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VI. Atmospheric Transport, Storage, and Removal of Particulate
Radioactivity, - - : Sl e
Public Health Service fallout aqt_ivitigs have emphasized the

collection of -data on the actual exposure of peopl_‘eh_w'h‘igh’»da_tg can .

be used to modify operational procedures t.q._.re.d,gcev the exposures

“e

and to serve as a‘basis for studying possible chronic fa_diatiox} effects.

,.1,‘,-:.§:’,_’.,,{ . -

R IR B B (MR PO
LI N ey . “ :

B. “Local Fallout.. ;. ; s, . :

" Local fallout is initially of concern as an acute external

gamma or beta irradiation hazard.. . For this reason our off-site

2

radiclogical safety operations.in Nevada and in the Pacific are based _

on external gamma readings obtained with portable survey instru- .

EEE o |

ments, " This'systein of operation is based on the ,assumpti §_;t-r3‘at
beta concentration during this pe_ri'ogl..a_trei_subg.tagt;i'.al;_ly‘in:pgoéortion
to the gamma intensities, This assymption has Pqeg‘ ‘cpr.zt"irmed, in
general, by results of beta measurements of aé)'.g,sgmgleg collected
during the fallout periods in Nevada, .- Lioc‘al,..f._a,l‘_lp,qt gnay-.h and has

become of concern’as dn internal beta emitter, after it decay to a

the standpoint of acute effects, Up to this time the Service has not

...... - -

attempted to measure alpha concentrations in local (or delayed) '

N S T U B ORI TR A B ot RS IR
fallout although the amounts are presumed to be low,” |~ ~
AT Ve f:".‘f. c oL T ‘; - ‘,’i - _‘r;.;
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A report of local fallout sufficiently detailed to be used
for public health purposes is the '"Report of Cff-Site Radiological
Safety Activities" from Operation Teapot conducted at the Nevada

Test Site in the Spring of 1955, prepared jointly by the Las Vegas. .-

Branch Office of the Atomic Energy Commission and the Public. - -

Health Service, ! ‘Comments concerning the predictability of local

fallout and observed patterns of local fallout will be based on this

report,’ - B Co T T A

The Teapot report outlines Public Health Service. ;v -t
responsibilities and the supporting service,s.._..inclugi‘i.ngzgig_,_sppp_ort.:»_-,"_ .
provided by other agencies, - R SRR Rt ERP TP S DR

Data gathered during this operation makes it possible to: ., ..

1. " .Compare predicted fallout with the fallout asguxis sy

LT SRR 1 actually occurred; - ' " .oollinotsl soowmes o3 o
. 2, Compare the radioactive cloud path with the . - (55,

4 et deposition of activity on the ground; \yd il ey miauh

*". 3," Report on observed patterns of local fallout in; = o324

‘terms of external gamma. radiationy, = 15 i A rs [ov !

1 Report of Off-Site Radzologlcal Safety Actxv:.tws, Operatxon Teapot,
Nevada Test Sxte, Sprmg. 1955, 4 oL
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1.  The predictability of local fallout.
Fourteen devices were detonated during Operation Teapot,”

In reviewing the data on predicted and measured falloyt from these - °

M -

detonations it is found that in five cases the prediction is in sub- .- . -

stantial agreement with measured fallout, while in six cases the

3 |

actual deposition of fallout was significantly at variance with the

prediction, Three devices were air detonated and nglfallout predic-- -
' . - . ‘ . ' R : : e .-

tion per se-was used,.'Chart.[ illustrates.a 'cas,e'w.t‘le're_ tfx.e _fa_,llo_u!:' '
prediction compares favprably with the fallout w_h:i‘ch“a:;.tll_.}a!.l..)f -J o
occurred. Chart II shows a typigal deviation, from the p.:e:fivi-._s:ti?‘,.".‘gl
It should be emphasized that these data are_fiq'r.:'gamma‘;_;ra:dia; B
tion only and represent only particulate materjal ._fgl‘lex:m" f:q"rp’th"‘e." e

cloud. They do not take into account isotopes,. such as iodine, ‘that’ %

Lt

i

may be in a gaseous form and may not follow the fallout pattern, <"+

N

We plan to study this as well as other problems:related to fallout™ - -~
. M A

exposure during the following Operation Plumbbob, as a part of our’ ,'3_3.3

off-site operation carried out under ag_reement with Albuquerque

Operations Office of AEC., This work also has the concurrence of

the Division of Biology and Medicine of AEC, - o

Op. Cit.
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Data from this report also indicates that cloud tracki'ng with’

