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FEXPTERIENCE OF AN ACOIDENTAL CONTANINATION

BY RADIOACTIVI NMATERIATL S - PALONARI S

19060

by IDr, INduardo Ramos and Dr., Iisillo lranvo, Division

Nedicine and Protection,

Junta de IKnergia Nuclear, Nadrid, Tnain,

On 17 January, 1960 an avialion accident hapvencd

an in-flizht refueling oneration which caused the loss of

boinber and a lanker of the United Stlates Air Forcc.
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the n.unicivality of Cuevas de Alranzora in the Province

meria, Bile of the planes were =catlered over a wide

rrasponding seuerally lo the area between the ruamicipalilios

Cuevas de Alnanzora and of Vera, and the edge of the )\
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took place ovver the viliage of T’a’lcn"nal’e:s which belongs
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rrancan Sea between Puerto Ney and Villaricoz., Palomares has

about 1200 inhabitanis and is =siluated on the righl bank of the

Almanzora River near ile mouth and the beach., The villare

not, prowperly spoeaking, an urban nucleus bub ie irregularly

is
die-

tributed Lo the rvoint where there are no streete, Groups of hou-

ses ov icolated housce=s are localed at random over an extensive

zone of uneven terrain which is crosred by a road, paths and

innunerable ditches for the irrigaticn of gardens of neighboring

farm=. Tree growth is noor, but in the surrounding vallevs

denressions irrigation farnming is carried on over a wide

and

area.,

The landscarc is desert-like with broken and steen nountains . bet

ween which lie the ulterly dry bede of torrential strean
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e the entire bed of the Almanvora River is dry, Vegectation is

serritronical - dala paln ¢, century wlants, orickly nears,

.

yellow corn, alfalfa, cercals and some orange and lemon

On the Vera side of Paloinares are wide arcas

arca., This zone iz bound on the northeast by the Sierra

rreria and on the northwest by ILas Algarrobinas. The
site Palomarcs is flat ard shallow; the beach, which tis

ms a slight arc freim Punto de! Plio to south of Garruc

mate iz nild, Winters are warm and swirrers rather h

holn
vaks, Cullivated nlants are mn.ainly clin:bing tomaloes, broad beans,

groves,

of {rrignted
lands and orange groves, and toward CGarrucha a seni-dese
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soft sca breezes., Annual rainfall averages 200 L /m2 per year
but s extremely irregularly distributed as it falle in only a few
dayé y, frequently causing overflowing of the dry beds of the Al-
manzora River and various ravines, DPrevailing winds .are from
the cast and southwesl, '

Agricullure is the wealth of the region with tomatoes as
the most tmportant crop at present, followed by broad beans and
"yellow corn., The climale per nits al least two harvest annually.
Offshore fishing is plentiful. Stelllich, cephalopods and various
fish are the most important zpecies and are in grecal demand in
the nation's marketls.

‘ As a result of the aforementioned accident, four thermonu-
clear bombs which were being carried by the 13-52 were thrown
loose, Two fell with their parachutes open and so were found in-
tact, one in the bed of the Almanzora River very near its mouth
and one in the sca. The other two devices could nolt be recupe-
rated intact as theirparachute did not open and the impact set off
the conventional explosive contained in them. The resulling fragmen
tation and oxidation of the uranium and plutcaium sponge which ma
kes up part of the bommb created a cloud of those lwo elemenls,
This cloud was dispersed and blown loward the sea by the strong
prevalling SW.NIZ wind, conlan.inating .an exiensive zonc as il se
ttled out on the ground, plants and buildings. The hottest parls of
this zone were the two impaclt centers : one a semi--desert hill

ART .

1.500 melers EW of the village on altitude-line 72 of Algarroli-

» fn‘

nas Hill; the other in some gardens al the exireine caslern edge

of the village, aboul 200 meters from the nearest houses. In the
inmediate area were found scattered aboul numerous mettalic bomb-
fragments of varying sizes,

A. check on the state of these two devices clearly showed
a contamination problem caused by alpha enntter bul no apprecia_
ble beta or gamina contammahon.

