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This repnrt covers only lljo::e nuclear device tests conducted at NTS from 1232
throngh 1935, We ave presently collecting aad analyzing the data from all the test
series. Onr preliminary analyses indicate that, in most cases, these additional tests
will increase the dosage estimates by less than 20%.. It is anticipated that some sreas
will show an increase greater than 20%. [For example, following Shot Diablo of the
Plumbob Series in 1957, heavy fallout occurred in the region around Fargo, N. Dak.
Our preliminacy estimate is that this occurrence could have led to infant thyroid
dosages in the runge of 100 rad. ' ' '

We are publishing these dosage estimates for the 1952 thr'ough' 1935
lests at this time for two important reasons: 1) To solicit any additional data that are
puertinent to the various aspects of this overall problem, and 2) to solicit any useful
eriticism that will permit the analyses to be more precise.. We plan to publish an
addenduro 1o this report that will present the dosage estimates for all tests. Any

additional data or useful criticism will be incorporatcd into the addendum.
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Fig. 1. Isodose contours of estimates of infant thyroid dosage (rad) resulting from
nucleur device testing at the Nevada Test Site during the years 1952 through

19855,
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extiapolated back to the sampling date and converted to uCi/m?'/ day as recorded in the
table. Caly values in excess of 0.5 uCi/ mz/ day were abstracted and recorded in
Table IIA and 113, In the absence of a recant test shot, the fallcut recorded .t a
plinz station was below 0.05 gCi/m?‘/ day and usually below 0.00% zCi/mZ/ day. Cozn-
sequently, there is little doubt that a value in excess of 0.5 uCi/mz/day can be assi
to a receat test shot.’ ) '

Off-Site Radiclozical Safetv Data

The Virgin River Vaney area was selected as the sole area for this anslysi
4Figure 2 is a map of the Nevada-Utzh area. The Virgin River Valley includes ths
towns of Glendale Junction, Bunkerville, and Mesquite, Nev.' , as well as St. George
and Hurricane, Utah. .
Table [II presents the data abstracted from the O{f-Site Radiological Safety
"Reports and is arranged in chrodologicai order by test shot. The value recorded is the
open-field gamma dose rate at H + 24 hr (that is, 24 hr after the explosion). If the
data were given for some time other than Il + 24 hir, they were corrected to this time
using the 'I’_,“'2 decay law. These data are derived [rom the same sources as used by
the Greater St. Louis' Committee for Nuciear Information; a more extensive tabulatica
covering the entire Nevada- Utah area may be found in the Commititee!s report in the

1963 hearings before the Joint Committee on Atomic Energy. 7

ANALYTICAL METHOD

. The major route of entry to man for fallout iodine in the United Stales is through
cow miik (see Appendix A). Therefore, the dosage estimates in this report are based
upon cow milk as the sole source of the iodine. Thus, the overall ap'n'oac‘u will involve
converting the fallout data in Tables ITA, IIB, and III to £Ci(I-131)/ m , calculating
the resultant conceniration in cow milk, and {inally, convecting this into an estimate

of the dosage to a 2-g infant thyroid.

Gumimed-Film Data to uCi{[-131)/ n12

.

Carrection fnr Gummed-Film Efficiency

-

Cc'n')amson of gummed-{ilm results with tho;e of pot collectors has ‘shown that
the pot values are, on the average, a factoc of 1.6 higher and this correction {s applied
to the gummed-[ilm data when making Sr-20 estimates. 8 Since the dry deposition
velocity has been determined to be identical between the two types of samplers 9-11
this factor is due to their different efficiencics in the collection of fallout occurring in
rain and should be applied only to fallout in rain. This factor undoubtedly results from
activity veing washed off the gumimed-{ilm ducing rain, whereas the pots are absolute
collectors. I[n the subsequent analysis, this correclion for collection efficiency will be

used oaly in an indirect way in the section titled "Retention of Fallout on Plunts, '
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Coaversion 1o uCifl-131)/ m>

doik

The gummed-film results are in terms of total beta activity, This
verted to I-131 activity by 2

can bhe con-
suming that the gunmed-{ilm sample is unfractionated
ssion products, The fracticn of the totzl beta activity due to I-131 at variocus times
after detonation is:

-Time (hr) Fraction I-131
12 o : 4.7x10°3
24 ' 1.0 X 1072
36 : 1.6 X 1072
48 ) 2.3 X.10™2
72 ~ 3.5x10°2

Thus, the ;.zCi./m2 values can be converted to uCi(I-lBl)/mz:

I, = (F) (Fp (8))
where
Ic = [-131 on the fallout collector in ;.zCi/mz,
' B, = total beta on the fallout collector in uCi/mz,
Ft = fraction of the total beta due to I-131 at the time of sample
collection assuming no fractionation,
and

F‘f fractionation correction.

Determining Ft

The gumrnied-{ilm results were extrapolated from the counting date to the
sampling date using the relationship A=A '1 -1.2

. In using this formula the shot
date was considered as day one.

This introduces an errvor inlo the calcwlations, the
magnitude of which depends upon the time between collection and counting, OQur

approach to this problem has been to assume that the reported values represent debris

whose age is in multiples of 24 hr and F, is chosen on that basis. Usually, the samples

were counted more thun two days after collection, and this could introduce an over-

estimate of a factor of about 1.1, The flollowing values of Ft were used:
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expected to remain attached to the particie. Cn the other hand, compounds such as]

LN

and HI could be formed and escape from tha sarticle. These gases would then be ex
pacted to become adsorbed onthe more numers-us smaller particles and present a
picture of {ractionation similar to that {or thz 2 isotopes.

