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FOREWORD 

A Technical Committee Meeting on Methods and Techniques for Radio-
iodine Removal in Nuclear Facilities, including Emergency Situations, was 
convened by the Agency on 13—17 November 1978, as a step in an effort to 
keep a close check and control of radioiodine isotopes at all stages of the 
nuclear fuel cycle. The Committee focused its attention on the radioiodine 
emissions from nuclear power plants and fuel reprocessing installations. The 
purpose of the Committee was to: 

Identify and quantify the emission sources 

Assess the latest developments in radioiodine control technology, under 
normal and emergency conditions 

Compare proposals and plans of various Member States to remove and 
store radioiodine 

Discuss methods of disposal. 

The problem falls into two main parts. In nuclear power plants the 
principal concern is with 8-day 1311, and to a minor extent with the still shorter-
lived 132~1351. Release of 1311 can be dealt with by a few months' decay storage. 
In reprocessing plants, on the other hand, the 1311 in the spent fuel has largely 
decayed, and the main problem is the extremely long-lived 1291, with a half-life 
of 17 million years. Release of this isotope constitutes a potential hazard which, 
though small for the individual, is worldwide and virtually permanent. Long-
term storage and disposal therefore pose special problems. 

The Committee was aware that permitted radioiodine release levels, and 
the radiological hazards of very long-lived species such as 1291, are being exten-
sively considered elsewhere, and made no attempt to reach any conclusions on 
these topics. Nevertheless, it was necessary to introduce typical decontamina-
tion factors into the discussion of removal techniques, while recognizing that 
these factors might have to be modified in future. 

The purpose of this report is to review the technical means available for the 
retention of radioiodine, and its immobilization, storage, and disposal, having 
regard to the radiological hazards. 

The original draft of this report was prepared by W. Goossens of SCK/CEN, 
Mol, Belgium, and D.T. Pence of Science Applications Inc., San Diego, California, 
USA. The final version was edited by H.A.C. McKay of AERE, Harwell, 
United Kingdom. 

The officer of the IAEA responsible for this work was Yu. Zabaluev of the 
Waste Management Section. 
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1. SOURCE TERMS 

1.1. IODINE IN NUCLEAR POWER PLANTS (NPPs) 

During the irradiation of nuclear fuel in a power plant, different isotopes of 
iodine are produced. Table I gives a list, with half-lives, omitting some minor 
metastable species and the very short-lived 140I and 141I. Except for 127I and 129I, 
which grow during the whole irradiation period, an equilibrium is reached after 
some weeks of operation. 

In normal operation 131I and to a minor extent 133I are the isotopes which 
make the principal contribution to the radiation impact on the environment. 
Under accident conditions 132I, 134I and 13SI can also have a significant effect on 
the total iodine dose [1]. Table II shows the total inventory of the 131" 13SI 
isotopes, in a 3.2 GW(th) LWR core. 

The very long-lived 129I and to a smaller extent the stable 127I constitute the 
major contributors by mass among the iodine isotopes. They are therefore of 
importance in chemical contexts, e.g. in the design of removal systems. 

Airborne iodine can occur in different chemical forms in the gaseous effluents 
from NPPs. Elemental iodine (I and I2), organic iodine with methyl iodide (CH3I) 
as the simplest organic compound, and hypoiodous acid (HOI) may be present in 
significant amounts, and possibly also hydrogen iodide (HI) under reducing 
conditions, e.g. in reactors fuelled with U metal [2], Iodine is also to some extent 
bound to aerosols. 

The relative occurrence of these species depends on the design of the off-gas 
treatment and ventilation systems within each particular plant [3, 4] and also on 
reactor type. The stack release monitors normally distinguish between iodine 
bound to particles and iodine in gaseous form. Experience from continuous 
sampling at a number of LWR reactors [5] of the Federal Republic of Germany 
reveals that only a very small fraction (usually less than 1%) of the iodine is bound 
to particles. There are examples, however, of aerosol-bound iodine from miscel-
laneous minor leakages constituting a considerable fraction of the stack release 
when the off-gas iodine level is low [4], 