Siteps were inmediately taken which would enable us to de-
termine the existence of a danger of inhalalion of a radioactive clo-
ud which, considering the characteristics of its elements, could jus
tify evacualing part or all of the population of Palomares., Air sam
ples were thus taken in various places in the town :nd in the fields,
especially between the houses near the eastern. inipact area and in
places where the surrounding almosphere was most likely to be
contam.inaled by itne washing of radicactive elements deposited on

the sofl and on plants, DOE ARCHIVER

For this purpose the following equipment was used:

' a)a mobile laboratory of the Medicine and I’rotcctmn Division
a Volkswagen, type 22, equipped by "Friecseke and Hoepiner (I3
langen-Bruck, Germany )” and provided with, among other things
both a portable collector of dusl samples n’-.oclel I"H 422 with an

E)
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aspiration capacity of 30 cubic melers per hour, and a propor
tional counter of incthane gae flux, model 1711 407 A, Power
was supplied by generators located in the back of the van.

b)Staplex portable airisaminplers type TIEF 1 A with a
sampling capacily of approxiinalely 30 cubic meters per hour,
powered by A.C, gencrators, '

Because of ils easy manecuverabilily, the mobile labora-
tory was used to collect air saiuples in various places in the
vicinily of PPalomares and Villaricos and in .other places in a
6 k., radius of aclion. The Staplex air-samplers were situa--
ted in the most siratégic parts of Palomares and in the two im
pact areas, and 30-minule samplings were taken, The position
of the samplers was varied for each test within a 100 meter
radius of action for each sampler,

The measuring of the alpha aclivily of the samples tua-
ken was effected in two parts: the firsl right away in order
to acquire as soon as possible an idea of whether the alpha
activity was much higher than the normal radicactivity caused
by the descendenls of radium and thorium in thiz zone; the g

cond 24 hours laler to delermine the coucentralion in the air
of eniditers with a long half-life,

The readinge shcwed thal the concentralions of alpha-
emitting elements in the surrounding air were not high enough
to be considered dangerous or to justify evacualion., Except in %
places less than 100 meters from the impact areas, in the slrong
SW wind which blew between 3:00 PM and 5:00 PM on 20 Ja-
nuary when no special decontaminatlion measures had yet been
adopted. the contamination value in the air were equal to or less
than hose considered as the maxinum permissible for pluloniumn-
239 by the Inlernational Commission ou Radiclogical Prolection
(Maxirnum charge permitted = 6 x 10”13micro'curios/cm3). In
the abovemenlioned places and special circumnstances, this conta-
mination value was surpassed by only one factor of 100,

DOE ARCHIVES

- there was no problen: of external radiation of persons;

Thesec first findings showed that:

- the biggest problem was possible internal contaminalion of
the inhabilants of IPalomares inmedialely afler the accident
as a resull of breathing in of the radioaclive cloud;

~ possible external contamination of the inhabitants of Palo-~ .
mares, on clothes, skin and hair, could cause subse-

. quent inlernal contamination i#f not eluninaled as quickly as
poseible, Thiz contamination could come from: a) direct
contacl with the radicactive cloud: b) direct contact with

any other possibly contaminated objocls,

bomb fragments, bits of the planes, crops, the ground ors -

—



-- the risk of later inlernal conlamination by inhnlation could
remain conegtant if wind stirred up conlaminated dust and
kept it in the air;

- sgince the harv'esting of some crops was in full swing in
the contaninated areas, fleld workers could ve conlanid-

nated intcrnally and externally; .

- contaniination of the exterior of produce and foods could
causce some inlernal contaminalion in case of ngestion,
although the nature of the existing radioaclive eleimenls
and the consequent slight inlestinal absorptiun.din:iuished
the risk.,

~ besides the inhabilanls of PPalomares and others who we-
re in the \"\Hagu in the moments inmnediately after the accl
dent, the inhabitants of Villaricoes could have been affecled,
as well as the curious came fromn other villages in the re
gion and who crossed the various places where lay, parts
of the planes and of the material they were transporting.
Many persons picked up smail bits and kept them: as sou-
venirs,

- conlaminalion could be spread beyond the affected zone by

contaminaled persons, material and vegetable producls lea-
ving the zone,.

Contaminalion ol persons .

