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ABSTRACT

The description of containment iodine behavior in reactor accident

sequences requires an understanding of iodine volatility effects, deposi-

tion and revaporization/resuspension (from surfaces and aerosols), chemi-

cal changes between species, and mass transport. The experimental work in

this program has largely centered on the interactions of iodine in or with

water pools.

The formation of volatile iodine, as I2 o r organic iodides, is pri-

marily dependent on radiation and solution pH. Lower pH results in

increased formation of volatile iodine species; thus, for example, a pH of

3.05 resulted in a conversion of I" to I2 that was more than two orders of

magnitude greater than tests run at pH 6.1 or 6.8.

The formation of organic iodides involving water pools has been

linked to the presence of iodine as I2» the solution/gas contact, and to

the type of organic material.
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1. INTRODUCTION

The fate of radioactive iodine released from fuel during severe reac-

tor accidents is the subject of intensive investigation at the present

time. Various studies over the past 20 years or so have begun to piece

together a picture of the speciation and behavior of this element. How-

ever, contradictory results and new emphasis on the part of regulators

have kept interest at a high level. Under most accident sequences, iodine

presents the greatest radiological hazard of all the elements expected to

reach the environment, but its behavior during reactor accidents is not

easy to predict with any certainty. Hence, the present program, which is

continuing, is concentrating on measuring chemical behavior of iodine

species under containment conditions for a r«nge of accident sequences in

light water reactors (LWRs). Unfortunately the range of possible accident

sequences is very wide, with many differences in containment conditions

including volumes of water, temperatures, pressures, presence of aerosols,

containment failure time, cover gas, solutes, additives, radiation dose

rates, surface areas and their coatings, and organic materials.

For the iodine species to present a hazard, they must be able to

escape from the containment, either as, or attached to, aerosols or as

volatile (gaseous) species. Aerosols can deposit on surfaces and be

resuspended, absorb and desorb gaseous species, and dissolve or be immobi-

lized in water pools (temporarily or permanently). The gaseous species,

on the other hand, show varying volatility from water pools and a greater

reactivity. The present study has concentrated on the volatile forms,

where the species of interest are molecular iodine (12). organic iodide
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(mostly as methyl iodide, CH3I), and possibly hydroiodic acid, HI.

Simulated containment conditions (temperature, and borate and iodide con-

centrations) for the experimental tests have largely been drawn from those

reported in BMI-2104,1 for a typical PWR plant (Surry) and a typical BWR

plant (Peach Bottom). The iodine entering containment from the primary

cooling system was assumed to be an iodide, either as Csl or HI.

Containment conditions such as concentrations (iodides and other solutes),

temperatures, and radiation doses for the experiments have been followed

as closely as possible. Measurement of iodine species has been extended

to cover more species, and using improved techniques, good accounting has

been achieved.

These studies are also supporting the development of TRENDS2

(Transport and JEtention of jttuclides in J)ominant jSequences), a model

structured to distribute iodine as I2<, Csl or I", HI, CH3I and Agl, and to

allow transitions between chemical form, physical position, and phase.

The range of dynamic behavior of iodine in containment is outlined in

Fig. 1.

2. EXPERIMENTAL

2.1 AQUEOUS SOLUTIONS

"Superpure" water, prepared through a Millipore ultrafiltration

system, was used in all experiments. Solutions of Csl in boric acid were

prepared from "Puratronic"-grade chemicals, and adjusted to the desired pH

with dilute NaOH solution (simulating CsOH), and/or sodium bicarbonate

(NaHCO3) and sodium tetraborate (Na2Bit07). Where low pHs (<4.4) were

required, HI was distilled from concentrated solution and bubbled into
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pure, water with Ar as the carrier gas. Boric acid concentrations were

