A\

']
s

3
e

2.2 lLaboratory IMaailities

2.,3

ywgandsation was not ‘the haome (‘h(‘:\\\‘lin\““‘“(

’\i‘;\e
J gponsoring ’ fhas ‘
iy :‘\ ‘::\‘“ "’,("\\‘F“‘ his home eatabl ishment i shown in brackets,
(5} ¢ : 4
) tralia at expen ne 1
b a. 1 l“'l‘\“".l\l Ll‘ ,\l“\ 1| o

On atudy leave in B :
of United Kingdom Departments.

Dre A Thempacn, War Offico (Univeraity of Birmingham), Joinea
. 8 o A e (59 S

the sreup for approximately 3 weeks.

in Maralinga

A Radiobiologieal Arvea (RB) was provided in Maralinga ocomprising,
30 x 70 £t (approximtely)

RBY Laboratory Blook 4 o
l.zblabémﬁorios, pounting roam, dark=room, balance
room, office and changing facilities.

RB2 Mortuary and Dirty Leboratory 16 x 18 ft.

16 x 36 f't.

RB3 Animal House
12 » 10 &%,

RB4 Foed Store
Wired enclosure 100 x 25 yd to protect experimental

animale and herbage from dingoes.

The area was designed by AWRE to meet the Group's requirements,
rumen by

These arran

Eleotronio equipment was installed and maintained by the Nuclear Inst
gements proved highly

Section, Health Physios Division, AWRE,
satisfactory = the sole cause of serious difficulty w

of' permanent laboratory facilities,

a8 the non-completion

Labour
Throughout the operation and especially in the first month, the
The causes of this were:-

Group suffered from severe labour shortage.

(a) Incomplete state of RB Area,

(b) Incamplete state of sites for exposure of dumies
animals and other targets at Round 1, 4

(o) e Group did not include any junior staff for general

duties,

(d) The military task force was smalle
, ra extendec
g v nd more extended

The completion of the RB Area and the target sites would have been

.:mpoasible
Af'ter Round 2 the RAF provided assistant labeur,

without the aid of volunteer officers from the Indoctrince Force,

=10=
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o s niad
roup is discussed.
blast on goats, rabbits ang ,.
Iessuzzajfz?;::t:fappear to be attributable o n'ti:e
i;ve phase of the blast wave,
dynami dummries in the open, ang 1
st on human plag )
3. The c eff'ec‘b: °f.'p$1a1ts and structures, Were assessed. It g
in vehicles and other equl 1y reduced by being prone on tihe e

concluded that the hazard was great
glass and plate glass were €Xamineq,
hattered at 6800 £t but not at

Surmzary
i G
1, The general organization of the

2, The hydrostatic p
were investigated; no S5p
long dur=ztion of the posi

L4, The effects of blast on window
Glass in standard window frames was 5

11700 'L,
5, Medical supplies were exposed in the open to assess the extent or

damage fram blast, heat and ionizing radiations,

cF i s Sty | Por Stbration Pirposes Spectrommer
pure elements were also exposed,
e b,

deposition and contamination per unit area to be assessed.
10% of the fallout from Roung 1

9. Five to ten miles from ground zero 5 to
was found to be soluble in water followed by dilute carrier solutions of
the corresponding figure for Round 2 was 20 - 30%, In the order of

er solutions at pHl,

PH7;
50% of the activity for Round 2 was soluble in buff
est concentration of fissim

10, Radiocautographic studies showed that the high
prcducts on plants occurred in re-entrant angles such as the sheathing leaftess
of grasses, Evidence was obtained that Round 2 fallout passed into solutim

when rzin fell on leaves,

11, Fission products collected in aircraft filters
were obtained for research in the Unitea Kingdom,

s> and contaminated soil,

12, Eleven wethers, one goat and three ewes were use2 in experiments to
study the metabolism of fission products by ;razing animals, Representative

tissues were assayed,

13, Rabbits, both shot in the fiela anc fed with fission products in the

lzboratory, were dissected and assayed,

-2-
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FOREWORD

This report has been compiled b
RAMO y Dr¢ R. Soott Russell and Lt. Col,
g B, QxoCk, » from data produced shortly after the ocampletion of the
firing programme at Maralinga, It is dissued as advanoce information and
does not necessarily represent the final view of the Trinls Director.

The investigations on blast effeots were carried out on Round 1, with
some supplementary investigations on Round 3. The investigations on fallout
were carried out on Rounds 1 and 2, Round 1 was exploded on a tower at
20 kilotons. Local conditions at the time of firing were: temperature

local time on 4th October, 1956, Loecal conditions were: temperature 70°F,
relative humidity 357, Round 3 was dropped from a Valiant bamber to burst

humidity 18%. Both Rounds 2 and 3 were low yield explosions

E. R, Drake Seager,
Target Response Co-ordinators

Maralinga,
October, 1956,
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1700 hcurs local time on 27th Septenber, 1956, and produced a yield of about
70°F, relative humidity 16%. Round 2 was exploded at ground level at 1630 hours

very accurately several hundred feet above ground zero at 1530 hours local time
on 11th October, 1956, Local conditions were: temperature 75°F, relative

avkt ot . e

L

g A o e . Ay



btained by the b
im R ort results O on

1. Soope of Inte : majordty o.fh:h:fter the return of iy My

L he

mon fore in the main ooy p, ey
ssssnmenl Gy peVATEL e BTl evoup and op 44 tg
Og‘hfe oompletegom‘ f I"’E Objectgded as a general in‘frOdu}f
oRis King tion reg ;
to the Uni:eodf the Organizﬂ ma r_?ein whiCh detﬂ_iled mslllts 'wlll 'b.bi.on
= s:f.:lenzthods SHP:;{: c;f the 1€po
gon ent P
to the subsegqu
pmsented.

rou
2 Organization of the GIoup
. p and Composition

2,1 Sponsorshi

d investigations which e
L S falo Biologic

The folloving deparfidiy. o "y the Buf g

included in the programmé

Committee: -

Council
dical Research {
1?11;: f;ricultum Research Council

Office i
TZ}?: ng‘jlstr; of Agriculture, Fisheries and Food,

Te
al Sub.