In order lo acquire a basic idea of the possibilily of conta-
mination of the persons in Palomares al the time of the accident,
exiernal contaminalion was determined first on thcse living in the
houses nearest tmpact area number 3 and on those who, while
not inhabiling those houses, were in a corresponding area at the
time. The checks showed fairly unimportanl exlernal contamination
values, the maximuin being aboul 2000 D ,1> .M, /100 cma and being

located mainly on foolwear, lower parls of the trousers and swea-

T ARCHIVES

At the same time the external checks were Yeing made, par-

“ter and jacket sleeves,

tial samples of urine were being taken from the same persons in
order to determine the quantily of alpha emillers in general and of
plutonium 239 in particular which was excreted. Thiz would give
a rapid idea of {he exlent of iuternal contamination, if any. The re
sults of those tests and of the ones made 24 hours later on the sa
me persons showed us that the quantily of plutonium-239 inhaled B
¢ obtained
were below or only slighly above the minimuam which corresponds

represented no immediale serious risk since the value

to the rmaxtinum permissible dose as éstablished Ly the T.¢ .12, 1,
(mmaximum permissible doses 04 microcuries for bone ac a criti-
cal organ and.4 microcurics for the whale organism as a crilical

organ). Alzo Wl.was necessary to take inlo account that the san.-



ples of urine could easily be contan.inated from the immediate
external surroundings, giving a higher or erroneous evaluation
of the inlernal conlamination of the persons in question. This
wag verified by new tests performed on persons who remai-
ned under a rigid check in a complebely' contaminalion-free pla
ce after having been complelely deconlan.inated externally, In
one case in which the person was moved to Madrid ° ecause
of a high contamrination value and placed under daily checks
for ten consecutive days, it was possible to ascertain that his’
dose could nol be over 80% of the maximum permissible dose,
coneidering bone as a critical organ, and thal conseqguently
and considering his age (76), there was no reason for serious
preoccupalion, ‘

Once the external contamination checks wer finished on
those persons who could be considered most affected, external
contaminalion checks were staried and carr'\.ed on almost conli-
nuously for approsimately 16 hours a day on the Civil Guards
who had helped in the contaminated zones and on all the neigh-
bors from’ Palomares, Villaricos and the villages of the region
who had visited the scene of .ne accldenl soon after it took
place.

‘ These examinalions were made for three main reasons:

a) for the tranquilizing psychological effect on the population wTen
shown there was no external contamination.. Unjustified colleciive
panic could have begun vithoul any real basis since complelaly
erroneous informalion was given out for various reasone during
the first days which created a cerlain uneasiness arong the sim
ple pecple of the village.

b) to delect contamination of clothing, <€kin and hair in order lo
set adequate norms of decontamination, if positive, or to colloct
the contaminated articles, if high,

c) to delecl the existence and amount of exterx}al conlamination on
persons in order to determine which ones, even though they we-
re not in a place where they might logically have breathed in the
radioaclive cloud, might have breathed in radialion laler ae

a result of direct contact with the ground,v'egetablb products or
contanidnaled imaterial and so should be tested immediately ,or later

for internal contaminalion, :
DOE ARCHIVES

The first measurings of external contaminalion were taken
on the spot with poriable alpha activity deteclors, model. 2672,
from the Nuclear Chicago Corporation. On the second day two
fixed detection units, type Integratcur Portatif Alpha Beta I,D,A.
B, 2B from Nardeux Co (IFrance) were installed in special quar-
lers in the village and manned by two teains of two technicians
each from the Medicine and Protection bivision. of the Nuclenr 18-

nergy DBoard, .



The results showed no apprecia'ble contan.ination on
the 1950 persons tested; only a emall number showed conta-
mination values of 2000 DPM /100 cnrz and an even smaller
nun.ber of 20,000 D)"I\'/l(jO cm.? on certain parls of their
clothing, this group being the military personnel (Civil Guard)
on guard duty in the most exposed zones, '

