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1. INTRODUCTION 

The Generation IV supercritical water-cooled reactor (SCWR) designs under consideration [1] 
would operate at ~430-625°C and 25 MPa, i.e., well beyond the thermodynamic critical point of 
water1.  Supercritical (light/heavy) water (SCW)-cooled reactors would enable thermodynamic 
cycle efficiencies as high as ~44% (versus ~33% for existing water reactors), thus generating 
lower-cost electricity. 

While experiments showing that water is decomposed by X-rays and radium date back to the 
early 20th century, various quantitative aspects of this radiolysis are not yet fully resolved [3-5].  
This is particularly important for current water-cooled nuclear reactors, in which water is used in 
many irradiated systems (e.g., heat transport system, neutron moderator, and biological shield 
[6]).  The water in reactor cores is subject not only to extreme conditions of high temperature and 
pressure, but also to an intense flux of ionizing radiations (fast neutrons, γ-rays, recoil protons 
and heavy ions), which are the main source of the troublesome oxidizing products [1, 7-9].  The 
formation of oxidizing products, such as ·OH, H2O2, O2, and HO2·/O2

-·by water radiolysis can 
lead to corrosion and degradation of components in the reactor circuit, as well as affecting 
corrosion product transport and deposition [1, 7, 10, 11].  The complex mix of ionizing species 
makes it difficult to characterize these processes experimentally.   

Controlling the water chemistry of an SCWR will also require the ability to understand and 
mitigate the effects of water radiolysis.  Currently, there are few experimental data on radiolysis 
in SCW.  As experiments at very high temperatures and pressures, and especially beyond the 
critical point of water, are difficult, simulation will be a particularly important route of 
investigation [1, 7, 9, 12].  However, a large amount of information (e.g., diffusion coefficients, 
yields, reaction rate constants of radiation-induced species), both experimental and theoretical, 
will be needed in order to create such models, and progress will depend on the success of 
national and international experimental programs.  This information is particularly important 
because preliminary studies suggest, in many cases, a markedly different behavior of the effects 
of radiation at SCW conditions compared to what one would have predicted from simplistic 
extrapolations of experimental data originally measured at lower temperatures.  Key examples 
here include the rate constants of a growing number of chemical reactions that are found to 
exhibit, at elevated temperatures, negative Arrhenius activation energies2, so that earlier attempts 
to extrapolate existing experimental data on reactivities from their measured ranges (mostly less 
than 250-310ºC; see, for example, Refs. [12-15]) to the temperatures of interest, assuming simple 
Arrhenius behavior, should be viewed with caution.  The model predictions will need to be tested 
against experimental data.  Preliminary results suggest that understanding SCW radiolysis will 
require consideration of the heterogeneous molecular structure of SCW, composed of dense 
regions with hydrogen-bonded molecular clusters surrounded by less dense regions with 
non-bonded gas-phase-like molecules.   

                                                
1 For H2O, tc = 373.95°C, Pc = 22.06 MPa or 217.7 atm:  for D2O, tc = 370.74ºC, Pc = 21.67 MPa or 213.9 atm [2].   
2 i.e., the temperature dependence of the rate constant starts to decrease gradually with temperature above a certain 

temperature 
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Very early in the specification of chemistry regimes for an SCWR, it will be necessary to 
determine if the addition of hydrogen, as currently used in pressurized light/heavy water reactors 
(PWRs and PHWRs), can be used to suppress the net radiolytic production of oxidizing species 
[7], and if so, what hydrogen concentration is required.  If hydrogen cannot be used for this 
purpose, other additives to minimize production of oxidizing species will need to be identified.  
It is possible that the formation of oxidizing species cannot be controlled, and models to predict 
the concentrations of the oxidizing species and their lifetime in the piping downstream of the 
reactor core will be required.  The CANDU SCWR concept uses an array of feeder pipes (or 
possibly channels) to collect the water from the individual fuel channels and combine it into 
common piping.  Recent experience with Flow Accelerated Corrosion (FAC) and cracking of the 
carbon steel outlet feeder pipes in certain CANDU plants have highlighted the importance of 
materials selection and optimum chemistry control to minimize material degradation. 