Sy
L4

planes will generally give only an'indi'catio{x of the direction of fali-

RIS ce

out and cannot be relied upon for prec1se knowledge concernmg

deposition on the ground, 1 Most oi the time 1t wxll give an 1dea of -

the direction from the point of detonation in which the fallont will

occur, but this is not always the case. For public health emergency -

action it is not possible to depend entirely on cloud trackiné as this. .

Yale el

will not always result in a reduction in expospre. e

.
it
P

t - e -

2, Observed patterns of local fallout. S e

A good deal of data has been obtained in the off-site area- =, .

surrounding the Nevada Test Site from which fallout patterns can

be developed Chart I through III show such patterns forr in-- oo

dividual shots. The Teapot Report contams a sm-nlar map. w!uch s

shows the cumulatwe t’allout for the entu'e Teapot series and a =% " ;

tabulation of doses calculated- in t'w‘o. w.ay's for popuiated' places

- : S ©o-. o E FORT L o
1 * E e T | PR
the area, T L Ve el 1 P ST A A R
. . . . * . . - )
+ - - . N ole .. L.,
e Tl S S TNt S Wes B ¢ LB R S Lrg
25 e
-y
- FEEEE
- > ® ® * & e e wo= . ® o o o & ® ® e ® e ® e e n e e e e e - PRI
.
Op. Cit, - ) o
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To supplement this data calculated lfrorn' ‘meter rea.diqgs._'
use was made of film badges. 1 Film badge stations consisted of
the following categories: 171 worn by residents in the off-site area;
106 posted in populated areas; 152 inside and out‘sidg‘f -s;hobls;' and
126 at non-populated points in the off-site area, Da't'la:“frq'i'h'thesé" '
film badges is contained in the Teapot Report, 'In éene'ral.the'y‘ agree
favorably with computed data and have the a;dv_a;;'ta_.g'g_ of compnsmg
a permanent record of .exposures; T

A comparison of the data frorp the film badges indic'atve ‘that
the dosage received by inhabitants in a particular area is less than
the dose indicated for that area as measured by the same method,
Approximately 94% of the dosages measured on 'ﬁgopl‘e‘ ,“_“?_1.'9 ‘within

-

the 0 to 100 mr range while only about 57% of the film badges’ po.éted
in the populated areas indicated exposures below 100 mr, 1 N

The use of film badges, particularly on individuals, 'is;..t)eihg

expanded during Operation Plumbbo"p. - We are also '§up?alxérp§p.tiriig't

monitoring instrument readings and film badges with recording |
instruments that will give us a continuous record 6f gamma radiation

levels in a number of the populated areas.

1 Cp. Cit.

m
o
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Data on local fallout obtained by.the Public Health Service
during any Pacific test series is much more limited than is the
case in Nevada, During Operation fRedwing the Service had personnel
on the populated atolls of Utirik, Ujelang and Wotho adjacent to ‘fhe
Pacific Providing Grounds to maintain a record of radiation lév;.als
and initiate:‘any ‘necessary action to minimize expoéure of the
natives to radiation, 2 Data was also obtained from a weather
station on Rongarik Atoll and at JTF7 Headquarters, Computed

infinite doses from fallout due to Operatioxi.Re'dw’ing.' are as follows: -

Ujelang Atoll 560 mr
© Utirik Atoll - ' 50mr
Wotho Atoll - 620"mr
Rongarik Atoll o 850 mr

These figures are subject to the same qualifications as in
the case of reported figures from Operation Teapéf.