of experimental ppns
the progremme demanded the use . animalg 4
provision ff%n foeoal hfrbagge and the exa.m:matior} of nat:we.vegetatlon’ s The
Australian collaboration was essen'bla.l.. This was provideq mainly thl‘ough
the Commonwealth Scientific and Industrial

Research Organizatiop (CsIR)
The Principal advisers in Australia were: - '

Dr, F, R, G, White, Chie
Professor J, G, Wood,

of the South Australian Committee of CSIRO,

Mr.. H, R. Marston, FRS, Chief of CSIRO Division of

B:Lochenustry and General Nutrition,

ll;rofessor ) 1_?. Donalg, Universi’cy of Adelaige

: ;ijjsor Go W, Ermens, University of Sydney :

. 5iﬁ§z§npa§kgam’ Teghnical Secretary of CSI.[RO

; Ot ?.ochemstry, €onsolidated the gyom !

ol ments in Australig, This s

in the three onths berq g

4 most time~c sumin
e the trial % é

f Executive Officer, CSIRD.

University of Adelaide ang Chairman
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SUE i

T i e
he Ccmposition cp the group is shc

LLBLE 1

"n in Table 1.

Sas Al
position of Tarpget Response Biology Group

Neme

Sponsoring Dept. (Note 1)

Dutics

Dr. R. Scott Russell

r Dr. W.J.H. Butterfielg

Lt, Col. J.C., Crook

Dr, D.W.,Ho Barnes

Professor P,L. Krohn

Mr, J, McGregor

Major E.G, Hardy

Dr, H.J.H. Bowen
Mr. W.H.A. Raymond
Dr. C, Hunter

Australian Component
Mr. I. G. Jarrett

Mr, B."J. Potter

Mr, J.V. Possingham

Mr. P, Dunn

Mr, N, Ford
| Mr. G. Sharman

ARC (University of
Oxford)

War Office (MRC)

MRC (RAMC)

MRC

Wer Office (University
of Birmingham)

War Office (University
of Birmingham)

War Office (RAMC)

ARC (AERE)
MRC

Canadian DRB
representative

Parent Establishment
CSIRO

CSIRO
CSIRO (Note 2)
Dept, of Supply

CSIRO ;
University of Adelaide

)

Group Leader -
fallout studies on
soil and herbage,

Deptuy Leader -~

effects of blast, co-
ordination of experi-
ments with animels,

Administrative Officer -
exposure of medical and
food targets.,

Metabolism of fission
products by animals,

Effects of hydrostatic
pressure fram blast on
an.j.'mals.

Effects of hydrostatic
pressure from blast on
animals,

Effects of hydrostatic
pressure from blast on
animals and effects of
blast on human durmies,

Radiochemist.
Radiochemist,

Metabolism of fission
products by animals.,

Supervision of
experimental animals,

Supexrvision of
experirental animols.

Fellout duties on soil
and herbagc.
Radiochemist.

Intermediate survey
based on Emu.

~G-
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1 s=bour RN i daadbtedly B

lsbour problems, TS %0 & dly suffered in consequence of these

everything within its ‘Dowe; & € emphasized that the Trisls Headgquarters did

R o assist ; U SRR T

rescurces were strained to thej 1’_‘52‘""‘3"9 Group despite the fact that its
eir limit,

2.4 Transport

Seci e -
cientific work un

Except in % -
S the first month of the trial the Group had the transport
Events proved that the requirement

it had requested in the United Kingdom
507 larger allocation would have been more suitable,

was underestimated ang g
The final sentence s
nee of Section 2.3 applies to this question also.

2.5 Allocation of Group Effort

Attenti s
o) pasks X :1;_1; I:;;:t be d:u:ected‘to the large effort which was necessary
(oce Sce tmioumaln Eeana 5 lr_expc?sure sites for the blast experiment on Round 1
the problem, The ef maintain them, Repeated postponements aggravated
effects of such exertions on other scientific duties were

é‘emapontzzn?ael ;onsa.d;lllable. Problems of this type are to be expected at
i ePerent par';:s o tlig emphasize the need for the relative priorities of
I el . PI‘OgI‘aHme.be:.ng decided in advance, The importance
ing was not fully appreciated prior to the trial,

s General Nature of Scientific Programme
The selection of the programme of the Group was guided by the principle

th.?.t atten‘f:ic‘m should be confined to questions of importance fram the view-
point of civil defence or the operation of the Services which could not he

adequately assessed by investigations under more normal leboratory conditions.

The +asks undertaken can be classified under the following headings:-

Effects of hydrostatic pressures from blast on animals.,

(2)
()
(e)

(a)
Hydrostatic Effect of Blast cn Animals
L.1 Animals were set out in cages sheltered by walls at the sites

Effect of blast on humen dummies and glass,

Medical and food targets.

Hazards due to fallout.

L,

skown in Teble 2 prior to Round 1.
hot the animals were recoverec as rapidly as circumstences

After the s
permitted, and autopsied.

L.



o S
Goats
| Goats |
5]
; 1400 3
105 ! 1360 3
10k 1500 4
105 1750 3
106 1950 ¥
107 2100 3
108 2520 =
109 2606 3
110 3252 _
111 3652 &
112 6020 -
113 8516 o
114 17050
k.2 A preliminary assessment of the results has been prepared by
Professor Krohn,
The animels were exposed to 2 greater or less extent to the i‘c)llm,‘._-,_ng
hazards:—
(2) Burming from heat flash
This factor was almost entirely eliminated by the design of
earth walls in frant of each site. None of the animals
suffered from skin burns, On the other hand there were
indications from the condition of the windpipe that some anim)g )
at near-in sites may have inhzaled very hot air or toxic Vapour y
(b) ZIonizing radiations

Film badges were placed at various positions at ea
-- 2 ch of th
sites, Many records cculd not be read accurately becauseeof

over-exposure, The doses behind the shielding at some sites
:rere greater than 10000 r: death was nevertheless not
‘fstantam;cus but occurred in about 2 - L hours There w2s
Es:m;n m:zmcvsmﬂ@tm‘b of neutron irradiation: the monit:);;lg
iaiueeﬂms > auring post-mortem revealed a possibility of

