
Atomic Energy of Canada Limited 

IODINE CONTAINMENT BY DOUSING IN NPD-II

CRCE-979

by

L.C. WATSON, A.R. BANCROFT and C.W. HOELKE

Chalk River, Ontario 

October 77, I960

AECL-1130



ATOMIC ENERGY OF CANADA LIMITED 
Research and Development

IODINE CONTAINMENT BY DOUSING IN NPD-II
by

L.C. Watson, A.R. Bancroft and C.W. Hoelke

CRCE-979

Chalk River, Ontario October 27, I960



CRCE-979

ABSTRACT
A laboratory investigation has shown that 

water dousing ensures that most of the iodine in 
a steam iodine mixture introduced into a volume of 
air in which dousing is occurring is transferred to 
the liquid phase. The distribution ratio of iodine 
between air and water is approximately 10"^ immed
iately after dousing. Equilibrium with a volatile 
form of iodine sorbable on charcoal is achieved with
in five minutes. The distribution is shown to be 
independent of water quality at low (< 10”fcM) iodine 
concentration.

The results are of interest in assessing the 
safety of the NPD-II reactor in which dousing is 
done to limit pressure rise in the Boiler Room in 
the event of rupture of a major high-pressure line 
carrying hot heavy-water coolant. Such rupture may 
result in fuel failure with consequent release of 
volatile fission products, including iodine.
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1. INTRODUCTION

One of the potential hazards in the event of a serious accident to a power reactor is the release of 
quantities of fission products to the environment at 
concentrations hazardous to the population. The NPD-II 
reactor is designed without a containment shell as such. 
If an accident should occur the non-volatile fission 
products will be contained within the rooms housing the 
reactor and steam-generating equipment, and the volatile 
fission products will be released from these rooms by
controlled ventilation. The radioactive isotopes of 
iodine are among the volatile fission products and means 
must be provided to ensure that the quantities released 
to atmosphere do not constitute a hazard.

In the case of the NPD-II reactor the type of 
accident having the most serious consequences is the 
complete rupture of a l6~ineh heavy-water line between 
the reactor and the steam generator. The NPD-II reactor 
is in a sealed room. The water lines pass through the 
reactor vault wall into the Boiler Room which contains 
the steam generator. It is in the Boiler Room that a 
pipe rupture would have the most serious consequences.
The Boiler Room has concrete walls designed for a 
maximum internal pressure of 4.$ lb/in"2 and these would be overstressed by steam pressure in the event 
that a major water line burst and permitted the heavy- 
water coolant to flash off. Two (sequential) methods 
are available to prevent excessive pressure build-up 
in the Boiler Room. The first surge of steam resulting 
from flashing off the heavy-water coolant is vented 
out-of-doors through a long duct fitted with rupture 
discs. Since no fuel has failed at this stage of the 
type of accident considered the hazard in this water 
is due almost entirely to tritium. The duct is sealed 
by a gravity door after the fir3t pressure surge is 
complete. Subsequent pressure rise is limited by 
introduction of a large volume of water as fog and 
spray in an operation which has been called "dousing".

The dousing system, its operation and the events 
immediately after an accident involving a 16-in. pipe 
have been described by L.J. Bissell and R.C. Johnston (1). 
The sequence of events after a failure is given in 
Appendix 2 of that report.
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The work reported herein was undertaken to study 
the efficacy of the dousing system in containing iodine 
released to the Boiler Room in an accident.

Table I gives the sequence of events occurring 
following rupture of a 16-in* heavy-water line in the Boiler Room as extracted and condensed from Bissell and 
Johnston. The list gives the items that are important 
to the generation and fate of iodine.

Table I
Events Following Rupture of a 16-in. Heaw-Water 

Line in the Boiler Room

Time 
0 seconds 
0.15 seconds

0.2 to 0.3 seconds

2.2 seconds

6 seconds

10.3 seconds

Event
pipe rupture
fog nozzles actuated by pressure 
rise, fog flow 2500 Igpm.
main dousing system actuated by 
additional pressure rise
total water flow to Boiler Room 
110,000 Igpm as spray and 
2,500 Igpm as fog
primary coolant discharge is 
complete and light-water coolant injection is started
controlled air exhaust from the 
Boiler Room is 66 ft3/min.
Fog flow is reduced to 100 Igpm 
and remains at this value until 
shut off manually. Dousing spray has gradually decreased to 35,000 Igpm. Air in the Boiler Room is 
displaced into the dousing-water 
head-tank by the incoming water

10 to 20 seconds fuel ruptures
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Table I contTd
Time Event

20 seconds dousing spray has decreased to 
62,000 Igpm

33 seconds the reactor is full of light 
water

1 minute dousing spray has decreased 
to 18,000 Igpm

2 minutes dousing spray ends. 100 Igpm 
fog continues

When fuel ruptures the system is effectively closed ex
cept for a controlled air exhaust of 66 ft^/min to ensure 
that the Boiler Room pressure remains slightly below 
atmospheric. It is expected that this air -will be drawn 
through a high-efficiency filter and an iodine collector 
such as activated charcoal.

If the fuel ruptures fission products are released 
into an atmosphere of steam or steam and water within the 
reactor since injection of light-water coolant begins 
before the fuel fails. The fission products are swept 
out of the reactor into the Boiler Room via the ruptured 
pipe. In the Boiler Room water is being sprayed at 
between 35,000 and 62,000 Igpm and the fog nozzles are 
delivering 100 Igpra. The steam carrying the iodine is 
condensed virtually immediately on the water droplets 
falling in the room. After 33 seconds the reactor is 
full of light water and is cool. Any subsequent addit
ional release of fission products is expected to be 
minor and to occur directly into water.

The quantity of fission products released from 
NPD-II in a hypothetical accident of the type described 
has been calculated by Bissell and Johnston to be 5.6 
percent of the volatile fission products contained in 
15 percent of the fuel. This calculation is under con
tinual review as additional information becomes available 
and thus far all revisions have resulted in a smaller 
estimated release. For the purpose of this report the 
maximum credible release may be taken as considerably 
less than ten grams of iodine (all isotopes).
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This report gives the results of work done in 
small-scale apparatus to determine to what extent the 
dousing system would assist in containing iodine in the 
Boiler Room in the event of an accident and to determine 
the approximate time scale on which such containment 
occurred. This information together with information on 
the extent of the probable iodine release and on the 
efficiencies of the filter and iodine adsorber could be used to show whether any significant hazard to adjacent 
populations is created by the controlled exhaust of air from the Boiler Room.

THEORY
Betts (2) has indicated that when elemental iodine 

dissolves in water it hydrolyzes and that, as a consequence 
the I2 concentration in the liquid phase is small. Hydro
lysis becomes more complete at high pH. The more hydro
lyzed the iodine is in solution, the lower is its vapour 
pressure. Obviously then to contain iodine in a solution, 
the solution should be alkaline, or perhaps even better, 
should contain a reagent to reduce iodine to iodide.

The discussion of hydrolysis relates, however, to 
an equilibrium system, namely a solution of iodine in water 
In the dousing operation it is first necessary to get the 
iodine into solution. Condensing steam is known to be an 
efficient scrubber for soluble gases. Thus, provided the 
iodine does escape from NPD-II in a stream of steam, 
it should be transferred to the bulk water efficiently.
In the NPD-II Boiler Room air is also present and this 
could lead to the less efficient condensation that is 
experienced in condensers operating with non-condensible 
gases present. However, if it is assumed that the steam 
flow from the broken pipe is of considerable volume there 
will probably be little air present at the point of con
densation.

