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Abstract

Small volumes of aqueous solutions have been subjected to
a-radiation from a Am-241 source. The irradiated solution was
separated from the bulk solution by a glass filter serving as

a diffusion barrier.

The H50, concentration in the bulk solution was monitored by a
chemiluminescence technique and the overall production of
oxidizing species (H,0,/0,) in irradiated ground water was
2+

studied by measuring the Fe“’ -consumption in ground water

initially containing 2:107°% mol-dm™3 Fe??.

H,0, yields calculated using the computer program CHEMSIMUL
are in fair agreement with experimental ylelds for "pure"
water (pH 8) and aqueous methanol solutions (pH 5).
Experimentally G(H,0,) = 1.06 +/- 0.1 was obtained in "pure”
water. In solutions containing 2°1073 mol*dm 3 HCO;™ and in
ground water G(H,0,) decreased to 0.69 +/- 0.03. A
corresponding decrease in G(H,0,) was not found in the
calculations. The agreement between measured and calculated

+ . : . . . : .
Fel consumption is fair when slow oxidative reactions in the

bulk solutions are taken into account.
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1. INTRODUCTION

The effect of radiation on water carrying geological material
e.g. bentonite backfill may be due to direct radiation damage
and changes in the water chemistry due to water radiolysis.
The yields (i.e. G-values) of the primary products "OH, e_aq,
H*', Hy0,, Hy, HOZ‘,H3O+ formed by radiolysis of water are
strongly dependent on the LET (Linear Energy Transfer) of the
radiation. In a closed system irradiated with low LET
radiation e.g. gamma, the radical products °OH, e"aq, H* beilng
formed in higher yields than the molecular products H;O, and
H, react with the latter in such a way that no net
decomposition of the water occurs (Allen 1961). For high LET
radiation the molecular yields are higher than the radical

yields resulting in net decomposition of water.

In an open system e.g. a water saturated bentonite reactlons
between radiolytic products and dissolved specles in the pore
water as well as diffusion out of the irradiated volume may
strongly influence the chemical effects of the radiolysls. Due
to its high diffusivity and low reactivity molecular hydrogen
(Hy) may diffuse out of the irradiated volume. The oxidizing
products are more reactive and may thereby create a moving

redox front (Neretnieks 1982; Neretnieks and Aslund 1983).

The diffusion of H, out of 8, v, and a-1rradiated water-
saturated compacted bentonite have been subjected to several
experimental and modelling studies (Eriksen and Jacobsson

1983; Eriksen et al 1987). The present report deals with the



radiolytic production on hydrogen peroxide (H,0,) 1n aqueous

solutions containing HCO3™, Cl™ and Felt,

2. EXPERIMENTAL

2.1 Radiation source

The radiation source consisted of Am-241 incorporated in a
gold matrix on silver backing. The o-emitting surface was
covered by a 2 um thick gold-palladium alloy. The diameter of
the active surface was 25 mm and the total activity 35.7 MBqg.
The average energy of the a-particles leaving the surface was
determined (Eriksen et al; 1987) by o-spectroscopy to be 4.6
MeV and the energy deposition 8.22°1013 ev-s~1. Assuming the
range of the a-particles to be 37 um in water (Flugge 1958)
the volume of the irradiated solution was 1.81°10"2 cm’ and

the average dose rate 73 rad s~ 1.

2.2 Experimental set up

The experimental arrangement is shown schematically in Fig. 1.
A glas filter (d = 65 mm) was placed close to the g-emitting
surface (distance approximately 0,2 mm) of the radiation
source to secure diffusive transport of radiolytic products
out of the irradiated volume. The radiolytic products Hy, Oy
and H,0, thus diffused out of irradiated volume into the inner
aqueous phase and subsequently through the glass filter into

the outer aqueous phase. The volume of the outer aqueous phase



was 110 cm3. All chemical analyses were carried out on samples

taken from this volume.