¢ actavity at least in the blood and faeces

-12-



(©) Diepiaceneny

The Cxpoa
5 . 2 (e
were gubdozzog‘".éﬁ: usua].l;{ Withstooa the stresecs to which the-
0 the cages Yeois i::ﬁ‘?e of the methods of Sccuring the cr.tm,}:f;}/'-'
therefon © Tare ang i élequate, Injuries from dieplacement were
ook place only when the dcox catch failea,

| None op the
:, any sign oo i‘;‘;mui}u Which remainea Vithin their cages showed,
‘ dias shoak P €8, FEarlier experience at Foulness with
short £y sihe hag Suggested that 4 an animal had even g
the evens tﬁe%gi.:t:hich to move injury might be severe, 1In
s . » Which had mogt Toom, were as unharmed 28 the

|
| (a) Direct effects on blast

(i1 That the actual pressures will be proved to be at the

Predicted levels,
(1ii) That the blast wave from Round 1 had the same sharply
rising front that is characteristic of ordinary shock

waves,
Studies of Effects of the Blast Wave in Displacing Man

5.1 Introduction
The blast wave from atomic explosions could injure man by;~

(a) Rupturing viscera (cf Section L),

i t parts of the
isplacement effects, either bet\yeen differen Y
4 'E:gfr 0o, dislocat:itons) or bodily (e,ge., collisions),

A%




S

e

o 2

o
£ £+he presene
The purpose OF *7=__— o ed

i na InVoL
and physiological phenamen=

blast wave,
5.5 Methods

(2) Thirty human dummie

s were exposed
- o tation
to the weapon. [Each oriemi3

was displayed at 5 o,

jsions, in military temms, L8 g,

11isz -+3 yarious items of mlltaz-y .
with e

cles and eartiworxks,

mt co

b) To survey subsegquent 7
£ were exposed in csf:fhi_ﬁc"""n 5
equipment - guns, tanks, vehi

5.4 Apparatus

4 g mble men ballistically, The
Gummy were designed to resemb
weight anda?:ntres o?egravity of the vua.gm;(s‘llirb;{s—’:g;mk and head were all
appropriate for a 6 ft man weighing 174 1b (127 sto

They were dressed in uniform since clothing mi‘%.ttze}r;;eis b:he drap
coefficient of men exposed to the blast wave and be@use. = e en repg ey
that clothing was torn away by the blast wave from survivors in Japan,

The instrumentation of the dummies was undertaken by the Tarpet
Response Instrumentaticn Group. Some dummies coniained accelerometers in the
chest, Attenpts were also made to follow the movement of the dummies by
high-speed cinematography, Displacement was 2lso measured from 4 in, nailg
driven into the ground at the starting points,

5.5 Design of the Experiments

(2) Thirty dummies were exposed alcne, that is, without reference
to guns, vehicles, etc, at the fallowing sites: -

(i) Standing at 6000, 3900, 3110, 2650 ang 2390 ft,
(ii) Crouching at 3900, 3110, 2650, 2390 ang 2200 ft

icated, the aurmi i
the weapon and sideways on . g es being

(b) Forty-eight qumms =
i urmes we e . . k. 2
Squipment as £0l1ows:- Posed 1n emnjunctien With army




(viis) 4 dummies were
(da)yey dummies were o

(%4) dummies were e
5.6 Results

€Xposed in Scout cars,
€Xposeqd 4in Landrovers,
€Xposed in 3-ton vehicles,

fielg . 5. €Xposeq in conjunction with 25-pr

€Xxposed in eonjunction with GKN guns,

PR €Xposed in ¢ sunction with L70 1light
a.ntlalrcraft gun;q? 4 ‘ &8

Xposed in medium machine=gun pits,

Xposed in shelters, steel s large,

Xposed in the Leman firing Ppositions,

Ranges, ft

Posture, Orientation to Weapon, and Displacenent

-

.

1840
2050
2200
2390

2650
3110
3900
6000

!

20

16
10
3

Prone Crouching Standing
| Facing Sideways Facing Sideways Facing Sideway:\
42 66 - - -
2 . 5 69 ~ o oy
2 20 545 39 -
3 8 16 18 S
1 2L 2 . 30
< = 6 9 16
_ = 1 3 i
£ £ - - 2

0

-15-



% F 4 ¢
le
2o ted yort Yenges \ 5000 £T).
B & ey Jg T nt (8¢
aispt= — :ﬁ‘i in the S:ﬁ:’t&:'g_ i evs
severely & ch were deliberately ts\:jg
V ree Gpmmies welIT o DitSs Lt +hose in th= Detier -
et N :.c.&if:‘f“fm:—t :?.zzz}‘??’ms were relatively Unha,, +n
cnfevcurably > piring posit g fc
c:"-ag-'ﬁ"ed uE o 5 of exposure, clothing =
= I —ng
-on about effects > :
Desailed :::fcr:aﬁbntei JatcTe
e =
11 be pre
j = H B8 =

ete.,
5.7 Discussion those exposed directly g5 4
{;ic-}n for - would have been sws%&
Sericus ss serge was singed oypt o 5%

Battle dre th whs o

q%

nge of y-radiz
e e S 3" heed
Ths, mOS sericus injury ang e%n%

=
TRty f
N N i 2k ux g O
:i;fei;:“c‘f;?e;tner effects of the weapons ¢ . C
= flash of the explosion wituy
i as mechanical mgumfs Suben.
Y—raﬁiatian a short tHime l{a&ir‘
xngm g

For those exposed directly tf.eﬁlgazﬂe ed

1000 yd, displacement effects must be e
""-“sei’an flashburns 2nd E&"tﬁl__:—:!?;f blast displacement injuries e
e 3 pt obviate the possibility ¢ . coun the idea that
'W # .‘:xes’n.u' DB'YJ—;;: two points must be made to dt:eJ:l be ref’era‘:'r
oy “m‘vfs’: fies such as those conducted here could or 2 -<
glsglfm,. smae:i i—t there is the possibility of ’bli.st effects from
doamed _pilsfi-L e e In such an event, blast effects
el . & derist boymd e
compars t ght be occluded by buildings op the :

t Aiffiat )

to

iztion 3 and the heat flash mi aded
:jatr;_;:hcgeﬂlm:mﬁ Jf’e;‘;_r_ with bombs of naminal size, it is no
iragine meny situstions where persans mlght be screened, _€ven at short Tonges,
from gamme radiation and the heat flash emitted in the first stage of the
explesion, yet subsequently suf
Situztions could@ arise from the
the arrival of the blast wave, a
inanim=tie dummies;  deductiors about the exact effect of
DPerscns based cn experiments usi dumries are therefore fraught with
xactitudes and difficultie

