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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified < Rest.icted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted fs generally obvious by the spacings
and "holes” in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.

It fs the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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ABSTRACT

Experimsnts on Shots &4 and 9 wvere conducted to determine the mag-
nitude of the hasards associated with flight through the head of an
atomic cloud a fev minutes after detonation. The total gamme radiation
dose and the dose rate vere measured by various integrating dosimesters
and ionisation chamders carried through the cloud by paracimte-dorne
canisters and in QP-80 drone aircraft. The internal radiation dose
from inhalation of fission products vae evaluated from 2r97 and Mo9?9
analyses of tissuss of mice and moukeys flown through the cloud. insidse
a sealed compartment pressurized to 5 psi above ambient pressure by ths
ventilating system of the drone aircraft. Temperature tapes and a
Pressure msasuring device were utiliszed on and in ths drones to measure
temperature and pressure conditions encountarsd during clomd passage.

Results showed that dose rates of frog 38,000 to 7500 /hr were
encountered in ths clouds 2.7 to 5.2 min artur detonation. The average
dose rates observed (including previcus data from Oparation GREENHOUSE)
may be represented by the equation

P = 1.31 x 105¢-2.06

wvhere D is in r/hr and t is the time of cloud pemstration expressed in
ninutes. This equation is applicable from 2.7 to 25 min after detona~
tion.

integrated external gamma radiation dose varied from 5.7 to
200 r depending on the tims of penetration, the rate of travel through
the radiation field and the section of the radiation fleld traversed.
The experimental results support the conclusion that less than SO0 r of
oxternal gamma rediation may be received dy a flight crev flying
through the bead of an stomic cloud from detonations of 30 KT or less
provided time of entry is not earlier than 4 min and the aircraft is
traveling at & speed of 400 kmots or greater.

The internsl radiation hasard resulting from the inhalation of
fission products and unfissioned Pu?39 asd U235 during cloud passage
appeared to be entirely insignificant compared to the integrated exter-
oal dose recoived. The ratio of the internal to external radiation
hagard was adout 1/100 and was predicted, on the dasis of theory, to be
independent of bomd yiald.

Indications vere that no significantly high tempsratures or pres-
sure changes were encountered in the clovd at the timss of drons pas-

e Phge - Plavik




.L.'!-'w-lwa“

3 gt i, ek o S Be o B0 b

— A P e L S ive. Inin 2o ARSI AR A N LT
g "y kD . E i e Jio F ok b i e PLAS LS. o PA o Yoo A R Srh WL AR AL T TN E TR T AT T T e
A R e K R e S P TTTT P e LRt .

FPOREWORD

This report is one of the reports presenting the results of the
78 projects participating in the Military Effects Tests Program of

Operation UPSREOT-ENOTHOLE, which included 11 test detonuations.

Yor

resaders interested im other pertinent test information, reference ia
aade to VT-782, Summery Revort of the Technical Director, Military

Rtfects Prograan. 7This summery report includes the following informa-
tion of poseidle gensral interest.

d.

C.

4.

An over-all description of each detonation, including
yield, height of Burst, ground zeroc location, time of
detomation, ambient atmospheric condit.ons at detona-
tion, etc., for the 11 shots.

Compilation and correlation of all project results on
the basic mseasurements of bdlast and shock, thermal
radiation, and nuclear radiation.

Compillation apd correlation of the variocus project
results on veapons effects,

A sumary of each project, including objectives and
results,

A complete listing of all reports covering the Military
Bffecta Tosts Program.
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CEAPTER 1

OBJECTIVE

The goneral odJjective of Project 4.1 was to define and evaluate
the magnitude and importance c¢f the various potential hasards to
vhich a flight crev would bde exposed on flying through the head of
the sushroom-shaped cloud forwed by the detomation of an atomic
veapon. This i{nformation is an essential element of operational
Plancing to assure, as far as poassidble, the safety of air cravs in
the execution of atomic wvarfare. Thus, the parameters of tha experi-
mental conditions for Project 3.1 were adjusted, vhere poss.ole, to
simulate the worst conditions to be expected im the event of an
atomic cloud penstration on a domding mizsion. The parazsters re-
quired were as follows: 1) penstration of the head or zushroom of
the cloud, 2) penstration wvithin a fev minutes after detomation, and
3) penstration at about 25,000 ft mean sea level (MSL) or higher.

The potential hasards investigated were external gammea radiation
dose and dose rate, internal radiation dose due to inhalation of
fission products, maxisun or psak temperature inside the cloud, and
the pressure changes encountersd during penetration.

In order to evaluste the above hasards the specific objectives
of ths operation vere as follows: 1) measurement of the external
garma radistion intensity, 2) measurement of the integrated external
earma redistion dose during cloud passage, 3) determination of the
fraction of the fission cloud deposited in the lungs of mice and
monkays from inhalation, 4) determination of the peak temperature of
the skin of aircraft, and S) measurement of pressure changes en-~
countered by the drones during penetration.
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CHAPTXR 2

BACKGROUND AXD PHECEY

2.0 EKIERJAL GAW EADIATION INTERSITY

During Operstion SANDSTCER Ssoville, Cody, and King (14) frirst
atienpted to evtimate the dose rate in an atomic cloud from film
badge results and cloud transit time of B-17 drone aireraft. They
concluded that at 7 min after detonation the average dose rate within
the aircraft passing through the mushroom head was of the order of
$0,000 r/ny. . A more specific attempt to measure the radiation inten-
ity as a funstion of time after dstonation vas made at Operation
GREENBOUSE by Kook (10) using the logarithmic recording ion chambers
nsed in the present study. At times of adout & min after detonation
he foun* sversss gaame intensities inside droned B-1? aircraft of
about WOP ripr. At tises of about 10 min he found the average rates
$0 be about 10° r/hr. Measurements vere made at pepetrstion alti-
tudss ranging from 15,000 to 30,000 ft. ¥o particular correlation
with altitude of penetration or domd yield vas found. The variation
vith tims of entry, hovever, vas very pronounced as expected from the
deocay of fiseion products and the expension of the cloud. As the
detonations during were relatively high in yleld it was
not possidle to intercept the bhead of the cloud, therefore, all
msasuresents vere made in the otea. The wide discrepancy detveen
the resulis of Koch and of Scoville, Cody, and King given adove is
2ot clear other than to say that the results of Scoville et al were

-aduittedly sudject to consider=dle uncertainty.

The gamma radiation intensity within as atomic cloud has re-
ceived theoretical consideration by Gallemtine, (6) Cohen and
Plessatt, (&) Teresi, (17) Iendahl, (11} Alacglu (2) and others. The
outatanding feature of many of these calculations is the very high
gamma intensitiss enocountered at vory early times and comparatively
low altitudes, due to the small cloud site and the high fission
produst activity.

2.2 LNIRGEATXD EXTRRNAL GAMMA BADIATION DOSE

The first attempt to msasure the integrated gamma radiation ._;
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hasard of ing through an atomic cloud wvas that of Scoville, Cody,
and Ling (14) mntioned earlior. They concluded that the radiation
dose to (B=17) afreraft personnel would ba less than the LD-50 btut
might, ander some conditions, be several mnired roentgans (r). Ia
shoss X~-Ray and Yolce the integrated 4dgase ingtde tha B-17 drones
ware in geveral fousd to de less m@'bn rﬂvhilo in shot Tebra
where several of the plansa pasqged through the bead of the clovd,
axposures of greater tuu@)o r::on obtained., Interpretation of
these resulte in terms of the hasard to flight personnel vas compli-
ocated by the fact that the planes asde multiple pesses through the
aloud and i¢ was 0ot possidble to draw any conclusions as to the
relative rtance of each pass.

Kooh (10) obtained rather reliable estimates of total rediation
dose by integrating the rete meter results obtained during CREXNEOUSE.
The highest total doese obtainod on & singles Pass through the oloud
was 117 © vhile the average for all msasurements on the first pass
at adbout & min after detovation vas 41 r. All seasuremsnts vers made
through the stem of the clovd. The iosisation chamder results vere
about tvice the readings obtained on ¥BS film badges. While the
average snargy of the radiation may not b as lov as ths 200 leer
ooncluded bty Koch, the difference in energy dependence of these tvo
me thods of measurement vould lead oune to expect the {onisation che -~
bar to give higher doses than those obtained vith WBS fila dadges.