Iodine is known to adsorb rapidly and quite^strongly 
on surfaces, for example on dust particles. It is possible 
that particulate material will be formed during fuel 
rupture. Particulate material can be expected to be scrubbed into the dousing water to a considerable extent and 
the high-efficiency filter will prevent the escape of 
a significant amount in the air exhausted from the Boiler 
Room. Iodine desorbed from such particulate material 
caught by the filter will be retained by the iodine 
adsorber (activated charcoal or other).
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The principal unknown is therefore the extent to 
which elemental, iodine is transferred to water during the 
dousing operation and this is the phase of the problem 
on which experimental work was concentrated.

3. EXPERIMENTAL
3.1 Apparatus

Experiments simulating conditions in the Boiler 
Room after fuel failure were done in either of two steel 
drums fitted with an iodine-generating system, an oil- 
burner nozzle to produce fog, a spray nozzle to simulate 
flow of dousing water and sampling points for liquid and 
gas phases. Fog was produced at approximately 25 ml/min 
in each drum and the pressure on the water tank feeding 
the spray nozzle was adjusted so the nozzle delivered 
10 l/min in the 26-gal drum and 14.2 l/min in the 45-gal 
drum. Figure 1 is a schematic drawing of the test rig 
and Figure 2 is a photograph showing the actual equip
ment as assembled in the laboratory. The 26-gal drum 
is shown in the photograph. The 45-gal drum was used 
in the same rig. The 26-gal drum was coated inside over 
the original drum-liner paint with paraffin wax which 
has been reported as being only slightly adsorptive of 
iodine. The value of this was questionable as during use 
the wax flaked off and at the end of the series of ex
periments almost the entire surface was free of wax. The 
45-gal drum was painted inside by the NPD-II painting con
tractor with the same epoxy resin as used in the Boiler 
Room. This paint also peeled almost entirely during the 
series of experiments, exposing the stainless-steel sur
face. Provision was made in the larger drum to suspend 
extra surface typical of that present in the Boiler Room.
In the 26-gal drum the spray nozzle was pointed downward 
initially and was located 3.5 inches directly over the 
tip of the delivery tube from the iodine generator.
After a number of runs the nozzle was pointed upward to 
give more certainty that all surfaces were being thoroughly 
wetted. The tip of the delivery tube was then 6 inches 
above the spray nozzle. The results obtained did not 
differ significantly and the nozzle was pointed upward 
in the 45-gal drum.

The experiments done in the apparatus described above all involved transfer of iodine from steam or air 
to water. In order to get information on the reverse 
process, i.e., transfer from water to air, and to facil
itate a few general experiments on the iodine-water system
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Figure 2 
Dousing Test Apparatus
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a second apparatus shown schematically in Figure 3 was 
assembled. A 120-1 glass flask was used instead of a 
drum and no dousing equipment was installed. The flask 
was fitted with an iodine generator the delivery tube 
from which extended well below the liquid surface. A 
high-speed agitator and liquid and vapour sample points 
were also provided. Figures 4 and 5 are photographs of 
the system with and without the agitator operating, 
respectively. The blades on the agitator were set one 
in the liquid and one just above the liquid surface. In 
this way the stirred liquid was disintegrated into drop
lets that reached all surfaces of the flask.

3.2 Iodine Generation
Elemental iodine was generated from iodide tsigged 

with 1-131 by either of two reactions
1 . 51“ + IO3- + 6H+ 3I2 + 3H20
2. 2Fe+++ + 21" 2 Fe++ + I2

Reaction 1 proceeds smoothly in very dilute sulfuric acid. 
According to the equation one sixth of the iodine pro
duced is dervied from the iodate and this was allowed for in all calculations. However, the rate of exchange of 
iodine between iodide and iodate is small but finite in 
acid solution and could result in the specific activity 
of the iodine differing from that anticipated. Reaction
2 was used in the latter stages of the work and no sig
nificant difference was noted in results obtained using 
these two reactions to provide the iodine.

Since the chemical analysis of iodine in the traces 
that were used in this work is difficult in solution and 
virtually impossible on air samples, the iodine used was 
traced with a suitable quantity of 1-131. About 1 to 2 mC 
was used for each run. NaI-131 as received from the Commercial Products Division of AECL was added to a solution 
containing the appropriate amount of C.P. NaI-127 and this 
solution was treated with the oxidant.

In some of the early experiments iodine was intro
duced into the vessels by sparging with air from the warmed 
(50°C) generator. This procedure required 10 to 15 minutes 
to remove 50 to 90 percent of the iodine from the generator. 
In most of the dousing experiments the acid solution of the oxidant was brought to a gentle boil with-the delivery tube leading to the appropriate vessel. The solution 01
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Figure 5 
Equilibrium Apparatus 

No Agitation
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mixed NaI-131 + 127 was then squirted into the oxidizing 
medium with a syringe. The method permitted the distil
lation of 30 to 95 per cent of the iodine in about 60 to 
70 seconds, and this generating time was used routinely 
in the experiments. The evolution of iodine was effec
tively stopped by cooling the generating flask.

In one experiment iodine was used as crystals of 
elemental iodine. This preparation is described later 
in the discussion of the experiment.

3.3 Sampling
At the end of each dousing run the entire volume 

of water was run into a polyethylene carboy (or two if 
required). The liquid was agitated and samples were then 
pipetted for analysis.

Gas samples were taken from each apparatus by 
drawing the contaminated air through activited charcoal 
which is known to be very efficient for adsorbing iodine. 
The charcoal was contained in polyethylene tubes 1.0 cm
I.D. by 5 cm long with brass screens heat-sealed into 
each end to retain the charcoal. The tubes were left 
intact for counting. The samples were taken through gas 
lines that were not inserted into the apparatus until it 
was desired to take a sample. This was done to reduce the possibility of contaminating the air samples with water 
droplets of much greater activity. The air samples were 
usually taken for two-minute periods at a sampling rate of 2.4 l/min. Samples obtained in this way generally 
agreed within - 20%.

Twice samples were taken through grade AA Milli- 
pore filters (nominal pore size O.Svm) in attempts to 
prove that only iodine vapour was present in the air.

3.4 Analyses
All samples were analyzed by gamma-counting in a 

scintillation counter. Appropriate geometry corrections 
were made to adjust the counts obtained on the three types 
of samples (liquid, charcoal and filter) to the same basis. 
In calculating the results it was assumed that the iodine put into the system was of the specific activity calcul
ated from the relative amounts of tracer and inactive 
iodide put into the generator. This is a valid assumption. 
It was further assumed that the iodine species in the
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vapour phase was completely removed from air samples by 
activated charcoal, i.e., that no unadsorbable species 
was present. The absence of particulate material in 
significant quantity was shown and other unadsorbable 
species seemed unlikely.

Material balances were struck on the basis of the 
analyses made.

3.5 Experimental Methods
3.5.1 Behaviour of Iodine in Vessels

Iodine was introduced either by air sparge or in 
steam into the dry vessel. Samples were taken periodic
ally by the methods indicated. Fog or spray was applied 
as indicated in the section on results.

3.5.2 Dousing Experiments
After each experiment the drum was completely filled 

with water, drained and left for at least 12 hours with 
a strong flow of dry air through it. Periodic air 
sample checks showed that this treatment brought the count 
on air samples down to an insignificant level. It should 
be noted that this does not mean that the mass of iodine 
was necessarily insignificant, but the results of the experiments will be seen to indicate that this was also 
so.