varied from 0 to 0.2 Mt initial solution pH values from 3.0 to 8.0, and

Iodide concentrations from 10"5 to 8 x 10~4 M.. Other additives, such as

organic material and powdered silver, were added to certain experiments,

as required. The range of aqueous conditions drawn from data in BMI-21C4,

are shown in Table 1. Borate concentrations up to 0.2 ̂ 1 have been used to

reflect the undiluted primary coolant maximum. Other sources of borates

in water pools in both reactor systems are calculated from releases of

B2O3 from B^C and boric acid in experiments of Parker.
3

2.2 IRRADIATION EXPERIMENTS

Solutions were irradiated in glass apparatus* Volumes of 100 or

150 mL were placed into a container which had facilities for introducing

gas mixtures (air, argon, and methane were used) either into the gas space

above the solution, or through a frit below the solution surface. The

vessel could be heated from the outside and the gas flow (if used) was

directed through traps containing NaOH or isooctane (cooled to 0°C) as it

exited the radiation zone. The whole apparatus was lowered into a radia-

tion field of ca. 0.6 MR/h (60Co-y), and heated as necessary for the

required time. A diagrammatic representation of the experimental appara-

tus appears in Fig. 2. Lead shielding could be introduced around the

heated container to reduce the dose rate to 0.15 MR/h. At the end of the

experiment, the irradiated solution was quenched to room temperature, in

an ice bath, as quickly as possible. This is to "freeze" the remaining

volatile species in the aqueous solution. The solution pH was measured

before and after the experiment, and all the analysis was performed as
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quickly as possible after the experiment ended. This is important as

iodine species are notorious for their instability under certain con-

ditions. The analysis was mostly completed within an hour of the end of

the experiment. Most experiments were conducted at 92°C. This is con-

veniently controllable without allowing boiling, and also happens to be

the predicted temperature of containment water pools in the Surry PWR

during much of the TMLB' sequence.*

2.3 ANALYTICAL PROCEDURE

Iodine tracers were only used in the most simple closed systems.

Many of the experiments involved the study of volatile species at 92°C,

and to enable the experiments to be done in the open laboratory, untraced

iodine was used. Hence, a reliable scheme for the analysis of iodine spe-

cies at low concentrations was developed, mostly using well-known proce-

dures. The present scheme is depicted in Fig. 3. Analysis was performed

routinely for I~, 103", and 13" in the irradiated solution, and for I2 and

CH3I in both the irradiated solution and the traps.

2.4 RADIOLYSIS OF AQUEOUS SOLUTIONS AND GASES

The interaction of radiation with aqueous solutions leads mainly to

the dissociation of water molecules into primary radiolysis products, such

as the radicals, H*, OH', and the hydrated electron, eaq~« Secondary

radiolysis products, including molecular species such as H202 and 02 then

form by reaction between the reactive radical species. The radicals

establish standing concentrations of about 10~7 M due to their short life-

time, and can interact with other solutes by oxidizing or reducing them;

e.g., H* + I" •*• I* + H~. The molecular species are more durable, and can
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reach raillimolar concentrations, thus exceeding the concentration of the

iodine species. The radiation can also interact directly with organic

material to produce reactive fragments such as R* (CH3*) or these species

might be formed by interaction with water radiolysis products; e.g,

R-H + H" •+ R« + H2.

These reactions are important in producing the reactive intermediates

that lead to I2 and organic iodide formation. The irradiation of gases

containing nitrogen, with or without the presence of oxygen can lead to

formation of nitric acid or ammonia respectively.1* These gas reactions

initially produce reactive species which then dissolve in water pools and

can change the pH considerably.

3. RESULTS AND DISCUSSION

3.1 SOLUTION pH VALUES

The pH values quoted in the tables refer to the measured starting pH

before irradiations. Measurements were not made during the testst but a

final value was obtained after quenching the irradiated solutions at the

end of the experiments. In most cases, at high boric acid concentrations

(0.2 M), there was little change (±0.1 pH unit). However, in solutions of

lower pH and in lightly buffered, highly irradiated solutions of higher

pH, there were some larger changes (>1 pH unit). These changes are sig-

nificant, as pH has been shown to be a dominant factor in the formation of

volatile iodine species.5 The exact pH of a water pool in a reactor acci-

dent will be influenced by factors such as boric acid concentration (from

primary coolant or due to boron oxide release from BijC, etc.); pH addi-

tives in sprays or dry chemical control; release of iodine as Csl or HI;
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release of Cs as CsOH or cesium borates; possible core-xoncrete interac-

tions releasing alkali-metal oxides (e.g., Na20, K20, CaO); degree of

dilution from water sources; and radiation-induced species, such as nitric

acid and ammonia. It is possible to calculate a pH for a given system

from predicted releases and release rates, but in practice the radiation-

induced species have the potential for changing the pH quite radically.