A dlological measurement of the total gamma rediation dose vas
sade at GRRENHOUSE the 2iomesdical Oroup, Loe Alamos Scleatifis
Laboratory (LASL).(1) The quantitative relationship betveen thysus
weight loss of th. mouse and radiation dose gave integrated dose
valuss that ranged from 75 0 190 r. Although the radiation doses
were very near the limit of sensitivitsy )£ the method the weasure-
ments agreed 1ip general with thoee reporsed by Xoch. The bdiological
results vere esomewhat higher (up to a factor of 2) than WNBS fils
badge readings indicating that the average energy of the gamma radia~
tion 1s quite lov, & conclusion also reached by Xoch. The mice sould
be flowvn only at altitudes of 20,000 £t or lower; therefore, Yecause
of the kilotonnages and times of passage, penstration vas made through
the stem of the mushroom only.

The results derived theoretlcally (4,11,17) agree generally vwith
the experimental valves for the fev cases vhere comparison is possidle.
¥o concerted effort has been made either to odtain data nnder the
conditions of the predictions or to male predictions for the oondi-
t4ons that have beea studied.

2.) 1NTERNAL HAZARD PROM INHALATION OF PIS8S810W PRODUCTS

The thenretical reports mentioned in paragraph 2.2 bave given
soms attention %0 the poseidle importance of the hasard resulting
from the inhalaticn of fiselon produots during flight through the
cloud. Soms suthors (11,17) have concluded the hasard to de nagli-
€itle whils others (4) have greatly over-emphasized its poseidle

17
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importance. The first experimental data on this point were obtained "f_ \
st GHLINHOUSE using mice.(1) il

The evaluation of the results was complicated by a large amount
of ingested activity as & result of the mice licking their contami-
nated fur., In epite of the uncertainty in the magns tude of the
vptaky by ilagestion, the total amount of fission products found in-~
side the mice vas 0 small as to indicate that the intersal hazard
wvas 2ogligidle compared with the external gamma doses. This odserve-
tion 1is iz agreemint with the theoretical conclusion reached by
Teresi (17) and landahl.(11)

Becauss of the complication created by ingestion and decause
of ths 4ifficulty in the extrapolation of results from mouse to man,
it was decided to repest the studies using doth mice and monkeys.

It vas aleo hoped that exposures could de made in the head of the
cloud rather tuan in the stem.
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INSTRUMENTATION =
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3.1 EXTERNAL GAMMA RADIATION ISTENSITY 5%

Tvo different methods were used to dstermine the gamms radiatica
dose rate in the cloud. The first method was to drop canisters, cone
taining ionization chambers with amplifiers and telemetering eguivment, —
vertically through the cloud. The second method, ®revicusly used & |
during GEEENHOUSE, vas to place recording dose rate --‘ers in droned

- ¥-80 aircraft which veres flown horisontally through “ze radiation
field.

3.1.1 Ipstruneptation of Parachute-borme Capisters

et
R
SRR AR
g T ettt e

The basic equipment used to make gamma intensity measurements
vertically through the cloud consisted of & dropvable detector~trans-
mittor unit AR/USQ-l and a VHF radic receiver AN/ARR-29. The drop-
pable pacicage vas composed essentially of an ionizaticn chamber
connected to 5 VHP transnitter dy a linear asplifier covering the
ragge 0-100,000 r/hr and modulating circuits, & mechanical timer,
pover source, exterual beater, parachute sssembly, and an sxtornally

' S

sounted film pack. The receiver was & wvids~band VHF type designed 2

for the 160 megacycle range. A detailed description of this equipwent T

in its original form, including allied equipment and operating charac- Pt

teristics, 1s given in JANGLE Report ¥T-370.(3) The following modifi- E

cations vere made to adapt the JANGIE radiac equipmeant to the require- S

ments of Project 4.1, UPSHOT-KNOTHOLE: e

1) The maximum gasme inteusity range of the AN/USQ-1 vae i

increased to 100,000 r/hr and the units calidrated in this raunge. s

2) The AN/ARR~29 VHPF receivers were peaked and directional bk

antoennas vere adapted to the receivers to increase the teleme tering bt

range to give a readabdle signal at 15 ailes. o

3) ‘The mechanical timer lnside the AN/USQ-1 was modified to sy

, turn the unit off after 4 min of operstion to prevent interferencs o
f with the group of canisters released at a later time. -
1 4) Operation of the deacon channel circuitry was eliminmated. RN,
Porn
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5) The AR/USQ-1 was equipped with an external heater ama
saitadle insulation to provide proper operating temperatureos at high
altitude.

6) The air brake device used in lov speed launchings vas
replaced vith & specially designed parachate and suspesasion cradle
arrangemsnt to permit releases at high speed.

7) An arrangement for remotely turning on the unit as it was
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released from the aircraft was provided.
8) A timing system wvas incorporated in the recorder. -

The modified AN/USQ-l units were calibdrated against a 208 S
carie Co%0 source over a rangs of intsnsities from sero up to about e
47,000 r/hr. Yor each intensity the shift in frequency of ths trans-
mitted signal caused by the introduction of the radiation flux was
measured. Thie gave a curve of radiation intensity versus frequsncy
shift for each unit. 4pplication of these ladoratory-prepared curves
to the frequency shift produced during penetration of the cloud gave
; the intensity cf radiation in the cloud.

In order to subtract the transmitter shift due to intermal
heating of the unit immediately after being turnsd on, several records
vere mads in the labdoratory under no-radiation conditions. An average
of these results for each unit was then applisd to the records taksn
in the field.

Operational procedures required tho droppable units to remain
in ualwated bomd days at high altitudes for extended periods. This
would have caused the batteries and electronic components to cool
belov minisum operation temperatures. External heaters surrounded Yy
insulation provided an acceptadle solution to the prodlea. The
essential features of beaters and insulation are showvm in Figs. 3.1
and 3.2, This sssemdly consisted of a thermosta¢ and small wire
heating eleswnt vhich wvas wound in a spiral around the ocutside of the
canister shell. The heating element was covered vith an adhesive
tape vhich in turn was covered witb insulating materiel. Power to
ths heater was supplied from the airplane's electrical system through
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a quick disconnect which released wvhen thsa weight of the canigter wvas "%
sxsrted on the connecting vires. This arrangement essentislly reduced
the temperature gradient of the canister surface to serv and retained :-':'-11
ground level temperamtures inside the canisters Aduring flight. The e

insulation prevented the interioz of the canister from cooling bdelow
the miniyus operating temperatare during descent.

Tests during JABGLE showed that the air dbrake device on the
A¥/USQ-1 was not suitable for launching at speeds much greater than
150 knots nor frox a standard bomdb reieass. Eithor of these objec~
tions vould cause the drake to be unacceptadle for use, therefore,

a completely nev device vas daveloped tc give the desired rate of
f£all and stadbility, with the added requirement that it permit the
AN/USQ-1 to be released in flight from :ae standard bomb system of an
afrcraft traveling at 450 kmots.

™he Parschute Branch of the Wright Air Development Center
i provided the assemdbly shown in Fig. 3.2 which met all of the adove
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requirements. A 26 1b lead nose was attached to the bottom end of
the AN/USQ-1 to assist its separation from the airplane immediately T
on relsase. The harness arrangement provided a convenlent msans of
attaching the parachute to the canister and for holding the Derings N
used to suspend the unit from a standard bomdb shackle. The parachute P
riser pulled the arming pin for remotely starting the wnit.

pov’ |

s

—— e - . [ - . . e e i - . -

Yig. 3.1 AN/USQ-1 Detector-Trunsmitter with Insulation and Tape Cut
Away to Show Heater Filament and Theruostat.

