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- &

An aerial accident on January 17, 1966, cver the Palomares  Alme

riaj regicn, caused four thermonuciear bombs to be dropped, resulting .n
fractionation of wwo of them and igniticen of part of thelr core compongnts.

ry

‘he zerocscl created by this accident contaminated £2£ hectares of cultiva-

ted =z

g unimproved calcarecus-silicic land.

rs

Soil samples from some chosen parcels were sampled fifteen years after the

accldent to study the geochemical distribution of plutonium and americium,
The soil in each ¢f the parcels of land has been divided into nine paris in
order o analyze the distribution of actinides from particles of less than
S microns to those of more than 1 mm in size, with the maximum build-up
falling between €3 and £50 microns. In each of these divisions studies
have been made of the checmical and mineral composition of the soil, ard

-

been determined that the minerals

througn radibgrapdxc techniques it he
most responsible for actinide retention are iron oxides, carbonates anc
philliosilicates.

In addition, studies were made to determine the electrochemical potential
and chemical composition of equilibrium waters obtained by maceration ci
scils from each parcel. Values for these potentials are between 7.6 and
8.4 for pH, between 312 and 344 nV for Eh and between 484 and 2500 puS for
conductivity. The salinity usually found is partially conditioned by the

brackish waters used for irrigation.
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L. INTRCDUCTIO:

On January 17, .t

aviation accident <ook place “ing a supply

flight over the Palomares space in the municipality cf Zuevas de Alman-—

zora, province of Almeria. This accident resulted in f ~hermonuclear

bombs being dropped; two ¢f them had parachutes and were intact,

.over

(0

one in the dry riverbed ¢ the mouth ¢f the Almanzora River, the other in

the sea., . The other two bormbs fell without parachutes and suffere

2d fragmen

tation of fissionable fuel wit g tion of part of it. The resulting
tation of fissionable fuel ith ignition of part of it he resulting

aerosol was carried by the wind and contaminatced, to differing degrees, an

oy

area of 226 hectares comprising brushlands, Tarmland and urban areas. Most

of the urban area was not contaminated.
Figure 1 shows the contaminated r

oglrons de2fined accerding o the de-

of superficial alpha contamination measured immediately after the

dent.

In places where superficial alpha contamination reacred values ex-
-

>
L. . - -l - . . .
ceeding 1.2 MBg x m 7, the surface layer was removed to a depth of appro-

ximately L0 cm. This layer of soil and contaminated vegetation was provi-
sicnally deposited in a site near impact number 2, packed .n steel drums

and later sent to the United States as radicactive wastes. The rest of the
contaminated regicn used for agriculture was watered and picwed to a depth

=]

cf approximately 30 cm in order to diluze the contaminated soil with clean

soil and thus reduce the concentration of radicnuclides cn the surface.

This report deals with the studies that have been made to determine

levels of correlation e between Pu- + Pu=-240 and Am-241 concen-

o+

tration and the granulome? mineralogical and chemical composition of

the soil. These aspects are important f evaluating the risks attending

disper

ion of such contaminants through atme heric re-suspension, erosion

and hydrological movement.



LOGY OF ZAMPLING AND ALALYS

Sampling

Ihe samples used in this,study were taken Irom parcels 2-0, 2-2, 2-1,

and ¢

3. Their location is indicated in Figure 1.

rarcels J-2, and 5-3B are usually cultivated; parcel 2-0 has

been under cultivation for only one year. Parce 3B is situated outside

the area that was initially contaminated.

B

The samples were taken in 1981 from regular points distributed along

diagonals on a squared area (50 x %0 m) of eacn parcel, te a depth cf 19

cm.,

-

<

2. Analyses

Analyses were made of aliquote parts obtain through splitting dry

samples by means of a Centrifugal Sample Divider.

-

2,2.1. Granulometry

onic separaticn.

