obtained with  various methods for the counties 
in the remainder of the contiguous United States for 
April 29, 1953 following test Simon
The general conclusions from comparison of  the depositions
calculated for April 28, 1953 are also valid for April 29th, 1953.
The estimates of 1 3 1I deposition per unit area of ground that
w e re calculated for that day with the kriging method, with the
AIPC method, and with the meteorological model are pre s e n t e d
in F i g u res 3.21, 3.22, and 3.23, re s p e c t i v e l y.  F i g u res 3.21 and 3.22,
which are based on the same set of gummed-film measure-
ments, are very similar, and both are notably diff e rent fro m
F i g u re 3.23.  Figures 3.21 and 3.22 show deposition patterns that
a re similar in size to those of the day before, the absolute depo-
sition levels being, however, substantially lower.  In comparison,
the deposition area predicted by the meteorological transport
model is now limited to an even smaller part of the country (see
also F i g u re 3.24) .

The overall similarity of the deposition patterns obtained
with the kriging and with the AIPC methods is verified in F i g u re
3 . 2 5 , w h e re the ratios of the depositions obtained in the same
counties with the AIPC and with the kriging methods are plot-
ted as an histogram.  On the average, the kriging and the AIPC
methods resulted in deposition estimates that were within a fac-
tor of 2, with about 14% of the counties with no deposition
a c c o rding to the AIPC method and with some deposition
a c c o rding to the kriging method.

F i g u re 3.26, which compares the estimates of 1 3 1I deposi-
tion per unit area of ground obtained with the meteoro l o g i c a l
model and with the kriging method shows, again, that the mete-
o rological model did not predict any deposition in almost 2,000
counties for which estimates of deposition are available with the
kriging method.  However, in the remaining few counties for
which positive deposition values were  calculated with both the
kriging method and with the meteorological model, there is a
relatively good agreement between the two sets of deposition
estimates for that day. Most ratios were within the range 0.5-2.

3.4.2.3. Comparison of the 1 3 1I depositions per unit area of
g round obtained with  various methods for the counties in
the remainder of the contiguous United States for July 8,
1957 following test Hood.
To further check the general patterns seen from comparisons 
of  1 3 1I deposition estimates following test Simon, the thre e
methods of estimating 1 3 1I deposition were also compared for
the test Hood, detonated on July 5, 1957. The day selected for
comparison was July 8, 1957, because precipitation re c o rd s
indicated that rainfall was widespread on that day. This pro v i d e d
the meteorological model with the possibility of estimating 1 3 1I
depositions in a large part of the area covered by the radioactive
c l o u d .

The estimates of 1 3 1I deposition per unit area of gro u n d
that were calculated for July 8, 1957 with the kriging method,
with the AIPC method, and with the meteorological model are
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F i g u re 3.20. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the meteorological model to those
derived from the gummed-film measurements by the kriging method for April 28, 1953 resulting from the test Simon detonated on
April 25, 1953for all counties of the United States with estimated non-zero deposition by the kriging method.
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F i g u re 3.21. Estimates of 1 3 1I deposition per unit area of ground derived by the kriging method from the gummed-film measurements on 
April 29, 1953 resulting from the test Simon detonated on April 25, 1953 for all counties of the contiguous United States.

F i g u re 3.22. Estimates of 1 3 1I deposition per unit area of ground derived by the AIPC method from the gummed-film measurements on 
April 29, 1953 resulting from the test Simon detonated on April 25, 1953 for all counties of the contiguous United States.
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F i g u re 3.23. Estimates of 1 3 1I deposition per unit area of ground obtained using the meteorological transport model for April 29, 1953 following the
test Simon detonated on April 25, 1953 for all counties of the contiguous United States in which precipitation was re c o rd e d .

F i g u re 3.24. Estimates of 1 3 1I activity in the radioactive cloud per unit area of ground obtained using the meteorological transport model on April 29,
1953 following the test Simon detonated on April 25, 1953 for all counties of the contiguous United States.



Deposition of 131I on the Ground

3.41

F i g u re 3.25. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the gummed-film measurements by the
A I P C method and by the kriging method for April 29, 1953 resulting from the test Simon detonated on April 25, 1953 for all counties of
the United States with estimated non-zero deposition by the kriging method.

F i g u re 3.26. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the meteorlogical model and fro m
g u m m e d - film measurements by the kriging method for April 29, 1953 resulting from the test Simon detonated on April 25, 1953 for all
counties of the United States with estimated non-zero deposition by the kriging method.
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F i g u re 3.27. Estimates of 1 3 1I deposition per unit area of ground derived by the kriging method from the gummed-film measurements  
for July 8, 1957 following the test Hood detonated on July 5, 1957 for all counties of the contiguous United States.

F i g u re 3.28. Estimates of 1 3 1I deposition per unit area of ground derived by the AIPC method from the gummed-film measurements  
for July 8, 1957 following the test Hood detonated on July 5, 1957 for all counties of the contiguous United States.



p resented in F i g u res 3.27, 3.28, and 3 . 2 9 , re s p e c t i v e l y.  F i g u re s
3 . 2 7 and 3 . 2 8 a re similar and show that both the kriging and the
AIPC methods predicted depositions of 1 3 1I across the country
f rom the far west to the eastern seaboard; the deposition pattern
obtained with the kriging method, however, is more extensive
than the one observed with the AIPC method, notably in
C a l i f o rnia, Oregon, Nebraska, Kansas, Oklahoma, and Maine,
but the 1 3 1I depositions obtained with the kriging method in
those States are generally low. The AIPC model predicted some
higher depositions in New Mexico and Texas and also over a
g reater area in west Te x a s .

In comparison, the deposited area obtained with the
m e t e o rological model is limited to a smaller part of the country
as the cloud coverage predicted by that model (F i g u re 3.30) is
only a diagonal band extending from New Mexico and Texas to
Ohio. Some relatively high depositions were predicted for some
countries in southwest Texas by the meteorological transport
m o d e l .

The histogram containing the ratios of the 1 3 1I deposi-
tions obtained in the same counties using the AIPC and kriging
methods (F i g u re 3.31) shows a relatively good agre e m e n t
between the two methods, with many ratios close to one. In
about 700 counties no deposition was predicted by the AIPC
method but some deposition was estimated by the kriging
method.  F i g u re 3.32, comparing the estimates of 1 3 1I deposition

obtained with the meteorological model and with the kriging
method, shows, as was the case for the two other days (S e c t i o n s
3 . 4 . 2 . 1 and 3 . 4 . 2 . 2) for which a similar comparison was made,
that the agreement is not as good as between the kriging method
and the AIPC method.

3.4.3.  Summary
Both the meteorological transport modeling technique and the
re-analysis of nationwide historical data have limitations.  The
calculated position of the radioactive cloud is not always in
a g reement with the areas of deposition derived from monitoring
data, usually because of the simplifying assumptions used to cal-
culate transport  and dispersion of the cloud.  In part i c u l a r,
m e a s u red depositions often occurred over a longer period of
time than predicted by the meteorological model.  In addition,
although the meteorological model has the potential of pre d i c t-
ing 1 3 1I deposition by wet processes, it can only do so in a cru d e
way for those areas where precipitation occurred during the pre-
dicted passage of the radioactive cloud.  The meteoro l o g i c a l
model, however, can be applied to all tests for which there are
no historical monitoring data. 

The re-analysis of nationwide historical monitoring data,
on the other hand,  provides the best available estimates of 1 3 1I
deposition per unit area.  However, under the best conditions,
m e a s u rements were made at only about 100 locations and inter-
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F i g u re 3.29. Estimates of 1 3 1I deposition per unit area of ground obtained using the meteorological transport model on July 8, 1957 following the test 
Hood detonated on July 5, 1957 for all counties of the contiguous United States, in which precipitation was re c o rd e d .



polation is needed to estimate deposition at many other places.
F i n a l l y, nationwide monitoring data have not been re p o rted, or
found, for a sizable number of tests.  Despite these short c o m-
ings, the deposition estimates based on the analysis of measure d
e n v i ronmental radiation data, when available,  are thought to be
less uncertain than those calculated with the meteoro l o g i c a l
t r a n s p o rt model.