This is especially true for nonbuffered or very lightly buffered systems,

such as in a BWR suppression pool or other water pools with very low boric

acid concentrations. Formation of ammonia might occur in a BWR drywell,

from the "oxygen-free" nitrogen backfill. Most other reactor volumes,

including large PWR containments, have an air atmosphere, and nitric acid

would be produced on irradiation.1*

Systems that started at low pH (3 to 4) achieved by using HI, often

produced final solutions at higher pH; this difference could be explained

by the consumption of I" to form I2» which occurs quite quickly, thus

depleting the acid form in solution, i.e., I" + OH* -»• I* + 0H~. Simple

calculations of pH from measured I~ concentrations in solution, assuming

complete dissociation, have agreed quite well with this interpretation.

However, systems that began at higher pK (>5) tended to move towards lower

values after irradiation. The iodine concentration and gas composition

appeared to have little effect on the changes, while the boric acid

concentration, which provided the buffering capacity, was much more impor-

tant. Solutions containing 0.2 M̂  boric acid showed essentially no change

in pH value after 3 MR irradiation while the pH of solutions of 0.05 M, or

2 x 10~3 H boric acid decreased between 0.6 and 1.4 pH units after the

same irradiation. Further irradiation led to a further drop in pH such
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that after 11 MR, a change of 3.4 pH units was recorded in one solution of

2 x 10"3 n boric acid. The initial pH, even up to 9.1, had little effect

on the changes, when the buffering capacity of the system was low. Once

this capacity is exceeded, the changes should be quite rapid, due to the

strong acid—strong base system (HNO3—CsOH).

In a reactor containment, the engineered pH-control features (NaOH

sprays or NasPO^ in racks, for example) are designed to keep the pH of

water pools at about 8. The effect of both systems will be diminished by

dilution, and the sprays may not operate in some sequences. It is there-

fore possible that the buffering capacity of water pools in containment

during a reactor accident will not be very great.

The speciation of iodine is largely determined by the pH of the water

pools with which it interacts and this must be the single most important

outstanding issue in resolving the source term for iodine in react,or acci-

dents. Unfortunately, most accident sequences have different inputs to

the pH-controlling factors, and so this will have to be determined!

separately for each sequence under study. 4

I
3.2 INORGANIC SPECIES j

Several series of experiments were conducted without any organic
i

material in the system and with gases sweeping the surface of a /quiescent

pool. These conditions may occur in both PWRs and BWRs. The analysis of

these experiments included the inorganic species, I2, 13", IO3T, and

residual I~. In Table 2 the formation of I2 is shown as a factor of pH

and radiation dose. It can be seen that an increase in total dose, and a

reduction in pH both increase the amount of I2 formed.
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Although pH appears to be the dominant factor, the unirr^diated

experiment at low pH, which was conducted over a 2 h period, demonstrated

the importance of radiation in providing the environment in which the

reactions can proceed (Table 2). Molecular iodine is of prime importance

in the analysis of releases to the environment due to its high volatility.

In these experiments, volatile I2 was measured separately from I2 in solu-

tion by collecting it in traps. Table 3 shows some measurements of the

distribution of the converted I2 between gas and solution phases. Shortly

after 1 h of irradiation, the amount of I2 in the gas exceeds that in

solution, despite the continued production of I2 in solution. This level

of I2 in the gas is achieved more rapidly (<0.5 h) when gas is introduced

below the surface, as shown in Table 4. Iodine partition coefficients,

defined as:

[Io in aqueous phase]
I PC =

[I2 in gaseous phase]

have long been used to measure the equilibrium distribution of volatile

species between solution and vapor. Some calculated values appear in

Table 5 for both I2 and methyl iodide.

At the low pHs used in some of these experiments, the reaction,

I2 + I" £ I3"", favors the formation of 13". This species, not volatile by

itself, can be considered as a store of I2 which might be released if the

pH increases and the reaction reverses. It would then be available as a

secondary source of I2 to be released to the containment atmosphere. At

pH 3, up to 10% of the original iodide was found as I3~ after short irra-

diations (Table 6). At higher pHs (>4.4), very little I3~ was formed, and

above pH 5, there was none at all.
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The production of iodate in the quiescent pool experiments was quite

limited. This is probably due to the high iodide concentrations involved;

Lin showed that production of I03~ increases at lower iodine concentra-

tions.6 Long irradiations and low iodide concentrations resulted in

several percent of the original iodide being converted to iodate

(Tables 7 and 12). Iodate is a stable, involatile species of iodine and

its formation effectively immobilizes it. However, should containment

conditions change by say, concentration of the solution, and introduction

of a reducing environment, the iodate may be reduced and thus may contri-

bute to more I2 production.