As of now we have found no diract mezs.r2ments of the effect of fractionatiun
on I-131 for the close-in fallout at NTS from :ii2se early series of tests. However, we
hé.ve been able to use other data to arrive at an estimate of I-131 fractionation, Larsean
reports that tower-mounted detonations at NTS deposited from 0.5-2.07 of the Sc-39
and 1.6-7.2% of the St-90 produced in the first H + 12 hr, 13 These compare to some
18“7’; of the total activity that falls out in H + 12 hr ! and leads to Ff ranging from
0.025-0.1 for Sr-89 and 0.09-0.4 for Sr-9C. In the same pager, he'presents data that
give a FE for Sr-89 of 0.3 and for Sr-90 of 0.4. Following a kiléton-range surface shot
in the UK Buffalo Ser;les, 14 Ff for Sr-8¢ in close-in dry fallout was determined on 1
sample to be equal to 0.03. On several other samples collected subsequent to a rain-
storm, the average Ff rose to 0.2. This is consistent with the rain washing out the
smaller and less fractionated particles. The ratio of Ba-140/Sr-89 ranged from 15-30
at H + 24 hr following this shot. This compares to the theoretical ratio of 5 and indi-
cates that Ba-140 was less depleted than Sr-89 by 2 factor of 3 to 6. Actually, the
ratio of the measured Ba-140 to the theoreulcal Sr-89 for these data ranges oet\"ee'x
5.and 6; this suggests that Ba was only slightly {ractionated in this debris. Other data
from barge shots in the Pacific showed a ratio of I-131/Sr-89 ranging {rom 20 to 140,

and this compares to a theoretical ratio of 4. 13 Thus, the I-131 was less depleted than

Sr-89 by a factor ranging from S to 35. The same data again gave ratios for Ba-140/Sr-

89 ranging from 14 to 33 and thus show that [-131 was also Igss depleted than Ba-140.

-In fact, these data suggest that I-131 was uniractionated. This conclusion is supported

91
e

by the following evidence which indicates that the [-131 does not escape from the par
cles after it is formed by the decay of tellurium.

The half-life of fallout I-131 on forage has been shown to be comparable to that of
the refractory r adxoﬂuchdes when corrected for radiological decay. 16 This indicates

that [-131 is lost from paz'tzc es at a_slow rate, if at all. Analysis of Sedan debris also .

indicates that I-131 was lost from fallout particles at a slow rate, 17 Thus, our estimate

is that I-131 was fractionated to a small degree following these early tests. In calculat-
ing the dosage we have considered it unfractionated (I'; = 1). The above considerations
would indicate that this introduces little error into the estimates.

Retention of Fallout on Plants

The major route of entry into cow milk for short-lived isotopes such as I[-131 is
direct ingestion of the fallout deposited on forage. The above considerations allow the
estimation of the I-131 on the various fallout collectors: trays, pots, or gummed-film.
It is now nccessary to determine the relationshié between [-131 ou forage and thae I-131
on the fallout colleetors., The ratio of [-131 on forage to I-131 on the fullout collector
deterinines th c reteation {actor, Fr'
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nigher cificiency than large particles strate that the reteation on

,u
T

o
plants is very low for particles above 50 i in diameter. Deposition experiments sugges:

that retention of particles pelow 20 g {n diag.i»r is close to 100%. &ll in all, the data

suzgest a rather sharp cut-oif in particle re:. .ion 2around 30 . Above 30 i, only a {ow
percent are retained; be‘ow 350 ¢t cloza to 10GT. are retained. The following are plant re-
tention values measured in the region ¢l 63 to 170 miles {rom ground zero. 14,19-20

. . . . .1 2 - . 2
These values were determinad by the ratio uCi/mn” on forage to uCi/ m® on fallout trayvs.

- Plant Retention (%)

Teapot series ) Plumbob series UK Buffalo serie

S -
Shot % Shot % " Shot %
Teslza 1 Diablo 25 #1 2
Apple I 1 Shasta 16 £2 15
Met 3 Smoky 3 )
‘Apple II 2 ’

While these values range from 1-25%, all but 3 are 5% or below. The 15% and 16% values
were associated with rainout. Rain will wash out the smaller particles that have high
retention and, hence, would raise the ow-eral?. retention value. The 25% retention figure,
however, cannot be set aside. In fact, it can be shown to be reasonable.

Studies of the fallout during the bpsho*— {nothole Series indicated that the high
levels of clese-in falloui, such as those recorded in Table III, are associated with large

. . . s : 21-23
particles of very high activity and low retention on plants.

Analysis of fallout
trays demonstrated that the great majority of the activity came from particles that had
activities well in excess of 1 uCi. Analysis of 2ir samplers indicated that none of the
particles on the air sampler had this high an activity and that the total activity in the
sample was generally less than the mean activity of a single particle on the trays. The
air samplers collect only those particles (<30 u) that are retained on plants. These data,
therefore, suggest that the retention on plants should be low. Ilowever, these same data
demonstrated that there were exceptional cases during the Upshol-Knothole Series,

The follewing gives the air sampler data cotlected at St. George following Shot.&nnie,"

which is one of the shots that produced high fallout levels in this area.