The following measures were taken to avoid possible
nev external contamination, reduce the danger of inhalation from
staying in contaminated nlaces and prevent the spread ol conia-
mwination lo area away from those of the accideuti:

a)People were forbidden to enter the cultivated areas of Palo-

mares as long as the contamrinated »ones were not marked off,

b) Interdiction to apvroach and look around the remains of the
planes until they were onroven not contaminated,

c) Blocking of the center of Palomares to curious outeiders
until a low degree of contan:ination or the absence of it
been determined, etc,

d) The vicking of tomatoes and broad beans, which was in full

kg

ewing, was stopved until it was ascertained which ones could

be vicked withoul danger to the vicker and the consunmer,

e} It was forbidden to =end to oulside markets the tomatoes in

etock and which had been picked after January 1i7th untii they

were nroven not contamrinated.,

f) The foods slocked in the village were cheched for contamina-

tion. DOE ARCHWES

) Vehiculees entering and leaving the zone were cheched.
= = =

Contamination of lands, vegetable products, water and houses

——— K

As soon as the remains of the two thermoniclear bombs
were located, work began lo determine the extension and degree
of contarcination in the soil, cultivated and wild plants, water re-
servoirs and houses in the village. For that purpose, once the
geographical situation of the two impact areas and the distribution
of bits of the planes were studied, a rapid field insvection was
started to measure insolated alpha activity in the soil in order to
get a general idea of the problem: and organize the work of deli-
miling all contaminated areas.,Consequently, the Palomares area
was divided into three zones, two corresponding to the urpact
arcas and which we shall call zones two and uhiree, and the
third, called zone five, corresponding to the town, which was
between the impact arcas, and which we nre‘dicted. would
b fairly well protected because of the wind direction al the
woment of the accident, In areas two and three, measuring
of superficial radiation was begun at the zé&ro points of Lmpact
and covered 260 degrees of the surrounding land, The measu-

rings were taken along radial axes 15 degreces apart, and soil




and vegetation were tested every 25 meters until about 100
melers beyond the point where the reading was zero., Thus
was a "zero line" defined. which was marked off by red flags
to facilite quick and easy general recognition.

Once the zero line was fixed, the quanlitative value of
the contan.ination was determined more carefully on each of the
marked-off parcels of cultivated land and on the crops in then..
The same proceedure was followed on non-cultivated lands and
on the wild vegetalion and hills in the contaminated zones to es-
tablish lines of contanination of more than 710,000 DPN/100
omz (500 micrograms of Pu 239/m2), those between 710,000
"and 7100, and those below 7100 in order lto proceced in each
zouc according to the principles of treatment which were esta-
blished and which will be menlioned below ., These zones could
no! be eslabliched precisely because of the difficullies inherent
in alpha activity detection in almost completely irregular terrain
which is partly covered by rocks of widely varying sizes and
by cullivated or wild vegetation, Thus radioaclive parlicles we-
re irregularly deposiled, especially near the zero centers of

s

iinpact where there were isolaled spc's where sn.all bomb fra

oz

ments showed activity of over 4 x 10 DPM. These were

{

-
ic-

ven special attention because of the risk that they could be pic

o)

ked up in the future by natives of the region, completely una-
ware of llie danger, when there was no conirol or protection.

To determine the exislence and degree of contamina-
tion in area 5, the urban nucleus of Falomares, the arca was
divided into four 90 degree sectors with the cinema as the cen-
ter. Four tean.s of three persons each proceeded to examine
the seclors, marking them off in 5§ meler squares similar to the
method used in prospecting for uranitic minerals, The investiga-
tion included streets, gardens, open spaceés and cullivated areas
between the houses, ponds, irrigation ditlches, vegetation and
houses. In all houses and especially those nearest areas where
contamination was noted, the teams tesled outside walls, roofs
windows and embrasures., They also explored the interior of
those houses whose inhabilants had kep! bits of wreckage and
of those nearest the impaclt centers, and their food stocks as

well, . DOE ARCHIVES

To measure superficial contamination, portable propor-
tional counters with narrow windows were used, model PAC.IS
from the Eberline Co. and model 2672 from the Nuclear Chica-
go Corp: Our experience has showen that even though the coun
lers produce excellent resulls in laboratory work, their use in B
the fleld presenls serious drawbacks because the physical charac
teristics of alpha radiation practically oblige the surface contact
of the detector with the delected, This results in Irequent conta-

minalion of the detector and, especially, perforation of the prolec




tive film of the probe by contacl wilh pebbles, needles and
emall branches, elc., which pern.its light to enter and thus
renders the appardtus useless for n.easuring until the film iz
repaired or replaced, which causes great difficultic.s, That,
together with the hunpossibility of detecling in a single measu-
ring the ax;):oun{ of contamination on surfaces grealer than 60
and 80 cu.” respectively, the uneven distribution of the radioac
tive deposits and the irrcgularitiecs fof the terrain made the fi-
xation” of alpha aclivity levels in the zone enormously laborious
and slow. Therefore we fecel that manufacturers of radiation
detection equipment should be -interested in solving this problem,
ecpecially for detection of plutontuin and alpla emillers of sin.i-
lar dxicity.