1.2. IODINE IN FUEL REPROCESSING PLANTS 

The short-lived isotopes in spent nuclear fuel will decay almost completely 
during the cooling period elapsing between unloading of the nuclear reactor and 
the start of the reprocessing operations. (Trace amounts are present even after 
very long cooling times, owing to the spontaneous fission of higher actinides, but 
the quantities are relatively trivial.) The length of the cooling time depends on 
various technical and economic considerations. For instance typical cooling times 
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TABLE I. IODINE ISOTOPES PRODUCED IN A NPP AND THE INVENTORY 
OF IODINE PER TONNE OF FUEL UNDER TYPICAL PWR CONDITIONS 
Viz. a burn-up o/33GW(th) d/t, a specific power density of 34 MW(th)/t, and 
3.1% 235U, calculated with ORIGEN [6] 

Nuclide Half-life Activity (Ci) Mass (g) 

Iodine-127 Stable - 3.9 X 1 0 1 

Iodine-128 25.0 min 1.3 X 104 2.2 X 10~4 

Iodine-129 1.6 X 10 7 a 3.8 X 1 0 " 2 2.3 X 10J 

Iodine-130 m 9.2 min 2.8 X 104 1.8 X 10~4 

Iodine-130 12.4 h 4.1 X 104 2.1 X 10"2 

Iodine-131 8.05 d 1 .0X 106 8.OX 10° 

Iodine-132 2.3 h 1.4 X 106 1.4 X 10'1 

Iodine-133 21 .Oh 1.8 X 106 1.6 X 10° 

Iodine-134 52.8 min 2.1 X 106 7.9 X 10"2 

Iodine-135 6.7 h 1 . 6 X 1 0 6 4.7 X 1 0 " 1 

Iodine-136 83 s 6.4 X 10s 6.4 X 10"4 

Iodine-137 23 s 1.7 X 106 4.7 X 10 - 4 

Iodine-138 5.9 s 1.6 X 106 1.2 X 10"4 

Iodine-139 2.0 s 1.3 X 106 3.3 X 10~s 

TABLE II. INVENTORY OF IMPORTANT SHORT-LIVED IODINE ISOTOPES 
IN A 3.2 GW(th) LWR CORE AT EQUILIBRIUM CALCULATED WITH 
ORIGEN [7] 
Specific power density 40 MW(th)/t, 3.3% 235U, and three core regions at average 
burn-ups of 0.88, 1.76, and 26.4 GW(th) d/t respectively. 

Nuclide Iodine-131 -132 -133 -134 -135 

Activity (Ci) 0.85 X 108 1 .2X 108 1 .7X 108 1.9 X 108 1.5 X 108 

for the reprocessing of thermal reactor fuels are in the range between 200 and 
300 days, while a typical figure in current discussions of thermal reactor oxide 
fuel reprocessing is 5 years [8], In the initial phase of the pre-industrial use of 
FBRs the cooling time will be several years, but is expected to be reduced later 
by the economic demand for plutonium to much shorter values. A cooling period 
of 150 days may for most purposes be regarded as a minimum value. 
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After this minimum period of 150 days, the only radioactive iodine isotopes 
still present in the spent fuel in significant amounts are 129I and 131I. Their activity 
levels for fuel irradiated as in Table I (typical of PWR fuel) are 0.038 Ci/t and 
2.5 Ci/t respectively.1 The daily throughputs in a 5 t/d reprocessing plant are 
then about 0.19 Ci of 129I and 12 Ci of 131I. Rough values for fuel of other types 
may be calculated by assuming proportionality with burn-up. 

The inventory in the plant at any one time will generally be of the same order 
of magnitude as a day's throughput. In the case of 129I we may multiply by the 
number of days of operation in a year to obtain the annual throughput, e.g. 57 Ci 
for 300 days' operation (1500 t/a). A similar calculation can be made for 131I, 
giving a figure of 3600 Ci, though so much 131I never actually accumulates because 
of radioactive decay. 

The 129I level is essentially independent of cooling time, while the 131I level 
falls rapidly with cooling. At 250 days, the throughput of 131I for fuel irradiated 
as in Table I is only about 2 mCi/d, and it becomes negligible at a year or more. 
Having regard to probable future cooling times, it appears that 131I will be of 
little importance in thermal oxide fuel reprocessing plants, but will become 
significant in FBR fuel reprocessing after some years of FBR operation. 