Since about 2000, there has been a revival in the study of the high-temperature radiolysis of 
water due, in large part, to the need for information on water in the supercritical regime. 
Generally, these studies have been able to extend the measurements of both reaction rates and 
g-values to higher temperatures than the original investigations, thereby reducing or, in some 
cases, eliminating the need to extrapolate the data (for a recent compilation and review of 
radiolysis data up to 350ºC, see Ref. [16]).  More recently, the need to model chemistry in a 
SCW-cooled reactor has initiated concerted national and international experimental programs 
that are now underway in several laboratories to generate the necessary radiation chemistry data.  
Currently, however, only very limited experimental data are available on the radiation chemistry 
and reaction kinetics of transients in SCW and considerable gaps in the database remain. 

The purpose of this report is to survey the literature on SCW radiolysis, describe the recent 
modeling performed at the Université de Sherbrooke, and to broadly outline the testing required 
to develop a benchmarked SCW radiolysis model. 

1.1 Developing a Water Chemistry Regime for an SCWR 

Guzonas et al. [1] have described some of the challenges that must be overcome in order to 
develop a viable chemistry control strategy for an SCWR.  Historically, water chemistry regimes 
in PWRs, PHWRs and boiling water reactors (BWRs) evolved with operating experience, rather 
than having been planned during reactor design.  Because of the severe materials challenges 
expected for an SCWR operating at a core outlet temperature as high as 625°C, the water 
chemistry regime for an SCWR will need to be specified in advance to permit the appropriate 
materials testing to be carried out.  As SCW in-reactor loops are scarce, much more emphasis 
will be placed on modelling of radiolysis in an SCWR. 

Some of the issues that need to be addressed include: 

1. Understanding the consequences of the significant change in conditions during a core 
pass. 

                                                
 CANada Deuterium Uranium, registered trademark of Atomic Energy of Canada Limited (AECL). 
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2. Understanding the implications of the non-homogeneity of SCW at a molecular scale. 

3. Determining the feasibility of extending current models. 

4. Determining if the same radiolysis reaction set used for sub-critical water can be used. 

To address these issues, a Canadian SCWR Radiation Chemistry program has been put in place, 
consisting of both experimental and theoretical components.   

1. At the Université de Sherbrooke, modelling of SCW radiolysis processes using a 
combination of molecular dynamics (MD) and Monte Carlo (MC) methods is underway 
with the goal of developing a benchmarked SCW model.  The model is using 
experimental data on radiolysis in SCW from international collaborators.  The model will 
help to probe the problems of the non-homogeneity of SCW and reaction mechanism 
changes, and will require high quality experimental data for benchmarking.   

2. The groups at Simon Fraser and Mount Allison, who perform pulsed muonium3 
experiments in SCW at TRIUMF, pioneered the study of radiolysis in SCW and have 
extensive experience in this field.  Their data will be a valuable complement to 
international pulse radiolysis data, and will help to probe the problems of the non-
homogeneity of SCW and reaction mechanism changes for hydrogen atom reactions. 

3. Atomic Energy of Canada Limited’s Chalk River Laboratories has a long history of 
radiation chemistry studies.  Currently, there are two Gamma irradiators (Gammacells) at 
CRL, and a third Gammacell should be available in 2010.  While the current temperature 
limit for experiments in the Gammacells is 300ºC, construction of an SCW-capable 
autoclave system for one of the Gammacells is planned; components for external portions 
of the loop have been procured.  CRL also possess a 2.5 MeV Van de Graaff electron 
accelerator for pulse radiolysis experiments; this facility is being upgraded with new 
safety systems, a new data acquisition system, and modern radiation monitors.  A test cell 
capable of operation at SCW conditions is being developed.  AECL also possesses 
radiolysis models used for simulating accident conditions, and models for the heat 
transport system (HTS) and other systems used for solving radiation chemistry problems 
that arise at CANDU stations. 