2.3 Irradiated solutions .

All chemicals (p.a. quality) were used as received. Solutions
were prepared from deionized water double distilled in quartz
apparatus and freed from oxygen by purging with Ar (AGA-SR-

quality) containing less than 1 ppm O,

The following solutions were irradiated;

la: aq. dest, K,HPO, buffer, pH = 8

1b: 2.1073 mol-dm™3 HCO3™, pH = 8

lc: Synthetic ground waterX), pH = 8-8.2

ld: Synthetic ground waterx), 2:107% mol-dm3 Fez+,
pH = 8-8.2

2: 0.5 mol‘dm™3 MeOH, pH = 5, (dosimeter solution)

X) Principal ions, 123 ppm HCO3~, 70 ppm Cl-,

65 ppm K*, see Table 1.

2.4 Analysis

The hydrogen peroxide (H,O0,) production in the irradiated
solutions la, 1lb, lc and 2 was monitored using a
chemiluminescence method. 100 1l solution was added to 2 ml
reagent containing 2.1075 mol-dm~3 luminol (5-amino-2,3

2+

dihydro-1,4 phtalazinedione) and 2.107° mol'dm_3 Cu and the

light emission was measured with a LKB-1250 lumlinometer. The



Fe2*t consumption by oxidants formed on irradiation of solution
1d was determined colorimetrically with o-phenanthroline

(Gerstl and Banin 1980; Fortune and Mellon 1938).

3. EXPERIMENTAL RESULTS

3.1 Diffusion .

The diffusion of Fel*t through the glas filters used as
diffusion barriers was measured in separate experiments

(Fig. 2). Based on the experimental results the diffusion
coefficients of radiolytic products and pertinent solutes were
calculated assuming constant effective porosity and
tortuosity. The diffusion coefficients used in the computer

calculations are given in Table 2.

3.2 Radiolytic vield.

The amount of H,0, diffusing out of the irradiated volume was
monitored by measuring the temporal build up of the H,0,
concentration in the outer aqueous phase. The experimental

results are shown in Figs. 3-6.

The Felt consumption in irradiated ground water with an

initial Fe?* concentration of 2:107% mol-dm~3 is plotted in

Fig. 7.

The radiolytic yields (G-values) calculated from the plots in

Figs. 3-7 are summarized in Table 3.



The steady state concentration of H,0, on the radlation-source

side of the diffusion barrier estimated from the experimental

data using Fick’s first law

F = D*"A*¢ (dc/dx) (1)
where F = rate of transfer across diffusion barrier, A = area,
e = porosity and dc/dx = concentration gradient across

diffusion barrier. The steady state concentrations obtained

from the plots in Figs. 3-6 are given in Table 3.

4. COMPUTER CALCULATIONS

4.1 Computer program and vield of primary products

The computer program CHEMSIMUL has been described previously
(Christensen and Bjergbakke 1986). The reactions, rate
constants and primary yields (G-values) for

a-radiolysis of water used in the calculations are given 1in

Tables 4 and 5 respectively.

The reaction mechanism for the carbonate system was simplified
to involve only C032_ ions and kggy = 1.7°107 was used to
represent the overall rate constant for the reactions with

both HCO3~ and CO3°~.



4.2 Diffusion of reactants

The radiolytic products Hy, O, and H,0, are assumed to diffuse
out of the irradiated volume through the filter and into the

outer aqueous phase (see Fig. 1).

4.2.1 Diffusion to the inner phase

The temporal change in concentration within the irradiated

volume V(Irr) is given by the equation
~dc/dt = F/V(Irr) = A*D'c/V(Irr) -x 10>

V(Irr) = 1.81°10°2 dm3 and D (cm?-s™!) is the diffusivity in

water

Assuming the thickness (x) of the inner phase to be 0.06 cm
and the area A to correspond to the fictive area of a

simplified linear case (A = 11 cm2) we obtain

—dc/dt = 1.01-10%:D-c

In the computer program the diffusion must be described by
rate equations. The diffusion of e.g. H, is thus handled by
the equations

Ky

Hy = D1



ky

Dl ~ H,
-dc/dt = D°1.01-10%c - k,°D1

Also D1°V(Irr) = c(In)*V(In)

where V(In) volume of inner agqueous phase

c(In) concentration in inner aqueous phase
Using the values given above, we obtain