An sccurate means of relating the measured radiation intensi-
ties with the time after detonation wus provided by an accurate timer
equipped to marik the recorcing tapes with a pip at 10 sec intervals.
This pip could be initiated manually, a feature which was used to

aark the tapes with a series of three pips st the instant of bomd
flash.,

3.1.2 , D Alr t

The recording rate meters used to measure gamm radiation
intensity in the dromne aircraft wvere those used previously in

GREE¥HOUSE by the Naval Badiological Defense Ledoratory. The design

and cperating characteristics of these nunits are fully described im e

GREFNHOUSE Rsvort WT-11.(10) The ra‘e meters consisted essentially R

of four parte: 1) A power supply to operste from the 28 volt DC s
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Modified Recording Rate Meter with Side Panels Removed

Showing Positions of ¥BS Film Packs

Tig. 3.3
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genarator in the sircraft, 2) a special nitrogen rilled ionization ol
chamber, 3) logarithmic emplifier designed to measure dose rates ot i
l from 1 to 10° r/hr, and 4) & hot wire recorder. N
® Because of the space limitations in the cockpit of the Qr-8gp ‘

aircraft, it was necessary to rearrange the components of the rate )

meter. The modified unit is shown in PFig. 3.3 The rate mster was )
‘ also modified so that a radiation intensity of 15 r/hr closed a relay S
vhich energiszed a solenocid used to initiate air flov through the cas- :"‘.
' cade impactor used Yor particle sisze studles by Project 2.1. The air oo,
flow through the impactor was directed in parallel with the flow
through the animal exposure container. When the radiation intensity

. dropped to § r/hr the relay reopeped de-energizing the solenoid and e
: cutting off the air flow. i
After modification of the rate meters they were calibrated —

over the dosage range of 26-65,000 r/hr using 200 KV X rays, Co60 9

gartma rays and a 20,000 curie Ba-La source having an average gamma
enargy of 1.3 Mev. The composite calidration curve is given in
Pig. 3.4,

.
L |

N 1

At llall

3.2 INTEGRATKD EXTERNRAL GAMMA RADIATION DOSE

LR AR

The integrated external garma radiation dose during cloud pas-
sage vas measured using a number of standard integrating dosimeters.
The principal dosimeter used, and the one perhapes giving the most
reliable resulta, wvas the NBS film pack covering the dosage range
from 0-1500 r. Three film packs were placed ineide the chassis of
each recording rate mater in the dromes. Taplin chloroform dosimaters,
Sievert ionization chambers, and PeSOy chemical dosimsters were placed
in each animal expcosure container. NBS filr packs were also attached
to the outside of each of the parachute-borne canisters to mesasure the
integrated gamma radiation dose during vertical descent through the
clound.
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3.3 INSTRUMENTATION FOR THE STUDY OF INTERNAL HAZARD

Datermination of the internal radiatlion hazard assoclated with
early passage through an atomic cloud required the most involved and
difficult measurements. Sixty CF1l mice (30 gn) and tvo male macacus
monkeys (veighing approximately 3 kg each) were placed aboard each of
the tvo QF-80 aircraft. Since droning of the aircraft resulted in
the loss of the cockplt pressure sesl, it was nscessary to enclose
the animals in a pressurized contalner. Outside air was prescurised
and varmed by the aircraft pressure and heating cystem and lod direct~
ly into the animal container without being filtered. After passage
through the animal container the air was exhausted directly into the
cockpit. Extensive testing prior to the operation was neceesary in
: order to determine the proper temperature and pressure settings com=-
patible with animal survival during the exposure. On the basis of
the pre-test studies it was decided that ths allowable conditions
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Pig. 3.4 Composite Calidration Curve for Recording Rate Meter
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within the animal containers wvere a temperature range of 40 to 100°F
and an air pressure setting of at least 5 psl above amblent air pres-
sure conditions. Because of pressure variation with aircraft pover
setting, a pressure relief valve was incorporated into the animl
container. Ths pressure valve was set to operate at a differential
of S psi. At the chosen operating altitudes of 28,000 to 32,000 £t
MSL the air pressure msintained inside the animal exposure container
corresponded to an altitude of 11,000 to 14,000 ft. Ths ocutlet ori-
fice of the animal exposure container vas adjusted to give a flow
rate of at least 8 cu ft/min at an overpressure of 5 to 6 psi. Since
the volums of the contalner wvas 1 cu ft, this flow rate provided at
least eight air changes per minute.

A cascade impactor vas incorporated into the air flov system of
the animal exposure container as a part of the particle size study
under Project 2.1 (WT-717). This did not alter the flow of air
through ths animal contalner.

Figure 3.5 sbows the airtight animal exposure containmer complete
vith air intake opening, exhaust orifice, solenoid valve, cascade
impactor, and pressure regulator. The radiation rate meter is salaso
shown.

The arrangenent of the animals in the expoaure container is
shown ig Pigs. 3.6 and 3.7. The monkeys were placed in restraining
doxes and lovered into the containsr first. The mice, confined in a

wire mesh cage vhich wvas fastensd to the 11id of the exposure contziner,

vore suspended above the monkeys. The 1lid of the exposure contalper
was sealed with & nesoprens gaskst and tightened with wving nuts.

Rach drone aircraft carried wing-tip tanks 1in which were placed
filters to collect fission product samples exterior to ths aircraft.
Analyses of the filter samples wvere used to calculate the total num-—
ber of fissions occurring in the bomd amd to compare the fission
product concentrations in the cloud with that in the tissuss.

3.4 CLOUD TEMPERATURE

Toxp-tapes vere attached on the inside of the thin skin of the
drone aircraft to estimate the marinum temperature encountered in
the cloud. Opa tape vas attachsd on the inside of the nose wheel
door. Another was attached to the upper part of the nose section on
the inside of the squipmsnt access panel. These temp-~tapes changed
color at temperatures in excess of 65°C and were capable of reglster-
ing the maximum temperature attained by the skin of the alrcraft to
+ 159C in the range of 65° to 175°C.

3.6 CLOUD PERSSUEE'®)

On Shot 9 a pressure moasuring device was attached tc the

(a) e phase of Project 4.1 vas proposed and carried ocut by Mr.
Philip Moors and Dr. Harold Plank, J-11, LASL.
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rediation rate meter in ons of the aircraft. This unit consisted of
an altimeter modified through an electrical circuit to measure pres-
sure change as a function of change in electrical resistance. Using
the power supply of the rate meter and a second hot wire recorder
variaticas in pressure during flight were recorded. The senaitivity
of the instrument wvas such that a pressure change squivalent to a
change in altitude of Y100 f£: could be recorded.
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OPERATIONS

4.1 CANISTER DROP OPERATIONS

Airplanss vere to drop 10 parachute-borne canisters, containing
telemstering facilities, through each air buret shot of the test
sarics. These units vere released ix trail displaced horisontally
at intervals of about 700 ft, five canisters being dropped from each
of two aircraft. Ome group of canisters was released at 35,000 ft
MSL at H + 1.7 min. These canisters intercepted the cloud as it
reached 26,000 ft and passed through the radiation field at a rela-
tive rate of approximately 150 ft/sec. The other group of five
canisters wvas released at ap altitude of 49,000 £t MSL at H + 7 min,
and vas erpected to intercept the cloud at 40,000 £t MSL and pass
through it at approximately 200 ft/sec. Plans were that the third
canister released {n each group would traverse the approximate hori-
sontal center of the visidle cloud, and of the remaining four, two
would bde dropped on eoach side. This plan would provide for radiation
dose readings froma two canisters through sach eide of the cloud and
one through ths center.

Prior to takwoff KBS film packs were secured to tha outside of
each canister. On D 4+ 1 day ths canisters were recovered and the
fils pacis removed for determination of the integrated radiation dose
received by each unit.

4.2 DRONED ATBCRAP? OPERATIONS

The monksys wer:s placed in the restraining bdoxes and the mice
in the wire cages 2.4 hrs before shot time to provide for a rest
period after handling. The rest period was to minimize the possi-
dility of the animals hyper-ventilating during passage through the
cloud. At B-l hour, with ths drones ready for takeoff, the animals
and integrating dosimeters were placed in the exposure containsr and

M contalner placed in the cockpit and immsdiately attached to the
ventilating system. Before loading the radiatinn rate meter adboard
the airoraft, three ¥BS film racks were aaped to ths inside of the
chassis. The positions of the film pacis are shown in Pig. 3.3.
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The rate meter was placed in the cockpit followved by the animal ex-
posure contsiner. Both units vere secured to the aeat of the alircruft
with the shoulder straps.

The planes climbed to their penotration altitudes of 28,000 and
30,000 £t MSL on Shot 4 and 30,000 and 32,000 ft on Shot $ vhere they
orbited for approximately one~-half hour bdefore shot time. The ordit-
ing period vas utiliszed to position the drones accurately by ground
radar control so that the predeterminmad position of the oloud could
be intercepted at a specified time within plus or minus 1 sec. After
bomd detonation the dronss vere directed once through the cloud, imme-
diately returned to base and the animuls sacrificed using chloroform.
All animals vere sacrificed in approximately 30 min after passing
through the cloud to minimise bdiological frectionation snd tramsloca~
tion.

Immedistely after sacrifice the mice were dipped in molten paraf-
fin to fix any fission product activity deposited on the fur. 7%The
purpose of this procedure was to control contamination of tissuss and
organs during their removal from the carcass. The dead animals vare
placed in a refrigerated compartment, put aboard an aircraft and flown
to Los Alamos for analysis.

