
15--.19 S?p t er71h (:!1” 19{!/6



..



%...

... ,;- ..



. : ..

,. ,..) J‘.. , ,.. . h)all:ys! fys,

t;ln1,/at[?r

i:i (CI: (c):r Id j. ]r)g t 10



%,..

3 :’,2,,2.,.,, ....:!> n .1.1.1El



.. :. --,

3.$ [?LSI[;I1.,:1’SAND E :1S(:l.lss 1 c N



%...

The ?ui Am ratio LS aLmosc constant In zhe aifferenz clze fractions,

+’lth a coefficient of correlation above 0.98 except in zr,e 5-33 sample

~,here no correlation is :-auna. ;{everthLeless, Table 11 ST,SAS zhat in the

very small sizes ( c 10 p,m) t!-,Isratio always increases.

Tables 111 and 1’,’lr.ciuae zhe actl’~lty concentrat;z~.s z: ?U and Am for

eacn of the s~ze fract~cns. T!-&esevaiues Inalcate th,at:

Plutonlum and americium concentration is maxlma~ ::, ?he fractions

from 63 to 250 pm, except Ln sample 5-3B where maximum CZT.Zen~ration occurs

~n the portion smaller than 5 pm. A second maximum conce~.:ration in the 20

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

Concentration of plutonium and americium in fracc:;ns larger than

250 pm is much lower that for all the remalnlng .fractior.szr,calmost negli-

gible in comparison.

In fractions smailer than 250 pm, the coeffic~en: :: correlation

between both actinides and the size of each fraction 1s g,?ezter than +0.75

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

Tables V and VI show the distribution (per cent) cf tk,eplutonium and

americium content of the SOI1. From this it is deduced that:

In the parcels of land contaminated by the acclcez;, concentrations

of Pu-239 + Pu-240 and Am-241 activity associated with part~cles smaller

zhat 10 pm are never greater than 15% of existing activlt:: concentration in

<he soil; in parcels 3-1 and 3-2 (heavy cultivation) it 1s greater than 10%

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

In the most heavily cultivated lands, the activity associated with
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For both Pu-222 + PU-240 and Am-241 the percentages of actlvlty

fount in fractions fn;.,~ 40 to 250 ~m are greater :hzn 75% in parcels 2-0’,

2-2, and 3-2. In parcel 2-1, activity in the same size group comes to only

about 50%, since an ~~portant proportion, about 33%, is found in the par-

ticles between 20 anti 40 pm in size.

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

found, accounting for over 5070of total activity i~, ::he SOI1.

In parcel 5-33, where contamination has been the consequence of

dispersion of contamlxants during the 15 years that have elapsed since the

accident, 57% of Pu-239 + Pu-240 activity in the SOI1 is found in fractions

smaller than 5 ~m, !whlle the same group shows only ‘% of Am-241 activity.

In fractions bet’~een 40 and 250 pm only 9.83<Z of plutonlum and 16.27% --

of americium are founa.

- The percentage of Pu-239 + Pu-240 and Am–241 activity found ~n

fractions larger than 250 pm is insignificant compared with the other

fractions.

- An effort was made to obtain an idea of the distribution of pluto-

nium and americium in particles smaller than 5 ~m: ‘using sample 2-O the

concentration of plutonium was estimated on the basis of= activity in

fractions obtained through sieve analysis by sedimentation, assuming the

aforementioned proport~onal 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-O is contained in fractions smaller than 0,6 ~m.

3.2. Mineralogical Composition

The samples that were studied are composed of silty sand. The propor--’
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Tabies ‘.”111and 1.X show the granulcnetr>c i~scributlcr,s of the totai

sample anti z;.e <5 ~m fraction respecti:el::. Tig. 2A shows the accumula-

ted gran~i:~,ezr~c distribution of the sa.-,~lesand Fig. 2B shows the accu,n,~

lated discr~b~zion of plutonium. From thiese figures, the marked relatlon

between s~ze and plutonium content becomes very evident.

ACCCT<’..ng to the petrography:

as lithogra:~~acke-phylloarenite

c composltlon, the samples are classified

3).