In making a dousing run with iodine generation in 
steam the following sequence was followed 126-gal drum). 
The drum sample points were closed and the oxidizing 
solution in the generator was brought to a boil. The fog 
and spray were turned on and ten seconds later the iodine 
solution was syringed into the boiling generator. Iodine 
was generated for 70 seconds at which time the generator 
was quenched. Fog and spray were shut off after running
2.5 minutes. About one minute was then allowed for the 
mist to settle, then air sampling tubes were inserted and 
samples were taken. The first samples were frequently obtained within five minutes of the start of a run and 
sampling was continued over (sometimes extended) periods 
of time. The sequence was identical in the 45-gal drum 
except that the fog and spray were on for 2-3/4 minutes.

The generator was washed out and the solution was 
analyzed for 1-131. At the end of the run the-dousing 
water was dumped and analyzed.



This type of run could be done on a one-a-day 
schedule.

3.5.3 Transfer of Iodine from Water to Air
The flask was washed and dried as for the drums.

If specially purified water was to be used the flask
was thoroughly rinsed with this water before a run.

With the delivery tip from the generator below 
the liquid level in the flask the solution in the 
generator was brought to a gentle boil to expel air.
The iodide solution was then introduced by syringe 
and gentle boiling was continued for 10 to 20 min.
The generator was then removed from the system. The 
liquid was thoroughly agitated at intervals, and air 
samples were taken. Alkali or acid was added to adjust 
the pH as indicated in the table of results.

4. EXPERIMENTAL RESULTS
4.1 Behaviour of Iodine in the Apparatus

Several preliminary experiments were done in the
26-gal drum to demonstrate whether it was possible to 
introduce iodine into the system and produce reasonable 
concentrations in the vapour phase. The results of these 
tests are given in Table 2. The iodine was generated 
by the iodide-iodate reaction and was sparged with air 
from the generator into the drum. No dousing was done 
during these runs.

Table 2 '
Vapour Concentrations Achieved in the 26-gal 

^ drum by Air Sparge Generation _________
I2 Generated Generating Time, I2 Found by Air Sampling mg min at time indicated

after beginning of gen
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eration
40.2 15
10.6 9
10.2 9

6 . 7 70.9 10
0.7 9
0.7 9

min mg
n r 47.610 7.312 6.0
7 3.5

10 0.02
9 0.001
9 0.003
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These tests showed that if large amounts of 
iodine were used high vapour concentrations of iodine 
could be obtained by the air sparge method of gener
ation. However, at concentrations of interest in the 
NPD-II system (below 1 mg of Ip generated) the iodine 
did not stay in the air over tne period required for 
generation.

Figures 6,7,3,9 10 give the results of some
experiments done to show the beteiviour of iodine in 
the equipment. The dashed lines in these figures are 
drawn to show trends only. The data of Figures 6 and 7 
show that relatively high concentrations of iodine 
put into the 26-gal drum by air sparging stayed in the vapour phase for significant periods of time. It 
left the vapour phase, presumably by adsorption on or 
reaction with the drum surfaces with an apparent 
initial half-life of 20 to 30 min. The effect of the 
fog that was applied twice during each run for the 
periods shown on the figures was negligible. The 
data in Figure S give the results of a run done in 
similar fashion but in which dousing from air was 
attempted. Dousing decreased the iodine concentration 
in the air by a factor of about 100 according to samples 
taken immediately before and after dousing.

It was considered that this factor of 100 obtained 
by dousing from air was inadequate for the NPD-II system, 
that the time-scale in these experiments was too long 
and that more realistically the iodine should be intro
duced in steam since this is the most reasonable assum
ption about the mode of release from NPD-II. The data 
of Figure 9 show the behaviour of iodine introduced into 
the 2b-gal drum in steam (boiling generator method).
The iodine disappeared from the vapour phase somewhat 
more rapidly (initial half-life-^7 min) than was the 
case with air sparge introduction of iodine at higher 
concentrations, but a significant concentration was 
still present after 23 hours.

The data of Figure 10 give the results of an experiment done in the glass vessel. The iodine was 
introduced by air sparge and shows an initial rate of 
disappearance greater than those noted in the drum. 
Several water additions were made during the course of 
this experiment. The first two (10 ml and 100 ml) were 
made by evaporating water into the vessel to provide 
an atmosphere of condensing steam. The other two 
additions (900 ml and 25 l) were made as liquid water.
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FIGURE 8  
DOUSING OF IO DINE FROM AIR
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FIGURE 9  
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FIGURE 10 
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The liquid phase was thoroughly agitated before air 
samples were taken after the final addition. With the 
possible exception of the first addition, the water 
evidently contributed to the removal of iodine from the 
vapour phase and the concentration of iodine in the air 
reached a value that remained unchanged over a period of 
about five days.
Dousing Experiments

The results of all dousing experiments done in the 
drums are given in Table 3« These experiments were done 
in the manner previously described, the iodine being 
introduced in steam in all cases but one. Measurements of the 1-131 concentration in the air were made as soon 
after dousing as was practical, generally within five to 
ten minutes. The air was sampled one or more additional 
times over a period of several hours to make certain that 
there was no significant change. The water was then 
assayed for 1-131. The 1-131 concentrations found were 
converted to total iodine concentrations on the basis of 
the specific activity of the iodide put into the generator. 
The concentration of iodine found in the air at the time 
of the first measurement made after dousing is plotted 
in Figure 11 against the concentration of iodine in the 
water. Since the species of iodine present were not 
identified iodine as used above refers to iodine in 
any state. The line drawn on the figure is not intended 
to go through the points but represents a constant ratio 
of lO"^ for the concentrations of iodine in the air and 
water. There is no theoretical basis on which to fit 
an equation to the experimental data. All points lying 
to the right of the line in the figure represent exper
iments in which the ratio of the concentrations of iodine 
in the air and water were less than 10"^. At high iodine 
concentrations the results tended to become less reproduc
ible for reasons that were not explained, but these con
centrations are much greater (factor of 50) than those 
that could be achieved in the maximum credible accident 
to NPD-II.

The variables examined were total iodine generated, 
water quality, including pH and additives, and type of 
exposed surface. The data of Table 3 show that none of 
these variables affected the results to an identifiable extent. The results of runs 56 to 62 inclusive show that 
at relatively constant total iodine introduction the results were quite reproducible. The runs made prior to
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RESULTS OF DOUSING EXPERBIBKTS

Runs 17 to 49i inclusive - 26 gal drum 
Runs 51 to 64i inclusive - 45 gal drum

introduced in steam in all runs except run 19 
I2 generated with IOf in runs 17 to 36, inclusive 
I2 generated with Fe+++ in runs 38 to 64, inclusive

RunNo. *2 Water Used m x.introducedgrams Vol. Type 
liters £H Volume, liters Sampling, rain, after 

Ig introduced

*2 concentration 
mol/liter 

water air
Ratio
I2(air)

Balance based on 
1-131

17 8.2 x lO' 4 27 Diat. - 7 90 5
170 8.6 x 10"®

2.4 x 10' 12 
1 .2 x 10-12

2.8 x 10-5 
1 .4 x 10-5 , (67) 78*

IS 5.2 x 10~* 26 Diet. ~7 91 7127 5.7 x 10_s 3.8 x 10-J-3 
6.0 x 10“ 13

6.6 x 10“f 
1 .1 x lO- 5 (70) 86

19 9.2 x 10-J> 25 dil.NaOH 9.1 92 10

130 2.9 x 10-8

9.2 x 10-12

4.5 x lO-1?
3.2 x 10-* 
1.6 x 10“5 (20) 27

20 7.6 x 10~* 28 dil.NaOH 8.6 89 1 8 

120 3.9 x 10" 8

1.7 x 1 0 '12 

1.3 x 10" 12

4.4 x 10-5 
3.3 x 10“5 (33) 56

21 5.8 x 10-4 25 dil.NaOH 9.3 92 6

125 1 .0 x 1 0 '7

8.4 x 10_13

8.4 x 10_13
8.4 x 10"6

8.4 x 10-6 (109) 109
22 6.2 x 10'* 25 dil. 4.7 92 5 3 .1 x 10*12 4.1 x 10‘ 5H2S04 127 7.6* 10_S 1.4 x 10-12 1 .8 x 10-5 (78) 96
23

24

6.4 x 10"* 

7.3 x 1 0 '6

25

25

dil.
h2s<\
Dist.