Upon reaching Los Alsmos all animals were autopsied immediately.
The lungs, livers, and guetrolntestinal tracts of five mice ver
pooled or grouped for analysir meking a total of 12 samples of each
organ from the 60 aniwals in each drons plane. The skins of the mon-
sys vere resected to avoid fission product contamisation of the
underlying tissues. The lungs, droachisl trees above the hilus, the
livers, and gastrointestinal tracts wvere talen and anslyszsed indivi-
dually.

The tissue samples vere digested to remove organic matter uaing
perchloric and ritric acids. The inorganic residus was dissolved in
2% HNO,, diluted to volume and aliquots snalysed for Zr97 (17 hr half-
life) and Mo?9 (67 hr half-1ife). The mthods used for the analyses
vere those used by Group J-ll, LA3L, for the chewical determination of
boad yield.(15)

During cloud passage sach aircraft carried specifically designed
tip tanks equipped with cloud sampling filters. These filters pro-
vided for the collection of a representative cloud sample simulta-
neously wvith the exposure of the animals. Analysis of the tip tank
filters and the animml tissues by the sam analytical proosdures fasi-
licated interpretation of the biological results in terms of the {rac-
tion of the bomb cloud retained by the animals from inbalation during
the cloud pass. The tip-tank filter samples were also analysed by
Group J-11, LASL, to determina bomd yielld and to provide a cslidration
of the methods used for analysis of the tissue samples.
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CHAPTER §

5.1 EXTRRNAL GAMMA BADIATION IRTENSITY
5.1.1 Besgltp from Canisters

Although the experimental plan called for parachute-canister
d4drops on each air durst detonation of the UPSHOT~-KNOTHOLE series, the
only participation vas in Shots 4 and 9.

On Shot 4 it appeared that the canisters missed the radiation
oloud entirely since a strong telemetered signal was received from
all 10 canisters, dut the records showed vo indication of radiation.

On Shot 9 the canisters were not released from the higher air-
Plane decauss of mmlfunction of the bomd bay doors. Of the five units
released from 35,000 ft, telemstered data were obtained from two units
and fils Yedge readings from four. The firet, uvecond, and fifth
canistors in order of release vere slightly off frequency. This
caused the recorders to sero off scale and resulted in oo data deing
odtained from the iomization chembers. Canisters 3 apd 4 gave good
records vith Yo. 3 going off scale on Yassage through the most intense
part of the radiation fisld. The respective dose rate curves are .
shova in Pige. 5.1 and 5.2. Maximum intensities of 27,000 and 38,000 ]

-z/hr were recorded in the cloud at 2.7 min. Indications were that ‘the
canisters foll somevhat short of the cloud center.

5.1.2 Regults {g Drope Aircraft

Operation of the recording rate meters in the drone aircraft
wvas adbout S0 per cent effective. On Shot &4 the lower drone (28,000
£t MS8L) missed the visible cloud bdut penstrated the radiation field.
The tape on the recording rate meter Jamwed, however, about 10 sec
after oentry. At that time ths rute meter registeved a maximum radia-
tion intensity of about 7500 r/hr 3.7 min after detonation. This, of
course, was near the doundary af che radiation field. The rate mater
on the higher aircraft (30,000 £t) gave s complete and continuous
racord of the radiation intensity which showed a maximum dose rate of
7600 r/hr 4.5 min after T, (Pig. 5.3 There wes no indication on the
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tape of o turbulent non-homogeneous radiation field.

On Shot 9 the drone aircrsft rissed the vigible cloud on the
first pass but both made successful penetrations on a second trial.
The tape on the rate meter in the lower plane (30,000 £t MSL) Jjammed
and no record of dose rate was obtained. The rate meter on the higher e
plane (32,000) ft gave a complete and continuous_record of _the radis- N
tion intensity which showed a maximum valus of @,000 r/hr b.ﬂ min S
after detonation (Fig. 5.4). Again there was no indication of a non- i
homogensous radiation field. The results of the radiation intensity o
measurenents and the conditions for both the canister and drone air~
craft rate meter readings are summarised in Table S5.1. The values
for maximum radiation intensity differ from those given in the pre-
liminary report dus to recalibration of the equipment and more
accurate analysis of the records.
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5.2 INTRGRATED EXTERMAL GAMMA RADIATION DOSE

As pentioned in parsgraph 3.2, NBS film packs were attached to RENY

the parachute-=borne canisters used in the radiation dose rate studies. T

Thene film packs provided a measurement of the total integrated gamma —

radiation dose received by the canisters during vassage :hrough the @ |

radiation field. e
Al)l canisters drovwped during Shot 4 missed the cloud and the

f4ilr badges showvod readings of onlyLC_).h/a vhich was considered to de

TR P PSS

PRV DL

. background. Durs»z Shot 9, all of the five f!lm packs from the 35,000 .
' ft drop plane hit the cloud and four were recoversd. These showed h
dosages of from[/77 to 200 r.| The integrated radiation doses received we
by canisters 3 4 were also determinsd by integrsting under the

radietion intensity curves shown in Piga. 5.1 and S5.2. The integra-
tions showed accumulated cdoses of {174 and 185 r,] respectively.

The drone aircraft carried film packa, Taplir chloroform
dosimeters, FeSO, dosimeters, Sievert ionizstion chambers, and the
recording dose rate meters which could give total integrated dose.
Satiefactory readings were obtaired from the film packs, the Taplin
dosimeters, and the integrnted dose rate curvea. The NBS film pgcks
in the drones that traversed the visible cloud showed doses of (11, 21,

SRl s Al sl s B

o e e A ..

b and 29 r.| Integration of the rate or curves given in Figs. 5.3 and M
d S.4 shoWed total radiation doses of[18 and 37 ¢ -
( The data collected on the two shots by the various dosimeters L‘“‘
‘ and the conditions of mearurement are summarized ia Tadle 5.2. 'j~‘
\ S.3 INTERNAL RAZAED FROM INHALATION OF FISSIOE PRODUCTS RN
) o
i The anima] exposure contuiners functioned exceptionally well. ;’
| All animals wvere returned from flights in good condition with the ex~
; ception of one mouse that wvas killed when his head was caught in the '_-'.,-‘::
: exit tube of the pressure regulating valve. The condition wvas elimi- iy
. nuted on subsequent experimenta. Nelther mice nor monkeys showed any e
physical or physiological symptoms of cverheating, chilling, anoxia,
j 2=l
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TABIR 5.1 « Maxisum Gamma Radiation Intensity in an Atomic Cloud

Time of
Method of Alti‘ude of Maximum Ponotration.(c)
Cloud Penetration Dose BRate {(Min after
Shot | Penetration (1£t) (r/hr) Detonation)

b Atrcrars(s) 28,000 2,500 3.7.
" 30,000 ?.600 4.8
9 Canister 3 26,500 ¥ 1000 27,000(®) 2.7
. 26,500 ¥ 1000 38,000 2.7
Alrcraft 30,000 Tape jammed 6.8
o 32,000 10,000 5.2

(2) Prane penstrated radiation field but missed visidle cloud, tape on
recorder jammed about 10 sec after entering radiation field.

(%) Recorder vent off scale.

(¢) Refers to visible cloud.

or radiation damage.

The animels vere killed within 30 min after detonation time (T,)
and the carcasses vare delivered to the LASL in approximately 6 hr
after shot time.

Daring Shot 4 the 28,000 ft drone was too lov to penetrate the
visidble cloud and the activities in the samples, if any, vere bdelow
the limits of detection. The 30,000 £t drone made a successful inter-
ception and traversed the lower half of the cloud. During Shot 9 doth
drone aircraft missed the visible cloud on the first pass. The cloud
stadbilized, howvever, and a second pass resulted in successful inter-
csptione Dy doth planes, although the psnetration times were somewhat
later than planned. The 30,000 ft drone passed very nearly through
the center of the cloud in both the horiszontal and vertical axis. The
32,000 £t drone passed through the uovvmer ome-third of the cloud and
considerably to one side. VWith few exceptions animal tissuves from the
successful flights contained very lov dut measurabdle activities.

The lungs, livers, and gastrointestipal tracts of the mice and
nonksys vere analysed for Zr37 and Mo99. The lungs of the monkeys
vere divided at the hilus into bronchial and alveolar portions. All
analyses vers completed within a period of time not exceeding one half-
life of the isotope.