It must be stressed that the 131I level in the plant is determined mainly by 
the shortest-cooled fuel fed to the plant; it is not valid to calculate the level 
from the mean cooling time. 

1.3. RADIOIODINE RELEASE LIMITS FOR NUCLEAR INSTALLATIONS 

The limits for the airborne radioactivity releases from a nuclear installation 
are given by the national licensing authority after investigation of all pathways 
and exposure consequences of the radioactive discharges to the environment 
from the site in question. 

In general, the national procedures in deriving the release limits differ from 
country to country owing to differences in radiation protection legislation and 
in the application of the ICRP concept of keeping exposures as low as reasonably 
achievable (ALARA concept) [9]. Procedures to be applied in determining the 
release limits were recently recommended by an IAEA panel [10]. 

Owing to site to site differences in environmental conditions and population 
density, release limits in terms of activity per time are often of limited applica-
bility, and it may be preferable to specify limits for the annual dose commitments 
to the most exposed individual or to the critical group of the population resulting 
from the releases. For the long-lived 129I released from reprocessing plants, a 
regional or global collective dose commitment may also be taken into 
consideration [11], 

1 1 C i = 3 . 7 0 X 1 0 1 0 Bq. 

3 



A review of the procedures used in a number of countries and also of the 
resulting radiological limits (dose, dose commitment, global dose commitment) 
and radioactivity limits is given in Ref. [9]. Information relevant to radioiodine 
from the tables in Ref.[9] is assembled in Table III. (Entries for the USA in the 
' Applicability ' column are, however, based on Ref. [12].) 

The atmospheric discharge limits for 131I from LWRs in the European 
Community cover a wide range from 0.05 Ci/a for Trino, Italy (PWR), to 22 Ci/a 
for Gundremmingen, FRG (BWR), though the majority lie between 0.2 Ci/a and 
1.5 Ci/a [13]. For GCR sites in France, the limit is 1.5 Ci/a [13]. Expressed per 
GW(e) • a, the range is from about 0.2 Ci/GW(e) • a to 100 Ci/GW(e) • a, with 
0.5 Ci/GW(e) • a as a typical value. 

For 129I, a discharge limit of 5 mCi/GW(e) • a over the uranium fuel cycle is 
due to come into force in the USA on 1 Jan. 1983 [12]. Nearly all the release will 
normally occur during reprocessing, so the limit in effect applies to reprocessing 
plants. For a 1500 t/a plant reprocessing fuel under the conditions of Table I, it 
implies a decontamination factor (DF) of 220 for the reprocessing plant off-gases. 

1.4. MEASURED RADIOIODINE DISCHARGES 

The measured annual releases of 131I to the atmosphere from LWRs lie 
mainly in the range from a few mCi to a few Ci per site [13—15]. The full range 
of variation is very wide, partly on account of variations in the size of the reactors 
and in their operating history, but also in fuel integrity, temperature, and efficiency 
of removal systems. Radioiodine releases from PWRs tend to be significantly lower 
than those from BWRs, as might be surmised from consideration of the pathways 
concerned (sub-sections 2.2 and 2.3). Discharges from the French Magnox 
reactors are roughly comparable with those from PWRs, while those from the 
UK Magnox reactors are stated to be negligible [13]. The only information on 
FBRs concerns the French Phenix for which the very low value of 0.22 mCi was 
recorded in 1976 [13], 

The discharges constitute in all cases only a small fraction of the authorized 
limits. Thus in the European Community in 1972—76, the discharges occasionally 
amounted to about 10% of the limits, but were usually much less [13]. The 
following Belgian data [16] (rounded) may be taken as typical: 

Airborne discharge 

Reactor Annual limit 1976 1977 

Doel I, II 200 mCi 7.6 mCi 2.4 mCi 

Tihange 200 mCi 20 mCi 2.2 mCi 
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TABLE III. EFFLUENT CONTROL LIMITS OF GENERAL APPLICABILITY 
RELEVANT TO RADIOIODINE 