4.8

~7

92

92

6

132
6

126

So x 1 0 "8 

9.7 x 10‘ 10

2.2 x 10-12

1 .2 * 10-12 5.3 x 10-1* 
3.2 x 10-1*

2.6 x 10-5

1.4 * 10-55.5 x 10-5 
3.3 x 10-5

(82) 99 
(•84) 94

25 9.2 x 1 0 '6 25 Di*t. ^7 92 6
126 1.3 x 10“9

8.2 x 10"1* 
7.5 x 10-1*

6.3 x 10-5 
5.8 x 10-5 (90) 94

26 4.0 x 10-z 25 Dist. ~7 92 8
117 4,8 x 10~6

2 .6 x lO'lV 4.3 x 10-U 5.4 x 10-5 
9.0 x 10-6 (76) 83

27 4.2 x 10" 2 25 Dist. -W--7 92 8124 6.0 x 1 0 '6
1.9 x 10-?
1.2 x 10-10

3.2 x 10~* 2.0 x 10-5 (90) 90
28 4.1 x 10'2 25 dil.NaOH 9.5 92 10

118 4.7 x 10“6
9.0 x lO-10
7.0 x 10-U

1.9 x 10'* 
1.5 x 10*5 (73) 77

29 4.1 x 10-2 25 dil.HaSÔ

Dist.

4.6 92 7 3.6 x lO-8 6.1 x 10*3

30 5.8 x 10'8 25 ~7 92
42
135
7

124

5.9 x 10~6

5.9 x H>-»

3.0 x 10-9
7.3 x 10-1° 
1.5 x 10-16 
1 x lO'l6

5.1 x 10'*
1.2 x 10~* 
2.5 x 10-5
1.7 x 10-5

(91) 91 

(65) 80
31 1.4 * 10*7 25 Dist. ~ 7 92 7

1.4 x
2.7 x 10_lb 1.9 x 10-5

127 3.2 x 10_16 2.3 x 10-5 (64) 77
33 8.7 x 10_t 25 Dist. ~7 92 7

65
125185
245

6 .3 x 10-13
6.3 x lO-W
6.8 x 10-13
4.9 x lO'13
4.9 x 10-13

7.0 x 10-6
7.0 x 10-6 
7.6 x 10-6
y.5 x 10-6 
5.5 x 10~6

305
9.0 x 10's

5.8 x 10"13 6.5 x lO'6
7100 4.4 x 10-12 4.9 x 10-5

33 4.7 X 10-2 25 Dist. ~7 92 6
64
161
245
325
1365 6.7 x lO'6

3.8 x 10-9 
2.7 x 10-1°
1.2 x 10-1° 
1.4 x 10-10
1.2 x 10_i0
2.9 x 10-1°

5.7 x 10~*
4.0 x 10-5
1.8 x 10-5
2.1 x 10*5
1.8 x 10-5 
4.3 x 10-5

(66) 71 

(901 9236 9.1 x 10-* 25

50

Dist.

Dist,

~7 92

67

5
60120
5
75135 4.3 * I0~e

1.5 x 10-“  
8.9 x 10*13
1.3 x 10-12
2.3 x 10-12 
1.0 x 10-1?
8.3 x 10-13

5.3 x 10-5
2.3 x 10-5 
1.9- x 10-5 (30) 74
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Run J 2 Vater Used AirVolume,
1 1 tAT*S

Time of Sampling, min. after 
I2 introduced

12 Concentration 
mol/liter 

water air

Concentration MaterialNo. introducedgrains Vol. Type liters £« Ratio 
*21 air) 
I2(H20)

Balance based on 
1-131

33 5.5 x 10‘ 4 25 Diat. 7 92 4
64

150 1.1 X 10“ 7

1 .2 x 10"lz 
1.5 x 10-12 
9,9 x 10' ^

1 .1 x 10" 5 
1.4 x 10 "5 
9.0 x 10-6 . (127) 119

39 6.3 x lO-6 25 Diat. 6.7 6
115
235

4200 1 .0  X 1 0 '9

2 .1 x 10-13
1.5 x 10-13
9.6 x 10‘ +S 3.4 x lO" 13

2.1 x 10-4
1.5 x lO*4
9 .6  x 10-5 
3.4 x 10-4 (100) 101

40(2) ~ 5 .0 x 10‘ 4 25 Diet. 5.2 92 $130
195 7 .0 x 10 "8

4.1 x 10* 
3.3 x 10- 12 
2.9 x 10-lf
3 .1 x 10"1Z

5.9 x 10”5 
4.7 x 10-5 4.1 x 10-5 
4.4 x 10-5 (89) 94

41 7 .6 x 10-6 25 Dist. 5.8 92 6156
236 7.6 x 10-10

5-.0 x 10" 
5.8 x 10-J4 
6.6 x 10~1^

6.6 x 10-57.6 x 10-5
8.7 x 10-5 (64) 83

42 3.4 x 10‘ 2 25 Diet. 6.0 92 6
50
180
243 5.3 x 10 -6

1.7 x 10" 9 
1 .0 x 10-9 
9.3 x lO'if
7 .8 x 10"J-i

3.1 x 10-4 1.9 x 10-4 
1 .8 x 10-5 
1.5 x 10-5 (99) 98

43 6.8 x 10-4 25 Dist. 6.0 92 7
75

94 to 154 285 4340 6.4 x 10 "8

7.8 x 10" 12 
2 .0 x 10-12

4.7 x 10'^ 3.4 x lO-1̂

1.2 x 10-4 
3.1 x 10-5

7.3 x 10-6
5.3 x IO- 5 (60) 90

44 4.4 x 10~4 25 Dist* 6.C 92 535
3 9 ^  99t4) 

1?1 
251 

1281 m 1355 to 1420 1455 
1635 
7020 7 .0 x 10 "8

3.5 x 10-12
1 .1  x lO-1 '

2 .0 x 10-13
1.2 x 10-13
2.0 x 10-J-3
2 .1 x 10-13
1.2 x lO--1̂
2 .1 x 10"13 
1.9 x 10-13
4.6 x 10-12

5 x 10-f
1.6 x 10-5

2.9 x 10"6
1.7 x 10-92.9 x 10-?
3 .0 x lO- 6
1.7 x lO-5
3 .0 x 10-j>
2.7 x 10- 6 
6.6 x 10“ 5 (101) 100

46 2.9 x 10" 4 25 Dist,

(6)25 Jist.

6.0

6.0

92

92

8
72

1250
5257

3.9 x 10- 8 

5.3 x 10-1°

4.0 x 10-13
4.1 x 10-13 
4.4 x 10 3 
1.8 x 10-13
1 .1 x 10-13

1.0 x 10-5
1.0 x 10-5
1 .1 x lO-? 3.4 x 10-4
2 .1 x 10-4

(85)
. 95

47 1 .8 x 10"5 25 Dist. 6 .0 92 15206 2 .8 x 10"9
3.1 x 10-13 
4.7 x 10-13

1 .1 x 10-4 
1.7 x 10" 4 (99) 100

48

49

5.4 x 10-*- 

4.9 x 10-4

25

25

Tap

DoubleDist.