In the near-NTS area, the deposition estimates derived
f rom the vast array of monitoring data processed by ORERP
constitutes the pre f e rred method when those monitoring data
a re available.

The daily depositions of 1 3 1I per unit area of ground have
been estimated for each of the 3,094 counties and sub-counties
of the contiguous United States.  In order to estimate the 1 3 1I
deposition in any given county or sub-county, the following pro-
c e d u re, in which pre f e rence is systematically given to the moni-
toring data, has been applied:  

• For the 157 counties or subcounties near the NTS, the
deposition densities derived from the exposure rate
data bases were adopted without modification when
they were available.  In the absence of such data, the
depositions per unit area were interpolated from the
g u m m e d - film results.  If no monitoring data were avail-
able, the 1 3 1I deposition per unit area of ground was
calculated using the meteorological model.

• In the remaining 2937 counties, the monitoring data
used in this assessment are those of the HASL deposi-
tion (gummed-film) network.  For those counties, two
situations may arise:

1. if monitoring data for a test are available (for up to
about 100 sites), the estimation of the deposition
densities at the county centroids was generally
obtained by interpolation between the counties
with measured data by means of the kriging pro-
c e d u re, using the daily rainfall amounts as a pre-
diction parameter; however, if the gummed-fil m
results are too spotty or very low, the estimation of
the deposition density was obtained by using the
simple AIPC pro c e d u re ;

2. if monitoring data for a test are not available,
m e t e o rological modeling was used to estimate
deposition densities in the counties where pre c i p i-
tation occurred during the predicted passage of
the radioactive cloud.  Counties where pre c i p i t a-
tion did not occur during the predicted passage of
the radioactive cloud were assigned a zero deposi-
t i o n .
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F i g u re 3.30. Estimates of 1 3 1I contained in the radioactive cloud per unit area of ground derived by the meteorological model for July 8, 1957 re s u l t i n g
f rom the test Hood detonated on July 5, 1957 for all counties of the contiguous United States.
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F i g u re 3.32. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the meteorological transport model and
f rom gummed-film measurements by the kriging method for July 8, 1957 following the test Hood detonated on July 5, 1957 for all coun-
ties of the United States with estimated non-zero deposition by the kriging method.

F i g u re 3.31. Distribution of the ratios of the estimates of 1 3 1I deposition per unit area of ground derived from the gummed-film measurements by the
A I P C method and by the kriging method for July 8, 1957 following the test Hood detonated on July 5, 1957 for all counties of the United
States with estimated non-zero deposition by the kriging method.



3.5. CLASSIFICATION OF THE NEVADA ATMOSPHERIC BOMB TESTS
WITH RESPECT  TO THE ESTIMATION OF DAILY 131I DEPOSITIONS PER
UNIT AREA OF GROUND
The tests carried out during the atmospheric testing era, fro m
J a n u a ry 1951 through October 1958, are considered separately
f rom those conducted in the underg round testing era (1961 to
1992). Tests conducted during these two periods are discussed
b e l o w.

3.5.1. Atmospheric Testing Era
The number of tests detonated at the NTS before October 31,
1958 was 119. The dates, times, types of test, and yields 
of these tests are given in Table 2.1. Those tests have been 
c l a s s i fied into 5 categories (Table 3.9) on the basis of the 
availability of monitoring data and the estimated amount of 
1 3 1I released to the atmosphere .

C a t e g o ry 1 includes the 38 tests which are shown fro m
monitoring data to have led to signific a n t
depositions in substantial parts of the coun-
t ry.  Most of those tests are tower shots and
have yields in excess of 10 kt.  The estimated
total atmospheric release of 1 3 1I from the 38
tests of category 1 amounts to about 100
MCi (about two thirds of the total re l e a s e ) .
Daily depositions from those tests have been
d e t e rmined by means of the kriging pro c e-
d u re for all counties except those near the
NTS.  For those counties, daily depositions
w e re inferred from the exposure rates at
H+12 and the times of arrival of fallout given
for the 157 counties or sub-counties  in the
County Data Base and/or the Town Data 
Base provided by the ORERP (Beck and
Anspaugh, 1991; Thompson and
Hutchinson, 1988).

C a t e g o ry 2 consists of 17 tests for which the available
g u m m e d - film data show low and spotty
depositions.  Most of these tests are aird ro p
shots detonated at heights above ground in
excess of 1000 feet (300 m).  The estimated
total atmospheric release of  1 3 1I from the 17
tests of Category 2 is almost 33 MCi.  Daily
depositions from those tests for all counties
of interest have been determined by means of
the AIPC method for all counties except
those near the NTS.  For those counties,
daily depositions were inferred from the
e x p o s u re rates at H+12 and the times of
a rrival of fallout given in the County Data
Base (Beck and Anspaugh, 1991) and/or the
Town Data Base (Thompson and
Hutchinson, 1988).

C a t e g o ry 3 includes 15 tests for which non-negligible
deposition has been observed only near
NTS.  The total atmospheric release of 1 3 1I
f rom the 15 tests of category 3 is estimated
to be about 8 MCi.  Daily depositions for
those tests were inferred  from the exposure
rates at H + 12 and the times of arrival of
fallout given in the County Data Base (Beck
and Anspaugh, 1991) and/or the Town Data
Base (Thompson and Hutchinson, 1988).

C a t e g o ry 4 consists of three tests for which monitoring
data are not available but which are thought
to have possibly led to significant deposi-
tions of 1 3 1I in the U.S. on the basis of their
yield and type.  Those tests, which were det-
onated in the Ranger series in the early part
of 1951, have been analyzed using the mete-
o rological model.  The estimated total
atmospheric release of 1 3 1I from the thre e
tests of category 4 amounts  to about 6 MCi.

C a t e g o ry 5 consists of the 46 remaining tests that were
shown from the measurement of b a c t i v i t y
on gummed film to have led to negligible
1 3 1I depositions or that are thought  to have
led to negligible depositions on the basis of
their yield (less than 1 kt).  The estimated
total atmospheric release of 1 3 1I from the 46
tests of category 5 is  about 2 Mci, slightly
m o re than 1 percent of the total re l e a s e .
Dose assessments have not been carried out
for tests in Category 5.

3.5.2.  Underg round Testing Era
All of the tests perf o rmed since 1961, with the exception of
Small Boy and of Little Feller I, were detonated underg round.  A
few of these tests  resulted in small off-site depositions of 1 3 1I
due to venting.  The gummed-film program had been discontin-
ued in 1960, however, and replaced by the PHS enviro n m e n t a l
network.  The results provided by the PHS network have not
been used in this assessment because the 1 3 1I depositions due to
NTS tests, beyond the local area, were overshadowed by the fall-
out resulting from much larger tests carried out by the U.S. in
the Pacific or by other countries.  The only environmental data
that can be systematically used for the tests carried out since
1961 are those of the Town and County Data Bases close to the
N T S .

The six tests of the underg round test era for which dose
assessments were carried out by means of the meteoro l o g i c a l
model are listed in category 6 in Table 3.10. They consist of four
cratering tests, one low-yield tower test, and one underg ro u n d
test; each of those tests released into the atmosphere an activity
of 1 3 1I greater than 70 kCi.  The total activity of 1 3 1I released into
the atmosphere by those six tests is about 2 MCi.
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Table 3.9. C l a s s i fication and characteristics of tests of the atmospheric era.

