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ABSTRACT

One of the problems to be solved in the nuclear waste management
field is the disposal of radioactive iodine-129 (1). This nuclide
is one of the more volatile and long-lived fission products. Studies
at ORNL have shown that fission products can be fixed in concrete
for permanent, disposal (2,3). Current studies have demonstrated that
practical cementitious grouts may contain up to 18% iodine as barium
iodate. The waste disposal criterion is based on the fact that harmful
effects to present or future generations can be avoided by isolation
and/or dilution. Long-term isolation is effective in deep, dry reposi-
tories; however, since penetration by water is possible, although
unlikely, release was calculated based on leach rates into water.
Further considerations have indicated that sea disposal on or in the
ocean floor may be a more acceptable alternative.

INTRODUCTION

On the average, approximately 14 lb of iodine-129 will be produced
per year for each 1000 MW of electric power (4). This highly volatile
iodine is released to off-gas streams as either elemental iodine or
organic iodides.' Two processes are under consideration at ORNL for
the removal and fixation of iodine from the off-gas streams. The first
is the Iodox process. In this process, the iodine vapor is passed
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through concentrated nitric acid and precipitated as anhydroiodic acid,
HI3O3 (4). The second method uses a mercuric nitrate scrubber in which
the iodine is precipitated as mercuric iodate, Hg(IO3>2 (A).

The anhydroiodic acid produced from the Iodox process will react
with barium hydroxide to form an insoluble precipitate of barium
iodate. Barium iodate can also be prepared from the mercuric iodate.
The mercuric iodate is reacted with sodium hydroxide to produce sodium
iodate and a precipitate of mercuric oxide. The mercuric oxide is
filtered out, and barium hydroxide is added to the sodium iodate to
produce sodium hydroxide and a precipitate of barium iodate. Both the
sodium hydroxide and the mercuric oxide can be recycled to prevent any
loss of the materials involved. The barium iodate from either process
can then be mixed with cement to form a stable waste form.

EXPERIMENTAL

Specimen Preparation

The following procedure was used to prepare concrete specimens
containing iodate for the leaching experiments. Reagent-grade iodic
acid (HIO3) was reacted with a stoichiometric excess of barium hydrox-
ide at 75 C for 1 hr. The least amount of water necessary was added
in order to make a workable cement grout during later mixing of the
resulting barium iodate with cement. The barium iodate slurry obtained
was cooled before adding the cement and other dry solids. A water-to-
cement ratio of 0.72 was typically obtained for an iodine concentration
of 9 to 15 wt %. The specimens were cured over a preselected time in a
humid atmosphere before being leached.

Leaching Procedure

The leaching procedure was an ORNL modification of the standard
IAEA procedure (2,5). The specimens, which measured 5/8 in. in diameter
by 3/4 in. long, were placed in stainless steel wire baskets. These
baskets were then suspended in 200 ml of leachant. The leachants
included distilled water, Oak Ridge tap water, Oak Ridge spring water,
simulated seawater, natural seawater, Sandia Waste Isolation Pilot
Plant (WIPP) brine with 0.45 wt % salt concentration, and Louisiana
rock salt brine with 0.21 wt % salt. The leachants were changed daily,
except on weekends and holidays. The iodine concentrations in the
leachants were determined with a spectrophotometer. Films found on the
surface of some specimens, as will be discussed in the next section,
were rich in either magnesium or zinc. Chemical analyses of the leach-
ants showed that the brines had lower magnesium-to-solids ratios than
other leachants. Although zinc was predominant in a surface film formed
in tap water, zinc was not found either in the tap water or the brines



and was low in the other leachants. The sulfate-to-solids ratio was
lower in spring water and highest in the Sandia brine. The first sea-
water was obtained near the mouth of the Savannah River. A high phosphate
content and lower salt concentration indicated that this seawater had
been diluted with river water, which probably contained detergents.
Later samples of seawater were obtained off the coast of Florida at
Panama City and Singer Island.

RESULTS

The leach rate was studied as a function of several variables.
These included the cation forming the iodine compound, additives, iodine
concentration, manner and time of curing, water-to-cement ratio, temp-
erature, radiation, and leachant.