It is hard 4o envisage many Persomnel being unhamed by displacement
700 y3 (2000 ft) of Round 1,  Persons in tanks
dbably be the only

€ffects of blast within 600 5
and those in trenches bmaisidc—-cn tc

€xceptions, Beycna

%8 Conclusions
\

the blast waye in certsin
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ﬂle blast W&v
may injure man, R doai, b ;
Flying glass from bSuch displaceg obj on cantdn.splace ob

af'ter the attacks Oz‘cgten wi

anexp

apan,

6.2 Object of Present Study

X i to study the mechani
, flying glass and to assess the ra.ngaer of this g

6.3 First Experiment

' 6.3.1 Methods

domestic window and polished plate, were
ass fragmentation boxes (manufactured
boxes of F in. galvanized mild steel,
glass Samples at one end and telephone directories

= rovide a simple method of
determining the depth of penetration of fracments,

Twelve fragmentation boxes with window glass and 12 with
plate glass sam;gles were displayed at each of 5 sites. The ranges of
the sites were 3, 1%, 3, 6 and 10 miles from GZ, and at each site equal
nurbers of targets were set facing GZ, side-on to it, and away from it,

6.3.2 Results
No polished plate glass samples were broken,

i the small areas of
It was appreciated at the outset that
late glass exposed in no way represented sl:xop VYZLI:ldOWS and theiei;:}re
- ve no indication of hazards to civilians in cities, The pla gl%css
‘v%:s included to study effects of glass thickness and texture on resistance

to blast,.
g%




i1c 000 f£t) was Window
L L and 3 out of

3
ard site (Z
inr the weapons,
oS fac;:;tshattemd. Fragments pene.
Their weight and depth of

Only at the fo?‘w
&lass broken. All 4 replica
side-on and facing-away replicates,
trated all the telephone directories.
Peénetration are being assessed.

6.4 Second Experiment
d series of experiments was to

Gediter] Object
The object of the secon i nted in non-distortionable
a esilon those of window panes

investigate the fragmentation of gl :
boxes used earlier,

frames under conditions more nearly Sj?;]ézn
in houses than obtained in the fragmen

6.4.2 Method
Four 8 ft cubed wooden packing casgs weg;eseglz.ictea a;gd
i ove und
windows let into one side wall, cge;ﬁ:rec:i g. oitf:-ames S i
Three windOw panes on

reachislg el wf E f‘m11n the tog. e i
ix 11% in. hi 17z in. wide win °

B ;igel::em glia’zegzwith wire-reinforced plate g{‘asséofi";sogei‘enzgeeg

side with domestic window glass. 24 telephone direc

to the inside of the wall facing the windows.

The 4 boxes were exposed with the windows f;.drlg ‘:he explosioy
of Round 3 at distances bracketing the damage medon aliunre".s sAfter_
wards these distances were found to have experience 1?e 3130 ;tuze. e
corresponding to the following distances from Round 1: Sl O £t
6800 ft; and 11700 ft.

6.5 Results
The closest display (3100 ft)was wrecked (see Figure 1),
»

The telephone directories were destroyed and scattered about

(a)
in the immediate vicinity and no glass fragments were detecteq
However careful search revealed glass
i

in the remains,

fragments impaled in the remains of the wooden wall originall

facing the window, and glass fragments, mostly of estimateq -

weight less than 1 g, scattered over an elliptical area of

1000 yd.? It was concluded that similar effects on more than

6 window panes, as would arise in city streets, would Probably

result with the atmosphere being filled tempcrarily with well
t-moving glass fragments, It was also possible

h buildings with

dispersed fas
to envisage that glass fragments from hig
to a considerable depth

many windows might fill the streets

with fine fragments,

(b)  The seccnd display 4200 £t (see Figure 2) was less severely
demaged, with the outer walls collapsing, Close examination
revealed glass splinters embedded in the wall facing the

window,  The telephone directories had been torn from their

P



Original Positio
ns; man
Presumably, but pot certy showed surface excoriations,

gnents were alsil?cz% i Sta d glass fragments,

of nearly 1000 ¥d% about this

tered over an elliptical area
site,

The +thi 5
W@%ﬁ%ﬁx%s%g ft, was found to have been moved
;eazsundistorted: y’I‘heel.gi:itfbvo The steel window frames
s we ;
ool mrinfsgittgmd (see Figure 3) but, though split, none
Mg 'Gce Bga rced plate glass was dislodged., The floor
it Wwith glass.fragmen‘bs. Two glass splinters were
v € enbedded in the telephone directories
5 equalg:m L)s  The floor Space was therefore divided into
B el %liare areas and the glass fragments in each swept
distribci -lected for assay of particle size and shape, The
TR uticn of glz}ss markings on the wall was counted and
o ed.a.nd the directories were examined and the depth of
Penetration of fragments recorded,

(4) 111'26 é'Ougtl;l display, 11700 ft suffered no damage, nor did
aroy Ss fragmentation boxes remaining from the first
experiment,

The results from all displays were in agreement with those
obtained from Round 1,

6.6 Discussion

The results cbtained at Site No. 3, exposed at an equivalent of
6800 ft from Round 1, showed that, for each pane of domestic glass broken,
100 fragments crossed the 8 ft cube and lodged fimmly in the wooden wall or
excoriated a telephone directory opposite. This suggests that, under the
circumstances of the present test, at least some of the 100 fragments per
pane of glass might injure the exposed skin of an occupant of the rooms
standing anywhere within a fairly wide arc of the window, Again, from the
findings of the directory study, it would seem that about one fragment in .
five, or some 20% of glass broken, would have sufficient energy and properties
of laceration to penetrate most indcor garments and inflict injury through

them, In this particular test, two fragments would have ~aused serious
injury had they struck a person.