C H A R L I E

E A S Y

F O X

G E O R G E

H O W

A N N I E

N A N C Y

D I X I E

B A D G E R

S I M O N

H A R RY

G R A B L E

C L I M A X

T E S L A

T U R K

H O R N E T

APPLE 1(1)

+ WASP PRIME(1)

P O S T

M E T

APPLE 2

Z U C C H I N I

B O LT Z M A N N ( 1 )

+ FRANKLIN(1)

+  LASSEN(1)

W I L S O N

P R I S C I L L A

H O O D

D I A B L O

K E P L E R ( 1 )

+ OWENS(1)

S H A S TA

G A L I L E O

W H E E L E R

+ COULOMB B(1)

+ LAPLACE(1)

W H I T N E Y

C H A R L E S T O N

1 0 / 3 0 / 5 1

0 5 / 0 7 / 5 2

0 5 / 2 5 / 5 2

0 6 / 0 1 / 5 2

0 6 / 0 5 / 5 2

0 3 / 1 7 / 5 3

0 3 / 2 4 / 5 3

0 4 / 0 6 / 5 3

0 4 / 1 8 / 5 3

0 4 / 2 5 / 5 3

0 5 / 1 9 / 5 3

0 5 / 2 5 / 5 3

0 6 / 0 4 / 5 3

0 3 / 0 1 / 5 5

0 3 / 0 7 / 5 5

0 3 / 1 2 / 5 5

0 3 / 2 9 / 5 5

0 3 / 2 9 / 5 5

0 4 / 0 9 / 5 5

0 4 / 1 5 / 5 5

0 5 / 0 5 / 5 5

0 5 / 1 5 / 5 5

0 5 / 2 8 / 5 7

0 6 / 0 2 / 5 7

0 6 / 0 5 / 5 7

0 6 / 1 8 / 5 7

0 6 / 2 4 / 5 7

0 7 / 0 5 / 5 7

0 7 / 1 5 / 5 7

0 7 / 2 4 / 5 7

0 7 / 2 5 / 5 7

0 8 / 1 8 / 5 7

0 9 / 0 2 / 5 7

0 9 / 0 6 / 5 7

0 9 / 0 6 / 5 7

0 9 / 0 8 / 5 7

0 9 / 2 3 / 5 7

0 9 / 2 8 / 5 7

1 5 0 0

1 2 1 5

1 2 0 0

1 1 5 5

1 1 5 5

1 3 2 0

1 3 10

1 5 3 0

1 2 3 5

1 2 3 0

1 2 0 5

1 5 3 0

1 1 1 5

1 3 3 0

1 3 2 0

1 3 2 0

1 2 5 5

1 8 0 0

1 2 3 0

1 9 1 5

1 2 1 0

1 2 0 0

1 1 5 5

1 1 5 5

1 1 4 5

1 1 4 5

1 3 3 0

1 1 4 0

1 1 3 0

1 1 5 0

1 3 3 0

1 2 0 0

1 2 4 0

1 2 4 5

N . A .

1 3 0 0

1 2 3 0

1 3 0 0

a i rd ro p

t o w e r

t o w e r

t o w e r

t o w e r

t o w e r

t o w e r

a i rd ro p

t o w e r

t o w e r

t o w e r

a i r b u r s t

a i rd ro p

t o w e r

t o w e r

t o w e r

t o w e r

a i rd ro p

t o w e r

t o w e r

t o w e r

t o w e r

t o w e r

t o w e r

b a l l o o n

b a l l o o n

b a l l o o n

b a l l o o n

t o w e r

t o w e r

b a l l o o n

t o w e r

t o w e r

b a l l o o n

s u rf a c e

b a l l o o n

t o w e r

b a l l o o n

2 0 0 0

1 8 0 0

1 6 0 0

2 2 0 0

2 1 0 0

2 4 0 0

3 6 0 0

1 7 0 0

3 5 0 0

6 3 0 0

4 6 0 0

2 1 0 0

8 6 0 0

1 2 0 0

6 4 0 0

6 2 0

2 0 0 0

4 5 0

3 4 0

3 1 0 0

4 1 0 0

4 0 0 0

1 9 0 0

1 9

0 . 1

1 5 0 0

5 3 0 0

1 1 0 0 0

2 5 0 0

1 7 0 0

1 7 0 0

2 5 0 0

1 9 0 0

2 7

4 2

1 4 0

2 9 0 0

1 8 0 0

3 4 5

9 0

9 0

9 0

9 0

9 0

9 0

1 8 0 0

9 0

9 0

9 0

1 6 0

4 1 0

9 0

1 5 0

9 0

1 5 0

2 2 5

9 0

1 2 0

1 5 0

1 5 0

1 5 0

9 0

1 5 0

1 5 0

2 1 0

4 6 0

1 5 0

1 5 0

1 5 0

1 5 0

1 5 0

1 5 0

N . A .

2 3 0

1 5 0

4 6 0

9 . 8

N . A .

N . A .

N . A .

N . A .

8 . 5

7 . 9

1 0 . 1

7 . 0

9 . 4

8 . 2

7 . 0

1 0 . 7

5 . 5

1 1 . 0

8 . 2

6 . 7

N . A .

4 . 0

9 . 4

1 0 . 4

7 . 6

7 . 0

4 . 3

N . A .

7 . 6

7 . 3

1 0 . 7

6 . 1

6 . 1

6 . 1

4 . 9

5 . 2

4 . 3

N . A .

4 . 3

5 . 5

6 . 1

1 2 . 2

1 0 . 4

1 2 . 5

1 1 . 3

1 2 . 5

1 2 . 5

1 2 . 8

1 3 . 1

1 0 . 7

1 3 . 7

1 3 . 1

1 1 . 6

1 3 . 1

9 . 1

1 3 . 4

1 0 . 7

9 . 8

9 . 8

4 . 9

1 2 . 2

1 3 . 1

1 0 . 7

1 0 . 1

5 . 2

2 . 1

1 0 . 7

1 3 . 1

1 4 . 6

9 . 8

8 . 5

1 0 . 7

9 . 8

1 1 . 3

5 . 2

5 . 5

6 . 1

9 . 1

9 . 8

Test name

m o / d / y hr/min (GMT)

Ty p e Atmospheric re l e a s e
of 1 3 1I (kCi)

Burst height above
g round (m) b a s e

(km MSL)
t o p

(km MSL)

D a t e Cloud height

Total release (ro u n d e d ) 1 0 0 0 0 0

C AT E G O RY 1: I N T E R P O L ATION OF GUMMED-FILM DATA BY KRIGING
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Table 3.9.  cont’d

B A K E R

D O G

E A S Y

S U G A R

A B L E

B A K E R

C H A R L I E

D O G

R U T H

R AY

E N C O R E

B E E ( 1 )

+ ESS(1)

D O P P L E R

S M O K Y

N E W T O N

M O R G A N

1 0 / 2 8 / 5 1

1 1 / 0 1 / 5 1

1 1 / 0 5 / 5 1

1 1 / 1 9 / 5 1

0 4 / 0 1 / 5 2

0 4 / 1 5 / 5 2

0 4 / 2 2 / 5 2

0 5 / 0 1 / 5 2

0 3 / 3 1 / 5 3

0 4 / 1 1 / 5 3

0 5 / 0 8 / 5 3

0 3 / 2 2 / 5 5

0 3 / 2 3 / 5 5

0 8 / 2 3 / 5 7

0 8 / 3 1 / 5 7

0 9 / 1 6 / 5 7

1 0 / 0 7 / 5 7

1 5 2 0

1 5 3 0

1 6 3 0

1 3 2 0

1 7 0 0

1 7 3 0

1 7 3 0

1 6 3 0

1 3 0 0

1 2 4 5

1 5 3 0

1 3 0 5

2 0 3 0

1 2 4 0

1 2 3 0

1 2 5 0

1 3 0 0

a i rd ro p

a i rd ro p

a i rd ro p

s u rf a c e

a i rd ro p

a i rd ro p

a i rd ro p

a i rd ro p

t o w e r

t o w e r

a i rd ro p

t o w e r

c r a t e r

b a l l o o n

t o w e r

b a l l o o n

b a l l o o n

6 0 0

3 1 0 0

4 5 0 0

1 7 0

1 4 0

1 4 0

4 6 0 0

2 9 0 0

2 8

2 8

3 9 0 0

1 2 0 0

1 4 0

1 7 0 0

6 4 0 0

2 1 0 0

1 2 0 0

3 4 0

4 3 0

4 0 0

1

2 4 0

3 2 0

1 0 5 0

3 2 0

9 0

3 0

7 4 0

1 5 0

- 2 0

4 6 0

2 1 0

4 6 0

4 6 0

7 . 0

8 . 2

9 . 4

3 . 4

N . A .