The samples were subjected to maceration and ultr:
From each sample, eight size fractions were obtained with the following

size intervals: E;ICKK)Eﬁﬁﬁwikwu}dm}AUJ»Sfﬁlum_

Fractional division of = 63 um particles, ‘ter leaching with water

1ing according to

Py

>ver a mesh of a prescribed size, was carried out by

NLT 104/72 standards (1).

sh Rema' air

> d by the "Hrio

Particles <|53‘um in size were ‘ractionat

- . B - - I
classyifier; mean density was considered to be 7’ gm/em”,

Granulometric distribution of components <5 um in size was found witl
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TL I marticle counter.

methodolegy was used to determine the

Cakioitle erLoLum

egence of Am—-241 was measured oy analysis

The

through .:w-energy photon spectrometry with intrinsi

=

REPREIH

[ -~

“he -

54,
5

samples

using sil

acld extr

DOWEX AG-

(50«1200 me

idue

resin eluazte

yield i: ition of Pu-236 as a tracer.

in

alogical Composition

The ~:neralogical analysis was carried out through

and X.R diffraction. The second technigue was used to analy

granulcretr=ic fractions. The quantitative analysis of
B N

was based on the intensity of the most important reflectior

the intens:%ies, I, represents arbitrary units, being 100 the value o

for the nighest reflection intensity in the diffe

tions.

>, Autoradiographi

They were obtained on plastic,

germar

arement of Pu-239 and Pu-240 was carried cut

on block semiconductor detectors. The process

on with 1M HF and 12 N HNO_, separation cf
O

olved in HCl and ammonium oxa.ate.

miLeresc

type CR-39 (oxydi-2,

naex fad

w1l

samples

nlum detectars.,

the same

were provicusly used for measuring Am-241, by alpha spectrometry
calls Tor prior
plutonium with
resin, and electrodeposit of the evaporated

The chemical

cach ol the

mineral speciles

The value of

oo
PO

ent granulometric frac-

l-ethanedyl di-2-



of

prepenyl ciester of carbonic acid), zlaced over “nin polished s

the

ranuicretrie fractions during Inys.

. Chem:

Compesition and Physico-chemical Parameters

The cationic and anionic macroconstituents were determined on solid
sample and in water obtained from maceration and leaching of each of the

"y,
e

ae

fad

samples. echniques used were: Emission spectrometry with plasma

SOUIC ionic cromatography and specific ion electrode, <urbidimetry, (-8

analy

and fluorimetry.

Thie

pH and conductivity were determined from scil eluztriatz.on

waters,

ULTS AND I

240 24
P

- 3 . _— . N 241
The results of the activity concentration of Pu + u and Am

in the granulcmetric fractions corresponding to the soil of the selected

parce and their co lation with the mineralogic and chemical composition

of those soils are disc

sed in the {ollowing paragraphs.

1. Pu and Am concent: ion

238,

Table I shows the concentration and the activity ratios of Fu o+

240

241

- dan s . -~ K \ w ) - “ CEE

Pu and Am in each of the parcels, obtained as the mean value of all
the measures carried out in the granulometric fractions From these values
we can deduce:

The ¢ ence of a notable difference between the contaminaticn

levels of parcels 2 and the other lots.

The Pu/Am ratio in samples from zone 2-2, with values »6, and fro-~

zones 3-2 and %-38 seem to indi

ate that a fractioning due to a higher .



S

That the thegretica. rzv.2 calculated

-eacning of Am rhas cooures

was Z..Z2. n icts, 2-0

Trom the desintegration ol Fu ocontent in

znd 3-1, the experimenta. ratic 15 mere cr less similar -- =he theoretical

cne.

- The Pu/Am ratio is almost constant in the different zize fractions,
with a coefficient of correlation above 0.98 except in the $-3B sample

where no correlation is 7ound. Nevertheless, Table II srnows that in the

very small sizes (<10 pm;, this ratic always increases.

Tables III and IV include the activity concentraticrns -2 Pu and Am for
2ach cf the size fracticns. These values indicate that:
- Plutonium and americium concentration is maximal -.n <he fractions

from 63 to 250 um, except in sample £-3B where maximum ccnzentration occurs
in the portion smaller than 5 um. A second maximum concentration in the 20

to 40 um group was found in samples 3-1 and 3-2.