6.7 Conclusions

Two points emerge from the present studies. First, the wide area

i displays., Second,
of dispersal (1000 yd?) of glass fragments at the forward .
the digpersa.l( fragment characteristics and penetrating properties of the
second displa;;r at an equivalent range of 6800 ft from a weapon of approximately

20 kiloton yield.

- These resul :
that occasion at 3000 £t from ground zero 4 out of k4 sli

]G

be compared with the findings after Round 1.
R s, ghtly smaller



L brgkﬁ‘n, . n
g % . explosdon wﬁ?f. 3 slightly f]":r €T Windowsg weri%%
window panes faocing tg;un S out it ¥ of 6800 . r%’i
were broken. After dis ; 4 X
to be ul:attx::rul at an equivalen® ass fragmentation Tepresen,
4y shows that Sce evasive action, or wy  ts g
The present stu ywho do not t somparable to those fon i‘lg.lve N
hazard for peracns i“fggr:om, at mngegnge for hazard from flying agh,
1‘ protected goﬂﬁgg";‘s were loosé, the ;"he deduction is clea_x:: stepsgsass
urning. b 8 p flash-buznins- heir breakage by rattling or g h°l1
would exceed that o Prevﬂnt t. (ln,m‘Q
be taken to fix windows and 1y remain before the hazargg £ lhg‘ cox
bviously cy; the present Tom
Many investigations ObPV< accuracy; e :
ciated with 80 & o) merely serve to sho?v:pi}?’ﬁnta
e

flying glass can be appre a putty (unpain
12

with new glass in month-ol
problems,
t and Radiats
ts of BlaSt- I:Ie._a ation |
7.  An Investigation into the Ef::g Water otexrilizing Tablets o -
War Office Medical Supplies —— :
&

7.1 Introduction ;
s ioeniigubon ma dosigd do b0 & ooltion or y |
investigation carried out on & previous trisl Tn AITHIOR to testin,
similar equipment at closer ranges, it was B e hiainn Scurzedltlonal
equipment and items supplied from Australian o s,

7.2 Supplies Tested
The British medical supplies to be tested consisted of..

(a) Regimental Medical Panniers complete with contents,
These consist of a wooden box Contﬁlﬁng

(b) Burns Boxes. : :
special burns dressings in polythene C?Vering, oileq
silk hand envelopes in Cellophane packing, Penicilliy -

distilled water.
These are special light-weight

(c) Jablo Transfusion Boxes.
Each boy

cork covered boxes for transfusion bottles,
contained 8 bottles of dried plasma Specially supplieg
from the Lister Institute and L4 bottles of saline,

(a)  Special samples of tetanus toxoid, tetanus antitoxin
prenicillin, aureonwc:.i.n and sulphonamide power, Tne’se
samples were packed in the Regimental Medical Pamniers,

The Australian Medical Supplies to be tested consisted of:=

(a) Sgﬁmegts.l Medical Panniers packed with a miscellaneous
€ction of drugs, instruments, ang dressings,

e T



(b) Paper pa

The 33
—_— Cangz:x_m Medical Syrmisa .
conTaiming narcotics - other- TorrJeS consiste
na - 1’.,&: s.

7.3 Location of Sarples

{

One sarmple of each 3
290 £t item was placed at e £ four sites at
P G e L ATS0 TV el BIRPTE reatEE  eh e e Eh 4
They were placed abcugz 50 o =3 by similar samples on 2 previcus E“‘Tt?h
Y meditsl 'eswemydwthe left ofthe.:ﬂnmaﬁleaiingt:—(;;mea
o sitesupphwas e Te placed on the surface of the groun R
ed with pegs for subsequent jdentification (Figure 5).

-
&
1 g

In aaio -
each were placed :vﬁnéoiﬂiilifeasflﬁ} e tair R Ay S R
envelopes, and the Australian senmﬁ’diagem-ms e g s e

Control ¥ =
well outside +the ﬁsamp €s of.all items exposed were a2lso placed cn the ground

7+l Assessment of Neutron-Induced Activity

;n oz.'der to assess various neutron-induced activities of samples,
the following items were placed in a cardboard box in the underground Sron
chests at the food exposure sites R 106, 108, 113 and 115 at distances
1050 ft, 1200 ft, 1640 ft and 1790 £t from GZ respectively.

(2) One bottle of saline,
() One bottle of dried plasma,

(e) One bottle of plasma reconstituted with saline,
(a) One army water bottle containing distilled water.

(e) One army water bottle cantaining water sterilized by a
water sterilizing tablet followed by a thiosulphate tablet,
One tin containing bottles of water sterilizing tablets

(£)
and thiosulphate tablets,

(¢)  One Australian serum package.

7.5 Exposure and Recovery

The items to be exposed were placed in position on 11th Septem‘t?er
and remeined there until firing on 27th September and subsequent collection
on 28th September at D + 15 hours and 1st October at D + }y days.

i




ns before firing in 5 3
note any effects of 'Che‘ o

e e ocCaSio
They were J’-—“‘TPC‘:"tcg1 32 ;:::{)Cd and t©
shey g " -]
ensure that they had not been R
weather on the itemSe ¢ the food S € Secty,
- jtoms & initial asses 0
dical make an ini Sment 2
After fixdng, fu‘:(_c“rgls in order to of k)
were the first to be rec ey
their neutron-induced L arod of medical equipm?nt W;:. made g
items tographs in the field d been tal
ho ge aista_nces of dlsplacement of Er\.
ed, as far as was the

of the other
R Rter acme preliminazy Pigty
made then co‘lleot

essment was subsequen't detiljled

D + 4 days, afte
A rapid ground ass re
jtems measured. All the items ;vgtive store for
practicable, and removed to an
examination. s %
ion and thorough photigri%”fm’ e
After examination Avstrall :
were sent back to the United Kin 1:“;“ ,,thlasma, tetan\}o;htox01<?, Zet:inus
The samp a_na sulph‘-’nmd_e whi survaived, bogether
to the UK.

quarters, or the RCAF. ;
antitoxin, penicillin, aureomycin el
with cantrol samples were also sen

i‘ﬁ‘teIE St

7.6 Results
. it has again been showy
; into any details, : that
i Zﬁ:hggt:%:ingnd Australian medical panniers are robusg
They both survived at the outemc?st site 8
(1730 £t) the British pannge, .
t the Australian pannier wag :

containers, E
(2390 £t). At the nextts1§e
was completely burned out, du - z
practicilly intacte At the two 1nner sites both types of
pannier sustained severe damage .