Dl = 36.5°c(In)

dc/dt = 0 when c(Irr) = c(In)

i.e. ky = k;/36.5 = 36.5°D 1.01°10%/36.5 = 278°D

4.2.2 Diffusion through glass-filter into the outer

agueous phase

Diffusion out of the inner phase may be described by the

equation
F = A*e*D*dc(In)/dx

dc(In)/dt = -A*eD c(In)/V(In) x 103



where A = 33 cm?
D = diffusivity in filter (cmz's'l)
(measured, see Table 2)
V(In) = volume of inner phase (dm3)
X = thickness of glassfilter (cm)
€ = filter porosity

Using the values given in Table 2 we obtain

-dc(In)/dt = 66°D'c(In) (Filter 1)

-dc(In)/dt = 15.2°c(In) (Filter 2)
or -dc(D1)/dt = 66°c(D1)

-dc(D1l)/dt = 15.2°c(D1)

The diffusion may be thus expressed as a rate equation in the
reaction mechanism i.e. D1 - DIA with rate constants 66'D or
15.2°D (for filter 1 and 2 respectively), using diffusivities

pertinent to the glass filters.

It should be noted that the species D1 and D1A, although
representing species in the inner and outer aqueous phases
respectively in the calculations are treated as species in the

irradiated volume.



4.2.3 Diffusion of solutes from the outer agueous phase to

the irradiated volume

In some experiments the solutions contained reactive solutes

e.g. HCO3“, cl-, Fe?* which may diffuse into the irradiated

volume, if depleted in this volume.

Corresponding reactions and rate equations as given above were

used to describe this diffusive transport.

5. RESULTS OF CALCULATION

5.1 Test calculations

Three methods of calculation were tested on water at pH 8,

corresponding to case la, section 2.3.

a) As described above using the dose rate

(DR) = 73 rad's~!

b) Calculation without diffusion, but using

DR = 73/36.5 = 2 rad*s™ 1

This method corresponds to a simplified case,
where it is assumed that the o-radiation 1s
absorbed in the inner phase (and not only in
the irradiated phase, which 1s the real case).

If this is a realistic case the diffusion
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through the glass filter may easily be

calculated.

c) Calculation without diffusion using
DR = 73 rad-'s™! but corresponding to inter-
mittent irradiation.
In this case it is assumed that the water
of the inner phase is circulated through
the irradiated phase, resulting in a case
in which the real time is equal to 36.5

times the time of irradiation.

There are as can be seen in Table 6, some differences in the
results obtained using the three methods. Method a is regarded
as the most realistic one and this method, including egquations
for diffusion through the glass filter, was therefore used in

the subsequent calculations.

The following yields were obtained: G(H,) = 1.27;
G(OZ) = 0.13; G(H202) = 1.01. The corresponding steady state
concentrations in the inner phase were 6.8, 1,6 and 16.9

3

mol-dm™° respectively.

5.2 Solutions la-1d

In the computer calculations no attempts were made to 1nclude
equations to determine the delay in the break-through of H,0,

into the outer phase. The delay may be estimated assuming
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G(H202) = 1. The time required to obtaln steady state

concentration for H,0, in the inner aqueous phase 1s

3

(1.7°1075:0.66°10%/73°1.81-1072) = 8.5°107s

i.e. 2.4 h

and
(0.5°33°0.4°0.53°2.4)/0.66 = 12.5 h

is required to establish the concentration gradient across the
filter. The delay obtained from the experimental break through

curves 1is longer.

In the calculations of case la it was found that steady state
concentrations in the inner phase were obtained in about 6 h.
G(HZOZ) (H202 diffused into the outer phase) was 1.01 in fair
agreement with the experimental value, 1.06, see Table 7 and
Figure 8. The calculated G(H,0,) values are almost the same
(1.00) in solutions 1b (123 ppm HCO5 ) and Ic (synthetic
ground water), whereas the measured yields are lower, see
Table 7. In solutions 1lb and lc G(O,) was found to be slightly

higher than in solution la, probably because of the reaction

- - 2-
02 + CO3 > 02 + CO3
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The Cl~ ion (1lc) does not seem to have any effect, probably

because of the fast back reaction
Cl1OH™ - OH + Cl1°

The similarity of the calculated results for solutions la, 1lb
and lc may be understood by a close examination of Table 8,
which compares the various reaction probabilities for OH and

CO3“ radicals.