The observed Zr?7 and Mo?9 activities vere corrected for
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chemical recovery, counting efficiency, and rediocactive decay to
obtain the activities in the various tissuss of T,. Trom the knowmn
fission yields of ths isotopes, the total nuwder of fissions necessary
t0 produce ths observed activities vere calculated.

The tip-tank filters from each drome aircraft and other filter
samples collected for bomd efficiency measursaents vere analysed by w
J=11, 14ASL, From these data the total number of fissions occurring RN
in thz .?ntomtlon and the domd yields vere calculated. The calcu- ---.
lated for Shots & and $ vere 10.5 and 26.4 XT, rupoct(i)gly. and v
the respective numbers of fissions produced were 1.50 x 1 and 3.64
x 102%,(16) Assuning that the 2r and Mo activities found in the tis-
snes wore representative of the total fission product mixture, the g
fractions of the bomd fission ¢loud found in the tisiuss of the ani- s
mals vers calculated by dividing the observed activities expressed in o
terms of number of fissions, by the total number of fiasions occurring 0
in the dstonation. o

These results are summarized in Tabdles 5.3 and 5.4 for mice and Al
monkeys, respectively. -

Analyses of the tip-tank filters for Zr97 and Mo?9 showed that :
the ratio of Zr and Mo activities im the cloud, corrected to T,, wae
6.5/1. Summation of the total activities at Tq found in the animuls .
gave a Zr to No ratio of 2,3/1 in mice and 3.2/1 in monkeys.

S.6  PRAX TEMPERATURE

On both shote the temp tapes attached to the skin of the air-

craft failed to register. This odbservation indicates that at the

times and altitudes of penatration the temperatures reached by the S
skin of the aircraft in the cloud vere less than 65°C.

5.5 PRESSUNE CHANGES I¥ THE CLOUD o

,Ths pressure msasuring device mentioned in paragraph 3.5 vas
installed in the drons aircraft that penstrated the Shat 9 cloud at
32,000 ft. The device appeared to function satisfactorily and examle
nation of the record showed a pressure increase in the cloud at the
time of pemstration (5.2 min after detonation) equivalent to less than
that vhich vould result from a change of 100 £t in altitude.

(a) Badtochemical yields for Shots 4 and 9 are 11.0 and 26.0, respec-
tively, for report purposes.
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6.1 EXTNRNMAL GAXOU RADIATION LNTEESITY

The data on maximum gasma rediation dose rates in the head of the
clouds from two detonations of the UPSHOT-KNOTHOLE seriss are summr-
izsed in Tadle 5.1. The maxiwmum dose rate measured in the cloud froa
Shot & (10.6 KT) 4.5 uin after detonation was 7600 r/hr. The maxiwur
dose rates measured in the cloud from Shot 9 (26.5 EY) 2.7 and S.4 min

- after detonation vers }8,000 and 10,000 r/hr. respectivély. The two

gf\'_ measurements on Shot 9 are in agreement when corrected for the differ-

b ence in time of penstration and the expansion of the cloud. The cor-

, responding dose rate curves are given in Figs. S.1. 5.2, 5.3, and S.4.
, These results are in general agreement with those obtained by Koch (10)

ti during GEREENHOUSE and with the lower values predicted from theoretical

X considerations (4,11,17).

™ The agreessnt between the present msasuremeuts aade in the head

X of the cloud with those mads by Koch (ia which penmetration was through

the stem) suggests that dose rate msasuremente in the stem of the wush-

- rooa cloud may apply to the head itself. Consideration of the present

g‘ data on dose rate along wvith the more complete studiss by Koch provides

N a basis for a genural analysis of the dose rate prodlem vithin an

B, atomic cloud.

X All availadle data of the average dose rate within an atomic

cloud at early times are compiled im Fig. 6.1. Of the 35 points, 32

i\ are from Koch's report and 3 are from the present study. His results

E“.\:{ are from three GERRENEOUSE shota . and

X covering times froa 3.3 to 25 min after detomation. The ) pointa from

l: UPSHOT-KNOTHOLE cover sises of 10.5 to 26.4 KT and times from 2.7 %o

5.2 min. Altitudes of penetration range from 10,000 to 3)2.000 ft, and
petatrations include dotk the stem and the cap of the mush-coam.
Considering ths range of conditions, the results are surprisingly
consistent, the scatter about the line being about a factor of 2 each
vay. Particularly interesting is the lack of correlation with kilo-

< R

CETRLE
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tonnage. A least-squares snalysis of the data led tc ths bLast fit
> curve labeled U, whose equation 1is
i D= 1,31 x 105¢-2.06 (6.1)
L3 Page A Veleted.

—_
e

g
o
G
o

%ex




- T — AN V. ML AE. . am. L E Em m s A al 2 o W et AT AL AT W Sl —aTTE L@ M e L.t LP L g " e T AT

ot S

A B A IS BT AT A~ el K= ™A "0 " 2" 2 TR % 20 % SV S YR A4

vhers ¢t 1s ths time after detonation in min and D is in r/hr.
Soms insight into the factors determining this relationship may
be derived from the following considerations: Since even at times of a
fev minutes the cloud is already several gamma mean free paths in dia-
mster, the dose rate may be regarded as determined by the migration of
the active material to a distance at wvhich air adbsorption shields the
aircrift. The dose to the aircraft is therefore received entirely from
a sphere of constant affective radius. The amount of active material
within thie sphere is Jjust soms constunt divided by the volums of the
- entire cloud, assvming uniform diatridution of the fission products.
If we aseume for simplicity that the vo.ume of the cloud 1s a
linear function of time (data on the ®nominal cloud® given in the
¢ 1c W (12) shov roughly this dependence) and cor-
rect the dose curve D of Pig. 5.1 for cloud expansion by multiplying
every point by a number proportional to the time since detonation, we
obtain ths curve labelsd T't. (This curve was arbitrarily made to pass
through the average point of all the data; therefore, only the slope is
of significance.) Mathematically this reduces the exponent of t by
one, and tne equation of the new curve is of the form
Bt = ket™2%, (6.2)
Yor comparison, the experimental curve for the total gamma energy smit-
ted by the fission products as a fuaction of time (9) (labeled t-1.20)
is given normmlized to the average point. The close agresment between
the last tvo ourves would seem to indicate that the two major factors
influencing the_dose rate 1n an atowmic cloud are decay of the_ fiasaion
products (as t=1°20) and expansion of the cloud (roughly as tl1-0).
A sinilar analysis of the maximum dose rates found in the same
35 msasuremnts yields a least-squares equation:

Dpax = 2.17 x 105¢-1.98, (6.3)

That is, local concentrations of fission products and geomstric factors
lead t0 maximum rates of adout twice the average rates.

Prom the above discussion the following gensralizations regarding
dose rate in an atomic cloud may be made.

1) The dose rate in the cloud is relatively imdependent of kilo-
tounage. (Independence of kilotonnage results from the fact that total
quantity of fission products and cloud volume both vary linearly with
kilotonnage, and therefore cancel in their effects on dose rate.)

2) %o within a factor of 2, the average dose rats in a cloud is
given by

D = 1.31 x 105¢-2.06 (6.1)

vhere U s the averags dose rate in r/hr and t is the time since deto-
pation in =min.

' 3) The two primes factors contributing the adove equation ars the
Jecay of the fission products as t~1.20 apd the sxpansion of the cloud,
roughly as t1-9,
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Additional information regarding radiation dose rate in an atomic
cloud may de obtained by couparison of the observed results with theo-
retical predictions.

At least three theorstlcal predictions of the gamma dose rate in
an atomic cloud have deen made. A comparison of these predictions with
the experimental results is given in Fig. 6.2. The theoretical results
wore all calculated for a 20 KT wvespon and are revorted in terms of the
dose rate expected at a given altitude, the time of passage being the
time at wvhich ths center of the cloud reachee that altitude. The rate
of rise given by Cohen and Plesset (4) is used in all thres papers. We
have therefore plotted tha theoretical predictions in terme of the time
of passage and have converted to dose rate for those cases in which the
original dats predicted total integrated does. Since the same aircraft
(300 mph) and cloud diameters (those given by Cohen and Plessat) were
used throughout the three papers, the coaversion is straightforwazd.
Landahl (11) and Cohen and Plesset doth use t=1-2 as the dacay function
for the gamma emission and find curves whoss sloves are in agresment
with this experiment. As mentioned above, this decay law 1s verified
by the experiments of Katcoff et al.(9) Teresi (17) on the other hand
bhas used ¢t~V for the decay, clearly an erroneous choice.