Formation of HI is difficult to prove. Small amounts should be

released from solution at 92°C, but would not be trapped by isooctane.

The previous trap systems, using NaOH/HONH2 would collect it but it could

not be identified as HI. The measurement of residual iodide in the irra-

diated solution was usually done by spectrometry and by specific-ion

electrode measurement of a treated sample. Neither would distinguish HI

from Csl. These techniques usually agreed quite well, and provided a good

total mass balance (in the range 90 to 100% for most experiments).

A few experiments have been conducted at lower dose rates (0.15 MR/h).

These dose rates may exist in containment water pools early in accident

sequences.2 Table 8 shows some results at pH 4.4 and pH 5.0. There is a

complex interaction of effects that leads to the measured percentage con-

version of I" to I2» *>ut it appears that dose rate, irradiation, and pH

are more important than total dose. Further experients are necessary to

separate these effects.

Water pools may contain a wide range of "impurities," including iron

and copper ions, other fission products, organic compounds, and colloidal
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material (both fission product aud structural material). Silver is pres-

ent in large quantities in (Ag-In-Cd) PWR control rods and can form highly

insoluble Agl, even without radiation, by reaction with molecular I2«

Experiments have shown that Cd represents the bulk of the aerosols gene-

rated when control rods burst,'' but there are circumstances in which Ag

aerosols could be generated and be present in water pools. Experiments

have been conducted in which commercial silver powder and silver-

containing aerosol from a fission product release test conducted at

ORNL,8 have been irradiated in the presence of iodide and CH3I solutions.

In all cases, iodine volatility was greatly reduced (Fig. 4). The silver-

containing aerosol was very efficient at reducing volatility, while a

similar aerosol, also produced in the fission-product release test series,

but without silver, had very little effect. The commercial silver powder

had a much smaller surface area than the aerosols, and, therefore,

required a greater weight of silver to have the same effect.

Under certain containment conditions, water pools may evaporate to

dryness. As they near dryness, the pH can decrease and excess volatile

iodine can be liberated from the pool. A few experiments have been con-

ducted at a variety of pH values to study this effect. Solutions of

iodide were heated at 95°C, with and without irradiation, and pH and final

iodide content were measured just before dryness. Some results are pre-

sented in Table 9. It is clear that evaporation to dryness, especially

under irradiation, can increase the amount of iodine released from a solu-

tion. Further experiments are planned in these areas. One combined test

with silver-containing aerosol material present during evaporation to dry-

ness resulted in less than 1% final volatility, showing how effective Agl
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formation can be in reducing iodine release from a solution, despite

lowered pH, high temperature, and irradiation. Copper may have a similar

effect, and indeed was present in TMI2.9 Deliberate introduction of a

silver or copper salt into containment could have beneficial effects.

3.3 ORGANIC IODIDES

Experiments to measure the production of organic iodides were con-

ducted either b/ introducing an organic gas (methane) into the gas flow,

or by placing solid organic material (painted surfaces, rubbers, oils,

greasy stainless steel turnings, and ion exchange resin) into the irra-

diated solution. Methane may be produced from Bi,C in BWRs by reaction

with steam (Fig. 5). The primary aim was to measure the organic iodides

produced, but inorganic forms were also measured during all the experi-

ments. Early experiments using solid absorber granules to trap the

organic iodide had indicated that the presence of I2» or a low pH thus

leading to production of I2» was important in producing the organic

iodide.*0 The only organic iodide detected in any of these tests was the

simplest and most volatile form, methyl iodide (CH3I), and this will be

referred to in the future.

In the present work, gaseous methyl iodide was collected in cooled

isooctane traps, while that in solution was stripped from the irradiated

solution before detection in a gas chromatograph (Fig. 3). Tables 10 and

11 give results of experiments at pH 4.4, where total dose, methane con-

centration, and gas flow rates were varied. The gas mixture was intro-

duced below the surface, and the starting concentrations of iodide were

quite low (ca. 3 x 10~5 II) in these experiments. These conditions model

those to be expected in a BWR suppression pool.
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The results clearly show that formation of methyl iodide is dependent

on formation of I2, or at least I*, as a precursor. Low pHs produced up

to several percent CH3I, which quickly partitioned to the gas phase.