For solution la an additional calculation was carried out 1in
which it was assumed that the thickness of the inner volume
was 0.06 cm instead of 0.02 cm (see Figure 1). The change 1n
the inner volume did not result in changes in the G-values for

H202, H2 or 02.

The reaction mechanism in solution 1d is rather complicated.

It was found necessary to include the diffusion of Fe’' and

Fe3' from the outer into the inner and irradiated phases.
Reactions between Fe2+ and the H202 in the 1nner and outer

phases were also included.

Fe?* ions are quickly depleted in the irradiated and inner
phases. The G-value for the disappearance of Fe* in the outer
phase varies with time, see Figure 9. G(—Fe2+) is 1.00 between
0 and 10 h; 1.41 between 10 and 20 h, and 1.07 between 20 and
30 h, much lower than the experimental value 3 +/- 0.3.

However, in the calculations no term was included for the
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oxidation of Fe?™ by 0,, a reaction which may take place 1in
the outer phase. Oxygen diffused into the outer phase with a

G-value of 0.21, see Table 7.

For solution 1b a calculation was carried out assuming a rate

constant of 1.5°108 M~ 1s-1 for reaction 82. However, this did
not change the yield of H,0,, probably because the yield 1is

determined mainly by the diffusion reactions.

5.3 Solution 2

In the irradiation of a 0.5 M aqueous solution of methanol
(2a) a thicker glass filter was used, see Table 2. In addition

to diffusion the following primary reactions were consldered:

CH3OH + H > *CH,OH + Hj

CH30H + OH -~ 'CHZOH + H,0

CH3OH + OH - CH30° + H20

The subsequent reactions of the methanol radicals were not

included in the calculations. The calculated G(H,0,), 1.07, is

in excellent agreement with the experimental value,

(1.06 +/- 0.1).
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6. DISCUSSION

The measured and calculated yields of H,0, diffusing out of
small a-irradiated volumes of water at pH 8 and 0.5 mol-dm™3
aqueous methanol solutions at pH 5 are in good agreement. On
irradiation of 2°1073 mol-:dm~3 HCO53~ solutions and synthetic
ground water, containing HCO3™ (2'10'3) and Cl1~ (2'10‘3) as
principal reactive ions, G(H,0,) decreased to 0.69 +/- 0.03 as
compared to 1.06 +/- 0.1 for pure water. A corresponding
decrease in G(H202) was, however, not obtained by the computer

calculations.

On addition of 2:107% mol-dm~3 Fe?* to synthetic ground water
Fe?? was oxidized to Fe3' at a rate corresponding to

G(—Fe2+) = 3 +/- 0.3, whereas G(—Fe2+) = 1.4 was obtained by
computer calculations. It should, however, be pointed out that
the computer program calculates the yields of radiolysis
products and reactive solutes diffusing out of respectively
into the irradiated solution whereas the chemical analysis
were carried out on samples taken from the bulk solution. The
experimentally observed disappearance of Fe?t is therefore
caused not only by radiolytic reactions in the irradiated
solution but also by slow reactions in the bulk phase.

Assuming the following reactions
Fe?* + 1/2 H,0,(aq) + HY > Fe3* + H,0

Fe2* + 1/4 0y(aq) + H* > Fe3* + 1,2 H,O
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an effective G(—Fe2+) for the bulk solution 1s given by
G(-Fe?*) ¢; = G(-Fe?") + 2°G(H,0,) + 4°G(0,)

using the computed G-values given in Table 7, G(—Fe2+)eff is

found to be 2.56 i.e. somewhat lower than the experimental

value.

The discrepancy between calculated and experimental G(H202)
for solutions containing HCO3~ ions may be due to incomplete
description of the radiolytic reaction mechanism for the
carbonate system or slow reactions in the bulk solution
involving HCO3'/H202, leading to the formation of 0,. The
latter is difficult to envisage and a possible explanation 1s
that the importance of the reaction H + HCO3~ - CO3 ' + H, has
been underestimated. A further decrease in the rate constant
of reaction 82 below 1.5°108 could also make reaction 83
effective in decomposition of H,0,. An increase 1n the rate

constant of reaction 83 would have the same effect.