Ontent Y

(b) The Burns Boxes were destroyed at all sites and their ¢
scattered, They did, however, protect their contents from
heat flash and the dressings, though scattered, were 1&t‘ge1y

undamaged at the two outermost sites,
quipment surviveg

(c) The boxes containing Jable Transfusion e
the heat and blast damage at the two outer sites
bottles within were mostly broken, The boxes Wéx:u geE}-ée
at the two imner sites, and no contents were found, T

The Canadian bandoliers were destroyed at all sites

(d)
Pen, the bottles of saline

(e) Of those items exposed in the o
sites, but the caps were
: mostly damage¢
Tings of the burns dressings we:r?er bum%ei%‘f &'ihe

Polythene cove
ssings blown away,

all sites and the ane
The fustralian
; Sérum pack .
at all sites packages, cr their co
» and showed varyin contents, were recoversd
g degrees of damaa
nage,

-2



b i i i
( ) Neutron-m&lcei aCthl't
D

(1) 1t
ems e
XPosed on the grotnd

.{L)

> the a ;
Shaa . Dru mount of activi :
aczz{lty in itiallygsbintdtzo‘btles showed thznh?;’;hiesienmg
and ruy L e activi 7 :
D + 22 gays 22;: activity becmZV;ZLraj? idly decayed and
activity, aln samples of rubber sﬁc?vgaiflg .fé; ¢
highes

5 I t iB nOte WO [‘t hlr tha ‘t no ra d] oa ct] ve contama na 't’_] on ()‘f
f . .
7 t ; Py s Py

(448 Items
i €xposed underground at the food sites

Of these, liqui

) d pla s
S ey quid plasma and saline sh 3
stei‘:i’.ll.gzi’ followed by dry plasma zngwi%et:eat?{‘ghest
diSSOIVed)g :in‘cé thiosulphate tablets (both dry and
T g hihat order, For all these samples the
I‘adioactivé Zo ch from c:iecay curves appeared to be due to
Efter Tianys: dium, repidly decayed and were negligible

. 8, An Investigation into t
FoodstufTs he Effects of Neutron and Gamma Irradiation upon

8.1 Introduction

The object of this experiment was to de i i
: termine if food exposed to
y -rays and neutrons from an atomic explosion, but protected from hﬁi‘c and
bla:st damage, ?vould.'b.e rendered unsuitable for human consumption by virtue
. of induced radioactivity, changes in texture or taste, or impaired technical

qualitye
8,2 Methods

Six cartons of foodstuffs, 2 ft cubed and weighing 170 1b each, were

sent for investigation. They contained tins and packages of a large variety
e 3 £t cubed iron chests

of foods., Four of these cartons were placed in th
at distances of 1050 ft, 1200 ft, 1640 £t

at RM Sites 106, 108, 113 and 5.
and 1790 ft from GZ respectively. The two other cartons were placed in
similar iron chests at sites well out of the target area as controls.

k (approximately 1 in,) walls and lids, and
that the 1id was level with, or just below,
sed they were covered with

nts from heat and blast

The iron chests had thic

were buried 3 ft in the ground SO
the surface of the ground. When the 1lids were clo
one laycr of sandbags in order to protect the conte

damage (Figure 6 and 7).
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. authomtlez cold Stomge Snould
tralidl o on and S R
AU Al 8‘8_’]_6 when Wa.n‘teg, =L '::LL‘LW&S
ilal . iately. is
5 b it was not :Z: sites immed Was
not be subgjec 5 7 expO g
3 e >questede at the €72 arriVv
Socidsd o place the fo*‘;froog:ys aftene s with the £00d at one g4
done on September 7th, cmeter Plaoggund 4 was fired. 75 Wag
Fibigt] thexrmn when
: r
e 3 ¥il 27th Septenbe
was read periodica. PEed ey BT Aiman accurate
s o O
e RismE e R ments, In Orgf]: tspecial y and neutrgy,
Gamma and neutron ﬁ:—%ood :;:tfooc’is'tuffs at each of the o
measure of these mdiitgoﬁtglthe centre of
indicators were inserte y
exposure sites, 1t was decj_dedt‘;gat ;ligzt?aq of
ol . ms w:\_th
chemicalS foodstuffs R
: = otivities Of ‘thi to measure the actlntles‘of
measuring the neutron induced + would be bette elements chosen are I'elatlvﬂy
its attendant difficulties), i elements. The s—section. The f°110"7ing
certain spectrographically pure tron capture CrOSPTEE g . m and sulphur,
abundant in foods and of high neﬁosphoms, zinc, tlné.s B e e 1o
6 elements were used: sodium, P in the various 0O .
The composition of these elements 9 S
ntrols, had inser © it
5. They were placed in

Spectroscopically pure

One
Each carton to be tested, and th

uI'ed.
sample of each of the 6 chemicals to zi I}I;i?s
special isotope cans and were known welg

D + 15 p
. were recovercd on p e b At i Ours‘. -
They were gﬁughf %;);ic; atrot O&Se Decontamination Area m;zrsirzzzzm‘:e?ioil‘;i: o;apld '
initial monitoring in order to establish the gross m moved and given to tpe
food, etc, Theyand neutron indicators were then re }
Radiological Measurements Group for assessment.