- Concentration of plutonium and americium in fraczizns larger than
250 pm is much lower that for all the remaining fractions znd almost negli-

gible in comparison.

- In fractions smailer than 2%0 Hm, the coefficient = correlation
between both actinides and the size of each fraction is greater than +0.75

except in sample 5-3B where it is -0,5.

Tables V and VI show the distribution (per cent) cf <he plutonium and

americium content of the soil. From this it is deduced that:

- In the parcels of land contaminated by the accident, concentrations
of Pu-239 + Pu-240 and Am-241 activity associated with particles smaller
that 10 um are never greater than 15% of existing activity concentration in
the soil; in parcels 3-1 and 3-2 (heavy cultivation) it is greater than 10%

and in parcels 2-0 and 2-2 it is less than 10%.

In the most heavily cultivated lands, the activity associated with



fractions smaller =han £ um s 8. % maximum, while zne less cultivatsad

_ands show a maximumr value of 2,74%.

-~ For both Pu-2322 + Pu-240 and Am-241 the percentages of activity
founc in fractions from 40 to 250 um are greater than 75% in parcels 2-0,
2-2, and 3-2. In parcel 3-1, activity in the same size group comes *o only
about 50%, since an important proportion, about 30%, is found in the par-

ticles between 20 and 40 um in size.

It is in the range from 63 to 250 um where the greatest proportion is

found, accounting for over 50% of total activity in the soil.

~ In parcel 5-3B, where contamination has been the consequence of
dispersion of contaminants during the 15 years that have elapsed since the
accident, S7% of Pu-239 + Pu-240 activity in the soil is found in fractions

smaller than 5 um, while the same group shows only 7% of Am-241 activity.

In fractions between 40 and 250 um only 9.83% of plutonium and 16.27% —

of americium are found.

- The percentage of Pu-239 + Pu-240 and Am-241 activity found in
fractions larger than 250 pm is insignificant compared with the other

fractions.

~ An effort was made to obtain an 1idea of the distribution of pluto-
nium and americium in particles smaller than 5 pm: using sample 2-0 the
concentration of plutonium was estimated on the basis 6f'°<activ1ty in
fractions obtained through sieve analysis by sedimentation, assuming the
aforementioned proportional distribution. The results are shown on Table
VII and it can be deduced that only 0,4% of all the plutonium contained in

the sample from parcel 2-0 is contained in fractions smaller than 0,6 pm.

3.2. Mineralogical Composition

The samples that were studied are composed of silty sand. The propor—



Tabies VIII and IX show the granulcmetr:ic distributicns of the total
sample anc the <5 um fraction respectively. Fig. ZA shows the accumula-
ted granulcmezric distribution of the samples and Fig. 2B shows the accumy
lated distr:itution of plutonium. From these figures, the marked relation

between size and plutonium content becomes very evident.

Acccrding to the petrographic composition, %the samples are classified
P grap

as lithograywacke-phyllcoarenite (3).

Mean composition, estimated by optic microscope is: 40% quartz, 22%
muscovite-illite, 2% chlorite, 22% carbonates (calcite and dolomite), 2%
iron oxides and opaque minerals, and 2% vegetal remains. These components

represent more than 95% of the total composition.

Other components, estimated at less than 1%, are: garnet, plagioclase,
hornblende, gyroxene, epidote, zoisite, tourmaline, zircon, rutile and apa-

tite.

X-ray diffraction study of the mineralogical composition of each of

the granulcretric fractions are shown in Tables X to XIV.

The general tendency of variations in content in the size fractions,

for each cf the mineral components, is the following:

- Chlorite and muscovite-illite: irregular distribution, maximum

values between 20 and 250 um,
~ Quartz: its content tends to diminish with grain size.
- Calcite: distribution reflects both textural forms; sparite:

decreases as sizes approach 03 um; micrite: increcases from 63 Hm down to

the finest sizes.



i

i
t

- Zclomite: irregular distributicn; most recuent maxlnums Ioun:

sizes cver 40 um

n tne study of the association between minerals, 1t was deduced zhat
the rost significant values for the linear coefficient cf correlation wsare

+0.7L fcr chlorite-moscovite and -0.64 for quartz-dolcmite.