                                                
3 Muonium can be considered equivalent to a light isotope of hydrogen 
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2. REVIEW OF RADIOLYSIS IN SCW  

This section describes the first attempt at extending the previous Monte-Carlo track structure 
simulations in liquid water at high temperatures [17] performed at the Université de Sherbrooke 
to the study of the low linear energy transfer (LET) radiolysis of SCW (H2O) at 400°C.  This 
work represents an initial effort to obtain data to help elucidate mechanisms by which radiation 
interacts with water in its supercritical regime.  The calculations reported here incorporate all the 
presently available information on the reactivities and diffusion coefficients of the radiolytically-
produced free radicals and molecular products (eaq

-, H+, OH−−−−, H•, H2, •OH, H2O2, O2
•−−−−, etc.) 

(for example, see Refs. [3,18-21]) and on the physicochemical properties (density, viscosity, 
static dielectric constant, Kw, etc.) of water at this temperature.  To our knowledge, only one 
report (of some initial results [1]) on theoretical modeling of the radiolysis of water at such 
elevated temperatures has been published in the open literature to date.  It should be pointed out 
that this study presents only preliminary results as many steps must be justified before a 
complete theoretical foundation exists for describing the radiolysis of SCW.  In particular, the 
simulations presented here treat the aqueous medium as a “continuum”, ignoring the underlying 
molecular configuration.  However, in spite of the many uncertainties, the parameters used 
appear reasonable.  Rather than waiting until better data become available, the first objective is 
to push the calculation to the point that allows comparison of calculated g-values for radiolysis 
yields with existing experimental observations.  Of course, the final objective is a track model 
that agrees with all experimental data, so extensive comparison with experiment will be needed. 

In the following sections, some results of the most recent calculations performed at the 
Université de Sherbrooke of g(eaq

-), g(•OH), and the sum [g(eaq
-) + g(•OH) + g(H•)]4, as a 

function of temperature (over the range 20 to 400ºC, at 25 MPa), and water density (over the 
range of ~0.15-0.55 g/cm3, at 400ºC) are reported (some initial results are reported in [1]).  In the 
course of these calculations, certain key intervening parameters have been identified, and these 
are briefly discussed below. 

2.1 Radiation Chemical Yields 

Perhaps the most important quantities to know when starting to model the radiation chemistry are 
the primary radical and molecular yields, which are quantified in terms of g-values: numbers of 
species of each kind formed or destroyed per 100 eV of absorbed energy that remain at 
homogeneity, that is, after spur/track expansion is complete.  Traditionally the units for g-values 
are given in terms of molecules per 100 eV (abbreviated as “molec./100 eV”).5  The yields of the 
species are, in general, a function of time after the ionization/excitation event.  In liquid water at 
room temperature, for low-LET radiation (such as 60Co γ-rays, fast electrons, or high-energy 
protons), and under ordinary irradiation conditions, intraspur/track reactions are essentially 
complete by about 2.5 × 10-7 s after the initial energy deposition (Figure 1).  The time at which 

                                                
4 Where g(eaq

-), g(•OH), and g(H•) are the primary (or “escape”) yields of the free radicals eaq
-, •OH, and H• atom, 

respectively. 
5 For conversion into SI units (mol J-1): 1 molec./100 eV ≈ 0.10364 µmol J-1 [3]. 
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the nonhomogeneous chemical stage is completed markedly diminishes with increasing 
temperature, approaching a value of 2 × 10-8 s at 350ºC [22] (Figure 1). 
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Figure 1  Time of spur/track expansion as a function of temperature [22]. 

Currently, there is only very limited information on the yields of water radiolysis products under 
supercritical conditions.  In fact, published data mainly concern g-values for hydrated electron 
[7, 8, 23-28], H• atom [7, 8, 28], H2 [7, 8], and •OH [29] production in low-LET radiolysis of 
water up to 400ºC.  Most of these studies employed steady-state radiolysis experiments with 
various specific scavengers (e.g., N2O, methyl viologen, 4,4′-bipyridyl, ethanol-d6, NaHCO3, 
etc.), assuming that they (and the products formed) are thermally stable in supercritical water.  
Some results are presented briefly below. 