The need for personnel specialized in the use of ra-
diation detection apparatuses and measuring was very satizfac
torily filled by safety personne!l in the Nuclear Iinergy Board
installations . In the field, the personnel of the Seclion of Pro
specling fo., Uranitic Minerals, adapled to oulside work and
trained in radiowetric skelches and manipulation of scintillation
deleclors of zanm.e radiation, was rapidly trained end fully cons
cious of its responsibilit v and the tmportance of the task,

To determine the contamination of certain vegetable pro

ducte picked previously, of preserved foeds, of

certain places
in the houses, ecle., smears were frequently made with filter
paper and measured in the proportional counler of flux in the

mobile laboralory from the Nuclear Iinergy Board.

Jecsides the measurings of superficial alpha aclivity
with the portable apparaluses mentioned, samples of soil and
vegelable products were sent to the laboratoriecs of the Medici-
ne and Protection Division of the Nuclear IEnergy Board in or
der Lo have a more exact measure of the contamination values
although the liice required for it did nol pernil us to use the

L.aboratories in the emergency phase, DOE ARCHWES

The result of all this work was the conclusion that
an arca of approximately 220 hectares was contaminaled by
alpha eniiters, of which 2.2 heclarcs showed contamination of
more than 700,000 Dl"M/cma, corresponding to the vicinilies
of the lmmpact areas (1_.6 heclares in zone 2 and 6 hectares in
zone 3). Roughly 17 heclares were conlaminaled to a degree
of hetween 700.000 and 70,000 DIPN/100 eni?, and the remain-
der, some 207 hecltares, showed contaicination of less than
70.000 DPA/100 cm? although more than half of this area was
below 7000 DIPAI/ 100 C.mg. Thére are no habitually occapicd
houses in the maximum cowaminalion arcas, and n.ost of the
cenler of Palomarecs is in the minimum zone or oulside the, ze-
ro line. Only six houses were contaminated by moce than 7000

'
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DIPM/100 eni ,and that mainly in scaltered parts of roofs,out-
"gide walls and window moldings, andoin no case were the valu_
es greater than 20.000 DPM/100 cm.”,

Water samples taken from ponds throughout all the zo-
nes were lested for alpha aclivilty in the n.obile laboraltory and
latler sent to our J .19 . N, laboratories: they shcwed concentra-
tions of about 109 nicrocurics/ml. Samples of sea water, ta-
ken in differenl places and at different depths and tested for plu
tonium aclivity, were likewise negative, as were samples offish
sent to Madrid for analysis.

«@ We should indicate that the conlaniinalion registered on
vegelable produclts was normally less than thal found in the
soil, except for alfalfa fields, and thal because of the density
of its vegetlation, The radioinelric map of zone 2 gives an idea
of such a stalenmient i one just observes the values oblained re
ferring to counis per minute, messured wilh a PAC-IZ delec-
tor of a 50% measuring efliciency and an effeclive curface of
60 cm?,

Now, once the contaninaled zone was deluniled, a fur-
ther area 4-5 kms wide around the zero line was tested and
ascertained clean, except for the NJZ part where a strip of me
diumn conlandnalion, a prolougation of zone 3, was found'bc-hh‘.:d
the hills which border the river bed, 3 kins from the zero lines
This area, quile rocky, showed alpha activity of less than
14,000 DI°N\/100 cm?,