The coefficients of correlation between mineral components and pluto-

nium are listed in Table XV.

Accerding to these coefficients, plutonium will be in some way asso-
ciated with the muscovite-illite in samples 2-0, 3-1 and 3-2; with dolcmite
in samples 2-0 and 2-2; and with chlorite in sample :-1. In sample E£-C3
plutonium would be independent of the mineralogical ccmposition, tending to

an association with calcite.

Coefficients of correlation between americium and mineral components

are analogous.

Fig. 3 present the concentration distributions of plutonium and ameri
cium and mineralocgical proportions in the granulometric fractions of th
sample corresponding to parcel 2-0. Here, variations in distribution and
the existing correlation between the distribution of piutonium and ameri-
cium and the distribution of muscovite-illite anc dolomite can be seen :n

more detail.

The autoradiographic analyses yielded the findings seen in the photo-
micrographs presented in Figures 4 and 5. The results can be summarized

as follows:

- There is an association between mineral components and plutonium

and americium content of the soil.

- The main concentrations of actinides, estimated from the density
of =< traces, are found in some fragments of iron oxi-hydroxide; a lecser

concentration is found in some carbonate fragments and weak concentrations



10 mlcaceous aggregates. n a..: cf the compcrnents indiczted, there are
fragments with high relezive ccncentrations znd others «ith weak or nil den
sity of traces, but micrcscopic analysis dicd not reveal s:znificant genetic

cifferences among them,

- In the fine fractions | <63 pm), high concentrz=zizn impacts have
ceen recorded without being able to identify <the minera. support. The
relation between the impact size and effective hydraulic =zize in the granu
lometric separation seems to make it necessary to discard the hypothesis of

the existence of isolated plutcnium oxide parzicles.

~ Vegetal remains nave been found with some actin:Zs ccncentration.

3.3. Chemical Composition and Physical-Chemical Parameters

Tables XVI and XVII show the results of chemical znalyses of the sam-

ples.

By chemical compositicn, the samples are classified within the
graywacke-lithic group because of their 5102 and A1203 ccentent, although

KZO and NaZO contents are the inverse of the rean for zhis type of rock (3).

Then mean content of organic carbon, 0.27%:+0.03 can be considered to
be within the limits of the graywacke sediment type and .cwer than the
average values of soils that can support some xind of vegetation. Humic

acids represent 47% of total organic carbon.

An analysis of maceration-elutriation waters is found in Table XVIII
and values for Eh, pH and conductivity are included in Table XIX. In
keeping with these results, the water from samples 3-1, 3-2, and 5-3B
belongs to the chloro-sulphate group, that of 2-0 to the bicarbonate group,
and that of 2-2 to the chloride group, according to their positions on the
saline anionic classification diagram (4). From the point of view of ca-
tionic content, the water of samples 2-0 and 2~2 is sodic-potassic; that of
3-2 and 5-3B is calcic; and in 3-1 the reclative proporticns cof Na+K, Ca and

Mg cations are practically the same.



The total salinizty and ionic zzntent 2 sample 2-J are significanrzly
¢ifferent than those < samples -1, 3-2, and 5-38. This difference ::z

probably due te the bracxish character of the waters used for irrigatizn of
the cultivated parcels. In parcel 2-2 the effects of cultivation and irri-

gation are less pronounced.

The Eh and pH values of the samples indi;ate an oxidizing and sligntly
,alkaline environment. Zh varies from 312 to 344 mV and pH from 7.6 to 8.43.
Figure 6 shows the regicn in which the samples are situated on the Eh-pH
diagram in regard to pliutonium ion species in sclution, in equilibrium with

Pul at 252C and 1 ztmosphere (Z).
<

(s)

According to the Zn-pH diagram it would seem that we are in the theore

tical region of stability of PuO although the equilibrium concentraticn

2’
with Pu02+ shown in the above-mentioned ccncentration values is higher than
the theoretical value. This seems to indicate the presence of other chemi-

cal species.