3 . 0

9 . 4

8 . 5

3 . 4

2 . 4

8 . 8

8 . 8

N . A .

7 . 0

6 . 1

5 . 8

7 . 9

8 . 8

1 2 . 2

1 3 . 7

4 . 9

4 . 9

4 . 9

1 2 . 8

1 2 . 8

4 . 3

4 . 0

1 2 . 5

1 2 . 2

3 . 7

1 1 . 6

1 1 . 6

9 . 8

1 2 . 2

U N C L E ( 2 )

WA S P ( 2 )

M O T H ( 2 )

S T O K E S ( 2 )

FRANKLIN P. ( 2 )

F I Z E A U ( 2 )

E D D Y ( 2 )

H I D A L G O ( 2 )

Q U AY ( 2 )

L E A ( 2 )

V E S TA ( 2 )

RIO ARRIBA(2)

W R A N G E L L ( 2 )

S O C O R R O ( 2 )

S A N F O R D ( 2 )

1 1 / 2 9 / 5 1

0 2 / 1 8 / 5 5

0 2 / 2 2 / 5 5

0 8 / 0 7 / 5 7

0 8 / 3 0 / 5 7

0 9 / 1 4 / 5 7

0 9 / 1 9 / 5 8

1 0 / 0 5 / 5 8

1 0 / 1 0 / 5 8

1 0 / 1 3 / 5 8

1 0 / 1 7 / 5 8

1 0 / 1 8 / 5 8

1 0 / 2 2 / 5 8

1 0 / 2 2 / 5 8

1 0 / 2 6 / 5 8

1 7 0 0

2 0 0 0

1 3 4 5

1 2 2 5

1 2 4 0

1 6 4 5

1 4 0 0

1 4 1 0

1 4 3 0

1 3 2 0

2 3 0 0

1 4 2 5

1 6 5 0

1 3 3 0

1 0 2 0

c r a t e r

a i rd ro p

t o w e r

b a l l o o n

b a l l o o n

t o w e r

b a l l o o n

b a l l o o n

b a l l o o n

b a l l o o n

s u rf a c e

t o w e r

b a l l o o n

b a l l o o n

b a l l o o n

1 7 0

1 6 0

3 2 0

2 8 0 0

6 9 0

1 7 0 0

1 2

1 1

1 1

2 4 0

4

1 2 0

1 7

1 0 0 0

7 5 0

- 5

2 3 0

9 0

4 6 0

2 3 0

1 5 0

1 5 0

1 0 0

3 0

4 6 0

0

2 2

4 6 0

4 4 0

4 6 0

N . A .

4 . 6

4 . 9

8 . 2

6 . 4

8 . 2

2 . 3

2 . 4

2 . 1

3 . 7

N . A .

3 . 4

2 . 1

6 . 1

3 . 8

3 . 4

6 . 7

7 . 6

1 1 . 3

9 . 8

1 2 . 2

3 . 4

3 . 7

3 . 0

5 . 2

3 . 0

4 . 1

3 . 0

7 . 9

7 . 9

Test name

m o / d / y hr/min (GMT)

Ty p e Atmospheric re l e a s e
of 1 3 1I (kCi)

Burst height above
g round (m) b a s e

(km MSL)
t o p

(km MSL)

D a t e Cloud height

Total release (ro u n d e d ) 8 0 0 0

Total release (ro u n d e d ) 3 3 0 0 0

C AT E G O RY 3: USE OF LOCAL MONITORING ONLY

C AT E G O RY 2: USE OF THE AIPC METHOD
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Table 3.9.  cont’d

B A K E R

B A K E R - 2

F O X

0 1 / 2 8 / 5 1

0 2 / 0 2 / 5 1

0 2 / 0 6 / 5 1

1 3 5 2

1 3 4 9

1 3 4 7

a i rd ro p

a i rd ro p

a i rd ro p

1 3 0 0

1 3 0 0

3 2 0 0

3 3 0

3 3 5

4 4 0

N . A .

N . A .

N . A .

1 0 . 7

1 1 . 0

1 2 . 8

A B L E

E A S Y

A B L E

H A ( 2 )

PROJECT 56/1

PROJECT 56/2

PROJECT 56/3

PROJECT 56/4

C O U L O M B - A ( 2 )

J O H N ( 2 )

PA S C A L - A ( 2 )

S AT U R N

PA S C A L - B ( 2 )

R A I N I E R

PA S C A L - C

C O U L O M B - C ( 2 )

V E N U S

U R A N U S

O T E R O ( 2 )

B E R N A N I L L O

L U N A

M E R C U RY

VA L E N C I A

M A R S

M O R A ( 2 )

C O L FA X

TA M A L PA I S

N E P T U N E

H A M I LT O N ( 2 )

L O G A N

DONA ANA(2)

SAN JUAN

R U S H M O R E ( 2 )

O B E R O N

C AT R O N ( 2 )

J U N O

C E R E S

DE BACA(2)

0 1 / 2 7 / 5 1

0 2 / 0 1 / 5 1

1 0 / 2 2 / 5 1

0 4 / 0 6 / 5 5

1 1 / 0 1 / 5 5

1 1 / 0 3 / 5 5

1 1 / 0 5 / 5 5

0 1 / 1 8 / 5 6

0 7 / 0 1 / 5 7

0 7 / 1 9 / 5 7

0 7 / 2 6 / 5 7

0 8 / 1 0 / 5 7

0 8 / 2 7 / 5 7

0 9 / 1 9 / 5 7

1 2 / 0 6 / 5 7

1 2 / 0 9 / 5 7

0 2 / 2 2 / 5 8

0 3 / 1 4 / 5 8

0 9 / 1 2 / 5 8

0 9 / 1 7 / 5 8

0 9 / 2 1 / 5 8

0 9 / 2 3 / 5 8

0 9 / 2 6 / 5 8

0 9 / 2 8 / 5 8

0 9 / 2 9 / 5 8

1 0 / 0 5 / 5 8

1 0 / 0 8 / 5 8

1 0 / 1 4 / 5 8

1 0 / 1 5 / 5 8

1 0 / 1 6 / 5 8

1 0 / 1 6 / 5 8

1 0 / 2 0 / 5 8

1 0 / 2 2 / 5 8

1 0 / 2 2 / 5 8

1 0 / 2 4 / 5 8

1 0 / 2 4 / 5 8

1 0 / 2 6 / 5 8

1 0 / 2 6 / 5 8

1 3 4 5

1 3 4 7

1 4 0 0

1 8 0 0

2 2 1 0

2 1 1 5

1 9 5 5

2 1 3 0

N . A .

1 4 0 0

0 8 0 0

N . A .

N . A .

1 7 0 0

2 0 1 5

2 0 0 0

N . A .

N . A .

2 0 0 0

1 9 3 0

1 9 0 0

N . A .