7.2

6.9

92

92

7
66
186

6
66
124189

8.7 x 1 0 -8 

6 .0 x 1 0 -8

4.0 x 10-1*1
9.3 x 10-13
9.7 x 10-137.8 x 10-13
6 .4 x 10*13
5.6 x 10-134.6 x 10-13

4.6 x 10-5
1 .1 x 10-5
1 .1 x 10-5
1.3 x 10-5
1 .1 x 10’ 5
9.3 x 10-67.7 x 10-°

(102) 101 

(78) 87
51

52

6 .1 x 10"4

1 .2 x 10-3

39

39

Dist.

Dist.

6

6

155

155

10
40

130

194

2 .8 x 10~8 

5.5 x 1 0 -8

1 .1 x 10-12
3.1 x 10-13
2 .6 x 10-135.7 x 10-13
3.8 x IO-I3

3.9 x 10-5 
1 .1 x 10-5 9.3 x 10-£ 
1 .0 x 10-5
6.9 x 10-6

(45) 80 
(45) 62

53
54

2 .8 x 10-2 

1 .2 x 10- 7

39
39

Dist,
Dist.

6

6

155
155

7
240
15265

6 .1 x 10"7

4.1 x ID' 12

7.3 x 10-11
4.4 x 10-H 
9.2 x 10-12 
4.9 x 10"1'

1 .2 x 10-4
7.2 x 10“ 5
2 .2 x 10-5
1.2 x 10-5

(50) 74 
(34) 59

55

56(9>

7 .0 x 10-** 

1.5 i 10-3

39

39

River

Dist. 6

155

155

30150180
35
175

4 .0 x 1 0 -8 

1.4 x IO- 7

1 .8 x 10-12 
1.3 x 10"3-? 3.1 x 10-!3
l.g x 10-12
1.5 x 10-12

4.5 x 10-6
3 .2 x 10-5 7.7 x 10-°
1 .3 x 10-5 
1 .1 x 10-5

(57) 64 

(92) 94
57
5/ 10)

59(11)

1.5 x 10-3

1.5 x 10-3

39

39

Dist.

Dist.

6

6

155

155

19
180
13
175

8 .4 x 10 "8

1.4 x 10 -7

9.3 x 10-13
6 .3 x 10-13 
4.1 x 10-12 
3 .0  x 10-12

1 .1 x 10-5 
7.5 x lO- 6 
2.9 x 10-5
2 .1 x 10-5

(55) 74 
(92) 95

1.5 x 10"3 39 Dist. 155 22
214 1.5 x 10 -7

1.9 x 10-12 
2.3 x 10-12

1.3 x 10-5 
1.5 x 10-5 (99) 101

60 1.4 x 10‘ 3 39 Dist. 155 9
255 1.4 x 10 -7

7.8 x 10-13 
1.5 * 10"12

5.6 x 10 -6 
1 .1 x 1 0 -5 (99) 94

61^'

62<141

1.3 x 10-3

1.3 x 10-3

39

39

Dist.

Dist.

155

155

33
169
29
155

1.1 x 10"7 

1 .0  x 10-7

7.1 x 10-13 
5.5 x 10-13 
3.9 x 10-12 
7.8 x 10-13

6.5 x 10"6 
5.0 x 10-6 
3.9 x 10-5 
7.8 x lO- 6

(84) 86 

(76) 85
631151

(15)
64

2.2 x 10"3 

'2.9 x 10" 3

5

5

Dist.

Dist.

6

6

194

194

25
165
37
217

6.9 x IO- 7 

1.2 x 10-6

5.9 x 10- 11
3.7 x 10-11
1.7 x 10-1° 
8.5 x 10-11

8.6 x 10-5
5.4 x 10-5
1.4 x 10*4 
7 .1 x 10-5

(40) 60 

(53) 59



Two balances are given.
I? found in waterIn brackets -----------------
Ig generated

The other is ^  found in water + I2 found in generator
I;j added to generator

( 2 )' Spray nozzle reversed to point upward
(3), (4), (5) 01vr3 _ . . .Drew 2MJ of axr through drum

^ W a t e r  drained and second dousing done 
(7)' ' Drum not previously exposed to iodine 

^  10 f t 2 of white vinyl-painted surface present

10 ft^ of green lagtone-painted surface present
(10)io 0£ fiat-white alkyd-painted surface present
(11)200 ppm sodium silicate in dousing water
(12)Dousing water saturated with Pb^O^
(13) 200 ppm Fe+++ (as sulfate) in dousing water
(14)200 ppm sodium tri-poly phosphate in dousing water
(15)12 partly generated before dousing was begun

- 24 - CRCE-979

Table III (cont'd)
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these were made with total iodine introduction chosen 
more or less randomly. The fact that all measurements 
gave approximately the same value for the ratio of the 
iodine concentrations in air and water infers strongly 
that there was no interference from one run to the next. 
Such interference might have been expected if any ad
sorbed exchangeable iodine species were not removed by 
the drum-flushing routine. The range of iodine intro
ductions made was from 4.7 to 10“ 2 g to 5.3 x 10“°g.
The lowest additions were made with "carrier-free” 1-131 and the concentrations were calculated on the basis of 
a specific activity of one curie of 1-131 per 50 p.g 
of total iodine, a figure which is typical of newly- 
produced 1-131 as received from the Commercial Products Division of AECL.

No difference was noted in results obtained from runs in which iodine was generated by oxidation with 
iodate or with ferric iron.

Material balances were struck on the 1-131 for each 
run. These were not particularly satisfactory and are 
probably an indication of the difficulties of handling 
a volatile and readily adsorbed element at low concen
trations. The majority of the balances were less than 
100 percent. Two balances are given in Table 3 because 
it was not possible to decide which was better, i.e., 
the measurement errors were not isolated. '

Run 51 was done in a new drum, freshly painted in
side with epoxy resin, and gave essentially the same 
results as subsequent runs made after the drum had been 
exposed to considerable iodine. This also indicated no 
interference between runs and suggest that surface ad
sorption was not playing a major role in iodine removal 
by dousing unless the inter-run treatment was adequate 
to restore the adsorptive surface.

In runs 43 and 44, after the system had come approx
imately to equilibrium, air was drawn through the drum 
to sweep the contaminated air out. By this means the 
iodine concentration in the air was reduced by a factor 
of about ten. Measurements made over extended periods of time with the system static showed that the iodine 
concentration in the air gradually increased and even
tually approximated the concentration existing before 
the air sweep. This would seem to be definite proof of an equilibrium with a volatile species of-iodine 
involved.
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In run 46 it was shown that a second dousing removed 
only a small amount of the residual iodine from air. 
However, a decrease did occur and the ratio of the concen
tration of iodine in air and water was still decreasing 
when the run was terminated, suggesting that equilibrium 
was being re-established. Unfortunately, the drum could 
not be drained completely and as a consequence the iodine 
concentration in the water was too large after the second 
dousing to expect a major decrease in the concentration 
of iodine in the air.

Runs 56, 57 and 5$ were done with added surfaces, 
typical of those in the NPD-II Boiler Room, suspended 
in the vapour space in the drum. Runs 59 and 62 were 
made with dousing water containing typical corrosion 
inhibitors. Run 60 was made with the dousing water 
saturated with red lead because the dousing water head 
tank is expected to be painted inside with this material. 
Run 61 was doused with a dilute solution of ferric sulfate 
to ensure that the presence of traces of ferric ions 
would not displace the equilibrium. The results of these 
runs did not differ significantly from those of other 
runs, cf. run 52 done with iodine at the same concen
tration.