7. CONCLUSIONS

The formation of an expanding oxidative volume by the
diffusion of radiolytically formed oxidizing specles out of
a-irradiated volumes of pure water and synethic ground water
containing HCO3™ and Cl™ as principal reactive solutes has

been demonstrated by monitoring the H,0, productlion and Fel*
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consumption in an outer aqueous phase separated from the

irradiated solution by a diffusion barrier.

The experimental G(H,0,) values obtained by irradiation of
HCO3~ containing solutions were not obtained by computer
calculations, most probably due to inadequate description of

the radiolytic reaction scheme for the carbonate system.



17

References

Allen A O
The radiation chemistry of water and aqueous solutions,

D van Nostrand Co, Ltd (1961).

Christensen H and Bjergbakke E

Nuclear and Waste Management Vol 6, 265 (1986).

Eriksen T E and Jacobsson A
Radiation effects on the chemical environment in a
radioactive waste repository.

SKBF/KBS Technical Report 83-18 (1983).

Eriksen T E, Christensen H, Bjergbakke E

J Radioanal Nucl Chemistry 116:1, 13 (1987).

Flﬁgge S
Korpuskeln und Strahlung in Materie II.
Handbuch der Physik, Band XXXIV, Springer Verlag,

pp 210-211 (1958).

Fortune W B and Mellon M G

Anal Chem, 10, 60 (1938).

Gerstl Z and Banin A

Clay and Clay Minerals 28:5, 335 (1980).



18

Neretnieks I
The movement of redoxfront downstream from a
repository for nuclear waste.

SKBF/KBS Technical Report 82-16 (1982).

Neretnieks I and Aslund B
Two dimensional movements of a redoxfront downstreams
from a repository for nuclear waste.

SKBF/KBS Technical Report 83-18 (1983).



19

Table 1

Composition of synthetic ground water (Allard

solution)

Species Conc
mg'dm'3
HCO3‘ 123
50,2~ 9.6
cl- 70
Si0, (tot) 12
ca?t 18
Mg2+ 4.3
Na* 65

Kkt 3.9
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Table 2

Diffusivities in water and glass filters used

as diffusion barriers.

Species D(H,0) 106 D(Filter 1)-10%6 D(Filter 2)-10%®
cm2°s'1 cm's'1 cmz's_1

Felt 12 1.23%) 6.0%)

HCO4~ 13 1.3 6.3

cl- 13 1.3 6.3

H, 60 5.9 29.0

o, 25 2.5 12.2

H,0, 19 1.9 9.2

X) nmeasured

Filter 1) Area 33 cmz, thickness 4 cm, porosity €=0.53

Filter 2) Area 33 cmz, thickness 2.8 cm, porosity € =0.85
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Table 3

Experimental G-values®) and steady state concentrations

of H,0, calculated from diffusion through glass

filter.

Solution GX) (H,0,) (H,0,)
mol'dm‘3

dist H,0 1.06 +/- 0.1 1.72°107°

pH = 8

K2HPO4 buffer

(solution la)

2mM HCO4~ 0.69 +/- 0.03 1.12-107°

pH = 8

(solution 1b)

synthetic 0.69 +/-~ 0.03 1.12°10°°

ground water

(solution lc)

synthetic G(-Fe?™t)
ground water 3 +/- 0.3
2 mM F92+

(solution 14d)
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0.5M CH;OH 1.06 +/- 0.1 1.55°10°°
pH = 5

(solution 2)

X)

G(molecules/100 eV)
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Table 4

Reaction system and rate constants.

Rate constant

M'l s'1
REI: OH + OH = H202 4 Eg
RE2: OH + ET = OH™ + H,0 2 E10
RE3: OH + H = H,0 2.5 E10
REG6: OH + 0,7 = OH™ + 0O, 1 E10
. - _ - +
RE9: OH + H,0,7 = Hy0 + 0,7 + H 2.25 E7
RE12: OH + H, = H,0 + H 4 E7
RE19: E~ + E” = 2°OH™ + H, 5 E9
RE20: E- + H = OH  + H2 2 E10
RE21: E~ + HO, = HO, ™ + H,O0 2 E10
RE22: E~ + 0, = HO,” + OH~ 1.2 E10
RE23: E~ + H,0, = OH + OH™ + H,0 1.6 E10
RE25: E~ + H' = H + H,0 2.2 E10
RE26: E™ + O2 = 02‘ + HZO 2 E10
RE29: E~ + HZO = H + OH™ + Hzo 2 E1l
RE31: H + H = H, ' 1 E10
RE32: H + HOZ = H202 2 ElO
RE33: H + 0,” = HO,~ 2 E10
RE34: H + H,0, = OH + H,0 6 E7
RE35: H + OH™ = E~ 2 E7
RE36: H + O, = 0,  + Ht 2 E10
. _ - +
RES6: HO, = 0,” + H 8 E5