. uCi/ mS Mean diameter
Time ' ~ " (at t + 24 hr) (1)
H+3toH+4 1 X102 ' 5.3 -
H+4tofl +9 1 x 1072 " 3.2

x . . -2 .73 .
As the data show, the activity was in the range of 10 ° pCi/m” and the mean dizmeter

was 5 p and lower. The low plant retention values shown above were associated with air

sampling data similur to these
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Sr-90 deposition estimated from gummed-{ilm data vs Sr-90 deposi-
tion determined by analysis of soil (from Ref. 8). The solid line
represents a 1:! correspondence; the broken lines are suggested
regression lines.
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The dosc ingested by the cow oan the [first day of contamination is

2 e
J‘S 1t ] wCi{l-121)0a 0" e

0- Lcow-day} w2

.

The I-131 on forage is given by the relationships on page 12,

_.‘:Iglf-!.i!'(‘ on Forage

The subject of the half-life of radiconuclides cn blants has been reviewed in a
8

i
1
ES

previous report from this Laboratory. It was shown that the average half-life for

“1-131 is about 5 days, with a range of 4-6 days. A half-life of S days is used in this

analysis.

Concentration in Cow Milk

milk,

Another report from this Laboratory reviews the secretion of iodine in cow

9-'
“' It demonstrates that, for the average case, the I-131 concentration in cow

milk is given by:

- 3¢ -0.348
Cy, = (0.01) (0.8) I, (e7 0139t _o=0.348L,
M - 0
wher.e
CM = concentration in uCi/1,
IO = uCi(I-131)/ cow-day on the first day of contamination,
0.139 = }ate corresponding to the 5 day half-life on plants,
0.346 = rate corresponding to the 2 day half-life observed for
I1-131 in the bleood and milk,
0.01 = fraction of the daily ingested dosage secreted per liter
 of milk, '
0.8 = biological avatlability of fallout I-131,
and .
t = time in days post contamination. .

The Liological availability of fallout iodine was determined by using fallout material

28

from o tower shot in the Buffalo Series of tests conducted by the British.

Estimate of Infant Thyvroid Dosage

The estimation of infant thyroid dosage will depend upon four factors: 1) The

daily intake of [-131, 2) the fraction of the intake incorporated in the thyroid gland,

3) the half-iite or [-131 in the thyroid, and 4) the weight of the thyroid gland. For this

.

report, the intahe of [-131 is assuined to rresult solely from milk and the {nfant or child

Is usually assumoed to consume 1 liter of milk per day, This estiniate has been used
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in these analysas. Quite likely, most infants that are bottle-fed would be receiving

ing
cannexd ::ﬁ.li; in their forimula rather than {resh cow milk, Hence, it may be
more recasmable to apply these estimates to children that are 1 yezr c¢ld or
- older, - ) ]
Reasonable estimates of the other factors are: ‘
1) 30" uptake by the thyroid gland of the daily ingested I-131,
2) 7.5 days for the half-life in the gland, anad ' o
3) 2 grams {or the weight of the gland for children from 1-3 years old.
These are the assumptions that have usually been applied to human thyroid dosage
calculations, and o review of this subject by a member of this Laboratory indicates that
they are in substantial agreement with experimental evidence. 29

By using these assumptions, the total I-131 in the gland (CT) at any time can he
given by integration of the [ollowing equation:

dc'r
T 0.3 Cl\'i - 0.092 CT.

Substituting for C'-‘»I and integration yields

- - 48 - 9
Cp = (0.273) I, (-0.254c 0'139" + 0.047e"0-346t | 5 5p7e70-092t

The total integrated concentration in the gland (uCi-days) is given by the area under the
curve for the above equation fromt = Qtot = w, ’
This leads to '

. uCi-davs
0'1610 thyroid

This can be converted lo dosage lo a 2 gram thyroid using the relationship

.o tuCi-dav

10 rad »
ra g

and substituting for IO'
where
D = dosage in rad.
Using the retutionships on page 12 for I-131 on forage, the dosage may be derived from
the gummed-rilm data of Tables IIA and H[B:
D = (36) (I't) (Bc)'-
und from the ganuna dose rate data of Table [I1:

= (3.0) (G).
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Fig. 4. Infunt thyroid dosages (rad) resulting from nuclear devices testing
at the Nevada Test Site during the yvears 1932 through 1933, csti-
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overcstimate the milk levels by a factor of 10 when the mean diameter was 5
would result, since the deposition velocitly of a 20 u particie {s a factor of 10 higher
than that for a 5 ¢ particle. The mean particle diameter of the air sampler materisl
at St. Geerge was about 20 p; this would suggest that Mays! correlation is app

for this size range. He indicates in a latter on page 1111 of the 1263 Hearings that
his estirates for the Salt Lake City milkshed in 1957 and 1958 were a factor of 7
higher than the measured levels, his difference could be anticipated if the mean

particle diameter of the airborne material were 5 u during this period.

pe—
~

DOSAGE FROM I-133

The corresponding equation for the concentration of I-133 in milk is

- . -0.841t -1.14t
CM = (0.0t) I0 (e -e ).

The half-life {u the thyroid gland is essentially the radiological half-life of 21 hr and
1 uCi-day(1-133) ¥ 20 rad. These factors lead to the relationship

. 2
. 0.3 rad = 1 uCi(I-133) on forage/m~ .

This compares with 30 rad for I-131. At 24 hr, the activity ratio (I-133/I-131) is
approsimately 7. Thus, in the worst case I-133 would contribute only 1/10 the dosage
of [-131. "This would be some 12 rad in the St. George, Utah, area. .