Figure 2 shows g(eaq
-) as a function of temperature as measured from a number of laboratories 

from room temperature to 400ºC [8, 16, 17, 25, 27].  The results of the temperature dependence 
of the g-values obtained using the Université de Sherbrooke Monte Carlo computer codes, 
calculated at different times after the ionizing event by using Figure 1, are also shown for 
comparison. 
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Figure 2  g(eaq
-) as a function of temperature at 25 MPa.  Symbols are experimental data. 

The solid line shows the Monte-Carlo simulated results, obtained from averages over 
150 track segments of 300-MeV protons (average LET ~ 0.3 keV/µm). 

Note that the experimental g(eaq
-) value obtained by Lin et al. [25] at 400ºC and 25 MPa 

using a scavenging method (~6 molec./100 eV, open circle) is significantly higher than the 
other experimental data.  It is proposed that, to offer a better comparison with calculations, 

a value that has recently been obtained at ~1 ns by direct, time-resolved pulse radiolysis 
experiments, ~4.2 molec./100 eV (closed circle), should be substituted in this dataset 

(see below). 
 

It can be seen that there is a severe discrepancy between the eaq
- escape yields in low-density 

SCW measured by Bartels and coworkers in Notre Dame [8] and those reported by the group of 
Katsumura in Tokai, Japan [25, 26].  This discrepancy is further illustrated in Figure 3, which 
shows the density effects on g(eaq

-) in SCW.  No suitable explanation for such a discrepancy has 
been offered yet.  However, due to the lack of precise determination of the rate constants for the 
reactions between radicals and scavengers, the scavenging time scales corresponding to the 
g-values reported at elevated temperature are not well known and may differ depending on the 
experimental conditions.  In SCW, the scavenging method even appears to be questionable [27].  
Indeed, the chemistry of standard scavengers is often unknown under SCW conditions, and also 
the presence of solutes at high concentration (to scavenge the primary species) may change the 
thermodynamics of the supercritical fluids. 
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Figure 3  g(eaq
-) as a function of density in supercritical water at 380 and 400ºC.  The 

results of Janik et al. [8] (open and closed circles) are plotted along with the results of Lin 
et al.  [25] (open and closed diamonds).  Reproduced from Ref. [8]. 

 

Recently, in an effort to overcome the difficulties posed by the scavenging method, Muroya et al. 
[27] have observed, for the first time, the time-dependent yield of hydrated electrons in SCW 
(D2O) at 400ºC from 25 to 40 MPa (i.e., from ~0.182 to 0.570 g/cm3), using picosecond 
time-resolved pulse radiolysis experiments.  Figure 4 shows the density dependence of the eaq

- 
yield obtained by these authors at ~60 ps and 1 ns.  As can be seen, this variation is in agreement 
with Lin et al.’s previous studies [25, 26] that used scavenging methods.  It readily suggests that 
scavenging in Lin et al.’s experiments could have occurred at times of the order of several tens of 
picoseconds.  It also suggests that the two published sets of data by Janik et al. [8] and by Lin 
et al. [25] (Figure 3) may have effectively been measured at different times.  Also shown in 
Figure 4 are the computed eaq

- yields at 60 ps and 1 ns.  It can be seen that, at the highest 
densities plotted, there is a good agreement between experiment and theory at both times 
considered.  At the lowest densities, the agreement remains good for 1 ns, but at 60 ps, the 
calculated yields clearly deviate from the experimental values.  At this time, no explanation can 
be offered for such a deviation at these short times. 

Figures 5 and 6 show [g(eaq
-) + g(•OH) + g(H•)] as a function of temperature from room 

temperature up to 400ºC, and as a function of density in SCW at 400ºC, respectively.  In 
Figure 6, good agreement is obtained between experiment and theory at the highest, “liquid-like” 
densities plotted.  It has been hypothesized [1] that the discrepancy observed at the lowest 
densities is an indication that, in this density range, the radiolysis of SCW is dominated by its 
“gas” phase component.  Such a hypothesis is not unreasonable, judging from the fact that there 
are considerable differences in the physical track structure processes, chemical reactions, and the 
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product yields in irradiated water vapor and liquid water (at least at room temperature) [1, 3, 4, 
19, 31-33]. 