RES7: H02 + HOZ = 02 + H202 7.5 Eb5



RES58:

RE61:

RE68:

RE69:

RE73:

RE74:

RE76:

RE80:

REB82:

RE83:

REB88:

RE90:

RE91:

RE92:

RE105:
RE106:
RE107:
RE108:
RE109:
RE111:
RE112:
RE113:
RE115:
RE116:
RE125:
RE128:
RE129:
RE130:

RE132:

Fettt

24

02‘ = 0, + H02_
H' = HO,

+ OH™ = HO," + H,0

+ HZO = H202 + OH
HY + oH~
0,”" = HO,” + OH

OH™ = H40

CO3™" = CO3” + OH
CO3™ = CO3™~ + 0,

+ CO3” = CO3™~ + 0,7 + 2-17
OH™ = CO3™~ + HT
CO,™" = CO3™~ + H,0,

+ €03~ = CO,77 + CO,

T Fe™ = coy7T + FetTT

+ OH = Fet*t + on

+ E- = Fettt + OH™ + H
+ E- T Fett + Hy0

+ H =Fe™t + g~
+ H = Fett + gt

+ 0,7 = Fettt + O,

+ 0, = Fett + 0,

+ Hy0, - Fe'** + OH + OH™
HyO = H, + OH~

+ HyO = HO,” + OH~

Cl~™ = ClOH~

Cl = Cl1™ + H50

Cl,™ = 2C17 + H,0

ClIOH™ = Cl1™ + OH™ + HZO

C12 = Clz_ + H,0

5 E10

5.735 E4

2.599 E-5

1.43 E11

4 E7

8 E5
1 Eé6
1 E2
6 E6

1 E8

2 E10

1 E8
4 E8

4 E8

4.3 E9
1 E10
1 E10
1 E10

1 E10



RE133:
RE136:
RE137:
RE138:
RE139:
RE141:
RE143:
RE144:
RE145:
RE147:
RE148:
RE150:
RE152:
RE158:
RE159°
RE161:
RE162:
RE163:
RE164:
RE165:
RE170:
RE171:
RE172:
RE173:
RE175:
RE200:
RE201:
RE202:

RE203:
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E- + Cl3" = Clz‘ + Cl1™ + H20
H+Cl=c1" +H"

.+.

H + Clz' = 2Cl” + H
H + ClI1OH™ = Cl1™ + H,0
+

H + Clz = Clz— + H
- _ - - +
H + Cl3 = C12 + Cl™ + H

02~ + Clz = Clz— + 02

02— + Cl3— = Clz_ + Cl™ + 02
02_ + Clz— = 2Cl™ + 02

- - - +
H202 + C12 = 2Cl1° + 02 + 2H

_ - +
H202 + C12 = H02 + C12 + H

ClOH™ + Cl1°

OH™ + Clzﬁ
H® + CLOH™ = Cl + H,O
Cl™ + Cl = Cl,~

Cl™ + ClOH™ = Cl,” + OH~
Cl™ + Cl, = Cly~

ClOH™ = OH + Cl1~

Cl,” = Cl + Cl”
Clz_ + Clz- = Cl3— + Cl™
Cl3~ = Cl, + Cl1”

cl + Fett = rettt + C1-

CloH™ + Fe't = Fe**t + c1™ + OH

= rFettt + 2017

Clz— + Fe
Cl, + Fe™™ = Fe™™" + c1,”