The other outstanding differsnce between the calculations is the
different wasumptions as to the effective gamma ray energy, lLandahl
using 3 Mev, Cohen and Flessst, 1 Msv, and Teresl several valuss from
which ve have chosen the lowest, 0.7 Mev. It is clear that the extent
of disagreement is a result of the choice of gamma energy, and that by
assuming an energy somewhat lover than 0.7 Mev, together with the
proper exponent for the decay of y-emission, good agreement with the
experimental results coull be obtained. The coencluasion that the aver-
age gamma energy is quite low vas roached on experimental grounds by
Koch, by the Biomedical Group of LASL, and in the present experiment.
’ 6‘ number of generalizations may de made from the data shown in
1‘! e2e

The theoretical analyses of Cohen and Plesset and of landahl pre-
dict the proper time dependences of dose rate, the former results dbeing
somevhat better.

Both Cohen and Plesset and Landahl consistently arrive at too
high a dose rate dus to the assumption of too high an average gamma
energy.

Teresl has used very nearly the Proper gamma energy, but his pre-
dictions are too high at times greater than 4 min dus to the use of the
vrong value for the decrease in garma ray emission with time. At

shorter times his results for ! = 0,7 Mev agree woll wvith the experie-
mental obtservations.

6.2  ]NTEGRATED EXTERNAL RADIATION DOSE

The various msasurements of total external radiation dose accumu-
lated by psssing through the head of the clouds from Shota 4 and 9 are
surmarized in Table 5.2

The YeSQy dosimeters and Sievert ionizution chambers were
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unsatisfactory. The former wus unsatisfactory because the radiation
doses were below the range of the msthod ard the latter tecause of un-
known factors probably related to pressure and temperature efferts.
The Teplin dosimeters indicated total doses of <15 amd 15=25 r ‘vhich

were consistent with EBS film badge results.

Obvioualy the total dose received in a aingle cloud pass is a
functior of the time after detcnation and thes total time required to
traverse the cloud. Fila pecks in drone planss that traversed the
clond at 400 knots 4.5, 5.2, and 7 min after detonation showed accumy-
lated doses of 11,21 and 29 r, the length of time inside the cléud
being different for each pemnetration as shown in Tadble 5.2. Pilm badges
dropped through the cloud vertically at speeds of 90 kmots at 2.7 min
after detonstion showed total doses of from 77 to 200 r depending on
distance of penetration from cloud center. It is difricult to compare
acoursately these total ldoses independently of the rate curves (Figs.
5.1, 562, 5.3, S.4) which give the length of time exposed. Assumption
of a spherical cloud permits estimation of the approximate times inside
the visible cloud. Application of these times to the total doses gave
Tesults that are mot seriously inconsistent.

The integrated doss rate curves frow the drones gave higher total
doses than the film packs by a factor of adout 2, vhich may be explain-
adle on the btesis of the possibdly large error in reading the log scale
recording tapes for highar intensities and the lack of response of the
KBS fila packs to the very low ensrgy radiation filtered by the 1.03 mm
of tin and 0.3 mm of lead surrounding the film packsge. Results of
integration of the rate curves from the parachute-dorne canisters are
consistent with the corresponding film pack readings amd compare well
with the total doses received by the drone rlanes vhen the earlier
tine of cloud penetrution and the slower rate of fall of ths cunisters
are taksn into consideoretion. '

These observations of total integrated dose are in general agree-
n(znt vitt); the lower valuss predicted from thsoretical considerations

211,17).

Since ths dcce rate is relatively independent of bomdb yield and
the total integrated dose is directly deperndent only on transit time,
the total dose received by personnel flying through the cloud may be
calculated from the cloud sisze, the speed of the aircraft and the
average dose rate as a funotion of time after detonsxtion given by curve
D 10 rig. 6.1,

6.3 1FTERNAL HAZAKD FROM INHALATION OF FISSION PROLUCTS

Both mice and monksys wvere used to estimate the internal hazard
Zrox the inhalation of fission products during flight through the
cloud. Monksys were used becauss their respiratory amatomy and physi-
ology c¢losely resenmble that of wan. However, because of tlLes restricted
space in the Qr-80 aircraft only two monkeys could be flown in each
Plane. Sixty mice were added to each aircraft to permit beiter statis-
tical evaluation, to correlate present results with data collected at
GHERNEOUSE, and to attempt a correlation between mice and monkeys.
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4ll animals were sacrificed as soon as posaidble after erxrposure to avoid
metadolic fractionation and translocation of the inhaled fission pro- LI
ducts. The lungs, livers, and zastrointestinal tracts of the animale —
vere analysed for 2r97 and Mo99. Assuming that the Zr and Mo activi-

ties found in the tissues were representative of the total fisaion "
product mixture, the fraction of the bomd fission cloud found in each WA
tissus was estimated. These results are summarized in Tables 5.3 and NG
5.4 for mice and monksys, respectively. The fission product activities N
found in the majority of samples vere quite lov. The aliquots taken

for analysis gave net counting rates of 1/5-4 times background, there-
fore, the results may be good to only f 20 per cent due to statistical
counting errors alone.

Vhen these data aud the data for the tissue activities at T, are

studied, a oumber of pertinent points are apparent. These points are
considered bdelow.

6.3.1‘ Yractionation and Tranelocatiog of Zr apd Mo

Anglyses of the tip-tank filter samples showed a Zt97/Ho99 ac-
tivity radio in the cloud of 6.5 when calculated to T5. Comparisom of
this ratio with the ratios of the total activities found in the animals
(2.3 in mice, 3.2 in monkeys) shovs that Zr and Mo vere fractionated
during the experiment. The fractionation was a factor of 2 in wmonkeys
and a factor of 3 1n mice. These results could be produced either dy
loss of Zr in the ventilating system of the aircraft and the exposure
container or by much lower retention of Zr by the animal. It is doubdt-
ful, however, on the basis of laboratory retention stndles of inhaled
agprosocls that even vith 100 per cunt retention of Mo the Zr retention
could de lov enough to account for the observed difference in the Zr/Mo
ratios. In the latter comnnection attention should be directed to the
probable difference in the solubility of the oxides of Zr and Mo. The
Zr03 s quite insoluble wvhile the most 1ikely oxide of Mo (MoO3) is
quite soluble. Whethsr these differences in soludility would contri—

! bute to the fractionation of Zr and Mo 1s controversial. There is no
doudt, however, that soludbility contributed materially to the metabdolic
translocation of Mo to the liver. The data in Tadles 5.3 and 5.4 show
that the amouni of Zr in the liver was only about 1/100 of that found
in the lungs. 7The axount of Mo found im the liver, however, was equal
to or greater than that in the lungs. These observations prompted a
subsequant experiment in which two groups of mice wers given a solution
of fiesion products prepered from the tip-tank filter samples. One
group received the solution intratracheally and the other orally. The
animals vere killed 30 min later and livers, lungs, and gastrointesti-
nal tracts analysed for Zr and Mo activity. The results showed that Zr
vas not absorbed either from the lung or from the gaatrointestinal
tract. Over 99 per cent remained ia the lung or the gut 30 min after
administration. Molybdenum, however, was readily absorbed from the
lung and to the exteat of about 10 per cent from the gut. The lung ab-
sorption data are not directly applicable to the present problem, how-
ever, because the Mo was in soiution vhen adwinistered which would
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‘eliminats the effect of rate of solution of Mo03 on rate of metabolic -'_'-j“;
trasslocation. R

6.3.2 Iggestion of Tission Products

During the experiments conducted at GREENHOUSE (1) the amount
of activity ipgested by mice was about 100 timss that deposited in
their lungs. DReference to the data in Table 5.3 showas that appreciable
amcunts of activity vere ingested by the mice in the present experi-
ments. The amounts, however, wvars not nearly as great. The amount of
Zr ingested by mice vas approximately equal to the amount found in the
lunge while the amount of Mo in the gastrointestinal tract was about
four times that in the lungs. Obviocusly the major part of the ingested
material resulted from the mice licking their fur. The much emller
amounts of ingested activity observed in the present studies, as com~
pared with those obtserved during the GREKNHOUSE experiments, probably
resulted from earlier sacrifice of the animals.

The monksys were restrained in a manner which minimized the
possidility of licking (see Fig. 3.6), therefore, the amounts of Zr and
Mo found in the gut were wuch less than for mice. Only adbout ons-
eighth as much Ir was found in the gastrointestinal tract as in the
lungs and only about ons-third as m.ch Mo.