The content of plutonium in waters and the percentage leached during
maceration and elutriation are shown in Table XX. The values for pluto-
nium leaching are a function of the £h and pH potentials. Greater leaching

is achieved in the samples that are most oxidized and lower in pH.

4. CONCLUSIONS

The following are the most significant deductions drawn from the ma-

terial presented above:

lst. Plutonium and americium content and soil granulometry are
directly associated (coefficient of correlation = 0.75). The maximum con
centrations correspond to fractions ranging between 63 and 250 pm. Less
than 15% of residual plutonium and americium contamination is associated
with the fractions of particles smaller than 10 pm. The maximum Pu-239 +

Pu-240 found in the portion smaller than 5 um corresponds to 9% in heavily



cuiltivated =:z1I and 3% in less cultivatec z2ii. The maximum gercentages
for Am-24l .o The same group smaller than I um are analogous in less cul<:

vated soil znZ somewhat lower in the heavi.y cultivated soil.

In parce: 3-3B, which was contaminatez well after the accident, Pu-z329

+ Pu-240 zctivity in the fraction smaller than € pm was S57%.

2nd. The contaminants, plutonium and americium, have been found in
some authigenetic iron oxides, carbonates 'dolomite) and muscovite-illite.

The maximum ccocncentrations were found in the i1ron oxi-hydroxides.

3rd. The plutonium-americium ratio calculated for the different size
fractions nzs a mean value of 3.0+0.2 in parcels 2.0 and 2.1, while for
parcel 2-2 i< :1s 6.7+0.5 and for parcel Z-Z it is 7.4+0.6. This would seem
to indicate greater mobilization of americium in the latter three parceils
which could probably be related to the Eh and pH potentials cf the waters
in "equilibrium' with the soil, which in parcels 2-2 and 3-2 create a

slightly more reducing and alkaline envircnment.

4th. The potential leaching of plutcnium estimated from the concen-
trations measured in the maceration-elutriation waters is found in the
range of 2xlo_d 21x10—4 per cent of the total content in the soil, with
the greater values corresponding to the mcst oxidized and least alkaline

soils.

5th. It is necessary to continue research aimed mainly at defining
the mechanisms of plutonium and americium fixing and dispersion since even
though the dispersion factor of clays in these soils is very low (0.23),
mobilization of plutonium and americium colloids and complexes remains

unknown.
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TABLE I. MEAN ZCHCIZINTRATION OF Pu AND Am IN THE ZAMPLE

[#2]

Radionuclide Activity Concentrationt'i- £
farce.s
2~C 2-2 3-1 3-2 Z-3B
239 240 42,80 15.60 1.082 1.82 0.46
Pu Pu
241 23.88 2.54 0.34 0.32 2.02
Am

TABLE II. ACTIVITY CCONCENTRATION RATIO OF Pu+ Pu/” TAm I SIZE
FRACTIONS OF SOILS

Fraction
um
Parcel <5 5-10 10-20 20-402 40-63 &3-232 250-1000

2-0 2.99 3.90 3.22 2.21 2.93 .21 2.80
2-2 g.21 5.83 5.08 6.14 6.09 £.1C 8.33
3-1 4.08 3.28 2.05 3.39 2.29 3.18 2.85
3-2 8.60 29.33 7.38 6.08 6.50 .22 8.89
5-3B 222 15.67 8.71 9.50 16.67 12.85 7.78
. 239 240 ) -
TABLE III. ACTIVITY CONCENTRATION OF Pu+ Pu IN SIZE FEACTIONS OF 30ILS
(Bq/g)
Fraction
Hm
Parcel <5 5-10 10-20 20-40 40-63 63-2%0 250-1000
2-0 8.55 24.57 19.83 15.48 87.28 87.i3 0.98
2-2 3.13 3.09 4.68 9.33 29.16 49.88 0.05
3-1 0.53 0.59 0.43 2.24 0.80 2.54 0.02
3-2 0.86 1.12 0.59 1.46 0.39 S.48 0.08