After only short irradiations, partition coefficients of 2 to 3 were

measured. These are greater than equilibrium partition coefficients, and

show that CH3I formation was in the aqueous phase. At high pH (ca. 8),

very little organic iodide was produced, even after long irradiations,

despite the proximity of methane, iodide, and radiation. The formation of

CH3I shows an approximately linear dependence on methane concentration;

the solution is probably not saturated with methane under these con-

ditions. Very large amounts of CH3I (42%) were produced in one experi-

ment, under preferential conditions [gas flow containing a high fraction

of methane and a low solution pH (Table 11)]. Formation of CH3I was rela-

tively independent of the original iodide concentration (Table 7) as it

rarely accounted for a large fraction of the I2 produced. Under con-

ditions where production of I2 is limited by the original iodide con-

centration, or where I2 is becoming exhausted by removal from the system,

this will be more important.

Inorganic iodide forms were produced in similar amounts to the pre-

viously described experiments without methane. The lower starting concen-

tration of iodide resulted in more iodate formation (Table 12) while the

higher pHs restricted formation of I3" (see Table 6). The formation and

distribution of I2 between solution and vapor were similar, taking into

account the consumption of I2 to form CH3I.

Some experiments have also been conducted using methane/argon and

methane/air mixtures introduced above the surface of a quiescent pool.
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This may occur under some circumstances in both PWR and BWR accident

sequences. Data are shown in Table 13. The production of methyl iodide

is very much reduced from the levels seen when the gases are bubbled

beneath the surface of the solution; even under favorable conditions of

low pH and high methane flow rate, a maximum of about 1% conversion to

CH3I has been measured. The solubility of methane in water is about

lCT1* fl but this may be approached rather slowly with the gas-surface reac-

tion. It may be that a gas-solution interface reaction is occurring; if

that is so, bubbling gases (BWR suppression pool) may be the most effi-

cient way to promote methyl iodide formation.

The other major sources of organic material in reactor containments

are cable insulation and painted surfaces. The paints include epoxy amide

and vinyl based coatings. Earlier experiments showed thau vinyl based

paints lead to much more methyl iodide than epoxy paints.*0 The insula-

tion materials include hypalon, neoprene, and ethylene propylene rubbers.

Smaller amounts of other organic materials can be found in containment in

the form of lubricating oils and greases, ion exchange resins, and even

construction/maintenance wastes such as soiled metal turnings, etc. A

range of these possible organic materials have been introduced into iodide

solutions at ca. pH 3 and irradiated at 92°C to doses of up to 2.0 MR.

Results from this series of experiments are presented in Table 14.

Despite the proximity of organic material, I2 (formed under the preferen-

tial conditions used), and radiation, the maximum amount of CH3I produced

was about 1%. At high pH values, even less might be expected. Due to the

complicated polymer structures available, it may be expected that other,



15

higher organic iodides could be formed. They probably were present, but

due to the low total conversion rate, they were not detected by gas

chromatography. The experiments using ethylene propylene rubber gave a

series of poor mass balances for total iodine at the end of the experi-

ment. It may be that the rubber absorbs some I2 as it forms. This could

be a useful iodine sink as long as the insulation remains wet. If it

dries out and is heated, I2 could well be released and contribute to the

overall source term. i

4. CONCLUSIONS

1. Each accident sequence has unique conditions that will determine the

pH of water pools that form in containment. It is possible for the

pH to vary between approximately 3 and 9.

2. Low pH and ionizing radiation are favorable conditions for formation

of I2 by radiolytic oxidation processes. Molecular iodine will par-

tition to the gas phase more quickly if gas is bubbled through the

solution (e.g., BWR suppression pool).

3. Organic iodides, dominated by methyl iodide, will form when I2,

organic material, and radiation are present in an aqueous environ-

ment. The conversion is most efficient when organic gas mixtures

are bubbled beneath the solution surface. They quickly partition to

the gaseous phase.