2 0 0 0

0 0 0 0

1 4 0 5

1 6 1 5

2 2 0 0

1 8 0 0

1 6 0 0

0 6 0 0

1 4 2 0

N . A .

2 3 4 0

N . A .

1 5 0 0

1 6 0 1

0 4 0 0

1 6 0 0

a i rd ro p

a i rd ro p

t o w e r

a i rd ro p

s u rf a c e

s u rf a c e

s u rf a c e

s u rf a c e

s u rf a c e

ro c k e t

s h a f t

t u n n e l

s h a f t

t u n n e l

s h a f t

s u rf a c e

t u n n e l

t u n n e l

s h a f t

s h a f t

s h a f t

t u n n e l

s h a f t

t u n n e l

b a l l o o n

s h a f t

t u n n e l

t u n n e l

t o w e r

t u n n e l

b a l l o o n

s h a f t

b a l l o o n

t o w e r

t o w e r

s u rf a c e

t o w e r

b a l l o o n

1 4 0

1 6 0

N . D .

4 5 0

N . P.

N . P.

N . P.

N . P.

N . D .

2 5 0

1 0

N . D .

N . D .

N . D .

N . D .

6 9

N . D .

N . D .

6

N . D .

N . D .

N . D .

N . D .

N . D .

3 4 0

N . D .

N . D .

N . D .

0 . 2

N . D .

6

N . D .

1 7

N . D .

4

N . D .

N . D .

3 8 0

3 2 0

3 3 0

3 0

1 1 0 0 0

0

0

0

0

0

6 1 0 0

N . A .

N . A .

N . A .

- 2 4 0

N . A .

N . A .

N . A .

N . A .

- 1 5 0

- 1 4 0

- 1 5 0

N . A .

- 1 5 0

N . A .

4 6 0

- 1 1 0

- 1 0 0

- 3 0

1 5

- 2 5 0

1 4 0

N . A .

1 5 0

N . A .

2 2

0

7

4 6 0

N . A .

N . A .

2 . 0

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

3 . 0

N . A .

N . A .

N . A .

1 . 4

N . A .

2 . 0

N . A .

N . A .

N . A .

1 . 5

N . A .

N . A .

3 . 0

5 . 2

3 . 7

2 . 4

1 6 . 8

N . A .

N . A .

N . A .

N . A .

N . A .

1 3 . 4

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

N . A .

5 . 5

N . A .

N . A .

N . A .

1 . 8

N . A .

3 . 4

N . A .

3 . 4

N . A .

2 . 4

1 . 5

1 . 8

5 . 3

Test name

m o / d / y hr/min (GMT)

Ty p e Atmospheric re l e a s e
of 1 3 1I (kCi)

Burst height above
g round (m) b a s e

(km MSL)
t o p

(km MSL)

D a t e Cloud height

Total release (ro u n d e d ) 5 8 0 0

C AT E G O RY 4: USE OF THE METEOROLOGICAL MODEL

C AT E G O RY 5: NOT INCLUDED IN THE ASSESSMENT



T h e re are 11 tests for which the activity of 1 3 1I re l e a s e d
into the atmosphere was less than 70 kCi but which gave rise to
e n v i ronmental activities detectable by the local monitoring net-
work.  They are included in this assessment as Category 7 (see
Table 3.10).  All together, the amount of 1 3 1l activity released is
about 0.1 MCi.

Table 3.10 also lists, for comparison purposes, the other
25 tests (category 8) that were re p o rted to have released radioac-
tive gases and particles to the atmosphere that resulted in detec-
tion off site (U.S. Department of Energy 1988), but that have
not been included in the Town Data Base or in the County Data
Base. All but one of these tests was underg round.  Dose assess-
ments have not been carried out for those tests because the 1 3 1I
atmospheric releases involved were very small (total of 0.004
M C i ) .

In addition, more than 400 other announced nuclear
tests were re p o rted to have resulted in no detection of radioac-
tivity off site (U.S. Department of Energy 1988). Those tests are
not listed in Table 3.10.

3.5.3.  Summary
The nuclear weapons tests that were detonated at the NTS were
c l a s s i fied into the following eight categories:

1. Tests detonated during the atmospheric era (1951 to
1958) for which many positive  deposition results are
available nationwide.  The kriging pro c e d u re was used
t h roughout the country except for the 157 counties
and subcounties near the NTS where the 1 3 1I  deposi-
tions per unit area of ground were derived from the
Town and County Data Bases, when available.

2. Tests detonated during the atmospheric era (1951 to
1958) for which only a few positive  deposition re s u l t s
a re available nationwide.  The AIPC pro c e d u re was
used throughout the country except for the 157 coun-
ties and subcounties near the NTS where the 1 3 1I
depositions per unit area of ground were derived fro m
the Town and County Data Bases, when available.

3. Tests detonated during the atmospheric era (1951 to
1958) for which positive deposition results were
obtained only near the NTS.  The 1 3 1I depositions per
unit area of ground were estimated from the Town and
County Data Bases monitoring data.
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Table 3.9.  cont’d

C H AV E Z ( 2 )

E VA N S

H U M B O L D T ( 2 )

M A Z A M A

S A N TA FE(2)

T I TA N I A ( 2 )

B L A N C A ( 2 )

G A N Y M E D E

1 0 / 2 7 / 5 8

1 0 / 2 9 / 5 8

1 0 / 2 9 / 5 8

1 0 / 2 9 / 5 8

1 0 / 3 0 / 5 8

1 0 / 3 0 / 5 8

1 0 / 3 0 / 5 8

1 0 / 3 0 / 5 8

1 4 3 0

0 0 0 0

1 4 4 5

N . A .

0 3 0 0

2 0 3 4

N . A .

N . A .

t o w e r

t u n n e l

t o w e r

t o w e r

b a l l o o n

t o w e r

t u n n e l

s u rf a c e

0 . 1

N . D .

1

N . D .

2 2 0

0 . 0 3

0 . 5 1

N . D .

1 6

- 2 6 0

7

N . A .

4 6 0

7

- 2 5 0

N . A .

N . A .

N . A .

1 . 8

N . A .

4 . 0

N . A .

N . A .

N . A .

2 . 0

N . A .

2 . 1

N . A .

5 . 5

1 . 8

N . A .

N . A .

Test name

m o / d / y hr/min (GMT)

Ty p e Atmospheric re l e a s e
of 1 3 1I (kCi)

Burst height above
g round (m) b a s e

(km MSL)
t o p

(km MSL)

D a t e Cloud height

Total release (ro u n d e d ) 2 1 0 0

(1)  these 2 or 3 shots adjacent in time were combined in the analysis because the resulting fallout in most of the country          
could not be unambiguously attributed to a single shot.

(2)  gummed-film data are available but the derived 1 3 1I depositions were judged to be negligible.
N.A. = data not available.
N.D. = no off-site detection of radioactive materials; 1 3 1l release cannot be estimated but is believed to be quite small.
N . P. = no production of 1 3 1I in these “safety shots” because no fission occurre d .

C AT E G O RY 5: NOT INCLUDED IN THE ASSESSMENT 
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Table 3.10. C l a s s i fication of tests of the atmospheric era that led to off-site detection of radioactive materials (Hicks 1981b).