An 'ati':émét' was made to suf:i:lernent instrument r'éa.,dings"ol'i
the populated atolls with film badge data, but, due to technical diffi-
culties which were not overéoﬁ:é‘ until near the end of the 6péi'ati'o'.n;
these data are incomplete and inconél.u.s:iv‘e. 3

2 Unpubhshed report "Radiation Exposures Received on Populated Atoll
As a Result of Operation Redwing, " -

3 Unpublished report '"Report on Experimental Film Badge Study During
Operation Redwing, "

US DOE ARCHIVES



-T-

C. Intermediate and Delayed Fallout.

Intermediate and delayed fallout are at concentrations

and of ages to make them of little or no significance from the stand-
point of acute external gamma exposure effects, but make them of

relatively greater importance as internal beta emitters and with
respect to the long-range biological effects, With the assistance

of AEC, in 1956 and 1957, a routine system of sample collection
and reporting in cooperation with State Departments of Health has

"been establ_ished. Qur nationwide radiation surveillance network .

measures beta activity of particulates collected from air samples. |

Data from this network may be used to indicate _the_co.nc-entrat.i‘ons'v':
of radioactive materials which could expos;'e humans to.diz;ect éhd
indirect internal radiation hazards,. Daily ambient gamma feadingS‘
are also taken on'a geiger counter type of survey instr.ument.'

Two refergnces describe the collection and measurement

of radioactivity deriving from the troposphere4' 5 The Public

Health Service, for a number of years, has been developing methods

Y
Can e

which assist the States in determining environmental radiation levels -~

and interpreting those data in terms of Public Health significance.-

4 A Brief Review of the Public Health Service Radiation Surveillance
Network, May 22, 1957,

5
The Distribution of Radioactivity from Rain by L, R. Setter and

C. P, Straub, Presented at the American Geophysical Union Meeting,
April 29 - May 1, 1957, Washington, D. C,

US DOE ARCHIVES
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Reference 4 summarizes the results of this operation and -
demonstrates the increasing amounts of fallout found in the
United States from our, and foreign, nuclear tests. Reference 5
presents a more détailed study, principally in relation to rainfall,
in the Cincinnati, Ohio, area.

Rad{oactivity in air, at any one location, is a daily variable,
and cannot quantitatively be predicted from a knowledge of test
schedules, For public health evaluation there appears to be no

substitute for routine measurement techniques. Deposition on

the ground, to a large detg'ree,. is related to rainfall., Distribution'

of radio'aéiivity. geogréphically, is then largely dependent upon -

local topography and ‘meteorslogy. Rainfall may contain much

more activity than do theé surface waters which are fed by the:~ " -_ . -

rainfall, The protective factors offered by the watershed may

give as high as 90% removal of gross radioactivity,-

Us DOE ARUHIVES
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Fallout from many nuclear tests is now always present
in the air we breathe ar;;'l the water }supplies ‘fo‘r ourselves, our
animals, and our ‘éle;.hts._ Since therg are many variabl‘.‘es it is
ne-cessa.ry to make measu;emer;ts and kéep fecords on those

fact ors in the environment which directly affect man in order to

make a public health evaluation of the hazards. TR

US DOE ARCHIVES
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VII, Local Fallout: The Mechanisms by which it can affect man
and the measures he can take to minimize exposure,
B. Shelter and s'hielding and their effects.

1'13'»y the nature of the zA"a'diaj\ti'oin invélizeid. it l-x.a'ts"b-eén
observed that pét"so‘r{s’-cau prstéét therﬁselx‘/‘;s from Vt;i;e:acu-te.
external effécfs ‘of’ thé .B.eta compbneﬁt of falloﬁt sinlaizlvy‘byv sta'j}in'g' '
under cover at tbe' ti'r'm-a!of fallout -s<.> that none or llittle. falls‘on
them, Virtually direct contact w:th the skiﬁ is ﬁecesé#ry to -
produce beta burns, We have aiso observed that remaining in a
building will provide some protection from gamma radiation as a
result of the shielding effect of the structure and the distance from
the fallout afforded by being in the building.

Some data on the gamma exposure protection afforded
by this means was obtained during Operation Teapot by placing
film badges inside and outs ide of school buildings. 1 a ta‘bulafion
of the results is given in the Teapot report,

The significant feature of this data is the apparent protec-
tion offered by the school buildings, The upper exposure limit is
reduced by a considerable factor on a gross basis and while about
95% of the inside exposure fall within the 0 - 100 mr range, only

about 79% of the outside badges are below 100 mr,

US DOE ARCHIVES
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During Opex;a;ion Plumbbob tﬁé"‘Service'is goihg to
attempt a much more complete documentation o:f the shiéléiixg effects
of buildin'gs.. Fili'fl'bac-igeé'z\iviii be placed inside and outside of several
different types of buildings';ﬂan;i: at several locations within the
buildings, Film badgé data will be supplemented insofar as pos sible
with data from recordiné instruments wﬁich will give a co‘:n‘tfinu'oﬁs" '

s
v

plot of time vs intensity of gamma radiation,”

