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R. Overétreet and L. Jacobson

1. THTCUUCTICN:

On august 9-12, 1944, & cursory inspection of the soils in the
region of site . was carried out for the purpcse of deterwining the
behavior of this material towards water solutions containing radio-.
active elements. '

A detziled soil survey of this region was carried out by the U. 3.
Department of Agriculture, Bureau of Scils in 1916%, The area is under-
lein by a succession of basaltic sheets of the Colurbia River lava
fieid, These basaltic sheets, xnovn as Yakima basalt, have, in this
area, an sstimated thickness of wore than 2500 feet. Overlying the
basalt in various parts of this region arc sedimentary beds which have
heen laid down in horizontal layers in former lakes. This material is
inown as the Kllensourg formation and consisis for the most part of
stratified, light—colored deposits of very fine sand, siit, and clay.
The region is also characterized by areas of wind-blown and stream-
iaid materials. The soils in the site areas are generally loose and
open, and of low moisture retaining capacities, They are uniformly of
~ather coarse toxture, In some regions there are underlying layers of
calcareous deposits, and frequently there arc small fragnents of cal-

sareous materizl near the surface,
II. DETZRITNATIONS:

Samples were taken from the tank-farm excavations 200 E, 200 %-T,
and 200 %i-U. Three samples were taken from each excavation at an ap-
- proximate depth of 20 to 30 feet., 3urface samples were teken in the
neighborhood (a few hundred feet away) of 200 E and 200 wW~T. Sand from
the Jolumbia River and topsoil adjacent to the river were taken near
area 100 F. The approximate locations of the various areas are given
in the accompanying mape. :

The samples were shipped to Berkeley where portions of them were
nassed through a 2 mm, sereen. This procedure served to separate out
the very coarse fraction which, in the experience of soil chemists,
sontributes very little to the chemical and .ater-holding properties
of ‘he soil, MHowever, for certain extrapolaticns to field conditions,
the fraction of particles larger then 2 mm. was determined for each
sample, (See Table I)

# Pieid Operations of the Bureau of Scils, 1916, 1i3th report, page 2203,
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. TaBLE I

DE}CRIPTION PERCENT LES3 THAK 2 k. DIALLTER

Clinton top soil 100,0
Sand from Columbia river 100.0
Top soil near Columbia river 100,0
200 E tank-farm, south face 93,2
200 E tank-farm, east face ‘ 4.5
200 E tenk~-farm, north face ' 61.5
200 ~T tank-farm, west (1) face , 39,0
200 u-T tank-farm, west (2) face 28.8
200 “~-T tank-farm, south face : 88.9
200 U=U tank-farm, west face : 100.0
200 U tank-farm, south face 38,2
200 ~U tank-farm, east face 43.6
200 E top seoil, 500 ft. east of tank-farm 87.5
200 -T top soil, 100 ft. west of tank-farm 100.0

A study was then carried out with the samples, so prepared, to

determine their ability for absorbing radioactive elements from \i-0 waste
1iquor previously obtained from Clinton. An assay of the W=6 liquor rade
' on June 30, 1944 gave the following composition of radiocactive elements

(values corrected to zero thickness): ,

Ba 4 Cr e 27%

Zr 58.4 %

Cb - 25,6 %

Ce ' 4,755

Y +Pr ' 0223

Ru _ 1.693

Te Lo297%

Cs 1039%

Ux-l ) . - 302773

The solution also contzins macro-amounts of Na”, K, V07 , NO3, S0%,»
PO7, Fp and O, ~

Samples of each soil were shaken with four dilutions of the W=t
solution. Composite samples for the tank-Tarm areas were prepared by
combining equal weights of the {2 mm. fraction of the three samples

N taken in each area, In each case, 10 grams of soil was added to 100 ml.
of appropriste dilution and allowed to stand for three days with frequent
shaking, Following the absorption period, the soil wes centrifuged out,
and an aliquot of the supernatant 1iquid was measured for activity. The
. results are given in Table II, In addition to the Hanford soils, a
sample of topsoil from Clinton##* (taken near the site) is included as