5-3B 2.22 0.47 0.61 0.57 0.15 £.09° 0.07



il

TABLE IV SCTIVITY CONCENTEATION OF ~m I ZIZEZ FRACTICHZ
CF 3CILE, (Ba/g
rraction
pm
Parcel <5 I-10 10-20 20-40 <0-A3 £3-250 250-1220
2-0 2.86 ©.30 6.1iS 7.00 29.77 20.26 0,38
2-2 0.34 0.53 0.92 1.52 4.79 3.18 0.00
3-1 c.13 0.18 0.21 0.66 J3.35 >.80 0.0C7
3-2 2.10 Q.12 0.08 0.21 2.06 2.05 0.0C¢
5-3B 2.01 ©0.03 0.07 0.06 2.008 I.007 0.00893
TABLE V. PERCENTAGE DISTRIBUTION OF 239Pu+£aOPu IN SIZE FRACTICH
OF SOILS
Fraction
Hm
Parcel <5 5-10 10-20 20-40 <40-63 #23-250 250-1000
2-0 2.74 6.07 3.32 7.25 £1.25 =9.30 0.07
2-2 2.57 1.53 1.32 7.04 18.18 £9.33 0.03
3-1 8.74 6.12 2.12 31.79 3.68 47.22 0.33
3-2 7.02 4.55 5,31 7.08 0.71 74,32 0.51
5-3B 56.98 6.05 5.62 20.30 2.88 £.95 1.22
241

TABLE VI. PER CENT DISTRIBUTION OF

Am IN SIZE FRACTIONS OF SOILS

Fraction
Hm
Parcel <5 5-10 10-20 20-40 40-63 63-250 250-1000
2~-0 2.82 4.79 3.17 10.07 22.28 36.80 0.07
2-2 1.68 1.61 1.59 7.03 18.32 69.75 0.02
3-1 6.82 5.97 3.34 30.17 5.25 47,94 0.51
3-2 4,55 2.78 3.95 6.46 0.60 81.34 0.32
5-3B 7.02 8.26 14.38 50.46 3.86 12.41 3.61
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CF ZAMPLT 2-:

ACtivity Concentration

O]

Percentage "2a/g)

.10 6.70 10.:29
.80 2.76 2.84
J.87 1.27 i8.17
J.79 0.28 16.07
J.60 0.54 4,13
4.13 4.C0

R CENT GRANULOMETRIC SISTRIBUTION QOF THE SOILS

/

5-10 10-20 20-40 £0-83 63-250 250-1000

TABLE

Fraction

Parcel

1.0-1.3 1.3-1.6 1.6-2.0 2.0-2.5 Z2.6-3,

10.83 7.14 19.85 10,37 26.01 2.99
7.72 4.40 11.75 2.71 21.63 9.26
11.36 5.32 15.41 £.02 20.15 20.02
7.39 16.46 8.82 2.33 24.80 11.86
5.86 4.20 16.23 .81 35.85 8.65

iX. PER CENT GRANULOMETRIC DISTRIBUTION UF THE <5 Hm FRACTION

OF SOILs

3.2-4.1 4.1-5.1

2-0
2-2
3-1
3-2
5-3B

L N

S.34 10.87 13.11 s 15.83 15.20
14.01 17.55 14.123 10.93 10.04 10.16
17.82 7.02 7.66 3.53 10.07 10.62
10.42 7.82 8.50 10.98 11.66 12.59

19.07 6.92 6.5 g8.22 8.11 8.70

[o)]