Decontan.ination

Because of the extension and characteristice of the con
taniination, the mnost serious problemrm was thal of decontamination
of the land to a point where there existed absolutely no risk to
a future population which, throughoul ite life and for generatlions
to come, and not because of war, could be endanjercd by in-
ternal radialion from an eleinent which is considered at present
one of raximum radio-toxicily., Decause of the circumsiances
surrounding the contaminaled zone, we could not think of adop-
ting measures sinilar to emergency war neasures, field opera
tions or experiments which peruil levels of superficial residue
equal to or higher than those accepted in laboralories working
with the same lype of radioactive elements even though condi-
lions and exposure times would beg enlirely different for the peo

ple involved,
DOE ARCHIVES

Therefore, becauv=e the area was inhabited and culliva-
ted, it was considered that very draslic nieasures should be ta-
ken since the norn generally recommended when dealing with
a civilian ponulation is to din nish Ly 1/10 the mwaxiintin perni-

geible exposvres, Tt had to be kept in mind that the life expse-
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ltancy of the population was 75 years, that there was liltle in

lercouse with lhe exterior, that local conditions could influen-
ce the natlural rhylthm of digsipation and that in case of conta-
wination of food products, the problem of ingestion would con
tinue as long as the producls existed and-could nol be unde-

restunated, '

As a conseyquence of these consideration, of the re-
sults of previous experiments to delermine the possibilily of
creation of a plutonium cloud and its content by starting from
that spread over the surface of the land, of the characleris-
tics of its irobility in the soil, plant absorplion and absorption
‘and inhalalion by persons and animals, i was decided to ca-
rry out lhe following operations;

a) Collecling cullivated and wild vegetable products
which showed a surface contamination greater than 700 PPN/
100 c:ma, considering themn as radicactive residues which must
be chécked and transfered to a final depository,

b) IXliminalion of Inyer of soll § cims deep in arecas whe

re surface contaminalion was grealern than 200.000 DIPM/ 100 .
e, replacing il with well-ferlilized earth from non-contaiina-
ted zones. The soil removed was considered as radioactive
residue which had to be moved o a controlled and completely
sure final depocsitory, ¥
c) Walering, plo‘u’;ing 30 c¢me deep, removing debris,
raking, mixing and walering again of all lands showing centa-
mination between 200,000 and 7000 DDIPNM/100 em? in order
to eliminale contaminaling plutoniumn from the surface and so
dilute it in the soil thal it could not cause any sanilary problems

in the fulure,

d) Watering of and removing debris from cullivated lands
having less surface contaminalion than 7000 DPMN/100 cm? to
make radioaclive particles penetrate into the soil, dilute them
and eliminate the possibllily of their blowing away.

e) Washing of trees and bushes to eliminate conlamina-
tion - from their leaves and trunks, and uprooling thoze showing

o

high activily and not responding satisfactorily lo decontan.ination

operalions, ‘ ‘ . DOE ARCHIVES

f) Hosing down with detergents of the houses where
conlan:ination was found, and if it did not drop lo zero to a ve-
ry low level, swall residual zones were either chipped away
‘and elirninated or painted over to fix the contamination. '

Before these decontan.ination operalions were underta-
ken, the mosl radicactive bowmb fragmoents were leocated and
picked up because they were big enoush to be seen. This

was effected by 50-incn tearms who secarched all of the ficlds

e ——




advancing in line and one neter anart, investigatineg the vlants and
elin inaling vraclically all aluha enitting elenients which were not
denosiled as falloul. These men. like all those who assisled in the
‘remainder of the contaniination onerations, were supnlied with her-
melically sealed ecuile, bools, gloves, capes and maskes, They were
decontan inated and issucd nesw clothing after each shift, tested =o
they would not carry away the slichtest external contaniination and
rigidly checked for internal contaniinalion by urine san vles.

Because of the extrenely dry climate of the Province of
Almeria, and in order to avoid the slightest dhance of devosited
aloha-emilling particles being susvended in the air, the deposite
were al first fixed with mineral oil in and around the snall cra-
ters where the contarrination was greatest, and by abundanl wa-
lering in other places where contanination was lower and the
characteristice of the terrain and the slight cultivation favored the
blowing and suspension of dust, and which was not necessary for
future tilling.

Because of the nature of the crops which had to be collec
ted, there were no machines available to cul or uvrool their, so
it wae necessary to resort to the use of persone who first pulled
uv the slakes of the climbing tomatoes and then, supplied with sick-
les and vrolected by adequate equinmrent, cut and grouped the crops,
Later, the reducing of the volume of the contairinated stakes cau-
csed greal problem’s which were solved by using chopoing machines
siniilar to those uced for culling scugar cane. o

The large nuirber of century vlants and borickly vears gro-
wing near the wero noint of zone 3 had to be uvrooted in order to
eliniinate the rmany highly conlaminaled fragments which were between
their leaves and which would have been impossible o renmovy seva-
rately., : DOE ARC