Runs 63 and 64 were done to determine the effect 
of using considerably less dousing water. Five litres 
were used instead of 39. In these two runs the iodine 
was generated just before and during dousing, and as 
was expected from the combination of smaller volume of 
water and the fact that effectively the iodine was 
being doused from air it was found that the iodine con
centration in the air was somewhat higher than in runs 
done with the full 39-litre douse.
Equilibrium Experiments

The results of a number of experiments done in the 
glass system are given in Table 4.

The first run was done to measure any equilibrium 
that existed for comparison with that achieved in the 
dousing experiments, and to demonstrate further the 
lack of dependence on pH of the ratio of the concen
trations of iodine in the air and water. This run 
was done using the local laboratory supply distilled 
water as were a large number of the dousing experiments. 
The ratio of the iodine concentrations in the' air and 
water was a little smaller than that found in most



RESULTS OF EQUILIBRIUM EXPERIMENTS
TABLE IV

*un *2 T y pe h 2 o

V o l . . pH

A i r  V o l . I 2 ( a i r ) I 2 (w a t e r ) l 2 ( a i r j  

I p ( w a t e r )

■ S* T ” ‘ 1 m o l e / 1 m o l e / l

1 5 . 2  X  1 0 ~l+ D i s t i l l e d 2 5 9 . 0

7 . 6

6 . 9

4 . 9

9 5 2.9  x  10' J 2 
3 .4  x  10- j2 
3 .1  x  10“ ? S  

3 .8  x  l O -^

2 . 3  x  10-6
2 .3  x  10“ ?

2 .3  x  10“ °

2 .3  x  10“ b

1 . 3  x

1 .5  x

1 . 3  x

1 .6  x

10"6
10-6
10-6
10"

2 3 . 4  x  1 0 “ 2 D e i o n i z e d 2 5 9 . 3

7 . 4  

5 . 0

9 5 2 . 9  x  10-1 °

2 . 9  x  10-10 
2.3  x  10" 1U

5 .1  x  10-6
5 . 1  x  10-6
5 . 1  x  10“ 6

5 . 7  x

5 . 7  x  

4 . 5  x

iO - 5  

10-1 
1 O '*

3 3 . 9  x  1 0 " 2 R e d i s t i l l e d  

fr o m  KMnO^
2 5 6 . 9

9 . 1

5 . 0

9 5 2.2  x  10“ 5 
1.8  x  10“ § 

2.0  x  10“ 5

5 .2  x  10~j?
5 . 2  x  10- °

5 .2  x  10“ 5

4 . 2  x

3 . 5  x

3 .6  x

l ° '\

1 0 : |  10 *

4 2.0  x  10” 2 Redistilled 
f r o m  Km nO^

2 5 6 . 9

6.6
5 . 1

9 5 3.6  x  10-9 
2.2  x  10- 9  

2.5  x  10_ y

2 . 5  x  10“ 6
2.5  x  10“ ®

2 .5  x  10“ b

1 . 4  x  

6.6 x  
1 .0  x

10-3 

10" *

10 "3

5 1.6 Distilled 2 5 4 . 7

3 . 6

9 5 6.1  x  10-7 
4.3  x  10"7

1 . 9  x  1 0 “ *

1.9  x  10“ 4
3 .2  x

2 . 2  x

K f 3
1 G" 3

6 2 . 5 Distilled, 
Redistilled 
f r o m  KKnOi , 
Redistilled

2 5 3 . 9

9 . 6

95 k .6  x  10“6 
7.2  x  10“ 9

4 . 0  x  10- 4

4 . 0  x  10-4
1.2  x  

1 .6  x

1 0 ~ 2

1 0 “ 5

‘”12 generated by Fe<’++ oxidation, except run 6 in 'which it, -was added as crystals
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dousing experiments. There was no measurable effect 
when the pH of the liquid phase was altered.

Since the quality of the distilled water used for 
run 1 was suspect and it was suggested that trace im
purities might be affecting the results, several runs 
were made with purer water. Run 2 was done with deionized 
water and a greater weight of iodine was used. In this 
run there was a slight indication of pH dependence, but 
again the ratio of the concentration of iodine in the 
air and water agreed reasonably well with that found in 
the dousing experiments.

Runs 3 and 4 were done with water distilled from 
alkaline permanganate and relatively high concentrations 
of iodine were used. These runs were intended as duplic
ates and the two results were in reasonable agreement.
The concentration of iodine in the air was only slightly 
dependent on the pH of the liquid phase. The ratios of 
the concentrations of iodine in the air and water were 
much higher than those found in most dousing runs, but 
were comparable to the results obtained in the dousing 
runs done at high iodine concentrations cf. run 29, Table
3.

Run 5 was done with a large amount (1.6 g) of 
iodine and distilled water from the local supply was used.A high concentration of iodine was found in the air with 
the liquid phase at pH 4.7. Raising the pH to S.6 de
creased the iodine concentration in the air by a factor 
of only about three. When equilibrium was achieved with 
the liquid phase at pH 8.6 the air space in the flask 
was flushed with 1.35m3 of air over a period of 4.5 hours. 
Immediately after the flushing operation the iodine con
centration in the air was found to be five to six per
cent of its value before flushing. Over a period of
24 hours the concentration increased to 20 percent of its original value. At this time sufficient sodium thiosulfate 
was added to reduce all the iodine. The liquid phase was 
agitated periodically and air samples were taken at int
ervals. Over a period of from four to five hours the 
concentration of iodine in the air decreased by a factor 
of at least 50.

Run 6 was done by putting 2.5 g of sublimed iodine 
crystals into 25 1 of purified water to see what results were obtained in a clean system with a concentrated sol-
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ution of iodine. The iodine crystals were prepared in 
the following manner. A mixture of NaI-127 plus NaI-131 
was oxidized in solution with ferric sulfate. The iodine 
was extracted into diethyl ether and the extract was 
washed with purified water. The ether was evaporated 
from the extract until iodine vapour was noted, then pure 
water was added and the iodine was evaporated and con
densed as crystals. The crystals were removed from the 
condenser and put into the water in the flask. The pure 
water was made by distilling the local distilled water 
from alkaline permanganate and redistilling the con
densate from a glass still. The conductivity of the 
water obtained was 6 vtmho/cm.

The pH of the iodine solution obtained when the 
crystals were dissolved in the water was 3.9. The 
measured iodine concentration in the air was high, the 
ratio of concentration in the air to that in the water 
being 1.2 x lO"^. Using data from Seidell (3) (solubility of I2 water) and from the Handook of Chemistry 
and Physics 14) (vapour pressure of iodine over aqueous 
solution), and assuming no hydolysis and that Henry’s 
Law applies, it may be estimated that this ratio should 
be 1.3 x 10"^ at 25°C. This iodine solution was sampled 
and was analyzed by R.H. Betts. His results and discus
sion are given in Appendix I.

The concentration of iodine in the air remained 
essentially constant for 24 hours, but after one week 
it had decreased to 50 per cent of its initial value.
At this time the pH of the liquid phase was adjusted 
to pH 9.6 by addition of NaOH. The iodine concentration 
in the air decreased by a factor of 10^ over a period 
of 24 hours and was then essentially constant for four 
more days. This was the only run done in which iodine _ 
behaved in a manner that would be predicted on the basis 
of an hydrolysis reaction which would predict a ̂ 10?  ̂
decrease in vapour concentration over the range by which 
the pH was changed.

