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SUMMARY

pH is the major factor in determining the extent of I2 in solution. In containment where

no pH-control chemicals are present, the acidity or basicity of the water pool will be determined

by materials that are introduced into containment as a result of the accident itself. These

materials may be fission products (i.e., cesium compounds), thermally produced products (i.e..

core-concrete aerosols), or compounds produced by radiation (i.e., nitric acid).

In situations where pH levels fall below ~ 7, the formation of I2 will occur in irradiated

iodide solutions. A correlation between pH and iodine formation is needed so that the amounts

of I2 in water pools can be assessed. This, in turn, determines the amount of I2 in the atmosphere

available for escape by containment leakage. A number of calculational routines based on more

than 100 differential equations representing individual reactions can be found in the literature. In

this work, it is shown that a simpler approach based on the steady-state decomposition of

hydrogen peroxide should correctly describe iodine formation in severe accidents. Comparisons

with test data show this approach to be valid.

The most important acids in containment will be nitric acid (HNO3), produced by

irradiation of water and air, and hydrochloric acid (HC1), produced by irradiation or heating of

electrical cable insulation. The most important bases in containment will be cesium hydroxide,

cesium borate (or cesium carbonate), and in some plants pH additives, such as sodium hydroxide

or sodium phosphate.

Some aspects of the timing of pH changes can be obtained from what is known about

fission product release into containment. Initially, the pH should be basic because of cesium



entering water pools as hydroxide, borate, or carbonate. However, once fission products enter a

water pool, a radiation dose rate is established, and nitric acid begins to form and neutralize the

basic solutes. This leads lo an interesting trade-off — a high concentration of fission products

that contain basic solutes brings about a high initial pH but also a high radiation dose rate, which

results in a relatively high production of nitric acid. From these offsetting effects, we may

calculate the time necessary to reduce the initial basic pH down to 7.0. This time can be

considered to be the maximum duration that a basic pH will occur in the absence of pH control

additives. It is a maximum because it considers only the basic contribution lo pH and the

formation of nitric acid.

The maximum duration of a basic pH was calculated for the seven accident sequences that

were evaluated in NUREG/CR-5732.1 The time to reach pH 7 is remarkably similar for the

calculations where the assumed initial form of cesium was hydroxide. This similarity appears in

spite of water volumes that ranged from 3.00 x 104 gal (1.15 x 105 L) to 1.37 x 106 gal (5.17

x 106 L) in the different sequences. This maximum duration for a basic pH is - 100 h. The

times for pH >7 were —60 h when it was assumed that cesium entered a water pool as cesium

borate (CsBO2). Thus, - 6 0 to 100 h is the maximum duration that a basic pH may be

maintained in the absence of pH control additives. A pH <7 may be attained in <24 h if boric

acid or HCl becomes a component of the water pool.

Amounts of hydrochloric acid on the order of 103 to 104 mols may be anticipated in some

accident sequences. This would introduce chlorine containing species that are 10 to 100 times the

amount of iodine containing species.

There are two major uncertainties ihat result from the production of HCl in containment.

The first is the uncertainty in the formation of I : during irradiation of water pools that contain

both chloride and iodide ions. The model for steady-state fraction of iodine as I-, does not specify

a mechanism for the initial production of I:. There arc no experimental data on irradiation of



solutions containing chloride and iodide at pH <7. In the absence of experimental data, the

range of applicability of the steady-state model remains speculative. As was the case in solutions

containing iodide alone, it is only pH <7 that would be of any importance in I2 formation.

The second uncertainty is in the behavior of IT and organic iodide in charcoal filter

systems when any combination of HC1, HOCl, CU, or organic chlorides are present. Again, there

are no experimental data on this. The evaluation was based on chemical reactions that may be

expected to occur, and these indicate that both the capacity and retention of iodine species in

charcoal filters will be degraded when chlorine species are present.
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