 

 

0.1 0.2 0.3 0.4 0.5 0.6
0

1

2

3

4

5

6

1 ns

 Y. Muroya et al. data at 60 ps
 Y. Muroya et al. data at 1 ns
 Monte-Carlo simulations at 60 ps
 Monte-Carlo simulations at 1 ns

 

e- aq
 Y

ie
ld

 (
m

ol
ec

./1
00

 e
V

)

Water density (g/cm3)

400 oC

60 ps

 

Figure 4  Density dependence of the yields of eaq
- in SCW at 400ºC, measured directly by 

picosecond time-resolved pulse radiolysis experiments, at ~60 ps and 1 ns.  Symbols are 
experimental data from Ref. [27]. 

The solid lines show the corresponding Monte-Carlo simulated results obtained at the 
Université de Sherbrooke.  Values are calculated from averages over 150 track segments of 

300-MeV protons (average LET ~ 0.3 keV/µm). 
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Figure 5  Sum of primary free-radical yields [g(eaq
-) + g(•OH) + g(H•)] (in molec./100 eV) of 

the radiolysis of water as a function of temperature, using a 0.5 mM MV 2+ solution in the 
presence of 10 mM NaCOOH (■) and in the presence of 0.2 M ethanol (●) as scavenging 

systems (Ref. [25]). 

Note that from room temperature up to 350ºC, the pressure is 25 MPa while it is 30 MPa at 
380 and 400ºC.  Reproduced from Ref. [25]. 
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Figure 6  [g(eaq
-) + g(•OH) + g(H•)] in SCW vs. density at 400ºC.  The solid line shows the 

results of the Monte-Carlo simulations obtained at the Université de Sherbrooke at 10-8 s. 

A good agreement is obtained between experiment and theory at the highest, “liquid-like” 
densities plotted.  Data reproduced from [25, 30]. 
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Another important published set of data that explores the radiolysis yields as a function of 
density in SCW is shown in Figure 7.  As can be seen from this figure, the yield of H• atoms 
becomes substantially larger than that of eaq

- in lower density SCW, the ratio g(H•)/g(eaq
-) 

reaching ~4-6 around 0.1 g/cm3 [8, 28].  As yet, the origin of this strong dependence on density 
of the relative radiolysis yields of H• and eaq

- is not clearly established, although it has been 
suggested [8] that, in water of lower static dielectric constant, the rate constant for the charge 
recombination reaction H+ + eaq

- should greatly be enhanced, thus converting electrons into H• 
atoms within the spurs/tracks.  Unfortunately, there are no data currently available on the 
reaction of the hydronium ion with hydrated electrons in high-temperature water above 350ºC 
[16, 34] and a fortiori, in the supercritical regime. 

 

Figure 7  Ratio of the yields (at ~10 ns) for H• atom and eaq
-.  In SCW at 380ºC, the 

measured g(H•)/g(eaq
-) ratio is greater than unity and becomes larger as density decreases. 

In low-density SCW, the yield of H• atoms seems to be roughly 4-6 times the yield of eaq
- [8, 

28].  Reproduced from Ref. [8]. 

 

Finally, special emphasis should be given to the yield of molecular hydrogen, g(H2), which, 
surprisingly, increases at elevated temperature [7, 8, 16, 35] even though the yield of the other 
molecular recombination product, g(H2O2), decreases [13, 16, 17, 35].  In fact, it is expected that 
at high temperature, diffusion of radicals out of spurs/tracks increases faster than recombination, 
and one should have less molecular recombination product [8, 13, 16, 17, 35].  Monte-Carlo 
simulations of water radiolysis at the Université de Sherbrooke over the temperature range 
20-350ºC, incorporating the recently updated set of reaction rate constants for high-temperature 
water radiolysis of Elliot and Bartels [16], have failed to explain this “anomalous” increase of 
g(H2) (data not shown).  It has been concluded [8, 35-37] that an additional channel for H2 
formation should be postulated. 
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2.2 Reaction Rates 