~USCOVlt~-i ilite, 2% chlorlte, 22% carbonates (calcite and dolomlte), 2%

iron oxlfies and opaque minerals, and 2% vegetal remains. These components

represent =Dre than 95% of the total composition.

Other cmponents, estimated at less than 1%, are: garnet, plagioclase,

hornblende, pyroxene, epidote, zoisite, tourmaline, zircon, rutile and apa-

tite.

X-ray dlffraction study of the m~neralog~cal composition of each of

the granu;z~,e~r~c 5ractions are shown in Tables ;X to XIV.

The generai tendency of variations In content in the size fractions,

for each cf the mineral components, is the follow~ng:

- Chlorlte 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; sparlte:

decreases as sizes approach 63 ~m; micr~te: ;ncrcases from 63 ~m down LO

the finest sizes.
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- r, ZZe study ol- the association be~~een nlnerais, ;t was deduced :T.at

the -t s:gnifican~ values for the linear coefficient Z< correlation xere

+0.7: for chlorlte-moscovite and -0.64 far quartz-dolsnlte.

The coefficients of correlation between mlnerai c~mponents and pluto-

nium are listed in Table XV.

According to these coefficients, piutonium w1ll be in some way asso-

ciated with the muscovite-illite in samples 2-O, 3-1 and 3-2; with dolcnlte

in s.ampies 2-O and 2-2; and with chlorlte In sample 3-1. in sample E-23

plutonlur, would be independent of the mineralogical ccmposltion, tena~n~ to

an association with calcite.

Coefficients of correlation between americium and mineral components

are analogous.

Fig. 3 present the concentration distributions of plutonium and aneri

cium and mineralogical proportions in the granulclmetric fractions of the

sample corresponding to parcel 2-O. Here, varlat,ions in distribution znd

the existing correlation between the distributlar. of pjutonluln and alncr:-

cium and the distribution of muscovlte-~ilite anc doiomlte can be see? ~.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 plutonl’~m

and americium content of the soil.

The main concentrations of actinides, estimated from the dcnsltj’

of w traces, are found in some fragments of iron oxi-hydroxide; a lesser

concentration is found in some carbonate fragments and weak concentrac;ons

.+
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In the fine frac”::~ns I <63 ,pn), hig~, concentr~z:;n ~npacts have

5een recorded without heir.g abie to identify :he mineral support. The

relation between the impact size and effective hydraul:c size in the granu

lometric separation seens to make It necessar:: to discarti the hypothesis of

the existence of isolated plutonlum oxide particles.

Vegetal remains k.ave keen found witk. s~me actlr.;=e concentration.

3.3. Chemical Composition and Physical-Chemical Parameters

Tables XVI and XVII show the results of’ chemical ar,al;;sesof the sam-

ples.

By chemical composition, the samples are classlfiec ~ithin the

graywacke-lithic group because of their Si02 and A1203 ccntent, although

K20 and Na20 contents are the inverse of the ‘can for zh~s type of mck (3).

Then mean content of organ~c carbon, 0..2T’XLO.O3 can hr Consldprcd to

be within the limlts of the graywacke sedimen~ type and lswer than the

average values of soils that can support some kind of vegetat~on. 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-suiphate group, that of 2-O 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-O and 2-2 is soaic-potassic; that of

3-2 and 5-3B is calcic; and in 3-1 the relatlve proportions of PJa+K, Ca and

Mg cations are practically the same.
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The Eh and pH vai<es of the samples lndicat,e an oxidizing and slightly

alkaline environmer.t. Zh varies from 312 to 344 mV and pH from 7.6 to 8.43.

Figure 6 shows the reglcn in which the samples are situated on the Eh-pH

diagram In regard to plutonium ion species in sclutlon, in equilibrium with

?Uo
2(s)

at 25~C and 1 =mosphere I:) .

According to the E>.-pH diagrax It would seem that we are :n the theore

tical region of stability of PuO
2’

although the equilibrium concentration

with PuO + sb.m in the shove-menti~ned concentration values is higher than
2

the theoretical value. This seems to indicate the presence of other cnemi-

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 funcrion of the Zh and pi-lpotentials. Greater leachlng

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

4. CONCLUSIONS

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

terial presented above:

lst. Plutonium and americium content and sc)il 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 }Im. The maximum Pu-239 +

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

.+
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.Ln pa,.rze:5-38, which was contaminare~ ‘well after the acciaent, ?u-229

+ Pu-240 SC:>.:lty in the fraction smaller zh.an 5 ,~m was 57%.