TABLE X. MINERALOGICAL CONPTSITICN OF SIZZ FRACTIONS

Moscovite~

I Chlorite Illite Juartz Calcite Dolom:te
[+] 0 o] o] Q
Size pm d(A)-14 d(A)-10 i(A)-4.24 d{A)-3.03 d(A)-2.28%
100.00 50.70 49.88 £9.35 20.48
1000
41.30 33.80 100.00 73.99 19.58
250 ’
80.43 33.43 84.92 49.54 $4.81
63
62.22 100.00 58.09 39.00 100.00
40
84.78 97.18 55.43 65.23 25.90
20
58.70 59.62 21.51 £1.30 7.53
10
£8.70 72.24 11.97 76.78 10.54
5
67.39 46.48 6.65 100.00 5.42

TABLE XI. MINERALOGICAL DISTRIBUTION OF SIZE FRACTIONS

Parcel 2-2
Moscovite-
I Chlorite Illite Quartz Calcite Dolomite
° [} [ [+]
Size um d(A)-14 d(ﬁ)-lo d(A)-4.24 d(A)-3.03 d(A)-2.88

23.73 24.40 71.52 53.63 86.36
10Q0

33.90 ¢ 32.37 100.00 38.64 50.91
250

44 .07 35.75 37.43 14,52 100.00
63

38.98 92.75 57.60 43.56 51.14
40

100.00 100.00 59.10 63.70 68.18
20

61.02 93.72 20.77 61.59 57.95
10

27.12 33.09 13.06 79.16 39.77
5

37.29 31.64 5.78 100.00 -

I = reflexion intensity in arbitrary units, taking 100 as the maximum
value of I of the mineral in the X-Ray difraction diagrams.



TABLE XII. MINERALCGIZAL CISTRIEBUTICN OF SIZZ 34772745
Farcel -1
Mosccvite-
Chlorite Illize Quartz Calcite Zolomite
o o] Q Q ]
d(A)-14 3(A)-33 d(A)-4.24 d(A)-3.0% 3{4)-2.88
3.89 22.55 85.858 58.37 £5.23
1000
.63 29.32 100.C0 53.47 45,35
250
100.00 120.C2 67.28 66.12 al.86
63
5.36 £5.32 64.45 £8.18 100.00
40
.65 SD.2L 38.C2 58.78 23.65
20
.89 8,20 18.20 71.43 22,192
10
13.78 85.74 11.84 95,81 27.33
5
14.19 84.256 8.11 100.00 11.63

TABLE XIII. MINERALOGICAL COMPOSITION OF SIZE FRACTIONS

Parcel 3-2
Moscovite-
I Chleorite Illite Quartz Calcite Colomite
o] =] o] ] 0
Size um d(A)-14 d(A}-10 d(A)«4.24 d(A)-3.03 +1A)=2
27.59 58.206 99.77 62.00 16.15
1000
31.03 39.99 79.25 57.20 85.84
250
81.03 99.08 75.76 82.00 50.66
63
24.14 42.20 100.00 56.80 100.00
40
93.10 100.C0 56.88 75.20 40.27
20
34.48 66.51 30.30 53.60 10.62
10
100.00 91.74 14.392 85.20 7.96
5

58.62 64.68 8.39 100.00 4.42
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TABLE XIV. MINZRALOGICAL CCZMPOSITION OF SIZZ FRACTICHS
Farcel ©-3B
™. Moscovite-
I Chleorizte Illite Juartz Caicizte Jolcmite
2 ¢ 0 0 0
Size um d(A)-14 d(A)-10 d(A)-4.24 d(A)-3.03 d&(A)-2.e8
53.49 40.51 52.27 100.20 30.00
1000
51.15 58.56 89.64 65.24 92.50
250
88.37 83.33 97.16 35.24 46.67
63
27.21 46,30 100.00 57..4 20.00
40
100.300 29.07 77.29 47.38 71.67
20
30.72 100.00 26.84 55.24 2€.67
10
792.07 81.48 15.03 62.28 21.67
S
69.77 74.07 21.74 71.80 10.00
TABLE XV, LINEAR CCEFFICIENT OF CORRELATION BETWEEN THE ACTIVITY
CONCENTRATION OF Pu239+240 AND THE MINERALS
I Correlated Parameters
Parcel Activity Concentration of 239Pu + 240Pu Versus Mineral
Chlorite Moscovite-Illite Quartz Calcite [olomite
2-0 0.39 0.73 0.33 -0.78 0.84
2-2 -0.04 0.03 0.51 -0.72 0.78
3-1 0.66 0.75 0.06 -0.25 0.02
3-2 0.50 0.66 0.02 0.37 -0.06
5-3B 0.15 0.16 -0.64 0.55 0.31
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TABLZ XVI. CHEMICAL CCOMPOSITICZH PER CEINT CF MACROCONSTITUENTS Ii