DANNY BOY

S E D A N

JOHNIE BOY

SMALL BOY

PA L A N Q U I N

B A N E B E R RY

0 3 / 0 5 / 6 2

0 7 / 0 6 / 6 2

0 7 / 1 1 / 6 2

0 7 / 1 4 / 6 2

0 4 / 1 4 / 6 5

1 2 / 1 8 / 7 0

1 8 1 5

1 7 0 0

1 6 4 5

1 8 3 0
1 3 14

1 6 3 0

c r a t e r

c r a t e r

c r a t e r

t o w e r

c r a t e r

s h a f t

7 3

8 8 0

7 0

2 7 0

9 1 0

8 0

A N T L E R

P L AT T E

E E L

DES MOINES

B A N D I C O O T

P I K E

S U L K Y

PIN STRIPE

C A B R I O L E T

B U G G Y

S C H O O N E R

0 9 / 1 5 / 6 1

0 4 / 1 4 / 6 2

0 5 / 1 9 / 6 2

0 6 / 1 3 / 6 2

1 0 / 1 9 / 6 2

0 3 / 1 3 / 6 4

1 2 / 1 8 / 6 4

0 4 / 2 5 / 6 6

0 1 / 2 6 / 6 8

0 3 / 1 2 / 6 8

1 2 / 0 8 / 6 8

1 6 0 0

1 9 0 0

1 7 0 0

2 2 0 0

1 9 0 0

1 7 0 2

1 9 3 5

1 9 3 8

1 6 0 0

1 7 0 4

1 6 0 0

t u n n e l

t u n n e l

s h a f t

t u n n e l

s h a f t

s h a f t

c r a t e r

s h a f t

c r a t e r

c r a t e r

c r a t e r

0 . 0 0 4 2

0 . 0 1 1 4

0 . 0 1 1 4

3 3

9

0 . 3 6

1 3

0 . 2

6

4 0

1 5

F E AT H E R

PA M PA S

LITTLE FELLER I

Y U B A

E A G L E

A LVA

D R I L L

PA R R O T

A L PA C A

T E E

DILUTED WAT E R S

RED HOT

DOUBLE PLAY

D E R R I N G E R

N A S H

MIDI MIST

1 2 / 2 2 / 6 1

0 3 / 0 1 / 6 2

0 7 / 1 7 / 6 2

0 6 / 0 5 / 6 3

1 2 / 1 2 / 6 3

0 8 / 1 9 / 6 4

1 2 / 0 5 / 6 4

1 2 / 1 6 / 6 4

0 2 / 1 2 / 6 5

0 5 / 0 7 / 6 5

0 6 / 1 6 / 6 5

0 3 / 0 5 / 6 6

0 6 / 1 5 / 6 6

0 9 / 1 2 / 6 6

0 1 / 1 9 / 6 7

0 6 / 2 6 / 6 7

1 7 3 0

2 0 1 0

1 7 0 0

1 8 0 0

1 7 0 2

1 7 0 0

2 2 1 5

2 1 0 0

1 6 1 0

1 6 4 7

1 7 3 0

1 9 1 5

1 8 0 0

1 6 3 0

1 7 4 5

1 7 0 0

t u n n e l

s h a f t

s u rf a c e

t u n n e l

s h a f t

s h a f t

s h a f t

s h a f t

s h a f t

s h a f t

s h a f t

t u n n e l

t u n n e l

s h a f t

s h a f t

t u n n e l

0 . 0 0 1 1 4

0 . 0 0 0 0 1 2

3

0 . 0 0 0 0 2 2

0 . 0 0 2 2 8

0 . 0 0 0 0 3 7

0 . 0 1 2 2

0 . 0 0 4 6

0 . 0 0 0 0 2 4

0 . 0 0 1 6

0 . 0 1 7 7

0 . 2

0 . 1 2

0 . 0 0 0 2 4

0 . 0 1 3 8

0 . 0 0 0 2 6

Test name

m o / d / y hr/min (GMT)

Ty p e Atmospheric release of 1 3 1I (kCi)
D a t e

C AT E G O RY 6: USE OF THE METEOROLOGICAL MODEL

Total release (ro u n d e d ) 2 3 0 0

C AT E G O RY 7: USE OF LOCAL MONITORING ONLY

Total release (ro u n d e d ) 1 2 0

C AT E G O RY 8: NOT INCLUDED IN THE ASSESSMENT



4. Tests detonated during the atmospheric era (1951 to
1958) for which no environmental  radiation data are
available but which were thought to have resulted in
substantial 1 3 1I  depositions per unit area of ground on
the basis of their yield and type.  The meteoro l o g i c a l
model was used throughout the country.

5. Tests detonated during the atmospheric era (1951 to
1958) for which no environmental  radiation data are
available and which, on the basis of their yield and
type, were thought to have led to negligible 1 3 1I depo-
sitions per unit area of ground.  Deposition estimates
a re not provided for these tests.

6. Tests detonated during the underg round era (1961 to
date) for which positive deposition  results were avail-
able near the NTS and for which the estimated activity
release of 1 3 1I  into the atmosphere per test was gre a t e r
than 70 kCi.  The estimates of 1 3 1I depositions  per
unit area of ground in the 157  counties and subcoun-
ties near the NTS were estimated from the Town and
County Data Bases monitoring data.  The meteoro l o g i-
cal model was used in the remainder of the country.

7. Tests detonated during the underg round era (1961 to
date) for which positive deposition  results were avail-
able near the NTS and for which the individual esti-
mated activity release of 1 3 1I into the atmosphere was

less than 70 kCi. The estimates of 1 3 1I depositions per
unit  area of ground in the 157  counties and subcoun-
ties near the NTS were estimated from the Town and
County Data Bases monitoring data.  Deposition esti-
mates are not provided for the remainder of the coun-
t ry.

8. Tests detonated during the underg round era (1961 to
date) for which no environmental radiation data are
available and for which the estimated individual activi-
ty release of 1 3 1I into the atmosphere was less than 70
kCi.  Deposition estimates are not provided for these
t e s t s .

The distribution of the total atmospheric releases of 1 3 1I
as a function of the test category is presented as a histogram in
F i g u re 3.33. This Figure shows that deposition estimates are cal-
culated for all counties of the contiguous United States for the
tests which re p resent the bulk of the 1 3 1I activity released into
the atmosphere (Categories 1, 2, and 4).  Deposition estimates
a re only calculated for the 157 counties and sub-counties near
the NTS for tests of category 3, which re p resent a small perc e n t-
age of the total activity of 1 3 1I that was released into the atmos-
p h e re.  The tests for which no estimates of deposition are pro-
vided in this re p o rt (categories 5 and 8) re p resent a very small
p e rcentage of the total activity of 1 3 1I that was released into the
a t m o s p h e re .
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Table 3.10.  cont’d

U M B E R

DOOR MIST

H U P M O B I L E

P O D

S C U T T L E

S N U B B E R

MINT LEAF

DIAGONAL LINE

R I O L A

0 6 / 2 9 / 6 7

0 8 / 3 1 / 6 7

0 1 / 1 8 / 6 8

1 0 / 2 9 / 6 9

1 1 / 1 3 / 6 9

0 4 / 2 1 / 7 0

0 5 / 0 5 / 7 0

1 1 / 2 4 / 7 1

0 9 / 2 5 / 8 0

1 2 2 5

1 7 3 0

1 7 3 0

2 1 0 0

1 5 1 5

1 5 3 0

1 6 3 0

2 0 1 5

0 8 2 6

s h a f t

t u n n e l

s h a f t

s h a f t

s h a f t

s h a f t

t u n n e l

s h a f t

s h a f t

0 . 0 0 0 5 2

0 . 0 0 8

0 . 1 2

0 . 0 0 0 0 7 8

0 . 0 0 0 0 0 4

0 . 0 0 5 5

0 . 0 8

0 . 0 0 1 3 6

0 . 0 0 0 5 8

Test name

m o / d / y hr/min (GMT)

Ty p e Atmospheric release of 1 3 1I (kCi)
D a t e

C AT E G O RY 8: NOT INCLUDED IN THE ASSESSMENT

Total release (ro u n d e d ) 4
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F i g u re 3.33. Total atmospheric release of I-131 (MCi) a c c o rding to test category.