'
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Knapp, H. A. Iodine-131 in fresh milkk and human t(hyroids following a single
B :

deposition of nuclear failout. U. S. Atownic Energy Commission, TID-19266,

1063, or Falleut, Radiation Standards, and Countermieasures, on. cit., pp.
915-1073, -or Nature 202: 534-537, 19G4. _ '
Mays, C. W. Icdine 131 in Utah during July and August 1962, In Fallout,

Radiation Standards, and Countermeasures, oo. cit., pp. 537-562, or Science

141: 640-642, 1963,

Edwards, M. A, Tabulation of data on announced nuclear detonatioas by all
nations through 1985, University of California Lawrence Radiation Laboratory
(Livermore), UCRL-14786, in press.
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Table 1. Tabulation of test-shot information, 38

Height Type Mcan sea level (ft)
Date Time of burst of Cloud Cloud Tropo- Yield
B Name (GCT) (GE) (1) hust top base pause (1:0)
TUAMBLER-SNAPPER
1 Able ' 1/4/52 1700 793 Air 16, 000 12, 000 1
2 Baker 15/4/52 1730~ 1,050 Air 16, 000 10, 000 38, 000 1
3 Charlie 22/4/52 1730 3,447 Air 42, 000 31, 000 " 38, 000 31
1 Dog 1/5/52 1630 1,040 Air 42, 000 28, 000 38, 000 19
5 sy 1/56)52 1215 300 Tower 34, 000 41, 000 12
6 lox 26/5/52 1200 300 ‘Tower 41, 000 37, 000 11
1 Georpe 1/6/52 1155 300 Tower 317, 000 317, 000 15
8 Now 5/6/52 1155 300 Tower 41, 000 40, 000 14
UPSHOT- KNOTHOLE
1 Annic 17/3/53 ‘1320 300 Tower 11, 000 28, 000 36, 000 i€
2 Nancy 24/3/53 1310 300 Tower 42,000 26, 000 10, 000 24
3 Ruh 31/3/53 1300 300 Tower 14, 000 11, 000 36, 000 0.2
1 Dixie 6/1/53 1530 6,020 Air 43, 000 33, 000 36, 000 11
5 Ray 11/4/53 1245 100 Tower 13, 000 8, 000 38, 000 0.2
G Badper 18/4/53 1235 300 Tower 35, 000 23, 000 39, 000 23
T Simaon *25/4/53 1230 300 Tower 45, 000 31, 000 38, 000 43
L Facore B/5/53 1530 2,425 Air 41,000 29, 000 39, 000 27
9 larry 19/5/53 1205 300 Tower 43, 000 27, 000 42,000 32
10 Grable 25/5/53 1530 524 280 mm gun 38, 000 23, 000 38, 00 15
11 Chmax 1/6/53 1115 1,334 Alr 43,000 35, 000 49, 000 61
TEAPOT A
1 Wagp 18/2/55 2000 762 Air 22, 000 15,000 1
2 Moth 22/2/55 1345 300 Tower 2s:qoo 16,000 2
3 Tesla 1/3/55 1330 300 Tower 30, 000 18, 000 38, €00 7
1 rfwk 7/3/55 1320 500 Tower 44, 000 36, 000 40, 000 © 43
5  Hornet 12/3/55 1320 - 300 . Tower 35, 000 27, 000 48, 000 1
6 Bec 22/3/55 1305 500 Tower 40, 000 29, 000 317, 000 8

-Lz-
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Table I. Tabulation of test-shol information (continucd), v
Teight Type Mcan sea level (ft)
Date Time of burst ol Cloud Cloud Tropo- Yield
. __Name eer (GCT) (1) sur st top basie pause [{{})
TEAPOT (Cont.) R
ki F'ss 23/3/65 2030 -G7 - UG 12, 000 39, 000 1
[ Apple 1 20/3/55 1255 500 Tower 32, 000 - 22,000 39, 000 14
0 Waap Nvime 2013/55 1300 740 Air 32, 000 40, 000 J
10 na 6/4/55 raoo 76620 Alr 55, 000 31, 000
11 Post 0f4/55 1230 300 Tower 16, 000 13, 000
12 Met 15/4/55 1915 100 Tower 410, 000 31, 000 317, 000 22
1% Apple 11 5/5/55 1210 500 Tower 43, 000 34, 000 41, 000 29
11 Zucchini 15/5/55 1200 500 “Tower 35, 000 25, 000 44, 000 28
"
L“J
)
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Table LA,

-20-

Gummed-iilm network dzta for Tunber-Snapper and Upshot-Krothole series.