Cation studies showed that barium iodate was one of the more
promising candidates for inclusion in a cementitious matrix. The con-
version of products from either the Iodox process or the mercuric
nitrate scrubber to barium iodate is practical. Further, the leach
rate from the barium iodate concrete was less than or equal to that
from concrete containing other iodate compounds. The studies with
barium iodate concrete showed no significant change in leach rates
as a result of variations in the water-to-cetnent ratio (0.5 to 0.9),
curing time (from 7 to 112 days), iodine concentration (up to 21%),
and gamma irradiation (to the equivalent dose for self-irradiation
from iodine-129 up to 660 years). The most significant variations
in the rates were observed when different leachants were used. The
effective diffusion coefficients for barium iodate concrete leached
in seawater, simulated seawater, tap water, and spring water were
lower than those for barium iodate concrete Inched in distilled water
by a factor of 1 x 10^. Rock salt brines and savannah River seawater
were not as effective in reducing leach rates. Pretreatment in simu-
lated seawater also reduced the subsequent leach rate when the samples
were placed in distilled water. The rates were also reduced slightly
when fly ash was added.

The fraction of iodine leached out during periods up to 250 days
was linear with the square root of time in most cases, indicating
diffusion behavior. The effective diffusion coefficients measured
for iodine leached from barium iodate concrete made with Portland
cement (15% iodine concentration) in distilled water are given by
the equation:

Dg = 1.9 x 10"
4 exp -4163/T cm2/sec ,

where T is measured in degrees Kelvin (2). From this, one calculates
an activation energy of 8.3 kcal/mole.



Recent results from extended leaching experiments have shown that
the fraction leached may, in some cases, deviate from linearity with
the square root of time, becoming more linear with time. This was
particularly true when the leachant was distilled water. This deviation
could not be correlated with sample variables such as iodine concentra-
tion, fly ash concentration, etc.; however, it was a random occurrence,
possibly resulting from random variations in sample preparation. Although
these limited data indicate that dissolution may play a role in distilled
water over extended periods, the film formed on specimens immersed in
natural leachants seems to protect them. More extended leaching experi-
ments are needed to clarify whether dissolution definitely occurs in
distilled water during extended leaching and whether it can eventually
occur in natural leachants.

Specimens were examined by optical microscopy, x-ray diffraction,
and scanning electron microscopy with energy-dispersive x-ray fluores-
cence. These examinations showed that a two-phase film formed on the
surface of samples leached in simulated seawater and in a 2500-ppm
magnesium chloride solution. A dense, coherent phase formed next to
the concrete covered by a less dense, friable phase which spalled and
peeled off easily. The major component in both phases was magnesium
hydroxide. In the film on the specimen leached in simulated seawater,
the friable phase contained, in addition to magnesium, concentrations
of silicon, chlorine, calcium, manganese, and nickel.

An uneven, thin film rich in calcium and zinc, and containing
smaller concentrations of strontium, iron, and titanium, was observed
on the surface of a specimen leached in tap water. Only calcium
carbonate was found on the surface of a specimen leached in distilled
water. The films are probably the cause of the reduced iodine release
rates, but the mechanism involved is not clear. Three possibilities
exist: (1) the films stop erosion of the specimens, (2) the films
form an adsorption layer for the iodine, or (3) the films form a
diffusion barrier. If erosion or dissolution were the controlling
factor in iodine release, the accumulative release should be linear
with time. This is not the case; therefore, the first possibility
does not appear to solve the reduction in release rates. Insoluble
adsorption compounds are known to form with iodine. One such reaction
is the Schlagdenhauffen reaction (6) in which the poly-iodide ion
(I-l2)~ is bound to magnesium hydroxide, thus forming an insoluble
brown product. Although magnesium is present in the films formed in
seawater, zinc is predominant in tap and spring water films. There-
fore, multiple adsorption compounds are indicated if these are the
effective mechanisms. Further, iodine was found in the matrix, but
not in the films by x-ray fluorescence analyses. If either an adsorp-
tion layer or diffusion barrier were effective, iodine should be
present in the film.