The spectrographically pure elements were then.ana.lysed and COUIl’_Ced.
An initial ccunt for all elements at all sites was done in epder ito establish D
the relative levels of activity at each site. The decay curves for those

elements which showed satisfactory levels of activity at Site RM 106 were
studied,

Further studies were also made on t

he gross activities of tins ang
samples of foodstuffs at 5-day intervals,

_ to Adelaide on 19th October for further
tests to be carried out by the Department of Trade, The level of activity
in the food at Site RM 106 was Judged to be quite safe: it was 8 counts/sec
for tinned gooas, The levels at other sites were markedly less
~ L

8.3 Results

(2) Gomma Measurements
; ne ——5  The analyses
exposed in the Feeq boxes showythatoz :}l}ie}]ﬁ

=2l

-I.'adiation dosimeters
ding factor of 10 to
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8.4 The Exposure of Czreals Ripe for Harvest

20 w ¥
R et gty
chest troduceg bY the

= Cante

s "Ghe e 3
arth ang the &3
Sandbags, . Pockage, the in

Spectro
Yographs
;hese have xiallv PUre chems
isteq in to be Worke:imlcals‘ The final
3 : Ou.t) bu a ms\ilts on

3.' can already be
o howed the hi
‘h“:!‘f.-liv ¢ highest initim activities
2 vle s

slowly ang’ &lthough not
& after. of very high inits
chemicals, Itrw:.swz-il'c Firaee %};gﬁ?il ST7els deomyed

11 significantly high attes 5 aoek
weeks,

Sulphur s
= > _tdn and calecium sh
Sites 106 ang 108 owed only sli ght activit e G
A ¥, €ven a

Neutron-induced 3
activities of ti
and of tins of f ; :
degrepzcl;?ges were selected and masumd?oa,ligi.m‘{mou§ s
(over 1000a§$t:§ wa.; ¥ in many samples at ally s?t?a;gh
3 seéc), This high initial e
;‘:Plgg g.ixd reached low levels after a week.acnn'rhl?i ii?y?d
probably related to the sodium content of the foods. =

After a week the activit
t vity of samples decayed more sl
v;oa.st}glerea’?est in the tinned foods, It seems that ?.‘coyv?s: aaii
- tins or metal containers and not due to the foodstuffs
as it was of equal level for several tins of different contents

at any one site,

Of all :thc_a items examined soap showed the highest activity.
Its activity decayed rapidly however, and again it is probable
that sodium was responsible,

request tha
ship between deposition
the extent to which fission

The importance of cereals

the Ministry of Agriculture,
t ripe cereals should be exposed to fallout so that the relation-

Ripe
filled with sand,
assembly resenbled a crop

as a staple food in time of war prompted

Fisheries and Food of the United Kingdom to

d be determined and

and contamination of the ears coul
g could be assessed.

products are removed in millin

wheat ears on stalks 9 in, long were stood upright in boxes
the ears being placed at 5 in, intervals, From obove the
mature for harvest, Bcxes were exposed to Rounds 1

-25-
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from ground Zero, 7
yes in Round 2 to 5 dehree
was sent to the ARC El‘eg

srom 5 ©° a
zound 1 ﬁ? produce
xannnatlon-

and 2 at distances ranginé
boxes were c:cm1:£u:"-in$ﬁt':'d,:m :on
satisfactory for iﬂVﬁ‘Stlgatlgo,;,Pton for ©
Radiobiological LaboratoXys Lltin from Fallout

>S
9. Investigations tO Assess Hogard® e

9.1 Objects of Investd atioh d Agricult
.cal an gricu ure Re
he Medl Scarcy

f t
jecte

Councils centercd on

The prinoipal objectives were: =
i he fission pr

what fraction ?f t products

ate :urf‘ace is likely to lodge on he-'f‘baggeposite

d by grazing on Se Whioh 4 )

extent to which the physical £ o

(b)  To determine the y
follout modifies its piological availability,
(c) To determine whether unidentified fission productg
accurulated in the tissucs of animals to an cxtent o.r?
consider them in the assesgp Whi e
olic accumulation of fallouints of
°

makes it necessary to

hazard due to the metab
9.1,2 These topics were selectcd in view of the following

9.1.1 The interests ©
this sub

(a) To estim
on the ground
may be consume

circumstances: -
(a) Free i i
rec-grazing animals are particularly liable :

(:if’e:Ls§1on products because of the Wideyareasl;rto lngest
s Srl::ve foc;d. 13 1I.Whi0h accumlates in the thom v,vhlch the
s e SRR TGir, Done axe & i
accumulation GER R eRee from the viewpoint %o e
Th and these substances are of metabay s

us the food chain: - secreted into milillc

contaminated herbage —» cow - milk h
= human inf
ant

(i) The
. D betw :
and the ingestion of :Ielgnije_pOSltion Per unit
S areq



gcti
ePositag o0 Of
eqg thc,
Q on edi’ble gzpési-teé £isss
Toa 3 1on Dros

, The nat 5 ge, oducts
v) dens
The . 1ty or
I, dtx oM Of the

metaboly g pontion fallout whg
Sm by " on heIaD “hlch >
&nimals b

" (b ape &
& ) Altho-ugh ’31 I i b\lb &180 1
Causesg of ha.z, Sr ang ° o

af 2
. affect not
S Subscquent

P €n obtaj he ¢
Ort~liveg fiszﬂ_:gidpafter Previou?ii‘fi :

vary e
arious tissyes roducts may pe

. (a) Boxes approximatel 23
Ioljum perenne (e e m) in surface area were planted with
Trye grass) and Trifoljum ripens (white clover)
9 months before the trial so that a close sward similar to a
Eurorean pasture resulted (see Figure 8), These boxes were
to be exposed in the fallout area side by side with sticky
paper f’allou‘t absorbers, which would measure the deposition
per u{ut area, and cotton gauze sheets backed with plastic
sheeting, which would provide additional data on total deposi-
tion and also material for a study of the physical fomm of
fallout. The deposition on the herbage could be studied and

the herbage could also be used to feed animals,

Because of the special digestive habits of ruminonts they
ble experimental animals, Sheep were chosen
ransport and to maintain at

loyed in the greater part
be constructed to contain
faeces could be collected

(v)

alone were suita
as being easier than cattle to t
Maralinga. Wethers were to be emp
of the work. Metabolism pens could

them in such a monner that urine and

v -
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a considerable wind sheéar 1 short of t part of the programme wasg
fal lications- ted in aj_rcraf‘t filters by the
lec

fallout per unit area %0 227
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of bad weather caused 1
of the animals - in particular
rogramme became possible due to

for the work became unsatisfactory.
An addition to the ongulalluspto e oo
taminated herbage and materialg fron

a small number of rabbits being Ssurp
They were fed with con

(Section 4).
air filters,
9.2,2 Surveys of Local Florc and Fauna

Since the ensurance of safety in Australia is an obvioys
vegetation

responsibility of the Trials Organization the contamination of
This work fell into two parts

carried out conjointly

of the type consumed by sheep was studied.
on Em approximately

- collections at sites within reach of Maralinga,
with the herbage box programme, and a survey based
100 miles distant (the Intermedinte Survey),
Rabbits were also collecte] af'te
; r both Rounds 1 g 2
asS . . . m.l %
2y of their organs provided information on the pattern of distribri}tlion
i » however, neither

of fission products between dit‘ferent organs
& ®
S lmOWTl these ﬂ&t& are of

the time of feeding nor the Quantity incested we



imited value; it is hoped, nes,
1imited Va- s €rtheless, +; o
for designing future 1aboratory inves‘tiga%io?last they My serye Heng