2na. ~~.econtaminants, plutonium and amerlclum, have been found in

some authl~enetic iron oxides, carbonates dolom~te) and muscovite-illite.

The max~mur concentrations were found In :r.e iron oxi-hydrox~des.

3rd. The plutonlum-americium ratio calculated for the differer.t size

fractions r.as a mean value of 3.OtO.2 in parcels 2.0 and 3.1, while for

parcel 2-2 i: ~s 6.7t0.5 and for parcel 2–Z It is 7.4t0.6. This would seem

to indicate greater mobilization of americium In the latter three parceis

which couid pr~bably be related to the Eh and pH potentials of the waters

in “equilibrl’u,m”with the soil, which in parcels 2-2 and 3-2 create a

slightly more reducing and alkaline environment.

4th. The potential leaching of plutcnlum estimated from the concen-

trations ceasared in the maceration-elutrlation waters IS found in the
-4 -4

range of 2x1O 21X1O per cent of’ th.e total content in the SO1l, ~’lth

the greater ‘Jalues corresponding to the r.cst oxlo~zed and least alkallnc

soils.

5th . It is necessary to continue research aimed mainly at defining

the mechanlsns 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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239PU 240PU L2.6; i5 .60 100Q 1.82 0.46

241Am :3.s6 2.54 0.34 0.32 2.02
—---------- _____________________________________________

3,S+G.2Ratio Pu)Am _ 5 .7:0.5 3.o~o.2 7.450.6 <i .9&27.8

TABLE 11.
239, 240. :.11

ACTIVITY CG:;CE::TRATION RATIO OF t’u+ tu/ :“$1 I:i SIZE

FRACTIONS OF SOILS

2-o

2-2

3-1

3-2

5-3B

TABLE III. ACTIVITY

2-o

2-2

3-1

3-2

5-3B

-=5 5-iO 10-20 20-49 dO-63 63-255 p5&looo
—— — — —

2.99 3.90 3.22 2.21 2.93 :.~: 2.80

9.21 5.83 5.08 6.14 6.09 - 120. 8.33

4.08 3.28 2.05 3.39 2.29 3.18 2.85

8.60 9.33 7.38 6.08 6.50 5.2.2 8.89

222 i5.67 8.71 9.50 16.67 12.85 7.78

CONCEPiTRATION OF
239PU+Z40

?U 1;4 SIZE F?.ACTIONS OF SOILS

(Bq/g)

<5 5-1o 10-20 20-40 40-63 63-250 250-1000—— — — —

8.55 24.57 19.83 15.48 87.28 97.i3 0.98

3.13 3.09 4.68 9.33 29.16 49.88 0.05

0.53 0.59 0.43 2.24 0.80 2.54 0.02

0.86 1.12 0.59 1.46 0.39 5.48 0.08

2.22 0.47 0.61 0.57 0.15 0.09 0.07



2-o

2-2

3-1

3-2

5-3a

<5 5-10 i’3-23 20-40 :0-63 E3-250 250-1:30—.
,

2.86 6.30 6.15 7.00 29.77 Wl~6 10.35

~.34 C.53 0.92 1.52 4.79 5.18 10.00

0.13 0.18 0.21 0.66 ‘3.33 3.80 ().0C7

2.10 0.12 O,oa 0.21 3.06 :.05 0.0G9

3.01 0.03 0.07 0.06 ‘3.009 :.007 0.009

OF SOILS

2-o

2-2

3-1

3-2

5-3B

<5 5-10 10-20 20-40 40-63— _ ._ _. 53-250 250-1000

2.74 6.07 3.32 7.25 21.25 59.30 0.07

2.57 1.53 1.32 7.04 :8.18 59.33 0.03 -

8.74 6.12 2.12 31.79 3.68 47.22 0.33

7.02 4.55 5.31 7.08 0.71 ‘4.32 0.51

56.98 6.05 5.62 20.30 2.88 6.95 1.22

TABLE VI. PER CENT DISTRIBUTION OF 241Am IN SIZE FRACTIONS OF SGILS

Fraction

= 3–– – .5-10 10-20 20-40 40-63 63-250 250-1000

2-o 2.82 4.79 3.17 10.07 22.28 56.80 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