4. Lightly buffered solutions can be acidified by radiolytic nitric acid

formation, resulting in accelerated production of I2 as the irra-

diation dose to a containment pool increases.
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5. In order to reduce the extent of iodine release to the environment,

it is important to maintain a high pH within a well-buffered system

in water pools in containment.

6. Secondary sources of iodine release are possible from decomposition

of 13", reduction of 103" or 10^", and desorption of I2 or organic

iodides from containment surfaces.

7. Iodine volatility can be greatly reduced by the presence of silver

powders or colloids in a solution, even on evaporation of a pool to

dryness. Other materials may have similar effects (e.g., Cu) and

could be deliberately placed in a containment sump.
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Table 1. Aqueous solution conditions

Accident sequence

Boric acid
concentration

pH (mol/L)

Iodide ion (I")
concentration

(raol/L)

Surry TMLB1 (sump)
Csl and CsOH release as in
BMI-2104

Core iodine inventory as
HI, no CsOH

6.8 5 x 10"2

3.1 5 x 10~2

1 x 10"1*

8 x

Peach Bottom TC (suppression pool)
Csl release as in BMI-2104 7.8

Core iodine inventory as
HI, no CsOH 4.4

2 x 10~3

2 x 10-3

2 x 10"5

3 x 10"5



Table 2. Conversion of I" to I2

pH

[I"] (M)

Radiation
dose (MR)

0
0.28
0.63
0.70
2.0
3.5
4.0

Experimental

6.8

1.1 x 10"1*

«

0.39
0.30
0.22

conditions:

6.1

8.6 x 10"1*

Conversion to

0.14

0.33

0.50

0.05 M boric

3.

8 x

X2

0.
26
48

72

acid
92°C
0.62 MR/h
Air passed over solution

05

15
.1
.1

.0



Table 3. Distribution of converted I2

pH

Dose
(MR)

0.28
0.63
2.0
4.0

j

Conversion
to I2

0.14

0.50

Experimental

6.1

I2 fraction

Released
Solution to gas

0.59 0.41

0.10 0.90

conditions: 0.05
92°C
0.62
Air

"/
Conversion
to I2

26.
48.
72.

M boric

1
1
0

acid

3.05

12

Solution

0.89
0.58
0.11

MR/h
passed over solution

Fraction

Released
To gas

0.11
0.42
0.89



pH

Dose
(MR)

0.32
0.62
1.9
3.1

Table

%
Conversion

to I2

0.1
0.4
4.5

4. I2 formation and distribution
bubbled through solution

7.8

Fraction

Released
Solution to gas

0.80 0.20
0.05 0.95
0.39 0.61

Experimental conditions: 3 x 10" 5 M

with gas

4.4

Fraction

Conversion
to 12 Solution

52
52
48
61

I"
2 x 10"3 M boric acid
92°C ~
0.62 MR/h
Ar/CHlt bubbled through

0.25
0.07
0.04
0,01

solution

Released
to gas

0.75
0.93
0.96 -
0.99



Table 5. Calculated iodine partition coefficients
for I2 and CH3I

Temperature
Species . (°C) IPC

I2 20 86
92 9

CH3I 20 4.2
92 0.35



Table 6. Formation of

[I"

pH

"KM,

Radiation
dose (MR)

0.
0,
1.
1.
2.

.25
,5
,0
,5
0

Experimental

3.

6 x

8.
7.
3.
1.
0.

0

10-

%

0
6
5
3
2

conditions:

I as '.

0.05
92°C
0.62

3

M boric

MR/h

4.4

x 10"5

<0.2
NDa

NDa

acid

aND - not detectable.



Table 7. Effect of iodine concentration on
iodate and CH3I formation

[I~] initial I
(M)

2.7 x 10-5

1.0 x 10"4

Experimental

? Conversion
l2

48

80

conditions;

to

2 x

% Conversion to
io3-

29

2.1

10"3 M boric acid

% conversion to
CH3I

3.7

1.7

pH 4.4
92°C
Total dose 1.9 MR AT 0.62 MR/h
Ar/CH^ bubbled through solution



Table 8« Dose rate effect on conversion of I~ to I2

Conditions

0.2 M boric acid
10-4* M Csl
pH 4.4

0.05 M boric acid
10-t M Csl
pH 5.0

Dose rate
(MR/h)

0.15
0.15
0.6
0.6

0.15
0.15
0.6
0.6

Total dose
(MR)