Currently, only very limited experimental data are available on the reaction kinetics of transients 
in SCW.  In recent years, new results on the rate constants of several vital chemical and 
acid/base equilibrium reactions involved in the radiolysis of water have been reported up to 
350°C [16], but rarely up to the SCW temperature range.  As for the Monte-Carlo simulations of 
the radiolysis of SCW at 400ºC performed by at the Université de Sherbrooke, the rate constants 
of the dominant reactions have been obtained by extrapolating the experimental data reported in 
the compilation of Elliot and Bartels [16] in the range 20 to 350ºC and by using the results of 
Ghandi and Percival [38] inferred from muon spin spectroscopy measurements in subcritical 
water and SCW.  For the other reactions, whose rate constants have been measured only up to 
200 or 250ºC (many of these data have been collected and summarized in Refs. [12-15] for both 
light and heavy water), the available data for rate constants have been extrapolated above their 
experimentally studied temperature range as described previously [17].  Due to the lack of 
experimental data, we have also chosen to neglect in the calculations any dependence of the 
reaction rate constants on water density on the 400ºC isotherm.  In the density range investigated, 
this approximation should not be too severe, judging from the relatively slowly-varying k values 
for the few reactions (e.g., eaq

- + O2) whose rates have been measured as a function of water 
density [28]. 

Figure 8 shows, as an example, the Arrhenius plot of the reaction eaq
- + O2 at 25 MPa and some 

lower pressures [28].  As can be seen, below 300ºC the reaction rate is very insensitive to the 
pressure.  Along the 25 MPa isobar, a strong dip in reaction rate is visible in the critical region, 
with a minimum at 380ºC.  This dip illustrates the effect of the compressible solvent on the 
reaction rate. 

 

Figure 8  Arrhenius plot of the reaction eaq
- + O2 at 25 MPa and lower pressures, compared 

to existing literature.  Reproduced from Ref. [28]. 
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As mentioned above, a key aspect of interest in the radiolysis of water at elevated temperatures is 
that some reactions have been found to exhibit non-Arrhenius behavior above a certain 
temperature.  This is exemplified in Figure 9 for the second-order reaction eaq

- + eaq
-.  The 

behavior of this reaction remains puzzling.  In fact, if the abrupt decrease in the rate constant 
observed in alkaline solution above 150ºC is incorporated in the simulations, a sharp downward 
discontinuity in g(H2) is predicted [17, 40, 41], which is not observed experimentally [16].  This 
abrupt drop needs to be confirmed at neutral pH, as it may be a function of the pH of the solution 
[13-15] (data shown in Figure 9 were all obtained under alkaline conditions). 
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Figure 9  Temperature dependence of the rate constant for the bimolecular decay of 
the hydrated electron [16, 39]. 

The authors have indicated that even the low values for k they have reported above 250ºC 
were only upper bound values, set by the impurity levels in their systems (as indicated by 

the arrows).  Reproduced from Ref. [16]. 
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3. REQUIRED RESEARCH DIRECTION 

As the review presented in Section 2 shows, in order to successfully predict the in-core chemistry 
conditions for an SCWR, a reliable database of kinetics and radiolytic yield parameters is 
required.  Reliable values for both initial radiolytic yields and the rate constants and mechanism 
of radiolysis induced reactions are the fundamental building blocks of a reactor radiolysis model.  
Experience with modelling in-core conditions for current designs of water-cooled reactors [42] 
has shown that once the kinetics and yields databases are established, ‘all effects’ tests in 
laboratory-scale loops and in-core reactor loops are required to remove uncertainties from the 
model predictions.  For the SCWR this process will likely be iterative, with the results of 
modelling helping to define the conditions for loop tests that will, in-turn, refine these same 
models.  Unlike the development of current reactor models, it is likely that the determination of 
many of the fundamental rates and yields will be done in parallel with other testing, but 
nonetheless essential to a reliable model.  A final key component required to enable prediction of 
the in-core conditions for an SCWR is a detailed appreciation of the heterogeneous nature of the 
SCWR coolant and how this influences radiation energy deposition and the subsequent radiolysis 
reactions. 