During the course of this run a supply of Milli- 
pore filters of 0.$-)im pore size became available and 
two sets of samples were taken, one set at each pH.The results obtained on these samples are given in 
Table 5.



Table 5
Results of Sampling Through Millipore Filter

Solution Normal Charcoal On Millipore On Charcoal
pH Air Sample Filter Behind Millipore

________  _______________  ______ _____  Filter______
cpm/l cpm/1 cpm/l

3.9 7.4 x 10*- 3.2 x 102 6.5 x 103
* 9.6 2.3 x 103 2.6 x 102 3.d x 102
* Sample taken soon after pH change before the iodine concen

tration in the air reached the new equilibrium value.
These results show that at least in this run very little 

if any of the iodine was present as particulate material. The 
amount found on the filter may have been particulate but it 
equally well may have adsorbed on or reacted with the filter.
It is evident that the Millipore filter holder, which was prin
cipally brass, was acting as a getter for iodine.

5. DISCUSSION
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5.1 Discussion of Experimental Results
There is no theoretical basis on which the results can 

be considered. The results suggest strongly that the chemistry 
expected of iodine was not followed except when a large amount 
of iodine was used in pure water in a clean system. Only in 
this one case was a firm indication of the occurrence of hydro
lysis obtained.

The dousing results must be considered an empirical 
demonstration of the efficacy of dousing, with substantiating 
information relating to the equilibrium condition being 
derived from the experiments in the glass apparatus. The 
fact that experiments done in glass equipment in such a way 
that iodine had to be transferred from water to air gave 
effectively the same result as did the many dousing experiments 
in which iodine was transferred from steam-air to water lends 
credence to the conclusion that equilibrium was nearly achieved 
in dousing. Although iodine was shown to adsorb on surfaces 
quite rapidly and to a very considerable extent (99.$ per cent 
in five hours) the act of dousing removed iodine from the system 
much more rapidly and completely (typically =»~99.99 percent 
removed in less than five minutes). Analyses showed
that a large proportion of the iodine introduced into the 
system was found in the water after dousing. Thematerial balances were not sufficiently good to prove 
that dousing was the only mechanism of retaining 'iodine - 
it seems quite likely in fact that some was retained by
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adsorption- However, in the dousing systems all surfaces 
were thoroughly wetted during operation and the mode of 
removal during dousing must of necessity have been trans
fer from steam and/or air to water. Similarly in the glass 
apparatus all surfaces were thoroughly wet so a water-air 
equilibrium was to be expected.

The experiments in which contaminated air in the 
vapour spaces of the apparatus was replaced with clean 
air showed clearly that a volatile species was present, 
and this was verified by filtration tests. The baffling 
question is that, if this were elemental iodine, why was 
it not hydrolyzed when iodine was present at low con
centrations. This question has not been answered. It 
seems most likely, from the experiments done with various 
grades of water,that with relatively impure water (singly 
distilled water, process water, raw river water) the iodine reacted with impurities and became predominantly 
non-volatile. That such reaction occurred even at high 
iodine concentrations is suggested by the measurements of 
Betts.

Overall, the data show that at low iodine concen
trations with ordinary water used to douse, the dousing 
operation will remove iodine to the extent that the ratio 
of the concentrations of iodine in air and water will be 
of the order of 10"^ or lower.

5.2 Relation of Experiments to NPD-II
5.2.1 Form of Iodine Released

The fUel in NPD-II will fail in the presence of 
a steam atmosphere and the iodine released is expected 
to be present as the element. The experiments were done 
with elemental iodine.

5.2.2 Dousing
The features of the Boiler Room and the experimental 

rigs that are probably most significant in dousing are 
compared in Table 6.
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Table 6
Comparison of Boiler Room and Experimental Rigs

Boiler Room 26-gal drum 45-gal drum
Volume, ft^ 30,000 6.8
Area, ft2 30.000(all , 14.5 21.1
Area/Volume exposeg jyrface) j a
Dgal/mfnfl°W ’ 75,000, decreasing 2.2, steady 3.1, steady
Dousing flow , „ 0-52 0.46gal/min-ft-5 ’
Dousing time, min 2 2.5 2*/5

The Table shows no close resemblance between the NPD-II 
Boiler Room and the experimental rigs. The area-to-volume 
ratio was necessarily much greater in the laboratory rigs.
The dousing flow was intentionally kept lower in the ex
periments so that if the experiments were sensitive to 
water volume a pessimistic result would be obtained. The 
dousing flow in NPD-II decreases gradually to 0.25 gal/min- 
ft^ 40 seconds after the iodine release occurs and to zero 
in another minute. No effort was made to reproduce this 
flow sequence experimentally.

aluminum - 3,960 ft2. (4). Samples of all of these except 
aluminum were tested in the experimental rig with no measur
able effect on the results. Aluminum was known from other 
work not to adsorb iodine particularly strongly. There is 
no particular indication that surfaces play an important 
role in dousing, and the tests show that the type of sur
face is unimportant.

There is an indication from the results that the 
extent of approach to equilibrium iodine removal depends 
on the volume of water used to douse. In the Boiler Room 
the perforated distribution trays are concentrated in the 
areas in which the most serious breaks are possible.^ This 
will also ensure maximum dousing volume at the location 
of maximum potential iodine release and is a good feature.

The air expelled from the Boiler Room by the in
coming dousing water replaces the water in the dousing- water head tank. This contaminated air will undoubtedly
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have a considerably longer residence time than the 
average for the air in the Boiler Room itself. Be
cause this air will already have been doused the con
centration of iodine in it will be very low. Exposing 
this air to the uncontaminated surface in the dousing 
head tank should result in additional, relatively slow 
decontamination, but this point was not directly checked 
experimentally.

5.2.3. Iodine Concentrations
Use of 10“3 g of iodine in the 26-gal drum 

corresponds to a release (scaled on a direct volume 
basis) of 20 g of iodine in the Boiler Room. The 
majority of the dousing experiments were done using 
less than 10“3 g of iodine. Relating this to Figure
11, use of 10” 3 g of iodine results in a concentration 
of about 10"7 mol ^/litre of water. The maximum 
credible release of iodine in NPD-II is well below 
20 g.

5.2.4 Release of Iodine by Ventilation from the Boiler Room
As pointed out previously the dousing times in 

the experiments were comparable to the dousing time 
in NPD-II. Experimentally, the most rapid measure
ments of the residual iodine concentration in the air 
were made five minutes after iodine release, at which 
time the system was in nearly all cases essentially at 
equilibrium with respect to iodine. However, in 
NPD-II emergency ventilation of the Boiler Room begins 
before fuel rupture and continues indefinitely. There 
is, therefore, a period of five minutes over which 
information about airborne iodine is not available.
The inference drawn from the experimental evidence is 
that iodine removal occurs very rapidly and may in 
fact be complete when dousing is complete. However, 
high concentrations may be present for a short period 
of time immediately after the release. This will be 
adsorbed on the charcoal adsorber if it is not washed 
from the air before the latter gets to the air exhaust 
location.

With large quantities of water droplets in the 
Boiler Room due to spray and fog, it is likely that 
some of these will contain significantly high concentrations of iodine. Provision might well be-made to 
remove such droplets from the air before filtering it.
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The experiments suggest that the iodine in the 
dousing water will provide a continuing source of iodine 
to the air. If it is deemed necessary, this iodine can 
perhaps be rendered non-volatile by addition of an appropriate reducing agent. Experimental proof of this 
was not obtained at low iodine concentrations.

The release of iodine is expected to be in
dependent of the pH of the dousing water provided the 
pH is above 5. An alkaline system to minimize corrosion will be quite acceptable.