US DOE ARCHIVES
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C. Othe.: immed.iéte emergency measures that can
redu_cg ‘hazarc-l..\_'_. e e

The Public Health Service has operated under radsafe , .
criteria in the Pacific and in Nevada which illustrates the type of
emergency action which ?nay_bg‘gaken in the event of vunexpectgdly
heavy fallout, 1. 6 These were developed jointly with JTF7 and the
Nevada Test Organization ?gsp?ct§y§1y. _ |

Both of these criteria recommend remaining indoors
“or under coirer during periods of fallout to avoid direct contact
with falling or settling radioactive particles., If exposed to fallout,
personal decontamination is recommended including dusting and
shaking off or laundering clothes and bathing with particular at-
tention being given to washing under the arms, the groin, face and
hair, Covering of food and water to prevent ingestion of fallout
particles is recommended..

An emergency measure recommended in the Pacific is

to stand in the lagoon immersed as far as possible in the water while

continuing to wash off exposed portions of the body. This recommenda-

- B e e B B e ® e @ E ® @ B @ B W W W @ W W @ M W ® s > % @m Em W @ w ® w w @ W -

'""Radsafe Emergency Instructions for Populated Islands"

US DOE ‘ARCHIVEg
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-

tion is based on the fact that the fallout settles from the surface .
and allows' water to attenuate the radiations, This fact has been ,

Yoo r et S L SN A ) oy A I i ’I:‘ ‘{ ’
checked in the field by PHS personnel, . e
TR AUEPIOL ST SRIE RTINS CIIDO 30 LSRR AT O ¢ B s > B AL SR

In extreme ‘emergencies, evacuation of contaminated.

e DTme T LE Ao

[ I

e . . !

RO
-

areas may be indicated, This '[_iro.c-édu‘re is. practical only if the
’ " . o= :irAg

s T . sl

evacuatio;x will reé.ﬁlt in lower éxposures than wo;;ld re‘s:;ﬂ.!: l::y
staying within a shelter and if the location and intensity of the
fallout pattern is known so that persons will, in the least possible
time, be fnoved to areas of lesser contamination rather than into
an area of higher contamination,

D. Dose and dose-rate vs time,

During Redwing the PHS collected data at intervals
ranging from once daily to once each hour with a gamma survey
instrument at each of the atolls of concern, &

This data shows a phenomenon that has not, to our knowledge,
been discussed to any great extent and that is the fact that, in the

case of the larger weapons, the arrival of fallout may be extended

over a period of several hours, Thus, although the fission products

Op. Cit.
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are decaymg, thxs is not apparent because of the contmued arrival
of new fallout. Typxcally. the radxatmn 1ntens1ty w;ll buxld up quxte

rapidly to a maxxmum, remain at or near this maximum for a period

E X et T I W N PRI LU s S U IR ST B SRR R A
of several hours, and tben start to decrease slowly. Thus -
EEE Ten I S RV S RS

significant amount of exposure may be recewed before apparent

- - _ 4‘~ had ’I ta
decay starts.
- 1]
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VII. Delayed Fallout = .. . .. .. «.:.i .

e

A, The relative importance of internal.emitters compared

- with external radiation in general for the long-run .

fallout gituation. Ut e s e

PR S - - a T -

Elsewhere in our presentatlon mentxon has been made

of the Public Health Service_Sur_v_eillanc:e_ programs for air, water
and milk, From tae data which the Service has collected, and
from other published information, we are following the obvious : .......c
conclusion that, especially in relation to fa.llpgt,_‘v{e mu_s}deye_lop -
the trends of the amounts of internal emitters in man's environment :
and in his food chajn,  Because of the masking e\f»feet_of_ natural -
backgrgund,;.,exte;n_a.} exposure effects relatable to fallout appear. ., ...". .
to be small in long-texm potential when compared to the probabilities™ ...
of accumulative build-up of internal ergi,t_tfe_x;_s._ N A RV Te P L cIU SRS D AN

B. Deposition on and migration in soil and transport by

surface waters.