It seems roasonadle to assume that the amount of ingested ac-
tivity found in tbe animals has very little application to the internal
hasard confronting aircrews flying through an atomic cloud even though
the poesibility exists that soms inhaled material may be passed into
the oropharynx by ciliary action and then swallowed. In the applied
case ingestion may be considered negligidle and inhalation may bes as-
sumed to be the primary hasard.

On the bYasis of the above assumption the data for fraction of
the fission cloud deposited in ths lungs vere recalculated and ad justed
for metadolic trapslocation of Mo using the results of the prelimlnary
experiment mentioned under sectiom 6.3.1. The correction apolied was
to add in ths results for monksy bromchl and, in caze of both mice arl
monkeys, to add the Mo in the liver minus 10 per cent of that found in
the gut. The corrected valuss were thea converted from fractioms of
the cloud to fission products sxpresaed as total fissions required to
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produce the observed activities. The conversion was made merely by o
zaltiplying the fraction of the cloud depcsited in the lungs by the PR
number of fissions occurring in each detonation. These results are =
surmarised in Table 6.1. These data indicate average values of 6.1 x o
105 apd 10.3 x 107 for the fission products (expressed as number of S
fissions) deposited in the lungs of mice and monkesys, respectiyely. e
The valus for mice, based on the average Mo results, is 9 x 10° which ;L-ij
coupares favoradbly with the average value of 8 x 106 for GREENHOUSE (1) R
Shots Dog and Xasy which was also basc. .n assay of Mo in the lungs of =9,
mice. The excellent agreement is perhaps fortuitous. o
Prior to adjustmant for metabolic tramslocation tke Mo and ir Yy

rosults showed essentially equal fractions of the fission cloud in the el
lungs of the animals, therefore, corrsction of the Mo value by adding B
s major portion of the activity found in the liver produced a 4
e
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discrepancy of a factor of 2=3 detwean the Zr and Mo results. Thers
wvas no logical basis, howvever, to ignore the rapid metabolic transloca-
tion of Mo and the high concentrations found in the liver. The aver-
ages of the adjusted Zr and Mo values are delieved therefore to repre-
sent the amounts of fission products deposited in the lunge of the

animals t0 wvithin a factor of 2. The factor of uncertainty obviocusly
resulted from the fractiomation of 2r97 and Mo99 sctivities during the R
animal exposures. The explanation for this observed fractionation is S
a mtter of conjecture at the present time. . -
6.3.3 Extrapolation of Begulte D
.,'.'.:‘\

The average valuss for fission products deposited in the lungs ‘_'-'._‘-:.‘;

of mnice and monkeys may de compared and extrapolated to man on the R
basis of respective minute respiratory volumes. The minute respiratory %, |

volumes of various ladoratory animals and man were shown by Guyton (7)
to b correlated with the body weight according to the expression

respiratory volume/min 4n cc = 2.1 x (body wt in @)3/‘*.

2l
{RX

Using the above expression the respiratory volumes for a 30 ga mouse, -
a J kg monkey, and a 70 kg man are 27, 850, and 9000 cc/min, respece H
tively.

Dividing the average valuse givea in Tadle 6.1 by the corres- RO
ponding minute respiratory volumes gave valuss of 2.2 x 105 and l3 x ;.-,;;-,'3
105 for the fission products deposited per cc of respiratory volume AR
per minute by mice and monkeys respsctively. L3

These valuss agree remarkably well considering the difference Lo
in sise and respiratory anatomy of the two species and support the SR
feasidility of extrapolating the data for monkesys to man. The results RN
obtained for monkeys may be extrapolated to man merely by multidlying '6'-‘-:’-_-'4
1.3 x 105 Yy the appropriate minute respiratory volume. This calcula- e

tion ipdicates that a2 man flying through the cloud from an atomic domd
under the conditions of this expsriment would deposit in his lungs the
fiseion products from 1.2 x 109 fissions. Concerning the relative im-
portance of ths internal haszard as compared to the external hazard,
only an order of magnitude of agreemsnt of the adbove data is essential
to support the conclusion made later im ths report.

The adbove result may be applied directly to xgenaral operational
conditiors for military aircraft. During the experiment the animals
were in a pressurized compartment at a pressure approximately 5 psi
above amdisnt conditions. The total pressure inside the exposure con-
tainer vhea the drones were at 28,000 « 32,000 £t was adout 10 psi
which is approximately equal to ths opsrational pressure in military
aircraft. Thas total volume of the contauiner was only 1 cu ft and the
air flow rate was adjusted to provide approximately eight air changes
per minute. Although the rate of air change in the sxvosurs contalner =
was far greater than that for miiitary aircraft, theoretical treatment
of the effect of rate of air flow on the inhalation hazard inside the
Plans indicates that the hasard is relatively independent of the rate
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of turnover of cabin air, being slightly greater for higher rates of

Obviouvsly the amount of fission products inhaled during paseage L,Q
will have an invarse linear relationship with the aspeed of ths aircraft. L
6.3.4 Intermal Radiation Hazard from Inhalgtion i
Three major factors must be considered in evaluating the inter- uh

»

nal radiation hasard from inhalation of radicactive material during
flight through an atomic cloud. The firat factor is that of radiation
dose delivered to ths lungs by deposition of the gross fission product
mnixture, second is the systemic radiation hazard resulting from absorp-
tion and local deposition of the relatively long lived nuclides such as
Sr39.Y90, and third the alpha radiation hazard to the system and the
lung from inhalation of unfissioned Pu?39 and U235,

Calorimstric measurements by Day and Cannon (5) indicate that
the total enargy release rate in the form of beta and gamma radiation
from a mixture of fission products is given by the expression

. -'.';::ﬂ"l','.',‘
% e, LR
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S
=

B(t) = 5.1 t-1.23 (6.5)

vhere £ ia the total emergy release rate in Mev/sec/fission and t is
the time since fission in seconds.

The maxizum dose rate to tissus from ths gross fission product
sixture may be calculated 'y assuming uniform distribution of the fia-
sion producta and total abaorption of the radiation energy in the tis-
sus or organ. The dose rate, d, in mrep/nr from the products of 1
fissions/gm of tissus as a function of time after fission (sec) is
given by the following calculation:

2

« oy
‘f".f'-l .

d(t) = 5.1 Mev/sec/t x 105 £/gn x Xt=1+23 » 3,16 x 105 t~1.23 (6.5) f
vhere g « 1:5 x 103 sec/br x 1.6 x 106 org/Mev mai

9.3 x 10-2 orgs/gn/urep

The above ozp;guion is plotted in Pig. 6.3 in which mrep/hr from the
products of 10° fissions/gm is plotted against time after fission in
seconds. Reference to this ph shovs that the dose rate delivered to
tissue from the products of 10° figsions/gm should be about 280 mrep/hr,
S min after detonation. Taking 1.2 x 107 as the number of fissions
producing the products deposited in the lung of a man during flight
through the cloud at 5 min after detonation, the maximum dose rate de-
livered to 1000 gm of lung (assuming uniform distribution and total
energy absorption) would de

09 x 280 _
1.:.:103'11.5g 33 mrep/nr.
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By integrating the previous expression for dose rate an expres- N

sion is obtainsd for the total dose D delivered over an infinite time R

to a tissus that picks up the products of 109 fissions/gm of orgaa at _--'-g’
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to Tissue by the Gross Fission
Tissions/gm as a Function of Time

[ 1

& =
F R O ]
-®

J
122
"‘l - z

Tl et
V44

7
’

B

B

TR Rt et e s
e @ BRIt
. G LN D SR N

Ps

1]

1, ¥
L8 AT A

Ay

T - oo

v
L S

AP0 : § ROKNKBENARLES 2 BARARE

N 2
Pl alar

T’.“.l

COOTR ATt n

JLIN S A



w i
i i
'dl js:.‘.":
N time T (sec) after dotonation. The integrated equation is as follows: i
Bntd
© L/
e, D= d(t)at = 382 7'0'23 nrop/106 fissions/em. (6.6) il
) T %
".: The above expression is plotted in Fig. .4 and shows that the inte- \f
' grated dose from the products of 100 fissions/gm deposited at 5 min
after detonation would bde approximately 100 mrep.
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Taking 1.2 z 109 as the nunber of fissions producing the fis-
sion products deposited in the lungs of a man flying through the cloud
at 5§ min after detonation the integrated radiation dose delivered to

his lungs would de
09 200 _ :
1:1%531%5 120 mrep.