,= .5

2-o 13.68

2-2 12.76

3-1 17.94

3-2 14.91

5–3a 11.80

TABLE 1;<. ~ZR CSNT

2-o 7.57

2-2 13.91

3-1 28.81

3-2 26.95

5-3B 33.85

5-1o 10-20— _- 20-40 JO-63 53-z50— _. 250-1000 >1000

10.53 7.14 19.95 :3.37 26.01 2.99 9,33
7.72 4.40 11.75 9.71 21.63 9.26 22.77

11.36 5.32 15.41 5.02 20.15 20.02 4.78
7.39 16.46 8.82 3.33 24.80 11.86 12.43
5.86 4.20 16.23 S.BI 35.85 8.65 8.90

GRANULOMETRIC DISTRIEUTIOfJ GF T}IE C5 prn FRACrl’lOrJ

OF SOILS

1.>1.6 1.6-2.0 2.G2.5 2.~G3.2 3.24.1 4.1-5.1 5.1J5.5—— —_ _ —.
9.34 10.87 13.li 25.65 15.53 15.20 12.73

14.01 17.55 14.13 10.93 10.04 10.16 9.27

17.52 7.02 7.66 3.53 10.07 10.62 8.77

10.42 7.82 8.50 iO.98 11.66 12.59 11.08

19.07 6,92 6.55 8.22 8.11 8.70 8.58
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F21-cel ‘2-0

;40scovlte-
Chlorlte Illite Quartz Calcite Dolomlte

d(; )-14 d(; )-10 5(1)-4.24 d(l)-3.03 d(;)-2.29

100.00 50.70 49.89 69.35 20.48
1000

250

63

41.30 33.60 100.00 73.99 19.56

80,43 93.43 84.92 49.54 54.81

62.22 100.00 58.09 33.00 100.00

84.78 97.:8 55.43 65.33 25.90

58.70 59.62 21.51 51.30 7 .53

58.70 72.24 11.97 :6.78 10.54

67.39 46.48 6.65 100.00 5.42

XI. MINERALOGICAL DISTRIBUTION OF SIZE FRACTIONS

Parcel 2-2

40

20

10

5

TABLE

-.

1 I

Size Bm

Moscovite-
Chlorite

d(i)-14

23.73

Illite

d(i)-10

24.40

Quartz Calcite Dolomltc

d(:)-4.24 d(~)-3.03 d(l)-2.&3
71.52 53.63 86.36

1000

250

63

40

20

10

5

33.90 32.37 100.00 38.64 50.91

44.07 35.75 97.43 14.52 100.00

38.98 92.75 57.60 43.56 51.14

100.00 100.00 59.10 63.70 68.18

61.02 93.72 20.77 61, 59 57.95

27.12 33.09 13.06 79.16 39.77

37.29 31.64 5.78 100.00 --

1 = reflexion intensity in arbitrary units, taking 100 as the maximum

value of I of the mineral in the X-Ray diffraction diagrams.

,-
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.\.Size um

1000

5.63
250

100.00
63

40
6.36

5.65
20

G.89
10

5

:4.19

Quartz

d(i )-4.24
85.96

100. GO

64.45

11.84

8.11

Calclte

d(:)-3.:3

58.37

53.47

66.i2

58.18

58.75

71.42

95.51

100.00

i’.I.)-2.88
55.23

45.35

21 .86

100.00

29.65

12.i3

;7.33

11.63

TABLE XIII. MINERALOGICAL COMPOSITION OF SIZE FRACTIONS

1 I

Size urn

1000

250

63

40

20

10

5

Moscovlte-
Chlorite Illite

d(~)-14 d(~)-1’J
27.59 58.26

31.03 39.99

81.03 99.08

24.14 42.20

93.10 100.00

34.48 66.51

100.00 91.74

58.62 64.68

Quartz

d(~)-4.24
99.77

79.25

75.76

100.00

56.88

30.30

14.92

8.39

Calcite

d(:)-3.23

62.00

57..20

82.00

56.80

75.20

53.60

85.20

100.00

2olomlte

i(:)-2.89
16.i5

85.84

50.66

100.00

40.27

iO.62

7.96

4.42



TABLE

1000

250

63

40

20

10

5

TABLE XV.