Al gaged the greater part of ;
three chemists in the Qigesty : % of the time of
fission products fop ol g on of tissues ang chemical separation of

> weeks, M6 liquid Gei
> o ger-Muller count
employed, Under these conditions they provea considerably 1e:ss§§§-

factory than iS_the normal experience in laboratories where small animals
r ef'ficiency, capable of holding larger
w:.‘{:h large animals, Furthermcre the

obtain decay curves is
not be adequately handled despite long

The considerable supe

riority of a y-spectrometer for man;
burposes was demonstrated for

the examination of the content of thyroigds.

With regard to the assay of herbage samples a different problem
arises. The deposition of replicate samples is highly varisble and the
subdivision of very large samples to eliminate variability is @ifficult by
virtue of the ease with which superficial contamination is detached. The
Nuclear Instruments Section, AWRE, produced a very satisfactory solution to
this problem by providing an anthracene B-scintillation counter with a
crystal lattice approximately 6 in, square and an efficiency of up to 30%.
Samples of herbage weighing 1 to 10 g contained in poZ.Lythene bags could be
rapidly assayed. The effects of variation§ 7y :E)OSltLOIl were fgund to be
small in relation to sampling errors, Calibration and correction for
self-absorption could be satisfactorily carried out.

9.2,4 Organization of Intermediate Survey

This survey, which was based on Emu, was undertaken to cbtain
samples of herbage ooi";elated with sticky papers 100 - 2002m:_'l.e;W from
ground Zero. It was intended to operate on Rc?unds fesandy 2, e ooon-
biologists each with a 4 x 4 Commer truck carried out the v}vzr 1:1.n - g
junction with the Australian Radiation Detection Unit, Tre plan wa

follows: -

i iri i to be placed at mile
Prior to eacgh firing sticky papers were 1 )
e intervals along 200 miles of road radiating from Emu:

NW (Giles Road) 40 miles .
SE (Mabel Creek Road) 100 miles
S (Maralinga Rond)60 miles,

e
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9.3 Deposition of Fallout
rk with herbage and soil, sheep -
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great or greater after regeneration tﬁgnp?r' t weight of tissue wes as

made for the decay of radioactivity Initially, when allowance
X 9 An o anle was
whether this was due to superficial contamin ?rg?ca‘::giuieziz mde.teg de“%mine
carried up by

regenerating tissues or to its absorption,

9.4 Ingestion of Fission Products by Sheep

The programme of the sheep feeding experiment is set out in Table L.
Times of feeding and sacrifice were varied so that informtion could be
obtained on the metabolism both of short-lived activities and of those of
relatively long half-iife, To obtain information on the retention of activity
in the rumen two animals were compared of which one was fed through an abomasal

fistula.
The total activity was determined in all samples and in most cases

v s N
decay rates were also followed, Chemicol sepa ation was undertoken with

the tissues of higher activity.
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mel Feeding Exporimente

T ——==Cing Exporimente

F + 25 hours

.."
AR
AR Uy
EEEE Loy
gile ESR T
8%‘ a e
© d 29
8B Bia
£ £ 4

\E: .(a\"

,
be
T

osATe®
wend

<
SeT3T3

F + 73 hours D2 TP
and Do3’ D42 ap ‘\
Method of extract
feeding Natural Mixed
with ¥ Tistual Byfedetie Mixed with Mixed with feed
feed abonaan f;—i: ‘&nn': in
Activity at yten
feeding 0:5-5,0 mc Figure not
time yet ~ 1.0 mo 10 me 0.5 m
available
Time before 129 hour: 10
'S
saorifice days 3 days \ 1 W\ 5 days | 7-8 days \8 dlyn\5 d\n\z.
Comment on Eaten well Li
feeding o f::l:“ Administered without difficulty | Paper poorly | Pilter papers poor:
o fomr eaten, eaten and discrimin-
Extract taken| ated against in
/ overnight feeding
Sample Re Jeoted
disposal and no Tyroids
(see Note 1) semples T&D T&D TAD
Blood T&D T T taken T T T&D |7 Offspring: -
Urine T&D T&D T&D T&D ™ & ™&S ™M&S|{T&D Grey T&D T&D T&D
Thyroid T&D ™ & S T&D T&D ™ & ™&Ss T &S!IT™M&S {Brown T&D
Kidney T&D T&D T&D T&D Té& T&D T&D |T&D
Liver ™ & S T&D T&D T&D T& T&D ™&S|T&D
Bone T T T&D T&D ™ & T&D T&D |T&D Bones
Skin T&D Parent
T&D T
Musole T&D T T T i Offspring -
Rumen T&D T Ly T&D by T&D |T&D Grey T&D T
Small :
intestine T&D T I T&D 'l'&g ;il‘)) '.'E!il; Brom T&D
Faeoes T&D T&D T&D T&D T & s
Tapeworm T e A miais) 3n T

1, Key to sample disposal
Counts per gram of tissue determined.
D = Radioactive decay followed.

8 = Chemical separation performed.

The goat was wea
values are shown
of fepring, which were

ning twins, hence separate
for the parent and the two
distinguished by their colour.
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ar Wall from Window
(see gection 6)

Figure 4 - Splinters in Re
Panes Shown in Figure 2
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Pigure 6 - Food Box in Iron Chest (see Section 8)
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Figure 10 - Metabolism Pens Showing Method of

Collecting Urine (see Section 9)
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