Ll e . B . N P e mew A @ Am & R e e ot o e T f2 R .

‘
-

A number of Public Health Service studies are &ir'eétIy: T

f-
assocxated th._ t}:g

RIS B Ta i o8 -"s.-‘q,z»_‘»- argiY O 6 BV SR ‘z‘~~' c e -

: blem of nhgratmn a.nd tra.nsport sy ec&zc

referem:e is made to the cooperatwe studies on_high level ra,qho- gt b e
e ‘:: _*..'/' .‘—'Ir.e..::., i T -r't,';z‘ '- 'v .'-.-.—x( ‘»4.:' N 1._‘ B [ ce. ]’i“"_-_f;'.’::': ;
active waste performed by our staff from the Robert A Taft REFREY

Sanitary Engineering Center at Oak Ridge National Laboratory.

- - . e e W ee w® e e " ® ® & & ® w ® ® w5« * ® = w W & ® o> o o -« = = - - ®» =

7 ORNL 1684, “"Radioactive Waste Disposal Research" by R, J. Morton
et al, Section I - 60, Health Physics Division Semi-Annual Program
Report, for period ending Jan, 31, 1954,

'SDNE AR :{(VES



o ~16- -
/‘ . . /

In relation to the problem of transport iﬁ‘:iﬁrfaééj'vé:t'e,r.s,'_.'
background and operational studies made by thé PHS at the Columbia

and Savannak River systems have a direct bearing, and provide

8 “- g, Ve PR '
research support data, ' ? g dus et

D.” The effect of fallout on’ wates Supplies for: himan

T T U Y.

P R 1% g R . :
agricultural’, and industrial use, v--.-&7 @ -7 Tad

LA

" The Public Hedlth Service has studied efficiency of
normal water fréatment methdds for the removal of radicisotopes -i°
from Wwater ‘supplies, and His made obsérvations on the natural - -~

Y PP 10.. S T eganal Yo Ltpunees et Sy e e
protective mechanisms, =~ - - 30 G0 StRuT

- Depending of course on th'e exact nature of the radio< * - -
active compounds’ water treatmerit' methods offer linited protéction, <
The d'e'g'l:é'e of p'ratéét'io’n ¥son thée ordét of '10% td 98% removalj  ory <3

a decontamination factor ranging from"1, 1 to 50/->itvd wvitalun 502 Y4

srf il s e ey e Do e oA itiseao@ LA
- ) Is 1
- . e AL S S i Yot
-y
RS A B A Y P AR
e - - — — — —— " - ——— — _——— o — " > i oo e o o
.

8 Columbia River Studies.;~i:«z ,i1fsald sifr. 7 .. 2ad Jroun A

9 Interim Report on the Savannah [ River Studies, Julg 19‘5 ¥ Batsi-szisg
July 1952, 'U.’ S. Department of HEW "Public ‘Health Seriice, 1954°°

10 "Limifations -of Water Treatment Methods for Removmg Radmactwe
Contaminants' by C P, Straub, Public Health Reports, No. 70, 897

(1955). “‘z S . 'Jnl— ISR RS SRR PEN DU P NDEIE S R u\.J.‘.'ri SiP L .'"4')-'}55
T - < ~. -~
MEERRAR-SPE S STy A BRI RV EA v 53T v Loitonalgnd ¢z stined
- - - - e - - -
- . 2l LR ]
P - PO : PR SNED b T PR T AR X L r
it - 1 - Y »
- ! P . - Ji 4 PRI SN, | . s Y
P ¢ = - . st
; - L TR T e (e M
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The protective factors found in nature such as removal

in watershed areas, are also within this ran

LI T S P S .

ge. 5 . We haye observed
that in order to achieve removals of a‘much higher degree, as might
prove necessary in the event of massive fallout during time of war a

or nuclear accident, the potential cost of effective water treatment,.

such as ion e'xcbange removal, increases trennendouél)". The
requirements in treatment materials in quantity alone is p'fobabl_y_l':
prohibitive, At the present time we cannotr.sta_lt_le that modern water

~treatment methods applicable to the ge’nerél pé'puflaéiQn.qffe:' . .

. . ..
. . . . .
substantial protection against fallout.
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