F i g u re 3.34. Activities of I-131 deposited per unit area of gro u n d : All tests
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3.6.  ESTIMATES OF 131I DEPOSITION PER UNIT AREA OF GROUND
Daily deposition densities of 1 3 1I have been calculated for the 90
tests for which dose assessments have been carried out.  The
complete results, day by day and county by county for all shots,
a re presented in the Sub-annexes.  This information (daily 1 3 1I
depositions per unit area of ground together with corre s p o n d i n g
p recipitation indices) constitutes the primary computer database
f rom which all dose estimates were derived.  The total 1 3 1I depo-
sitions for each test, each test series, and each county are pre-
sented in the form of maps in the Annexes.

For illustrative purposes, F i g u re 3.34 p resents the distrib-
ution of the total 1 3 1I depositions per unit area of gro u n d ,
summed over all 90 tests, for all counties of the contiguous
United States.  The thyroid doses, however, are not directly pro-
p o rtional to the total 1 3 1I depositions as intervening factors, such
as interception by vegetation or presence of cows on pasture ,
need to be taken into account.

A summary of the estimates of 1 3 1I deposited on the
g round in the areas covered by the Town and County Data Bases
as well as in the 48 contiguous states is presented in Table 3.11.
In this summary, deposition estimates for some tests have been
combined. This is indicated by one or more “+” in the second
column. For example, “Wheeler++” in the Plumbob series
includes fallout from the Wheeler, Coulomb B, and LaPlace tests
(see Table 3.9). The test that is estimated to have led to the gre a t-
est amount of 1 3 1I deposition in the U.S. is test Harry detonated
on 19 May 1953.  The total activity of 1 3 1I that is estimated to
have been deposited on the ground as a result of the tests con-
ducted at the NTS amounts to about 25 % of the total activity of
1 3 1I released into the atmosphere .

3.7.  SUMMARY

• Best estimates of activities of 1 3 1I deposited per unit area of
g round (also called depositions or deposition densities) have
been produced for 90 shots, out of a total of 115 shots that are
re p o rted to have released radioactive gases or 1 3 1l to the
a t m o s p h e re resulting in detection off-site.  These 90 shots
account for almost 99% of the total activity of 1 3 1I that is esti-
mated to have been released into the atmosphere by all shots
conducted at the Nevada Test Site.

• For each of these 90 shots, median values of the activities of
1 3 1I deposited per unit area of ground have been estimated for
the 3,071 counties of the contiguous United States.

• Because of the heterogeneous character of the deposition fie l d
in the vicinity of the Nevada Test Site, 14 of the counties locat-
ed in that area were subdivided into a total of 37 sub-counties;
average values of the activities of 1 3 1I deposited per unit area of
g round  have also been estimated for those 37 sub-counties.

• Historical environmental radiation measurements were used
whenever possible to derive the best estimates of activities of
1 3 1I deposited per unit area of ground.  These historical envi-
ronmental radiation measurements consist essentially of expo-
s u re-rate measurements near the Nevada Test Site and of mea-
s u rements of the total beta activity deposited on stickysurf a c e s
(gummed film) at 40-95 locations in the remainder of the
c o u n t ry.  Historical environmental radiation data were used for
81 of the shots that were analyzed.

• In the absence of historical environmental radiation data, a
m e t e o rological  transport model was applied for 9 of the shots
that were analyzed.

• The best estimates of the total activities of 1 3 1I deposited per
unit area of ground vary from county to county by four ord e r s
of magnitude.  They are highest in the counties of Nevada and
Utah that were downwind of the Nevada Test Site during the
most important shots and lowest in the nort h w e s t e rn part of
the country which was generally upwind of the Nevada Te s t
Site.  Some high depositions were obtained in the eastern part
of the country where rainfall coincided with the passage of the
radioactive cloud.

• The uncertainties attached to the deposition values are
e x p ressed in terms of geometric standard deviations, GSDs,
a round the best estimates.  These GSDs, which vary accord i n g
to a number of parameters (existence or non-existence of 
historical environmental radiation data in the county, type 
and quality of the data, method used to derive the deposition
estimate in the absence of historical environmental radiation
data, etc.), range from 1.5 to about 10 and are usually 
a round 2 to 3.



Deposition of 131I on the Ground

3.55

Table 3.11. Estimates of activities of 1 3 1I deposited on the ground in the areas covered by the Town and County Data Base and in the contiguous U.S.