If an uncertainty factor of 2 is introduced to allow for the
fractionation of 2r?7 and Mo99 during the exveriment then the maximum
estimate of internal radiation dose to the lungs is 240 mrep. The
maxisup external redistion dose shown by the film packs was 29 r,
therefore, the ratio of external to internal hasard from flight through
the cloud at about 5 min after detonation is approximately 100/1.

The independence of sxternsl dose rate on bomd yield was eox-
Plained in section 6.1 and was attridutadle to dboth total fission pro-
duct yield and clowd volume varying linearly with kilotonnage, the con-
centration of fiseion products in the air being indevendent of bomd
size. The total external dose therefore varies with boob size only as
the time of transit through the cloud variea. A similar situation
holds for the internmal hasard. Assuming ventilation normal for pres-
surized aircraft, the amount of respiratory uptake depends on the cop~-

R R
‘e

3 YT

: S e e tataa

-0
A

centration of fission products in the cioud and on the transit time. RORS |
Therefore, the ratio of exterpal to internal hazard should bs inde-

pondent of kilotonnage. Likswise, since the rudioactive decay of the
fission products governs the time dependence of both the externmal and :
internal hssards tbeir ratio is time independent. The above discussion
applies only to those situations vhere ths cloud radius is several
gamma mean free paths, a condition fulfilled for all the shots con-
sidered.

The systemic hasard from absorption and deposition of the long
lived fiseion products may be calculated from data given in Runter and
Ballou's (8) curves of relative fission product activity as a functior
of time after fissiom,

The most hasardous long lived nuclides are those formed in
relatively high yield and vhich doBosit in bone upon abtsorption into
the systemic circulation. The sr70.Y90 pair is by far the most impor-
tant. The present data show that a man ip an aircraft flying through
the cloud from Shot 9 at about 5 min after detonation would deposit in
his lungs the fission products from about 1.2 x 109 fissions. Using
22 per cent absorption of the Sr?0 from the lung (13) and the fission
7ie1d of Sr70 given by Bunter and Ballou (8), the calculated amount of
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these nuclides devoaited in tha skeleton would be 10‘6 pc&/. Co {-
gon of the above result with the maximum permissible amount of SrY0.Y90
of 1 pc recommended in the NBS Handbook 52 (13) shows the chronic
hasard from this source to be quite negligible.

The next most important bone seeking nuclides are Celld ppllid
which are less readily absorbod from the lung and only about one-gixth
ss hasardous as Sr?0-Y90, These results indicate that the systemic
hasard from lung absorption of the relatively long lived bone seeking
fission products inhaled during flight through the cloud is insienifi-
cant.

The internal hazard from inhalation of unfissioned Pu239 qp
U235 may be shown to be completely negligibtle by taking Shot % ae a
spscific exazmple. BRadiochemical determination of yield and calculation
of the amount of Pu2)9 produced by neutron interaction with the tamper

_lhaved. that the amount of unfissioned plutonium in the cloud was about

Estimation of the average fraction of the cloud that voulg be
« The

‘asposited in the lungs during passage gave a valus of 4.2 x 10-1

amount of plutonium deposited would be that fraction of

The recommended maximum permissidle amounts
of plutonium in the lungs and in the bome ars 0.8 x 10™2 ¢ and 4 x
107° uc, respectively.(13) Unfissioned U235 15 even more insignificant.

The above considerstions amsume - nominal distribtution of ths
inhaled activity within the body. Consideration has been given to the
poseidbility that insoluble radicactive particles might be inhaled and
deposited in the lung alveoli or pulmonary (hilar) lymph nodes and pro-
duce localised "hot spots,”™ While the significance of such a possi~
bility 1s as yet indeterminate, it is felt that the relative importance
of this hazard is not sufficient to materially affect the conclugions
drawn,

It seems reasonable, therefore, to conclude that the potential
internal radistion haszard from inhalation is quite insignificant com~
pared to that from external gnrmma rays. Thess insignificant internal
radiation hasards may be minimized even further if desired by such
operational practices as closing the aircraft ventilating system and
vearing oxygen masiks over the target.

6.4 FEAK TEMPERATURE

Hone of the individual elements of the temperature tapes which
waere selected to change color at various tsmperatures responded. This
indicated that the temperature reached by the thin skin of the aircraft
as it passed through the head of tha cloud wus less than 6£5°C,

a/ 1.2 109 x 2.7 x 10-9 5r%0 d4s. min-l fiesion-l x 0.22 x 2 Y90
2.2x1 dis. min-l uc"l
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' 6.5 PRESSUHE CHANGES IN THE CLOUD

- A
4.' The pressure measuring device installed in the drons aircraft
) that penetrated the Shot 9 cloud 5.2 min after detonation shcved a e

presgsure variation less than that corresponding to a change in alti- s
tude of 100 ft. It may be assumed, tharefore, tbat no serious pressure s
. differential and associatsd turbulence was encountered in the cloud at -—
. time of penetration. ‘ e
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CONCLUSIONS AND HECOMMERDATIOHS -‘.';;i-%‘

7.1  GONCLUSIONS i

_ Data ccllected in the present anv in past studies of conditioms

within an atomic clond support a number of conclusions regarding the N
hasards to personnsl flying through ths clond at relatively early :

ti-.o ',_."‘,,_

1. The average and maximum external gamma radiation dose rates g

within the cloud are dependsnt on penstratiom tiwe and independent of "\'1

kilotonnage for the range of conditions studied KT, 2.7 - 25 : ':1

min, penstration altitudes of 16,000 -~ 32,000 ft and witn dursts occur-
ring near the surface of the sarth). 7The average dose rate D, in r/hr

as a function of time after detonation may be estimated by the oxpres-
sion

«

.- ‘o
Ve e Jeototrte
Pt Y

bt Lt e
ORI AT

P «1.71 x 105¢-2.06

where t o the time of penstration in mimtes.

2. Thw integrated external dose received dy flying through the
cloud is dependent only on time of penetrstion {dose rate) and on the
transit time chrough ths cloud, the latter being dspends sloud
size and thus on kilotonnage. Total doses of less than/S0 be ex-
pected upon flying through the clouds from detonations of 30 KT or lass
provided penetration times are not sarlier than 4 min and the speed of
the aircraft is 400 knots or greater.

3. The internal radiation hasard from inhalation of fission
products during flight through ths cloud is negligidle compared to the
oxteroal tmsard. The ratio of the intermal to external radiation dose
is approximately 1/100 as an upper limit. The total internal dose 1s
dependent only on the time of penstration (dose rate) and transit time
and is independent of kilotonnage except insofar as cloud sise and thus
transit tims is dependent on the domd yield. The ratio of the internal
to externsl hasard is independent of kil~‘onnage. The total intermal
radiation dose to the lungs from inhaiation of fission products during
flight through the cloud from a )0 KT bomd 5 min after detonation 1is
about 240 mrep ss an upper limit.
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The internsl alpha radiation hasard from unfissioned Pu?3?
apd 0235 1s insignificant.

5. 7The internal radiation haszard fron inhah.tion g{ lonEulivod
bone-seeking fission products, such 28, Sr70-Y90 and Col
insignificant.

6. Penotration of the cloud resulting from bombs of 30 KT or
less at times later than 4 min after detopation does not sudject the
plane and personnel to serious temperature or pressure changes.

7.2  EECOMMENDATIONS

On the basis of the present and past studiss of the radiation
basards vithin an atomic cloud the following recommendations may be
proposed.

1. It is recommended that no further atudiee of the relative
internal hasard of flight through an atomic cloud be made. This is not
intended to exclude laboratory studies on the possible effects of the
deposition of insolubdle radicactive purticles in the lung alveoli and
lymph nodes.

2. In the event of future studies of external gammea radiation
dose rate und integrated dose in clouds from weapons up to 30 KT yileld,
it is recommended that consideration be given tn the utilization of
high=speed manned aircraft. The use of manned aircraft would provide
mors accurate data on area and altitude of penetration and tranait time
through the cloud. Such studies may also include evaluation of the
shislding characteristics of the aircraft in the varicus crew positions.
Zspecially attractive advantages of employing manned aircraft are the
increased control, maneuverability and resulting ease of hitting the
cloud, elimination of gromnd control radar facilities, and decreased
probadility of aircraft loss. It would permit utiliszation of a type
of alrcraft suited to extensive instrumsntation and capable of flying

well above 30,000 ft, a combination not available in pmaont drone air-
craft.
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