Cloud Altitug> 7 Dry (D)
Sampling arrival time trajecin-y . or 2
station. ({1 + hr)" (ft) rain (R) uCi/m
TUMBLER-SNAPPER SERIES
Shot Able 1 kt 793 ft air
Salt Lake City, Ttah 24 10,000 - R 2.3
Reex-Springs, Wyo. 30 10,000 R 0.5
Scoitsbluff, Nebr. 42 16,000 R 1.8
Kansas (3 stations) 24 16,0C0 R 1.8
Colombia, Mo. 36 16,000 R 0.5
Shot Charlie 31 kt 3500 ft air
Flagstaif, Ariz. 48 24,000 R 0.9
AMontgomery, Ala. 48 30,000 R 0.6
Southeast Coast 72 30,000 R 0.8
Shot Easv 12kt 300 ft tower
Salt Lake City, Utah 8 , all levels D " 16.5
Salt Lake City, Utah 6to 12 all levels R . 40.0 .
Pocatello, Idaho’ 12 all levels R 5.0
Rock Springs, Wyo. 12 all levels R 7.5
Billings, Mont. 18 all levels R 0.5
Rapid City, S. Dak. 24 all levels R 5.0
Scottsblufi, Nebr. 4 all levels R 2.5
Shot Fox 11 kt 300 kt tower
* Grand Junction, Colo. 24 all levels R 7.5
Goodland, Kans. 30 all levels R 1.5
Scottshluff, Nebr. 30 18,000 up R 1.8
Des Moines, Iowa 36 18,000 up R 3.0
St. Cloud, Alinn. 4 18,000 up R 1.2
Shot George 15 kt 300 ft tower
Pocatello, Idzho 24 10,000 D 7.0
Rapid City, S. Dak. 36 18,000 D 1.3
Tucson, Ariz. 36 ? . D 2.5
Roswell, N. Mex. 36 -? D 2.5
Grand Junction, Colo. 36 - ? D 1.0
Concordia, Kans. 48 ? D 3.0
Peoria, Il 42 24,000 up R 5.0
Terea Haute, Iad. 48 24,000 up R 1.5
Fort \Wayne, Ind. 48 24,000 up R 1.5
Grand Rapids, Mich, 18 24,000 up R 6.0
Milwaukee, Wis., - 48 24,000 up R 5.0
Toledo, Ohio 48 24,000 up R 1.5
Cpper N. Y. and Pa. 60 24,000 up R 1.5

s
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Table IIA. Gummed-film network data for Turabler-Snapper and Upshot-Knothole series

(coniinued).
Cloud AAltitude of Dry (D)
Sampling arrival time trajectory or o
station {H + hr) (rt) rain (R) pCi/m”
Shot How 14 kt 3200 ft tower
Boise, Idaho 24 all levels R 30.0
Boise, Idzaho 36 all levels D 2.0
Pocatello, Idaho 24 _ all levels D 2.5
Pocatello, Idzha 36 all levels D 0.6
Rock Springs, \Wyo. 24 all levels D 0.6
Helena, Miont. 24 all levels R 20.0
UPSHOT-KNOTHOLE SERIES
Shot Annie 16 kt 300 ft tower
Raton, N. Mex. 24 18,000 vp D 1.3
Raton, N. Mex. 30 18,000 up D 1.0
Roswell, N. Mex. 30 18,000 up D 0.8
Dallas, Tex. 36 ' 18,000 up D - 5.0
Memphis, Tenn. 38 - 18,000 up D . 3.2
Knoxviile, Tenn. 36 . 18,000 up R "~ 8.5
New York, N. VY. 48 18,000 up R 5.0
Philadelphia, Pa. 48 18,000 up R 2.5
Shot Nancv 24 kt 300 ft tower
Salt l.ake City, Utah 18 18,000 up D 75.0
Salt Lake City, Utah 39 18,000 up D 5.0
Casper, Wyo. 18 18,000 up D 10.0
Casper, Wyo, 30 : 15,000 up D 1.5
: Rapid City, S. Dak, 36 12,000 up D 3.5
© . Willstop, N. Dak. 36 10,000 up D 5.0
Shot Ruth 0.2 kt 300 kt tower
Phoenix, Ariz. ) 18 all levels D 1.5
LLas Vegas, Nev., 6 all levels D 1.5
. Shot Dixie 11 kt 6000 1t air
Raton, N. Jex. 24 ? R - 0.5
Kansas (3 stations) 24 ? R 0.5
Boston, Nass. 36 2 R 25.0
Providence, R. L. 6 ’ ? R 5.0
Shot Ray 0.2kt 1001t tower
Yumu, Aric. 24 10,000 D 2.3
Shot idadeer 23 Kkt 200t tower
Lus Vegus, Nev. 12 . all levels D 5.0
lus Vewus, Nevw. 30 all levels D 2.5
Flagswi!t, Nreiz. 8 15,000 up D 0.5-
Albuguergue, N.o Alex. 14 18,000 up D 12.5
Mbuguerque, No Mex. (36 12,000 up D 2.5
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Table I8, Gummed-film network data for

(coniinund).

Tumbler-Sazpeper and Upshot-Knothole series

Cloud Altitude of Dry (D)
Sampling arrival time trajectory . or 5
station (H + 24 hr) (ft) rain (R) uCi/m
Shot Radszar (cont)
Abilens, Tex. 24 18,000 up D 0.5
Port Arthur, Tex. 36 18,000 up D 1.5
New Orleans, La. 42 18,000 up D 3.0

Salt Lake City, Utzh -
Rock Springs, Wyo.
Cheyenne, Wyo.
Flagstaif, Ariz.

>

Flags:tatf, Ariz.

Grancé Junction, Colo.

Grand Junction, Colo.
Albugquerque, N. Mex.
Roswell, N. llex.
Roswell, N. \lex.
Raswell, N. llex.
Amarcillo, Tex.
Amarillo, Tex.
Dallas, Tex.

Dallas, Tex.
Wichita, Kans.
Coacordia, Kans.
New QOrleans, l.a.
Jackson, Mliss.
Memphis, Tena.

S:. Louis, Alo.
Alilwaukee, Wis,
Grand Rapids, Mich.
‘Albany, N. Y.

New Haven, Conn.
Caribou, Maine

Williston, N. Dak.
Billings, Mont.