Cl3' + Fett = Fet*™t + Clz‘ + Cl°™

Hy DUMMY 1

DUMMY 2

02
H202 = DUMMY 3

DUMMY 1 = H,

-

80

.06

.52

.21

.67

E10

E10

E9

E10

EQ

E10

E9

E9

E10

E5

E2

E6

E10

E10

E4

E4

ES

ES5

E9

E4

E10

E8

E7
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RE204: DUMMY 2 = O, 6.95 E-3
RE205: DUMMY 3 = H,0, 3.34 E-3
RE206: DUMMY 1 = DUMMY 1A 3.894 E-4
RE207: DUMMY 2 = DUMMU 2A 1.65 E-4
RE208: DUMMY 3 = DUMMY 3A 1.254 E-4
RE209: Fe*t = pummy 4 1.24 E-1
RE210: DUMMY 4 = Fet? 3.42 E-3
RE211: DUMMY 4 = DUMMY 4A 8.12 E-5
RE212: DUMMY 4A = DUMMY 4 4.87 E-7
RE213: Fe*** + H,0 = pumMy 5 + H' 2.24 E-3
RE214: DUMMY 5 = Fe**t + oH™ 3.42 E-3
RE215: DUMMY 5 = DUMMY 5A 8.12 E-5
RE216: DUMMY 3 + DUMMY 4 = DUMMY 5 + A 1.7
RE217: A + DUMMY 4 = DUMMY 5 1 E6
RE218: DUMMY 3A + DUMMY 4A = DUMMY 5A + B 1 E-2
RE219: B + DUMMY 4A = DUMMY S5A 1 E6

RE220: DUMMY 5A = DUMMY 5 4.87 E-7
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Table 5

Primary G-values for a-radiolysis of water.
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Table 6

Results of test calculations (see text for explanation)

Concentration u M Concentration puM
at 7.3°103s at 3.65°10%s
Method Method
a b c a b c
Hy 19 18 19 91 88 92
0, 1.8 1.1 1.6 6 2 6
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Calculated steady state concentrations and G-values

for Hy, O, and H50,

Case

Steady state concentra-

trations,

M, in inner

Calculated

G-values

Measured

G-values

la
1b
1c

1d

X)

phase

Hy 0,
6.8 1.6
6.9 1.9
6.9 1.9
6.9 2.8
7.3 1.2

G(—Fez+) after 10 h: calculated 1.4; measured 3 +/- 0.

16.5

16.3

14.1

15.8

.27

.30

.30

.30

.53

.13

.15

.15

.21

.11

0.69

1.06

+/-
+/-
+/-

+/-

.03

.03
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Table 8

Competing reactions

Solution la. Reactions of OH

c-10° k-10~7 k*c
H, 7 4 280
H,0, 17.5 2.25 390
0, 0.30 1000 3000
OH 6 E-6 4000 2.4 E-2

Solution 1b. Reactions of OH

c 100 k-10"" k*c
H, 7 4 280
H,0, 17 2.25 380
0,° "~ 0.25 1000 2500

co52~ 2000 1.7 34000
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Solution lc. Reactions of CO3"

c-106 k=106 k*c
H,0, 17 0.8 14
0,” 0.25 1500 375
CO5°~ 5 E-5 6 3 E-4

05" 0.25 150 38
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Figure legends

Fig. 1 Schematic drawing of irradiation cell with
diffusion barrier.

Fig. 2 Diffusion of Fe?* through glass-filter.
D=1%/6't, = 1.231076 cn?-sec!.
D from slope 6.14°10~"
porosity: 0.50 (from wt 0.53).

Fig. 3 o-irradiated H,0, production in 0.5 mol-dm~3
CH30H solution. pH = 5 (HC10y4)
(diffusion barrier: € = 0.85, X = 2.8).

Fig. 4 H,0, production in a-irradiated H,O.
(K2HPO4—buffer, pH 8).

Fig. 5 H,0, production in o-irradiated
2.0°1073 mol-dm~3 HCO3~ solutlon (pH 8).

Fig. 6 H,0, production in a-irradiated synthetic
ground water.

Fig. 7 Fe(II). Consumption by oxidizing species from
a-irradiated synthetic ground water.

Fig. 8 Calculated amount of H,05 diffusing through

glass-filter on a-radiolysis of water at

pH 8 (solution la).
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Calculated concentration of Fe2+ on

a-radiolysis of synthetic ground water
initially containing 2:107% mol-dm 3 Fe??

(solution 1d).
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