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The evaluation of the effect of nuclear reactor operations to the
environment requires & knowledge of the deposition of bioclogically-
significant radicactive isotopes upon the surface. Foremost in importance
among these isotopes 1s Iodine-131, which can give bilologically signifi-
cart radiocective doses when inhaled or consumed. It is the purpose of
this note to review some of the Iodine-131 deposition measurements made
at the National Reactor Testing Station (NRTS) in soutbheastern Idaho
and elsewhere for use bty meteorolcgzists and health physicists at other
altas with slmllar terrsin.

The recent nuclear incident at the Stationary Low Power Reactor
No 1 (SL-1) on Jan. 3, 1961 resulted in the slow but steady emission
of Iodine-131 for several weeks afterwards [-l_/-. Measurements of air
concentration and deposition on the desert-type foliage, sagebrush
elements some S50 cm high covering about 20 per cent of the desert floor,
were made in great quantity by health physicists and ecologists of the

Health and 3afety Division, Ideho Operations Office, Atamic Energy

Commission. The major 1lsotope in the radiation samples was identified
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by spectroscopic means as Iodine-131. The deposition velocity, V‘,
defined as the retic of the rate of the surface deposition, D, to volu-

metric air concentraticn nesr the ground, )L , by

Vg o= D(curic:/lafuc)
X (curiefn’)

1s the essential parsmeter needed for computations of surface deposition

from dispersion-deposition models / 2 /. The deposition in the mathemati-
cal model is computed in terms of curiel/nz/soc but the radiation on the
vegetation is measured in terms of radioactivity per unit xu.u,/u,curiu/gn,
80 that the density of vegetation is required. From ecological studies,

a vegstation density factor of 50 gm m-z wag found appropriate for con-
verting the dcfooition per unit mass measurements into units of deposi-
tion per unit area. The deposition velocity for Iodine-131 computed

from the air concentration and deposition messurements at several

distances from the SL-1 are gshown in table 1.

Table 1. Deposition velocities of Iodine-131 from the SL-1 Incident

Distance :L// D - Ve
(Xilometers) Date (curies 2 3) (micro curies m 2 dgy-l) (cm sec'l)

1 Jan. % 6.0x 102 1.3x 1072 0.25

8.5 Jan. b 3.6x1072 6.7 x 10 0.21

67 Jan. 9 L4.0x 1012 7.8 x 1o’h 0.23
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There appears to be little variation of Vg with distance, although the
samples were not collscted on the same days at the various distances.
The depoeiticn welocities in table 1 are probably most appropriate for
stable atmospheres since, there were about 17 hrs. of strong inversion
in the day during the pericd of the measursmenta. The air concentration
filters, consisting of a pre-filter to collect particulate Iodine-131

and a charcoal cartridge to collect the gaseous material, were changed

at daily or weekly intervals. [_mout half of the Iodine-131 wes collected

on the pre-filter, indicating that there was virtually an even division

of the effluent into particulate and gaseocus fom] There is some

evidence [-3 _] that the deposition of molecular Iodine-131 is considerably

greatsar than that of the particulate form.

A number of planned releases of Iodine-131 have been performed at
the National Reactor Testing Station, Idaho and Dugway Proving Grounds,
Utah in wvhich reactor fuel elements were melted down and the radiocactive
materials were relessed over s densely-sampled grid. Comparisons of
many semples of vegetation and air concentration-measzurements from one
such test, conducted by General Electric Company during nearly neutral
temperature lapse conditions [-hj, gave Vs-va.lues of about 0.15 cm sec
with little variation with distance out to the end of the grid, some U
mi. distant. The sagebrush density in this area appeared to be somevhat
less than in the region downwind of the SL-1. A number of similar

experiments were performed at the NRTS and the Dugway Proving Grounds,
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Utah /'5_/. Most of the Iodine-131 frcm these relesses was found to
be sub-micromic in sise, with nearly half in the molecular form. The
deposition velocities are shown for verious types of collection media
in table 2, none of which were natural vegetation or surfaces. It appears

that deposition velocities from gumsed paper samples in stable atmospheres

Table 2. Deposition velocities (cn-tec-l) for various collection
media. {courtesy of R. E. Field).

Meteorological Gummed Greas

Conditions Paper Trays Water Sand

Lapse or Weak

Inversion (NRTS) 1.1 - 1.6 0.7

Strong Inversion

(Dugwvay, Utah) 0.2 1.5 —_
are quite similar to that obtained over desert-typs foliage, whereas the
other collection media require some simultanecus measurements of deposi-
tion on natural surfaces to interpret their meaning.

The nuclear accident at Windscale, England on Oct. 10-11, 1957

resulted in the release of large smounts of Iodine-131 from which
Chamberlain [-6_] computed deposition velocities over the downland

of 0.1 cm sec~l at Harwell and 0.3 to O.k cm sec ™t

at the Lancashire/York-
shire region. These are quite similar to the values in table 1, despite
differences in terrain and atmospheric diffusion conditions. The

meteorological conditions following the Windscale accident were mostly
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mild to strong tempearsture lapse compsred to the more stable atmosphers
for the 3L-1 iacident.

Recently the Weathsr Burwau Research Station et the NRYS has con-
ducted a serias of dispersion-depoeition messurements utilizing a
flucrescent tracer, \wranine dys, which has a median particle size of
less than 1 microm [7_]. The total smount of tracer deposited between
the release point and 40O m downwind was computed from the vertically-
integrated air concentrations messured on 30-m sampling towers at that
distance. With the use of Chamberlain's dispersion-deposition model [2_7
and the measured air concentration, deposition velocities can be
computed for comparison to the direct measurements discussed above.
During very stable atmospheric conditions, deposition velocities of 0.2
cm-sec  were computed from the tracer-balance measurements. These are
in remarkable agreement with the various measurements of deposition
velocity of Iodine-131 made at the NRTS.

It appears from the mesasurements discussed in the g-evious para-

1 .{;r loJl‘;"p"gl
&is the best value

graphs, that a deposition velocity of 0.2 cm sec”
to use for health and safety type calculations over desert type terrain
such as at the NRT3. Variations of deposition velocity with atmosypheric
stability, if any, seem to be as yet not understood and require more

study.
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