In order to rerxrove the layer of soil previously menlioned
without forming a radioactive dust cloud, the ground was thoroughly
wet down by tank-trucks before and after being piled up by a bullde
zer, The =oil was loaded onto snecially adanted trucks under spe-
cial energency conditions, The contarrinated soil and vegetables we-
re tranesporied to a terrporary devot in the  mmore isoclated zone 2 by
a fleet of trucks fitted with hermelic drums which vwrevented loss and
scattering on the way. They were unloaded under a curtain of wa-
ter to prevent dust, The resulting heans of earth were first waldred
cor.\tinuously, then fixed by mineral oil and covered by firmly-atiached
nylon canvases. Once the contarminaled’ soil was remwoved from zone
-2, a pit was dug to reduce the voluire of the huge quantity ~f green
vegetable products which had been collected., Then the vegeta bles we

re broucht in the special trucks, crushed by bulldozer or iracltore,
and covered with quicklire to destroy the organic alter, IMowever,

thi=s treatment was less succesrsful than hoped, wverhavs because of

the short time of contact availlable.




To prevenl additional contan.ination of the trucks, the chassis,

wheels, elc, were deconlaninated as the trucke left an area that

wasg being decontaminated or the depol area. IFor this purvose two
intermediale zones were prevared and manned by teams equipped
with powered nun:ns which shol a delergent and water solulion,

mainly an IKDTA-based compound,

The plowing, crumbling, removal of debris and mixing of
the soil of the cullivated fields was accomnlished with tractors which
were normally equipped for the work and rented from the farmers.
The same farn.ers carried out these operalions, provived with ade-
quate proteclion equipirent, and were comvletely deconlaninated af-

terwarde., Once the deconlamnination work wae finished, checks of
the land showed us thal the desired result had been obtained. Fin-
ce whal really was accomplished by the first plowing was an inver
sion of actlive surface soill and inaclive lowor soil, it could be thal
later plowings could return the active soil lo the surface. A repe-
tition of nornal tilling under the same conditions vroved that the

roll remained in the same stale, perhape more homogeneous and
better n.ixed, and this coniributed to the dilution of exisling radicac-
tive clen.ents and the reduclion of the risk of resuspension of ra-
diocactive dusl, T'he theoretical factor of dilution achieved was appro
ximately 4.2 x 107,

Treecs, bushes and houses were treated by washing withf wa
ter under high presure from opumwvs liled on lank-irucks, Houschold
cleaning equipment wae sometiine used on certain varts of the hou-
see, Once the nertinent decontarrination overations were finished in
each of the varcels, zones, elc,, tearrs and equinment similar lo
those used to delimit the contaniinated areas tested anew the surfa-
ce alpha acltivily of every parcel of the cultivated zone. If countami-
nation greater than 220 DIPN /100 cn.2 were noted, another treal-
nment would be nade; otherwise the parcel would be returned to
its owner along with a certificate stating that the land was in per-
fecl condition to be worked again, and this was done.

Final deposit of radiocactive residucs POE ARCHIVES

IFor the final denosit of all the radioactive residues which
were foreseen, it was thought necessary to dig nits and bury then:,
These pits would have to meet several indispensable requisites
- which would assure indefinitely the impoesibility of diffusion or esca-
pe of the radioactive elerrents contained therein and their peneiralion
into the human biological cycle through water, food chain, ete. A
site for the vils wvwas chosen in zone 2 which-had the advantages of
being nearby and offering maximur security as teectified by geoloyui-
cal sludies wade by svecialized personnel. The only drawback was
its geogranrhical situation on the Nediterranean bell which borderse
the alpine rise of the Andalusian Cordillera where there are 'many.

sceienidic move:ents.,
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IBul when the technical studies and those concerning the
~design, maleriale to be uced and construction of the nile were
finished, it was decided to transvort the residues in question to
the United States where they would be buried in thé final devo-
sitory arca of the favannah River Plant. Because of the diffi-
culties that the- transport und burial of the residues entailed, it
was-decided to pack ther in iron drums of about 220 liter capa
city. After testing the strength of the loaded drums and their
tops, pervendicular metallic bands were placed to treinforce the
tops encircling the drums tangentally, This made them safe,