Grand Junction, Colo.
aton, N. llex.
Albuquergue, N. Mex.
Albuquerque, N. Mex,
Raoswell, N. Mex.
Amarillo., Tex.
Concordia. Nuans.
Wichita, RKans.
Kansas City, Kans.
PDes Moines, fowa
Marquetie, Mich,
Gieen Bay, Wis.

1

Shot Simoa 43

xt 300 ft tower

30 10,000 D 1.0
36 10,000 D . 0.5
42 10,000 D 0.5
18 18,000 up D 20.0
30 . 18,000 up D 2.5
38 18, 000 up . D 15.0 .
56 18, 000 up D 1.0
38 18, 000 up D 15.0
18 18, 000 up D 0.5
36 18,000 up D 65.0
56 - 18, 000 up D 5.0
42 18, 000 up D - 5.0 ;
60 18,000 up D 1.8
42 18,000 up D 3.0
60 18, 000 up D 1.0
60 18, 000 up D 2.5
60 18, 000 up D 1.0
60 18, 000 up D 1.0
72 18, 000 up D 1.0
72 18, 000 up R 1.0
g0 18,000 up R 0.5
80 18,000 up 134 0.5
20 18,000 up R 0.5 <
36 40, 000 R 80.0
42 40, 000 R 5.0
56 40, 000 - R 1.3
Shot Encore 27 kUt 2500 ft air
24 30, 000 R 5.0
30 18, 000 . R 2.0
Shot Harry 32 kt 300 [t tower
13 18, 000 R. 55.0
13 18, 000 up D 10.0
18 18,000 up D 40.0
30 18,000 up D 2.5
18 18, 000 up D 1.5
18 13,000 up D 8.0
30 18, 000 up R 5.5
36 18, 600 up R 2.5
36 18, 000 up R - 2.5
42 16, 000 up R 1.5
42 18, 000 up N 5.0
42 18,000 up R - 1.8,
R e . i
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o Tumblier-Snapper and Upshot-Knothole series

-

Table IIA. Gummed-filin network datz
(continued). .
Cloud Alriude of Dry (D)
Sampling arrival time trajectory or 2
station (3 + 24 hr) {£t) rain (R) uCi/m
Shot Harry (cont) »
Milwaukee, Wis. 42 18,000 up R 1.2 -
Minneapolis, Jlinn. 42 18,000 up R 2.5
Pittsburg, Pa. 56 18,000 up R 1.0 .
=i

o
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Tuble IIE.

Gummed-film network ¢ . irom Qperaticn Teapot Series
" Cloud © Altitude of Dry (D)
arrival time trajectory or P
Sampling station (H + hr) (5t) rain (R) uCi/m”~
Shot Waso 1 kt 762t air A
Yuma, Ariz. 24 ? D 9.4
Shot Telsa 7 kt 200 ft tower
Denver, Colo. o 30 all levels D 2.9
Shot Turk 43 kt 500 ft tower
Grand Junction, Colo, 30 18,000 up D 10.2
Denver, Colo. 36 . 18,000 up D 23.6
Goodland, Kans. 48 18,000 up D 5.0
Concordia, Kans, 48 18,000 up D 1.5
Scottsbluif, Nebr, 48 18,000 up D 1.1
Chicago, Il 60 18,000 up D 0.6
Cleveland, Ohio 60 18,000 up D 1.7
Cleveland, Qhio 80 18,000 up R 0.4
New York, N. Y. : g 60 18,000 up R 1.1
) ‘ Shot [ornet 4 kt 300 ft tower
Flagstaff, Ariz. 18 18,000 D 6.4
Roswell, N. Mex. 30 18,000 D 0.8
Jackson, Miss. . 36 13,000 R 1.1
Ind., I11., Wis., Mich. ) 60 30,000 R 0.5
_ Shot Bee 8 kt 300 ft tower
Dallas, Tex. ’ 42 18,000 D 0.5
Shot Avple I 14kt 500 ft  tower
and
Shot Wasn Prime 3.kt 700 ft air
Albuquerque, N. Mex. 18 18,000 up - - D 1.2
Albuquerque, N. Mex. , 30 18,000 up D 0.3~
. Roswell, N. Mex. 18 18,000 up D 1.4
Roswell, N. Mex. : - 30 18,000 up D 0.8
Amarillo, Tex. 36 18,000 up D 2.3
Las Vegas, Nev. . 30 ? D 3.2
Grand Junction, Colo. 30 18,000 up R 0.3
Pocatello, Idaho : 18 10,000 R 5.8
' " Shot Post 2kt 300 ft tower '
Salt Lake City, Ctah 12 10,000 R 5.3
Casper, Wyo., - 18 10,000 R 1.6
Grand Junction, Coclo. 18 14,000 R 2.3






Table III, Oft-site ra 61010; cal salety data.

Sampling station - mr/hr at 24 hr

T‘*C‘—

Pr‘

UPSHCOT-X \’O’PI;OL
Shot Annie ’

St. George, Utzh
1 mile \I of St. George
4 miles N, of St. George
Hurricane, Utah

Feb
(e NoNoNe

Shot Simon

Glendale Junction, Nev,

11 miles N. of Glendale Junction

13 miles N. of Glendale Junction

17 miles N. of Glendale Junction

198 miles N. of Glendale Junction

23 miles N, of Glendale Junction - ' .
30 miles N. of Glendale Jvncglon

Bunkerville, Nev.