R A . 1

R A . 2

R A . 3

B J . 1

B J . 2

B J . 3

B J . 4

B J . 5

B J . 6

T S . 1

T S . 2

T S . 3

T S . 4

T S . 5

T S . 6

T S . 7

T S . 8

U K . 1

U K . 2

U K . 3

U K . 4

U K . 5

U K . 6

U K . 7

U K . 8

U K . 9

U K . 1 0

U K . 1 1

T P. 1

T P. 2

T P. 3

T P. 4

T P. 5

T P. 6

T P. 7

T P. 8

T P. 9

T P. 1 0

T P. 1 1

P B . 1

P B . 2

P B . 3

P B . 4

P B . 5

B A K E R

B A K E R - 2

F O X

B A K E R

C H A R L I E

D O G

E A S Y

S U G A R

U N C L E

A B L E

B A K E R

C H A R L I E

D O G

E A S Y

F O X

G E O R G E

H O W

A N N I E

N A N C Y

R U T H

D I X I E

R AY

B A D G E R

S I M O N

E N C O R E

H A R RY

G R A B L E

C L I M A X

WA S P

M O T H

T E S L A

T U R K

H O R N E T

BEE + ESS

APPLE 1 +

P O S T

M E T

APPLE 2

Z U C C H I N I

B O LTZMANN ++

W I L S O N

P R I S C I L L A

H O O D

D I A B L O

0 1 / 2 8 / 5 1

0 2 / 0 2 / 5 1

0 2 / 0 6 / 5 1

1 0 / 2 8 / 5 1

1 0 / 3 0 / 5 1

1 1 / 0 1 / 5 1

1 1 / 0 5 / 5 1

1 1 / 1 9 / 5 1

1 1 / 2 9 / 5 1

0 4 / 0 1 / 5 2

0 4 / 1 5 / 5 2

0 4 / 2 2 / 5 2

0 5 / 0 1 / 5 2

0 5 / 0 7 / 5 2

0 5 / 2 5 / 5 2

0 6 / 0 1 / 5 2

0 6 / 0 5 / 5 2

0 3 / 1 7 / 5 3

0 3 / 2 4 / 5 3

0 3 / 3 1 / 5 3

0 4 / 0 6 / 5 3

0 4 / 1 1 / 5 3

0 4 / 1 8 / 5 3

0 4 / 2 5 / 5 3

0 5 / 0 8 / 5 3

0 5 / 1 9 / 5 3

0 5 / 2 5 / 5 3

0 6 / 0 4 / 5 3

0 2 / 1 8 / 5 5

0 2 / 2 2 / 5 5

0 3 / 0 1 / 5 5

0 3 / 0 7 / 5 5

0 3 / 1 2 / 5 5

0 3 / 2 2 / 5 5

0 3 / 2 9 / 5 5

0 4 / 0 9 / 5 5

0 4 / 1 5 / 5 5

0 5 / 0 5 / 5 5

0 5 / 1 5 / 5 5

0 5 / 2 8 / 5 7

0 6 / 1 8 / 5 7

0 6 / 2 4 / 5 7

0 7 / 0 5 / 5 7

0 7 / 1 5 / 5 7

Aa

A

A

A

A

A

A

Sb

Cc

A

A

A

A

Td

T

T

T

T

T

T

A

T

T

T

A

T

A

A

T

T

T

T

T

T

T

T

T

T

T

T

Be

B

B

T

1 3 0 0

1 3 0 0

3 2 0 0

6 0 0

2 0 0 0

3 1 0 0

4 5 0 0

1 7 0

1 7 0

1 4 0

1 4 0

4 6 0 0

2 9 0 0

1 8 0 0

1 6 0 0

2 2 0 0

2 1 0 0

2 4 0 0

3 6 0 0

2 8

1 7 0 0

2 8

3 5 0 0

6 3 0 0

3 9 0 0

4 6 0 0

2 1 0 0

8 6 0 0

1 6 0

3 2 0

1 2 0 0

6 4 0 0

6 2 0

1 3 0 0

2 5 0 0

3 4 0

3 1 0 0

4 1 0 0

4 0 0 0

1 9 0 0

1 5 0 0

5 3 0 0

1 1 0 0 0

2 5 0 0

0

0

0

0

0

0 . 3

0

2 9

2 4

0

0

0

0

5 2

1 1 2

2 8

5 4

6 9

7 2

0

0

0 . 0 2

4 2

1 1 5

0

5 6 4

4

5

0

1 4

2 8

8 2

1 4

8

8

6

1 0 7

7 0

3 0

2 8 7

5

1 3

2

1 4 1

0

0

0

0

1 0

0

0

1 2 5

1 9

1 8

9 1

3 5

2 0

6 9 1

4 3 1

4 9 9

4 5 1

7 1

5 9 0

3 3

0

3 6

4 1 1

1 1 6 5

0

1 6 1 2

8 5

9 8

7 5

0

4 5

3 1 4

9 1

4 1

1 5 7

9 7

2 7 9

4 1 7

3 1 4

3 7 4

3 4

9 0

1 9 4

1 3 9

1 6 0

3 6

1

1 6

5 4 8

1 3 2

1 4

2 4 2

4 3

1 7 5

1 1 2

2 2 8

5 8

1 2 6 9

1 3 2 3

2 8 4 3

2 4 2 5

4 7 2

1 4 7 4

3 3

6 0

7 0

7 1 7

3 2 3 3

1 7 1

3 8 8 1

3 9 6

2 3 3

7 5

1 4

1 6 4

9 2 0

2 8 7

1 2 1

5 3 1

2 3 2

7 4 7

1 7 8 7

1 1 3 2

9 7 6

5 2 8

5 4 5

8 2 1

1 0 4 8

Test I.D. N a m e D a t e Ty p e 1 3 1I release 
( k C i ) T D B C D B U . S .

1 3 1I activities deposited (kCi)
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Table 3.11.   cont’d

P B . 6

P B . 7

P B . 8

P B . 9

P B . 1 0

P B . 1 1

P B . 1 2

P B . 1 3

P B . 1 4

P B . 1 5

P B . 1 6

P B . 1 7

P B . 1 8

H T. 1

H T. 2

H T. 3

H T. 4

H T. 5

H T. 6

H T. 7

H T. 8

H T. 9

U E . 1

U E . 2

U E . 3

U E . 4

U E . 5

U E . 6

U E . 7

U E . 8

U E . 9

U E . 1 0

U E . 1 1

U E . 1 2

U E . 1 3

U E . 1 4

U E . 1 5

U E . 1 6

U E . 1 7

KEPLER +

S T O K E S

S H A S TA

D O P P L E R

FRANKLIN P.

S M O K Y

G A L I L E O

WHEELER ++

F I Z E A U

N E W T O N

W H I T N E Y

C H A R L E S T O N

M O R G A N

E D D Y

H I D A L G O

Q U AY

L E A

V E S TA

RIO ARRIBA

S O C O R R O

W R A N G E L L

S A N F O R D

A N T L E R

DANNY BOY

P L AT T E

E E L

DES MOINES

S E D A N

JOHNIE BOY

SMALL BOY

B A N D I C O O T

P I K E

S U L K Y

PA L A N Q U I N

PIN STRIPE

C A B R I O L E T

B U G G Y

S C H O O N E R

B A N E B E R RY

0 7 / 2 4 / 5 7

0 8 / 0 7 / 5 7

0 8 / 1 8 / 5 7

0 8 / 2 3 / 5 7

0 8 / 3 0 / 5 7

0 8 / 3 1 / 5 7

0 9 / 0 2 / 5 7

0 9 / 0 6 / 5 7

0 9 / 1 4 / 5 7

0 9 / 1 6 / 5 7

0 9 / 2 3 / 5 7

0 9 / 2 8 / 5 7

1 0 / 0 7 / 5 7

0 9 / 1 9 / 5 8

1 0 / 0 5 / 5 8

1 0 / 1 0 / 5 8

1 0 / 1 3 / 5 8

1 0 / 1 7 / 5 8

1 0 / 1 8 / 5 8

1 0 / 2 2 / 5 8

1 0 / 2 2 / 5 8

1 0 / 2 6 / 5 8

0 9 / 1 5 / 6 1

0 3 / 0 5 / 6 2

0 4 / 1 4 / 6 2

0 5 / 1 9 / 6 2

0 6 / 1 3 / 6 2

0 7 / 0 6 / 6 2

0 7 / 1 1 / 6 2

0 7 / 1 4 / 6 2

1 0 / 1 9 / 6 2

0 3 / 1 3 / 6 4

1 2 / 1 8 / 6 4

0 4 / 1 4 / 6 5

0 4 / 2 5 / 6 6

0 1 / 2 6 / 6 8

0 3 / 1 2 / 6 8

1 2 / 0 8 / 6 8

1 2 / 1 8 / 7 0

T

B

T

B

B

T

T

B

T

B

T

B

B

B

B

B

B

S

T

B

B

B

Uf

C

U

U

U

C

C

T

U

U

U

C

U

C

C

C

U

3 4 0 0

2 8 0 0

2 5 0 0

1 7 0 0

6 9 0

6 4 0 0

1 9 0 0

2 1 0

1 7 0 0

2 1 0 0

2 9 0 0

1 8 0 0

1 2 0 0

1 2

1 1

1 1

2 4 0

4

1 2 0

1 0 0 0

1 7

7 5 0

0 . 0 0 4

7 3

0 . 0 1 1

0 . 0 1 1

3 3

8 8 0

7 0

2 7 0

9

0 . 4

1 3

9 1 0

0 . 2

6

4 0

1 5

8 0

4 4

0

5 4

0 . 7

0

1 1 5

2 1

1

4

0 . 4

2 8

0

1

0 . 1

0 . 3

1

1

0 . 0 0 7

1

0 . 2

0 . 0 2

0 . 5

0 . 0 9

0 . 1

0 . 2

0 . 0 2

9

9

2

7

3

0 . 0 6

0 . 0 2

2

1

0 . 2

0 . 0 5

0 . 4

3

1 9 7

0

2 2 2

8 6

0

6 6 0

9 2

8 6

2 5

3 0

1 0 6

1 2 2

2 3

0

0

0

0

0

0

0

0

0

0

0

0

0 . 0 2

0

1 0

0

3 4

0

0

0

0

8

0

0

0 . 7

2

1 0 2 0

0

1 0 7 3

7 0 1

0

1 0 5 0

1 0 1 4

7 0 0

8 9

2 5 8

4 5 9

5 5 1

3 1 4

0 . 1

0 . 3

1

1

0 . 0 0 7

1

0 . 2

0 . 0 2

0 . 5

0 . 0 9

7 6

0 . 2

0 . 0 2

9

4 1

8 9

1 0 8

3

0 . 0 6

0 . 0 2

2 0 3 0

9

0 . 2

0 . 0 5

1

8 1

Test I.D. N a m e D a t e Ty p e 1 3 1I Release 
( k C i ) T D B C D B U . S .

1 3 1I Activities deposited (kCi)

Totals (kCi) 1 4 9 0 0 0 2 3 2 0 1 0 9 0 0 4 0 1 0 0

a A i rd ro p
b S u rf a c e
c C r a t e r

d To w e r
e B a l l o o n
f U n d e rg ro u n d
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