The previousgly darmpened =oil was shoveled into drums,
and a series of rollers was used which considerably eased nmo-
ving the drums to each successive spol where an operation was

—

performed. Greal attenlion was pald to external contamrination
checks and decontamination if positive, The transport and. ship-
ment operations went smoothly,

Conclusions

From the exverience acauired on this occasion which
we believe to be unique uv till now, we have deduced the follo-
wing: '
1) Ae one of ue has already exposed al the Conference ol this
e

neva, it ie evident thal, in vecidents in schich
?* 4 B

Organization in Ge

nuclear risks are great, governmental Nuclear linergy Conuni-
ssion must advisce and direct the overalions since the technical
oroblems encountered are comnlex enough to require highly epe
cialized installations, equibment and wersonnel,

2) An accident of this sort imvlies a ceries of aspects of pro-
tection -~ sanitary, vsychological, strategic, economic, enginee-
ring,and even legal - which require the existence of a union of
-various tyves of efforts and the application of measures so united
as to form a logistical nlan of adequate equipn:ent and personnel
for rapid use in all of the operations related to accidental radioac-

tive contamination. : DOE ARCHIVES

2) It is necessary to inculcate in peonle of every walk of life the
idea thal radioactivity is not uniquely and exclusively leagued with
thalt of maximum danger of our times and with the monstiruous
effects of nuclear and thermmonuclear explosions. Distintions must -
be made belween the tynes of radioactivily, causes that can modi-
'ty the danger, forins of protection,. etec, Therefore we fecl that

it would be of greal inlerest to oublish articles of popularization to
familiarize the entire population with the immense risk of uncontro-
Ned use of radicactive irotones and nuclear arms; to show that
from the beginning of the nuclear era many effort= have been ta-
ken to investigale the mechanism of radiation and its biological

effects, the causes that can converl potential dancer intd real dan-




Dr, Kinani stated that the figures he had

‘tion, and that no pathological changes had been observed to dale

ger to man, wmethods and equipment of control, methods and me-
ans of analysis to enable us lo give an owninion on the amount of
one or several radioactive élements that have caused internal con
tamination, the dose of radiation from them, and the.consequent
risk to the individual, The arlicles would also state whal doses
of radiation can be allowed under abnormal circumstances or chort
veriods of time; the existence of scientifically calculated valuese of
maxiynumn permissible doses of radiation and maxircumn permissible
concentralions in air, wealer and foods, and whal thal represents
as far as we know today. The arlicles would furthermore nole
that since life has existed, all living beinge have been subjected
to a detericined dose of natural radialion that is not peculiar to
nuclear bombs, reactore and the equinment and materials lhat
men who are dedicated to the invesligalion and applicalion of nu-
clear power handle in mosl counlries of the world and which are
conlribuling lo raise the level of human existence, .

Discussion

Dr., Kinani{Syria) afier thanking the sneaker, wished to

poinl out thal the figures given in the course of the lecture, such
as 7000 d.p.rm., 20,000 d.p.m. rreant little without knowing the

‘comnutors geometry emvloyed to count and measure radiocactivity

of soil or vegelables such as tomatoes or beans, Would the svea-

ker specify on the tyove of counter and avparatus cmployed o count

X

»
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and measure radiocaclive contamination to which he had referred “in
the course of this very interesting vaper. Dr, Iranzo in replyv to
given in resvect of conta-
mination had been expressed in terms of dizsintegration per minute
per 100 cm: which took into account the various criteria of the
counters used, such as efficiené:y, effective contact surface elc, so
as to obiain and formulate dala which may easily be compared lo
the maximum permissible values of surface contairinatlion established
by vaTious national and international organizalions for the protection
against radiation, The only case where contaniination values had
been expressed in counts per minule referred to the radiometric
plan of zone No.2 where the resullts exvressed pertained to soil
and vegetation. le had specified that the measurements had been
taken with the PAC-IS counter with an average efficiency of 50%

a.1'1d surface efficiency of 60 cn:2, DOE ARCHIVES

Mr, Levine (U, ,A.), asked whether any illnesses due

to radicactivity had been discovered either ininediately or since.

)'. ~ -~ . . 1
Dr. d€ los Tantos (Spain) renlied that there had been no pro-
blem>of organic lesions duve to the .happily sarall arcount of radia-
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