% A detailed survey of the soils of the Clinton area has been carried
out by U. S. Dept. Of Agric., Burcau of Plent Industry in 1936. See Series 1926, °
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well as a sample of quartz sand,

TABLE IX
, % ACTIVITY ABSURBED BaSkE LEXCHaGE
FRU =6 SOLUTION CAPACITY
SAIPLE # DESCRIPTICH CF SANTLE : UNDIL. 1:10 1:100 1:1000 LE/100 GLS,
1 Clinton topsoil ' 75 9l 96 96 14,
2 Sand from Columbia river 37 85 75 76 2.8
3 Topsoil near Columbia river ° 53 59 66 76 L2
4 Composite sample, 200 E tank-farm 25 7 .93 79 3,6
5 Composite sample, 200 \~T tenk-farm 40 87 93 81 4.9
b Composite sample, 200 W-U tank-farm 5k .90 94 75 6.3
7 Topsoil near 200 Z tank-farm 59 91 oL 85 - 5,3
g Topsoil near 200 W-T tank-farm L9 73 80 T4 5.6
] Guartz sand 0 2 29 28 1.

10 Blank ' 0 0 0 G —
Included also in Table II are the base-exchange capacities of the samples
studied. The base-exchange capacity is a measure of the amount of ex~
changeable adsorbed cations on the soil. The value is usually expressed
as milli-equivalents per 100 grems of soil. Thus, 2 hase=-exchange capa-
¢ity of 50 denotes that 100 grams of material contuins 50 milli-equivalents
of exchangeable adsorbed cations. :

The contact of solutions of fission products with soil necessarily
involves the.water-relationships of the soil. For this reascn, the
moisture equivalent was determined for each sample. The moisture
equivalent is the amount of water held by the soil under & centrifugal
force of 1000 times gravity, It presumably corresponds to the water
of hydration of the particles plus the water held in the smzller
capillaries, It is expressed &s percent water on tlhe oven=dry basis.

For exauple, a moisture equivalent of 10 means that 100 grams of the

oven-dry soil after being saturated with water will retain 10 grems of

water against a centrifugal force of 1000 times gravity. The values are

presented in Table I1IL, '

TABLE IIX
SALPLE # DESCRIPTICH ] . ¥CISTURE Z UIVALENT
£2 M. FRACTICN _ TOTal SARPLE

1 Clintcon topsoil ‘ 31,7 31.7T
2 Sand from Columbia river 3.27 3.27
3 Topsoil near Columbia river 7.97 797
A Composite sample, 200 E tank-farm 2.36 1.75
5 Composite sample, 200 W-T tank~fara 5.72 2.39
6 Composite sample, 200 W-U tank-farm 5,16 3.08
7 Topsoil near 200 E tank-farm ' T7.54 6,59
.8 Topsoil near 200 V-T {ank-farm 5036 . 5.36
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The above table contains the results for the ¢ 2 mp, fraction cnd the

caleulated results for the total sample., The calculations for the total
sample are based on the generdl observation that the fraction p2mm,
does not contribute significantly to the water-holding capacity of soils.,

III. DISCUSSICN:

Radioactive elements when applied to soil in aqueous soluticns may
be immobilized in two ways. First, the radioelements may becomne fixed
on the soil particles., 3econd, the entire solution may be inmobilized
in thic fine capillaries and as water of hydration of the soil particles.

The Tixetion of the elements on.soil particles may cccur by a
process of exchange adsorption in which the radio-cctive icns exchange
for an equivalent nusber of ions (i.e,, 1 Sr** exchunged for 2 Na)
initelly present in the exchange complex of the scil. Also, the addition
of the aqueous soluticn to soil may result in the precipitation of the
radioactive elements as the oxides or as inorganic salts uhich subsz~-
quently are fixed on.the soil particles by a process of mutual floccu-—
lation. In the present study, no attempt has been uade to determine
the nature of the fixation.