SAMPLES CF SCZILS

Parcels
xides 2-0 2-2 3-1 3-2 5-3B
*5102 53.C0 58.00 £3.00 55.00 56.00
A1203 12,10 8.20 13.30 12.20 9.00
Ca0 10.60 11.80 9.40 9.00 10.80
Mg0 2.10 1.60 2.20 2.20 2.00
MnO 0.05 0.06 J.09 0.07 0.06
Fe203 4,70 3.60 5.50 5.10 4.30
NaZO 0.86 0.53 2.96 0.85 0.63
K20 2.60 1.50 2.70 2.60 1.90
T102 0.60 0.47 0.56 0.55 0.51
P205 0.16 0.09 0.19 0.19 0.12
¥*p.C. 13.00 14.00 12.00 12.00 15.00

*). SiO2 calculated by difference to 100.

**). P.C.: Calcination losts at 900°C during 2 hrs.

TABLE XVII. ADDITIONAL SIGNIFICANT COMPONENTS FROM SAMPLES OF SOILS
TOTAL SAMPLE

Parcel
Components 2-0 2-2 3-1 3-2 5-3B
% Total C 3.030 3.730 2.740 2.680 3.560
% Org. C 0.389 0.321 0.226 0.192 0.210
% Total S 0.011 0.022 0.279 0.170 0.247
U3O8 ppm 4.000 4.000 3.000 4.000 4.000

Humic acids ppm 1710 1590 1166 917 1545
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TABLE XVIII. ACTIVITY (mol.l-l.lO- ~ AND IONIC STRENGTH CALCULATEZ N
MACERATICHN-ELUTRIATION WATZIZS FROM SAMPLES OF SOILS

Parcels
Ions 2-0 2-2 3-1 3-2 5-3B

HCO3— 2.54 4.35  1.43  1.53 1.04
Cl 0.48 10.71 15.67 9.49  30.24
No3“ 0.07 0.06 3.54 1.01 2.68
N023 0.03 0.0l 0.41 0.34 0.12
po4~ - 0.0: - - -~

so, 0.59 0.72 6.74 2.47 8.77
Na® 2.25 10.94 10.67 T.44  10.44
e 1.71  1.61 1.93  1.09 2.03
ca™™t 0.64 0.50 3.07 5.49 4.4
Mgt 0.25 0.72 3.88 2.30 2.04

Ionic Strength 8.37 24.18 89.99 57.16 118.81

TABLE XIX. PHYSICAL-CHEMICAL PARAMETERS OF THE SYSTEM WATER/SOIL
FROM THE SAMPLIS OF SOIL

Parameters Eh pH Conductivity
Parcels (mV) 1S
2-0 340.4 7.70 484
2-2 312.0 8.20 1247
3-1 344.4 7.60 2500
3-2 328.4 8.43 2330

5 5-3B 321.4 8.36 2410



TABLE XX.

|
no
na

PLUTONIUM CINCEINTRATION IN MACERATION-ELUTRIATION WATERS
Parcels ?:Q:,\Mol.;—l.lo—ls % leached
2-0 250 i2 x 107¢
2-2 10 2 x 1079
3-1 10 21 x 107°
3-2 5 s x 107°
5-3B 1 s x 1074
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Fig.4. =< Autoradiography of iron oxy-hydroxides. L.N. x 75 and 150
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Fig.5. =< Autoradiography of carbonates and micaceous aggregates. L.N.x150
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