Mesaquite, \ev

24 miles W, of Mesquite

o o

DooocooO0OO™

ol
o O >
m»twa.C)pOp:»bo

[y
- b
L I

Shot Harry

Bunkerville, Nev,
Mesquite, Nev,
St. George, Utah
Hurricane, Utah
Veyo, Utah
Washington, Utah

~ NN
Yo NoNol SN

" TEAPOT SERIES

Shot Telsa

St. George, Utah
Hurricane, Utzh

O r
[o2 M o]

Shot Zucchini

Glendale Junction, Nev.
Mesquite, Nev,
St. George, UGtah
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Table IV.

Dose calculation for selected sa

3

Shot

SALT LAKIE CITY, UTAH

Total

Tumbler-Snazoer Saries

Able |
Easy]
.EasyT

Unshot-Kuothole Series

Nancy
Nancy
Simon

Teapot Series

Post .
Apple II
Apple II

ALBANY, N. Y.t

Total

ROSWELL, N.

" Upshot-Knothole Series

Simon

MEX.

Total

Tumbler-Snanper Series

George

Upshot-Knothole Serics

Annie -
Simon
Simon
Simon
[Marry

Teapot Series

Tornet
Apple 1
Apple I
Zucchini

(61.7)

(57.6)
(57.6)

:P-.OO
W O o

15.0
15.0

1.8
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Table IV, Dose czlculation for selected sampling stations (cortinued).

Shot : Dosage (rads)

GRAND JUNCTION, COLO.

Tumbler-Snonner Series

Fox
George

on

Upshct-Knothole Saries

—

Simoh
Simon
Harry

[
O~ O
00 »

Teaonct Series

JTurk
Apple I
Post
Met
Met
Met
Met

wn DOWO O W W

wn
[y
.

Total

ALBUQUERQUE, N. MEX. .

Upshot-Knothole Series

Badger
Badger
Simon : 1
. Harry v . ' 1
Marry , .

©  Teaonot Series

Apple I : _ 0.4
Apple I : 0.2

Total
DENVER, COLO.

Teupot Sceries

Telsa
Turk
Met

Met

Met
Apple 11
Apple I1
Zucchini
Zucechini

—

CowopL NN

He K nae b WO O

(3
[ (@]
[$o] (o]

Total
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Table IV.

Dose calculntion for selzcted sampling stations (continued).

Shot

Dosage {(ru:lz)

AMARILLO., TFEX.

Unshot-Knothole Serics

Simon
Simon
Harry

Teaoot Series

- Apple 1
Apple II
Apple II
Zucchini
Zucchini

Total

BOSTON, MASS.

. Upshot-Kneothole Series

Dixie

Teapot Series

Met
Total

- *FLAGSTAFF, ARIZ.

Tumbler-Snaoner Series

Charlie

- Unshot-knothole Series

Badger
Simon
Simon

Teapot Series

Hornet
Total

BOISE, IDAHO

Tumbler-Snapver Serics

How
How

Totul

N o~ W
. e .
0o

o] o:lzo—-tav—a
(9] WOoOOMMO =] -

-

18.0

0.8
18.8 -

- 0.7

- O
0O I e

2.3
12,4

...
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ds 0o

—
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CTable 1V, Dose calculation for salecied samoline ctations (continued).

Shot : Dosuge (radz)

Upshot-tnothole Series

Annie

3.6
Simon 2.9
Simon 1.1
Teaoot Series T
Bee 0.4
Apple II 1.8
Apple 11 0.1
Zucchini : ‘ 1.8
Total . A ' . | 11.1
GCODLAND, KANS.
' Tumbler-Snanpper Series
Able . , 0.7
‘Fox . 1.1
Upshot-Knothole Ceries
Dixie 0.4
Teapot Series
Turk 3.
. Met - C 0.
Apple I - 3.
Apple II 0
Apple II , 0.
Totatl ) ‘ . - Co11,
CONCORDIA, KANS. N
Tumbler-Snapner Series
Abl‘.‘ 0.7
George 2.2

el e e N b o B AN A oo B gt
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A
Tabic IV. Dose caleulation for selected samnling stations (continuzd). n
- Shot Dosage (rads) i
CONCORDIA, WANS. {(ceoatinued) _!
Upshot-Knothole Series P iy
i
Dixie . ' : 0.4 R
Simon 1.1 i
Harry . . 4.0
Teapot Szries :
. ‘g
- Turk . ' - s 1.1
Met . 0.6 :
‘ i
1
Total A . 10.1 l
DES MOINES, IOWA i
S . i
Tumbler-Snapper Series o , . . i
Fox . - 2.2

Upshot-Knothole Series

‘ Harry : . - 5.4
Teapot Series
Apple II ’ 1.0
Apple II : 0.6 -
Total ‘ : : . . 9.2 o u
" FORT SMITFI. ARK. v
Teapot Series ' : ' : ' i
. Apple II 2.9
Zucchini 2.0
Zucchini 3.5 :
Total 8.4 -
CLEVELAND, OIIIO
Teanot Series -
Turk 1.9
Turk ‘ 0.6
Met < B 5 1
“Total iy



2N
[$+]

Table IV, Dose calculation {or selected sampling stations (continued).

Shot

Dosage (ruds)

SCOTTSBLUFF, NEBR.

Total

Tumbler-Snavoer Series

Able
Easy
Fox

Teapot Series

Turk
Met
Apple II

CHEYENNE, WYO.

Total

Upshot-Knothole Series

Simon

Teapot Series

Apple II
Apple II
Apple II
Zucchini
Zucchini

MILWAUKEE, WIS.