In order to ascertain the effect of concentrction of ions, such
as Na , K , and CO%, stc., which are present in W-6 solution in mecro-
amounts, on the {ixation of the radiocactive elements on soil, a given
weight of soil was treated with various dilutions of the =0 solution.
Tamination of Table II shows appreciable absorption of active elements
at four concentrations of M6 by all soils with tl.c exception of the
Ottawa sand, In all cases there is a marked effect of dilution on the
absorrtion; the maximum absorpticn occurs in the neighborhood of 1:100
dilution. Although the results show decrease in zbsorption at the 1:1000
dilution, the results ot this concentration are subject to considerable
error. In order to obtain a 1:1000 dilution in an overall volume of
100 ml., 0.1 ml. of the b6 stock solution was used. 4As a result, the
total activity dealt with was guite low, Loreover, the low concen-
tration of elecirolytss at thie dilution resulted in the dispersion of
the soil colloids, rendering them difficult to remove by centrifugation.

A1l dilutions were made with distilled water., An examination of
the blank in Table II reveals that the dilution of =6 liquor with
distilled water per se does not result in the precipitation of activity.

There is a rough correlation beitween the exchange capacity of the
soils and their absorption of activity, particuilarly at the lower
dilutions of W-6. The Clinton topsoil, with an exchange capacity of 14.0,
is the best absorber of activity., On the other hand, the ‘uartz send,.
with an exchange capacity of ¢Z1, is the poorest absorber. The Hanford
soils, with exchange capacities of 2,8-5,3 are fair absorbers at low
dilutions and quite good absorbers at 1:100 dilution. The base exchange
capacity is often a2 measure of the clay content of the soil (particles
41 micron in dizmeter) since, as & rule, the larger particles contribute
very little to the exchange complex. This was quite exident in the
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samples examined. The Clinton topsoil was nuite clayey, the Hanford
soils had a smell zmount of clay, and the {uartz send had no noticeable
clay content,

The fixation of aqueous solutions in fine capiilaries and zs uater
of hydration of the soil particles has been mentioned as another fiezns
of immobilization of radiocactive solutions. This process would be
particularly important in thc fixction of those raBloelenents which
behave as anions end hence do not undergo exchange adsorption on soils.
vhen a given amount of water is added to a lar e amount of dry soil, the
water will advanece into the soil in a front. Beyond the front the coil
will be obviously dry and behind the front the scil will be obviously
wet. The advance of the water will continue until the wet soil behind
the front has reached o uniform and chaeracteristic water content. This
characteristic water content is known as the field capacity of the soil,
Vater in soils at or beclow their field capacities roves extrenely slowly,
either under the influence of capillary forces or under gravitational
pull, For example, if a soil that is wet to the iicld cazpacity is placed
in contact with an air-dry soil, there will be over 2 period of many
months but a very smell changs in the distribution of .ater in any
direction. This is due largely to the fsct that the capillary conductivity
of dry soils is practieally zero since there is no continuity of moisture
f£ilms. Distiilation from the wet to the dry soil is an extremely slow
process and need not be considered. For medium-textured soils, the
field capacity is aporoxisately equal to the moisture equivalent. For
coarse textured soils, such as those from Lanford, the field capacity
tends to be higher than the moisture equivalent. For this reason, the
moisture eguivslents in Table III may be considered as minimum values
for the water holding cepacities of these soils. The amount of :mter
so held msy be quite apprecizble, even for soils or low moisture
equivalent, For example, the dry composite soil rrom the tank farm
200 .~T will immobilize 10 gallons of solution per cubic yard.

The rate of downward movement of water throuch secils is related to
the amount and continuity of non-capillary pores, Lo the hydration of
the pores, and to the resistznce of enirapped air., In general, the
rate of movement is grester in a wet soil than in a dry soil, =slso,
the rate is greater in sandy soils than in clayey svils. Thus, cven
though the Clinton topsoil hes a high water holding capacity, the rate
of water movement. would be slow owing to its high ciay content,

If a solution is added to a soil which is at or cbovs its field
capacity, the solution will move into the s0il, displacing, but not
mixing with the soil water. The diffusion of salts in soils occurs &at
a very slow rate,

o

In conclusion, our experiments show that the liinford soils leva &
marked ability for the absorption of radioelements {rom =6 solution.
l'orecver, it is probable that those elements which cre not abscrbed by
the particles mzy nonetheless be fixed for considerable periods of time
due tc the property of the soils of immobilizing larse amounts of aqueous
solutions.