;~pc~j 5-38

;,loscovlte-

Chlorlte Illite Quartz Caiclte ~lolcmite

d(;)-i4 d(i)-lo d(i)-4.24 cl(&3.03 d(i)-z.ee
53.49 40.51 62,27 100.CO 30.00

51.:6 58.56 89.64 65.24 92.50

88.37 83.33 97.16 35..24 46.67

27.91 46.30 100.00 57.14 90.00

100.00 99.07 77,29 47.:9 71.67

90.72 100.00 26.84 55.24 2’6.67

79.07 81.48 15.03 62.23 21.67

69.77 74.07 21.74 71.90 10.00

LINEAR COEFFICIENT OF CORRELATION BETWEEN THE ACTIVITY

CONCENTRATION OF pu239+240 AND THE MINERALS

Correlated Parameters

Activltv Concentration of
239

,“ + 240 Pu ‘iersus ;tineral

2-o

2-2

3-1

3–2

5-3B

Chlorlte !40scovite-Illite lQuartz. Calcite Dolomlte

0.39 0.73 0.33 -0.78 0.84

-0.04 0.03 0.51 -0.72 0.78

0.66 0.75 0.06 -0.25 0.02

0.50 0.66 0.02 0.37 -0.06

0.15 0.16 -0.64 0.55 0.31
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●Si02 53.00

Al O
23

12,10

CaO 10.60

Mgo 2.10

‘e203
4.70

Na20 0.86

K20 2.60

Ti02 0.60

P205 0.16

‘*P.C. 13.00

2-2

58.03

8.20

;1.80

1.60

0.06

3.60

0.53

1.50

0.47

0.09

:4.00

3-1

53.00

:3.30

9.40

2.20

3.09

5.50

3.96

2.70

3.56

0.19

12.00

3-2 5-3a——

55.00 56.00

12.20 9.00

9.00 10.80

2.20 2.00

0.07 0.06

5.10 4.30

0.85 0.63

2.60 1.90

0.55 0.51

0.19 0.12

12.00 15.00

●). Si02 calculated by difference to 100.

● ☛ ). P,C.: Calcination losts at 900~C during 2 hrs.

TABLE X’,’II. ADDITIONAL SIGNIFICANT COMPOrJENTS FROM SAMPLES OF SOILS

TOTAL SAMPLE

-X+23-1 3-2,-3,
% 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

U308 ppm 4.000 4.000 3.000 4.000 4.000

Humic acids ppm 1710 1590 1166 917 1545



-. .,
-L. -

2-o

2.54

3-1 c “a.-3

1.04

30.24

2.68

0.12

Hco3-

cl-

1.43

15.67

3.54

0.41

0.48 9.49

0.07 0.06 1.01

0.03 0.01 0.34

O.G:

8.77

10.44

2.03

4.94

2.04
-----—

118.81

S04= 0.59

2.25

0.72 6.74

10.67

:.93

3.07

3.88
-----

89.99

2.47

7,44

1.71 1.61

0.64 0.55

o.7~

-----

24.18

5.49

Mg
2+

0.25
----

8.37

2.30
----—

57.16

_________ - ____

Ionic Strength

TABLE XIX. PHYSICAL-CHEMICAL PARA:flETERS OF THE SYSTEM ‘WATER/SOIL

SAMPL2S OF SOIL

Eh pH Conductivity

FROM THE

(mV) )1s——

2-0

2-2

3-1

3-2

5-3B

340.4 7.70 484

312.0 8.20 1247

344.4 7.60 2500

328.4 8.43 2330

321.4 8.36 2410
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L

?arceis

2-o

2-2

3–1

3-2

5-3B

-1 _l~
z,,!-.-d-, ,?,fol.1.10,~

250

10

10

5

1

‘4 leached

i2 x 10
-4

2 x 10-4

-4
21 x 10

5X1O
-4

5X1O
-4
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Fig.4. w Autoradiography of iron oxy-hydrox ides. L.N. x 75 and 150
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