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The god of this project isto develop an experiment-and-cal culation based modd to describe the effects
of radiation on non-standard aqueous systems like those encountered in the Advanced Light Water Reector
(ALWR).

The water that acts as the heat trangport medium in the reactor core and primary circuit of nuclear power
plants experiences high doses of mixed field radiaion. Thisradiolysis produces radicas, ions and molecular
pecies that are highly reective a the elevated temperatures corresponding to norma operating conditions.
For ingance, the oxidizing species have the potentid to cause extensve damage to the infrastructure
(pipework, etc.) of the primary circuit.

Only very limited information is available concerning the effects of radiation on aqueous sysems a eevaed
temperatures, and on agueous solution — meta oxide interfaces. This data is dmost exclusvely for the
radiolytic effects of fast eectrons, and it does not address the radiation effects of heavy ion, high LET
particles. The research program proposed here will use a combination of experiment and modeling to
address this need. It will by develop amode for the radiation chemistry of water and aqueous solutions at
elevated temperatures under high doses smilar to those found in nuclear power plant. The modd will
congder two aspects of the radiation chemigry,

theinitid diffuson and reaction of the radiaion-induced reactants within the primary radiation
track and with additives, and

the bulk, homogeneous and heterogeneous reaction of the radicals and molecular products

escaping the track.

The former is important as it determines the initid yields and formation rates of the radiation induced
gpecies This information is centrd input in the description of the bulk chemigtry, which is important for
benchmarking experimenta data and describing radiation effectsin the water of water cooled reectors. The
nonhomogeneous component of the mode will aso phenomenologicaly describe recombination, trapping
and escape to the agqueous phase from nanoscale particles. Processes in heterogeneous suspensions of iron
and zirconium oxides will be modded usng stochagtic Monte Carlo techniques with experimentaly
determined mean free path estimates.

A dae-of-the-art stochastic smulation methodology will be developed to describe the nonhomogeneous
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radiation chemistry of water and aqueous systems at elevated temperatures and pressures Smilar to those
experienced in nudear reactors. The  smulation  technique  will  incorporate
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the effects of radiation particle type and energy on the physica and chemica processes. Each cdculation
will involve smulation of the depostion of energy by the radiation particle, and modeing of the subsequent
diffuson limited chemigtry. The fast chemisiry determines the rate of production and the yields of the highly
resctive e4, OH, H,O,, and the potentidly flanmable H, (and perhaps O,) in the bulk. Once
nonhomogeneous reactions are complete and a homogeneous digtribution of reactants is obtained, the code
will provide input information for bulk kinetic calculations, based on the FACSIMILE program and the IBM
Chemicd Kinetic Smulaor. Smulaionswill be performed to mode the effects of various additives (H, and
other OH scavenging solutes) on theinitia radiolysis, and the consequences of radiation-induced chemistry
a the water/oxide interfaces (with focus on iron oxides). It is expected that the addition of solutes to an
aqueous system will dter the nonhomogeneous radiation chemistry changing the yields used in the bulk,
homogeneous cdculations. At room temperature, this effect is known to occur at lower concentrations for
high Linear Energy Transfer (LET) heavy ion radiation particles than for fast eectrons.

The modd cdculations will rey heavily on input information from the experimenta components of the
research program. There are to be two complementary thrugts to the experimental component of this
proposal. These projects will operate in pardld deriving information

on theyidds of the oxidizing OH and H,O, produced in the high-dose radiolysis of agqueous
solutions, and
on radiolytic processes at, and in the presence of, agueous solution — metal oxide interfaces.

Many modes currently utilized to predict the behavior of water in reactors assume given yidds of the
radiation-induced species. However, these yields are not independent of the irradiation conditions. The
yields of hydroxyl (OH) radica and of hydrogen peroxide (H,O,) produced in the high dose irrediation of
water will be measured for g-rays/fast electrons at devated temperatures, and for HY, He*" and O** (C®)
ions a room temperature. The effects of additives (specificaly H,) and their concentration will be studied
as0. Because redigtic scenarios involve temperatures above the boiling point of water, the high temperature
experiments will necessitate the design and development of an apparatusfor irradiation at high temperatures
and pressures.

Interfaces are very common in nuclear power plants and in radioactive materials management. Current
descriptions of the interaction of radiation with the surface and of the effect of the interface on radiation-

induced processes are very limited. Because of the prevaence of iron oxides in the water-cooled reactors
(e.g., inthe pipes of heat transfer system), experimental (and modeling) studies to address the effects of
radiolytic reactions at iron-oxide/water interfaces will be made. These experiments will be limited to fast
electron and g-radiolyss. A temperature range Smilar to that encountered in reactors will be used. The
possbility of rediation-initiated redox dissolution of iron oxide particles will be studied under reductive
conditions. The rate of the dissolution will be determined in the presence of various different additives.

Mechanismsfor the dissolution will be developed, and the database collected will be used in an atempt to
smulate the kinetic processes. As direct absorption of the radiation by the oxide may contribute to the
dissolution process, the distribution of energy absorption and the resultant distribution of charge carriers
between the solid and agqueous sub-phases will be determined. Recombination, trapping and escape to the
agueous phase from nanoscae partices in heterogeneous suspensons of iron and zirconium oxides will be
modeled usng stochastic Monte Carlo techniques with experimentaly determined mean free path estimates.
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By combining the knowledge and expertise from the complementary experimenta and computationd efforts
apredictive modd for caculating the effects of radiation of agueous systems under non-standard conditions
like those in nuclear power plant will be devel oped.

54