0.15
0.6
0.6
2.4

0.15
0.6
0.6
2.4

% conversion to
I2

0.9
10.7
3.7
22.3

<0.1
0.8
5.0
30.4



Table 9. Iodine volatility during evaporation to dryness of
1 x 10~4 M Csl solutions

Test

Initial pH

4.4
4.4
6.0
7.0

Pure water
9.0

condition

Borate
(M)

0.2
0a
0.2
0.2
0
0.2

Without
radiation

7.2
2.0
6.8

1.6
1.8

% volatile

With radiation
(total dose 2.1 MR)

>99

55
32
21
22

Final

1.8-2
3.6
2.0-2
3.0

8.5

pH

.0

.2

aPhosphoric acid added to pH 4.4.



Table 10. Conversion to CH3I (radiation dose effect)

Radiation dose (MR) % conversion to CH3I

0.31
0.62
1.90
3.10

1.3
2.0
3.7
8.4

Experimental conditions: 3 x 10~5 M I" (as HI)
2 x 10-3 M boric acid
pH 4.4
92°C
0.62 MR/h
Ar/CH^ bubbled through solution
at 3.9 x lO"4 mol CH^/L



Table 11. Conversion to CH3I (methane concentration effect)

Mols CHU

3
7
3

L Gas

.9 x lO"4

.5 x 10-4

.4 x 10-3

Experimental

Methane rate
(cc/min)

0.14
0.14
1.38

conditions: 3 x
2 x
pH
92°
1.9

Argon rate
(cc/min)

16.4
8.3
15.2

10~5 M x- (as H I)

10"3 M boric acid
4.4
C
MR at 0.62 MR/h

% iodine converted
to CH3 I

3.7
7.6
42.4

Ar/CH^ bubbled through solution



Table 12. Conversion to iodate

pH

[I"] (M)

4.4

3 x 10"5 2

7.8

x 10"5

conversion to IO3~, etc.

Dose (MR) IO3~ l2 CH3I IO3- I2 CH3I

0.32

0.62

1.85 29 49 5.9 9 0.4 0.3

3 , 27 61 8.4 28 4.5 3.0

Experimental conditions: 2 x 10~3 M boric acid
92°C ~
0.62 MR/h
Ar/CH^ bubbled through solution

IO3-

8.2

36

29

27

51

61

49

61

CH3I

1.5

2.0

5.9

8.4



Table 13. Conversion to CH3I over a still pool
(gas-surface reaction)

pH

M

(M)

Radiation
dose (MR)

6

3.0

x 10"1* 1

4

X

.0

10"

X

5.0

"» 1 x 10"1

conversion to

» 8

CH3I

6.

X

1

10-

8.

1 x

0

10"1*

0.31

0.5

0.62

1.0

2.0

0.

0.

0.

2a

53

6a

0.

0.

2b

4a

0.15b

0.2b

0.15£

3.0 1.7b

Experimental conditions: 0.05/0.20 M boric acid
0.62 MR/h
92°C
Gas flow rates

a. 1.8 x 10"1* mol/L
b. 3.9 x 10"^ mol/L



Table 14. Conversion of iodide ion to methyl iodide from irradiation
of solutions containing organic materials:

Radiation
dose
(MR)

Percent of initial
I" converted to

CH3IOrganic material

Ethylene propylene rubber, 0.5 0.15
10.4 g in 100 mL

Ethylene propylene rubber, 1.0 0.27
10.4 g in 100 mL

Ethylene propylene rubber, 1.0 0.45
2.1 g (cut into small pieces)
in 100 mL

Ethylene propylene rubber, 2.0 1.0

11 g in 100 mL

Cutting oil, 0.5 mL in 100 mL 2.0 0.15

Oily stainless steel turnings, 2.0 0.15
10 g in 100 mL

Dowex 50 cation exchange resin, 2.0 0.34
0.1 g in 100 mL

Experimental conditions; 6 x 10"*1 ̂  I"
0.05 M boric acid
pH 3.0

' 92°C
Ar passed over surface of solution
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Fig. 1. Dynamic behavior of iodine in containment.
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Fig. 4; Silver iodide formation in radiolysis of
iodine solutions.
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Fig. £ Methane (mol) calculated from the BwC-steam reaction.


