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3.0 BACKGROUND

3.1 RADIONUCLIDES IN PHOSPHATE ORES
Phosphate ore deposits are located in three principal regions of
the United States:

) Southeastern region (mainly Florida, but also South Carolina,
North Carolina, and Georgia)

[ Northern Rocky'Mountain region of eastern Idaho, western Wyoming,
northern Utah, and southwestern Montana

e Middle Tennessee

Most of this country's marketable phosphate rock is produced in
Florida, but most of the ore used in elemental phosphorus production is from
the other regions. The phosphate ores from the three principal regions are
distinct in their radiological characteristics. Generally, ores from the
southeastern region have the highest radionuclide concentrations, followed
reSpect1ve1y by those from the northern Rocky Mountain region and those from
middle Tennessee. The radioactivity content of phosphate rocks from dif-
ferent deposits within the same general region, however, may vary widely.
Most of the natural radioactivity present is represented by the uranium
series radionuclides (Figure 3-1), although some phosphate rocks also con-
tain elevated levels of thorium and its daughter products. Uranium-238 is a
primordial radionuclide that heads a series of heavy radioactive atoms. If
a phosphate deposit is sufficently old and has not been subjected to physi-
cal or chemical separation processes, the radionuclides present should be in
a state of radicactive equilibrium, wherein the rate of decay of each radio-
nuclide is very nearly equal to that of the parent U-238. Table 3-1 gives
radionuclide concentration data for phosphate rocks of various geographic

3-1




U-238
4.5x10%
4.2 Mev

U-234
2.5x10%
4.7-4.8MeV

Pa-234m
1.2m
2.3 MeV

Th-234
24d

0.1, 0.2
Mev

Th-230
8.0x10%y
4.6-4.7 MeV

:

Ra-226
1600y
4.8 Mev

Rn-222
3.8
5.5 Mev

Po-218
3.1m
6.0 Mev

Pb-214
26.8m
0.7,10 MeV

af— radionuclide
o= half-life

= energy of
emission (s)

l alpha decay

Bi-214
19.7m
0.4-3,3 Mev

Po-210
133d
5.3 Mev

Pb-206
Stable

Key:
u-238
4.5x10%
4.2 Mev
/ beta decay
Po-214
1.6:10'45
7.7 Mev
Bi-210
5.0d
1.2 Mev
Pb-210
21y
<0.1 MeV

Figure 3-1. The Uranium Decay Series.
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origins. The table indicates that the uranium series radionuclides in
phosphate ores are in equilibrium,

3.2 RADIONUCLIDES IN PLANT MATERIALS

The major products of the elemental phosphorus industry are ele-
mental phosphorus and the by-products associated with its production. The
major by-products are calcium silicate slag produced at rates of 8 to 9 tons
per ton of phosphorus produced [6] and ferrophosphorus. Other significant
by-products include processed dust removed from furnace offgases and furnace
offgas condenser exhaust (CO).

Radionuclide concentrations in elemental phosphorus are very low
because of numerous plant production isolation and purification steps.
Elevated concentrations of uranium series radionuclides, however, are found
in the slag, processed dust, and to a much lesser extent, the ferrophos-
phorus. An activity balance of the nonvolatile radionuclides entering the
production process indicates that most of output activity can be accounted
for in the slag.

The elemental phosphorus production process results in the release
of fugitive dust and particulate emissions containing uranium series radio-
nuclides. In addition, two long-lived radon daughters, Po-210 and Pb-210,
have boiling points low énough to be vaporized by the process, and may be
released to the atmosphere. In general, the air pollution control equipment
in phosphorus plants is installed to reduce particulate and fluoride emis-
sions. While such equipment is also effective in reducing emissions of
radioactive particulate material, it is much less effective at removing
radionuclides present as fumes or vapors. Polonium-210, for example, is
volatilized during phosphate ore calcining, and significant quantities can
be released through particulate emission control equipment during calcining.

3.3 GENERAL INDUSTRY DESCRIPTION
3.3.1 Plants

Table 3-2 lists each plant examined in this study, its location,
and its design capacity.
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