3.1 Radiolytic Yields 

Currently, only limited data are available regarding the radiolytic yields in SCW.  Many of the 
radiolytic yields measured to date have been based on observations from fast processes.  
Therefore, there is a need to perform additional scavenger-based experiments in a gamma 
irradiator.  With careful design, it should be possible to perform steady-state irradiations in a 
Gammacell.  A great deal of care will need to be taken to verify that the chemical system used is 
stable under supercritical conditions.  Such steady-state irradiation tests are to be initiated at 
CRL. 

Additional yield measurements will be needed for different types of irradiation (to simulate 
neutron irradiation in-reactor).  Currently, facilities to perform these experiments are not 
available in Canada. 

3.2 Kinetics Measurements 

Currently, pulse radiolysis measurements in supercritical water have been made in only a few 
laboratories worldwide (e.g., University of Notre Dame, University of Tokyo).  Pulse radiolysis 
experiments have been performed successfully at temperatures up to 300ºC at CRL [13-16].  The 
process to upgrade the high temperature pulse radiolysis apparatus at CRL for operation in SCW 
has been started.  The accelerator at CRL is only capable of producing relatively long 
(0.5 – 2 µs) irradiation pulses and will therefore be somewhat limited in its ability to resolve the 
faster processes.  Nevertheless it is expected that pulse radiolysis experiments using this 
apparatus will provide some of the data needed for the radiolysis database for SCW conditions.   

As noted in the introduction, the groups at Simon Fraser and Mount Allison Universities 
(Percival, Ghandi, Brodovitch) have already started to successfully study muonium kinetics in 
SCW [38].  This muonium work will provide valuable insights into how reaction kinetics in 
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SCW changes with parameters such as fluid temperature and density, and should enable us to 
probe the influence of the structure of SCW on radiolysis processes. 

3.3 Other Irradiation Tests 

All effects tests are required to refine radiolysis model predictions and to determine the response 
of an operating system to changes in chemistry.  Currently, a room temperature irradiation loop 
has been constructed at CRL, which is providing very useful insights into whole system 
irradiation on a small scale.  Incorporation of an SCW autoclave into such a loop will be 
considered if testing with the static autoclave described above is successful.  Ultimately 
however, testing under SCW in-core conditions will need to be performed using an in-reactor 
loop.  This will likely be achieved at the Generation IV International Forum level as part of an 
international collaboration using the loop currently under construction at Rez, Czech Republic 
[43]. 

3.4 Radiolysis Modelling 

It is clear that, given the limited number of experimental facilities available, radiolysis modelling 
will be key to the success of developing the chemistry control regime to be used in an SCWR.  
Monte Carlo and Molecular Dynamics (MC/MD) simulations of SCW are currently being 
performed in Canada by the group at the Université de Sherbrooke.  One key output of this 
modelling will be to help determine the importance of the non-homogeneity of SCW on 
predicting reactor radiolysis. Currently used radiation chemistry models of reactor systems are 
deterministic models.  The Monte-Carlo modelling project will help to identify the best way to 
develop radiolysis models for simulating system chemistry. 

3.5 Conclusions 

Although the behaviour of reaction rates and radiolytic yields up to 350ºC gives us insight into 
which reactions may be most important in supercritical water, a full, accurate model of SCW 
radiolysis is still some years away.  Using all the currently available information about the rate 
constants for the main reactions of water radiolysis at 400ºC, the Université de Sherbrooke 
Monte-Carlo simulation code enables a good reproduction of the existing yield data at high water 
densities, but fails to reproduce them at lower densities.  These findings suggest that 
understanding SCW radiolysis requires consideration of the heterogeneous molecular structure of 
SCW, composed of dense regions with hydrogen-bonded molecular clusters surrounded of less 
dense regions with non-bonded gas-phase-like molecules.  Progress will clearly depend on the 
success of national and international experimental programs outlined above in obtaining the 
necessary radiation chemistry data (yields and reaction rates). 
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