Total

Tumbler-Snapper Series

George

Upshot-Knothole Series

Simon
Harry

Tcapot Series

Hornet
Apple I

.

. .

.
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Table IV. Douse culculution for selected campling stations {continued).

Shot Dosage (rads)

POCATELLO, IDAHDO

Tumbler-Snapoer Series

Fasy 1.8
George 2.5
How 1.1
How 0.4
Total 5.8
GRANb RAPIDS, MICH.
Tumbler-Snaooer Series
George ‘ , .43
Upshot-Knothole Se‘ries )
Simen - - ' 0.7
' Teapot Series | a
Hornet ' 0.5
Total ' . 5.5
NEW YORK, N. Y.
Uzashot-Knothole Series
Annie | ' : : ' 3.6 :
Teanot Series |
’ . Turk ' 1.2
Total ' | o | 4.8
NEW [TAVEN, CONN.
"Upshot-Knothole Series
. Simon - ' _ 3.6
Teapot Scries
Met - A o | 0.8

Total ' 4.4
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Dose calculation for seivcted sampling stations {continued),

Total

Upshot-Knothole Series

Annie
Simon

Teapot Series

Zucchini -

ROCK SPRINGS, WYO.

Total

ROCHESTER, N.

Tumbler-Snanper Series

Able
Easy
<+ How .

Upshot-Knothole Series

Simon.

Y,

Toftal

Tumbler-Snapper Series

Geofgc

Teapot Series

Met

0.8

4.2

oNo

0.4

4.1

2.2
4.0

TSee page 17 of text.
ISee page 17 of text.
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As indicated in the body of this repeort, the dosage in rad to a2 2-¢ thyroid via the cow
miik route (DM) is:
v

D ) 5 _ ,

M C
Therefore, for children driniting 1 liter of milk per day from cows on pasture, the
3 A 5 J

= 30 Ip = 510 A,

maximum in the ratio of DR/D_M is:

o

R _10A : | ' : .
= = === = 0,02, ' e
Dy, 540A | . <

Thus, the maximum dosage from the inhalation of I-131 would be only a few hund:-edths

of the dosage estimate based on cow milk as given in this report.

Direct Ingestion

- The direct ingestion of contaminated leafy vegetables, such as lettuce or spinach,
is another route for transferring fallout I-131 to man, Let us assume that a child
would ingest, each day, the lealy material covering | ft2 of ground., (This is a lot of
spinach.) This compares with the 45 m? or 482 r2 foraged by a cow each day. Since
the cow secretes 1% of the daily ingested I-131 in each liter of milk, a liter of milk
contains the I-131 from the forage covering 4.8 ft2 of ground. Thus, a child might be
expected to obtain a thyroid dosage by direct ingestion of contaminated leafy vegetables
that is less than"20% of the dosage estirhutes in this report.

References

Al, Loutit, J,'F., W, G.'Marley, and R. S. Russell. The nuclear reactor accident
at Windscale — October, 1957: Eavironmental aspects. Appendix H of The
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Research Council, l.ondon, tler Majesty's Stationery Office, 1960, pp. 129-139,
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half-residence times corresponding to hours rather than 14 days, In other words, it <
is reasona‘ole to assume that there is not a single half-residence time {or a particular -

L -47-
t

A

4

APPENDIX B j

a _ i

RELATIONSIZP BETWEEN RETENTION OF FALLOUT PARTICLES ON [

L

PLANTS AND TH[E HALF-RESIDENCE TIME OF PARTICLES ON PLANTS ;

In terms of the physical processes involved, the observed sharp cutoff in the
apparent retention of particles above and below 50 1 in diameter on plants probably -
results from a drastic change in the half-residence time of the particles on planis. -~
The density of plant growth in ah average pasture is such that it represents essentially
complete ground cover, Thus, all particles must originally {21l out on the plants. !
Following this, the larger particles are rapidly lost from plants while the smaller

particles are removed at a much slower rate., Recent measurements on plants con-

taminated with volcanic ash would suggest that the half-residence time of the larger
particles is 1-2 'n:-B1 while the earlier measurcments suggest that the half-residence
time for the smaller radioactive fallout particles is 14 days. B2 The measurements of
the particle sizes retained on plants, together with these measured half-residence ’
times, indicate that the half-residence time is a rapidly changing function of particle
diameter as the diarmneter falls below 50 p. The data, hdwever, are not sufficient to
indicate whether the average half-residence time for 20 g2 particles is 14 days, or some

lower value,

’
Furthermore, it is also possible that cven for the particles in the smaller size

range, a certain fraction of those initially deposited are rapidly lost from plants with

partu.le size class, but rather the half-residence time of the remaining particles is

a continuously varying function of time., This assumption is also supported by the field

data. ’ .

Therefore, as Miller suggests, Bl the range in measured plant retention of fall-
out particles of from 1-25% could be the result of differences in the time between
deposition of the particles and sampling of the plants. The higher values could have
been obtained by sampling a few hours after deposition while the lower values could

have been obtained by sampling much later,

The assumption used in this report was that all pavticles below 5 p (primarily
below 20 w) that are initially deposited on forage are lost from the forage with a 14-day

hulf-residence time, The above considerations sugzest that this is a maximum esti- ]

mate, “that the 10-u particles may h:wc a shorter half-residence tirne, and/or that a

fraction of the initially deposited parnclcs of any size may be lost at a more rapid rate.

¢ e

<

fiowever, the cvidence presently available to us is not sutficient to justify alterin

dosage estimates
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