CONCLUSIONS
1. Dousing in the NPD-II Boiler Room will contain 

iodine released as a consequence of accident. It
may be anticipated that after dousing the ratio of the 
iodine concentration in the air to that in the water
will be about 10"^. A ratio of 10“-* is certain and a
ratio of 10~^ is probable.

2. Water of any quality (except perhaps super- 
pure water) will give the same results, regardless of 
pH between pH 5 and 9. The corrosion inhibitors sodium 
silicate and sodium polyphosphate produce no ill effect, 
nor do red lead (paint) or ferric ions (corrosion product). 
Use of raw river water is satisfactory.

3. The iodine is carried down by dousing in lessthan five minutes. Measurements at shorter times were 
not done. The charcoal filters in the system may be 
relied on to remove iodine from the air during theperiod between the iodine burst and the few moments
later when dousing is complete.

4. Except when purified water was used the 
iodine left in the air after dousing or after equil
ibrium with water acted as a volatile, non-hydrolyzable 
substance. The reason for this behaviour was not 
determined.
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APPENDIX I
ATOMIC ENERGY OF CANADA LIMITED 

Chalk River Project

Chemistry and Metallurgy Division

September 20, I960

MEMORANDUM:
To: L.C. Watson .

From: R.H. Betts
Re: Partition of Iodine Between H2O and Air
This memo refers specifically to measurements 

and calculations respecting a solution of iodine supplied to me from Chemical Engineering Branch on August
29, I960.

According to information supplied by y o u , 2.5 
grams of elemental iodine (as I2 ) was dissolved on 
August 23 in 25 1. of triply-distilled water, contained 
in a 120 1. flask. The pH on August 29 was 3»9, and the volume distribution coefficient
~H 'o5'fne'|- ~afr"~ was measured on the same day*
1. Absorption Spectra Measurements on Sample

U was positively identified and measured from peak at 4o00 A, and gave (after.a slight correction for 
presence of I3-) M «= 2.86 x lO'^M.

o Io“ was identified from peaks at 3530 % and c 2374 A, giving respectively 2.12 x 10“%  and" 2.00 x 10”% ,
with an average value of 2.06 x 10“% .

The main 1“ peak at 2260 £ was partly obscured 
by absorption of 1^”. The maximum concentration of 1“ 
(obtained by assigning total absorption at 2260 A to 
(I")) was < 2 x 10“% .

1
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HOI was not observed, but it has no distin
guishing strong bands in the u.v.

Since both I2 and I3 were identified and 
measured with reasonable precision, it is permissible 
to calculate (I") from:

disagreement with the maximum value estimated from the spectra.

73, 1^42 (1951). Please note that the hydrolysis con
stant of Iq used in CI-210 is incorrect. I have verified 
from original references that the factor (55.5 ) should 
not be used as indicated in CI-210. (The effect of this 
on the conclusions of CI-210 is to require a somewhat 
more alkaline solution to achieve the necessary hydro
lysis. )

Using the above equation, (HOI) , is found 
to be 5.3 x 10"9m , which is neglibly smaxi.
Material Balance:

(H+ ), (I“), (Ig) by the relation:
(HOI) (H+) ( D

ti2 > ' 2-

The concentration of HOI can be calculated from

- 2.53 x 10” 13 (see J.A.C.S.

Aqueous P h a s e .Species Gram-atoms/l 
5.72 x 10 4

0.62 x 10"4

1.01 x lO**4--------- 15
7-35 X 10

—21.34 x 10 gram-atoms
in ^ 0.
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Vapour Phase
No. of gram-atoms

. 7.3; * 10-4 x 95 _ , - .41 0 s  ~ b -> x  IU
Total gram-atoms in system - 1.90 X 10

= 2.4 grams I2»
This compares reasonably with the value of'*'2.5 grams 
stated to be added to the whole system.
COMMENTS '

1. Value of the coefficient for distribution 
of iodine species between this solution and air.

Interpolation of the data in Table I of 
CI-210 leads to a value of̂ w>86 at 25°C for I2 (water) t

I2(air)
for pure iodine, i.e., when the only species present 
is I2. For the above solution this leads to a predic
tion of:
Iodine (water) » £6/87 x 5.72 + 0.62 + 1.01 = 7.28 Iodine (air) 5.72 5*72x =

g r

This is good agreement with the value of 108 observed, and suggests very strongly that the prediction of the 
Henry Law coefficient in Table I of CI-210 is substan
tially correct.

2. "Theoretical” Hydrolysis of Iodine in Pure Water
In CI-210, pH was taken as an independently 

variable parameter of the system. This is reasonable 
for low concentrations of iodine in ordinary tap or 
river water. However, in the present case, in which 
specially purified water and macro amounts of iodine were used, it is more reasonable to expect that the total 
interaction of I2 with H20 determines the pH. Clearly
for electrical neutrality in the hydrolysis, (H ) = (I~), 
and since, by definition for a hydrolytic process, no net change in the oxidation state of iodine occurs,
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(I“) - (HOI). Thus (HOI) = (H+) » (I").
If we let the M of these species = x:

Then -----------t-----  = 2.53 x 10""(3.94 x 10"4 - x) °
where 3*94 x 10"^ = total molar concentration of iodine 
added. Solving this equation gives x = 4.65 x 10~°M.
This corresponds to an equilibrium pH of 5.3> whicK is to be compared to the measured pH of 3.9, i.e. "hydrolysis” is much greater than predicted.

Clearly a considerable disagreement exists 
between theory and experiment. Two alternative explan
ations may be suggested.

(a) The hydrolysis constant for may be in
correct. The value needed to account for the present 
result is

— U « .2.6._x .10 A)-------= ^ 7.4 x 10"9
(3.94 - 1.26) x 10”* *

vs. literature values around 2-3 x 10"^^. This is un
likely to be the explanation since this constant has 
been measured by at least two reputable investigators 
with concordant results.

(b) Despite the precautions you have taken, 
there may have been present in your experimental system 
one or more impurities which react with HOI, leading to a displacement of the equilibrium to an acidity and 
iodide concentration both in excess of those predicted.
In this connection, it is of interest that the (I”) value
is not dissimilar to the/H*). I feel this is a more likely explanation than (a) above, and is supported, 
in a general way, by our joint observation of some 
insoluble material in the system when the pH was raised.

If on the other hand, you feel the hydrolysis 
constant should be 10“ ,̂ then an experiment designed 
specifically to study the aspect could be carried out.

As noted earlier, as an experimental check on 
the Henry’s Law coefficient for the I2 - H20 system, 
the experiment was successful. That is to say, for the 
analytically determined elemental iodine concentration
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in solution, the partition of iodine between H^O and 
air was in agreement with the treatment outlined in 
CI-210.

One further point can be made:
Disproportion of HOI to 103“+ I" leads to release of (H+) 
according to 3H0I—>21“+ 3H + IO-j“» and the question 
arises: is this likely to have occurred? To answer
this, one may calculate the concentration of I0o” 
in equilibrium with 5

(H+) - 1.26 x 10“4m
(I“) » l.01 x 10”4M 
I2 - 2.86 x 10-4M

Thus (I')5 (IO,“ )(H+ )6-------- 1 — -- L  - 2.7 x 10“48
( I 2 )3

and (I0,1ftn - 1.5 x 10“15M2 eH*

i.e., the equilibrium concentration of IQ^” co-existing 
with the observed concentrations of I“»H f and I? is 
negligibly small.

"Original Signed 
by

RHB/DH R.H. Betts"
c.c. C.A.. Mawson 

A.M. Aikin