DISCUSSION

The leaching experiments in which the leachants are changed daily
approximate the continuous-flow situation, with a zero concentration
of iodine at the surface of the specimen. This condition would not be
likely in a deep geologic formation or even at the ocean floor. Flow
rates in deep formations are typically on the order of a few meters per
year or less. Such flow rates can be considered static, and diffusion
and dissolution should be attenuated under static conditions. Calcula-
tions based on the results of these continuous-flow experiments would
therefore represent the upper limit of radionuclide release.

The erosion occurring in some specimens leached in distilled water
is not physically evident in specimens leached in the natural leachants
tested. Since the data are insufficient to firmly establish the appro-
priate release mechanism for extended leaching, extrapolated release
calculations are based on the worst case, which is dissolution.

CONCLUSIONS

Two alternatives are available for the permanent disposition of
iodine-129. The iodine can be fixed as barium iodate in concrete and
buried in a deep geological repository or placed on the ocean floor.
Burial as barium iodate in a deep, dry geological repository would
provide permanent isolation. Barring unexpected events, the repository
should remain dry indefinitely. If water should broach the repository,
the time required for the iodine to diffuse from a drum of concrete will
range from thousands to millions of years, based on the ORNL results.
The iodine will be further delayed by thousands of years in passage
through any moderately impermeable formation. Evaporation, dispersion,
and dilution would further attenuate the emergent iodine to safe levels.

Disposal in the ocean may be a better alternative since any
iodine-129 released will be diluted by water and by iodine-127
normally present in the ocean. Dilution by iodine-127 will prevent
reconcentration of iodine-129 to hazardous levels in the future by
any natural means. The iodine produced annually by the generation
of 10,000 MW of electricity can be fixed in one 55-gal drum of concrete
at an iodine concentration of 15%. Dilution of the total iodine in
the drum to the maximum permissible concentration (MPC) would require
0.05 cubic miles of ocean. At a leach rate corresponding to the ORNL
results, the water required annually would be 4 x 10"^ cubic miles of
ocean. Over a 30-year period, the lifetime of a typical reactor, and
assuming one drum is dumped per year, the accumulative volume of water
necessary for dilution would be 0.02 cubic miles. Although additional
protection would not be necessary, Hollister and Rhines (7) have con-
cluded that burial of fission products in the ocean floor would
effectively isolate them since the rate of sediment accumulation is
faster than the rate of transport of fission products in the accumu-
lated sediment.

I



Iodine-129 has a half-life of 16 million years, a maximum beta-ray
energy of 0.15 MeV, and a gamma-ray energy of 0.039 MeV at an intensity
of 9% (8). For these low energies, the radiation emitted is absorbed
in a short distance, with the exception of neutrinos which are lost.
The drum of concrete containing iodine-129 at a concentration of 3,5%
would have an activity of 11 Ci. The heat energy produced would b'e
less than 3 ttiW. The external radiation from the drum will be less
than 4 R/hr at a distance of 1 ft; this dose rate will become insig-
nificant at distances greater than 200 ft.

The primary concern is internal irradiation due to ingestion;
however, the danger from the chemical toxicity of iodine-129 approxi-
mates that from irradiation. The maximum permissible burden for
iodin?.-129 is 0.6 yCi (3.4 mg) in the thyroid, while the normal
content of iodine is ~7 mg in the thyroid (9); thus the maximum
permissible burden of iodine-129 in the thyroid is nearly equivalent
to the normal concentration of stable iodine.

o
The MFC of iodine-129 in water for the general public is 6 x 10

uCi/ml, or 3.4 x 10~10 g/liter (10). The natural iodine-127 content
in seawater is 145 times greater than this amount. If the MPC for
iodine-129 in seawater were assimilated by the body, the accumulation
in the thyroid would be 1.4% of the maximum permissible burden.

These considerations lead to the conclusion that iodine-129 will
not be a hazard to present or future generations if fixed in concrete
and placed either in deep geological formations or on the ocean floor.
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