Country Status of limits Limits Applicability 

Radiological limits 

Nordic countries 

Federal Republic 
of Germany 

Netherlands 

USA 

Radioactivity limits 

France 

Netherlands 

USA 

Recommendat ion 

Legislation 

10% of ICRP annual 
dose limits 

90 mrem/a to thyroid 
f rom liquid and 
gaseous releases 

Recommendation 30 mrem/a to any 
organ 

Recommendat ion 

Legislation 

Legislation 

Recommendat ion 

Legislation 

15 mrem/a to most 
organs including 
thyroid 

75 mrem/a to 
thyroid 

5 Ci/a, halogens and 
aerosols 

0.25 Ci /GW(e) • a, 
131I l C i / G W ( e ) - a , 
other halogens 

5 mCi /GW(e) • a, 129I 

NPPs - critical group 

All installations 
contributing to 
exposure — member of 
critical group at position 
of maximum possible 
exposure 

All installations — most 
exposed individual in 
site vicinity 

NPPs, single 1 GW(e) 
units — most exposed 
individual in site 
vicinity 

Total to any member of 
the public f rom uranium 
fuel cycle operations 
( f r om 1.12.79) 

LWRs, single 3 GW(th) 
units 

NPPs 

Releases in liquid effluents from LWRs also fall generally in the range from a 
few mCi to a few Ci, while those from Magnox reactors are again very low [13-15]. 
In cases where the liquid effluents are discharged to sea, the presence of small 
amounts of 131I is not of much significance, owing to isotopic dilution. 

Discharges of 131I in the gaseous effluents from four European reprocessing 
plants during 1972-76 were often around 1 Ci/a, while much lower values down 
to about 0.01 Ci/a have also been reported [13]. There is an isolated high value 
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of 22 Ci/a (at Windscale in 1972) ascribed to inadvertent feeding of short-cooled 
fuel, and illustrating the point made at the end of sub-section 1.2. At the Dounreay 
plant separate measurements of the organic and inorganic components of the 
discharges have been made; those for 1972 and 1973 indicate that about 30% 
of the 131I discharged was in inorganic form, and 70% in organic form. 

Discharge data for 129I are very sparse. A few measurements have, however, 
been made at the WAK reprocessing plant at Karlsruhe [13]. In the early part of 
1975, 43 mCi were discharged, which was an estimated 25% of the 129I throughput. 
This was reduced to 3 mCi and an estimated 1% in 1976, by the introduction of 
an iodine filtration system for the dissolver off-gas. After this system had been 
installed, an average of 74% of the 129I was in inorganic form, 23% in organic 
form, and 2% in aerosol form, but the proportions were very variable. 

The discharge levels and the proportions of different iodine species depend, 
of course, on the off-gas treatment methods used, and for 131I, also on the cooling 
time. They represent only a small fraction of the total amount of radioiodine 
produced in fission. 

2. IODINE RETENTION IN NUCLEAR POWER PLANTS 

2.1. GENERAL 

There are several common features in the iodine release patterns from different 
reactors. Release occurs in all cases through failure of the fuel element cladding 
(defective fuel kernel coatings in HTRs). The iodine escaping from the fuel enters 
the (primary) coolant, and it is largely removed from there by the coolant purifi-
cation system and/or by sorption in the coolant circuit. However, a certain 
proportion reaches the environment through coolant leakages. Moreover small 
amounts of iodine may become airborne in various parts of the system, so that 
there are potential release pathways in ventilation air etc. 

From the radiological point of view, it is the airborne radioiodine that is the 
principal source of concern, so this section will deal especially with the different 
pathways of the airborne iodine. 

Differences in the iodine release patterns of different reactor types arise 
especially from the different choices of coolant. Each type has its specific 
characteristics. 

In LWRs there is a continual leakage of iodine into the coolant from failed 
fuel pins, of which there may be 0.01 — 1%; a maximum of 1% is commonly 
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considered in safety evaluations. However, essentially only the plenum activity 
in these failed pins escapes, and this is only a small fraction of their total iodine 
content. This small fraction is further greatly reduced by the ion exchange 
purification system for the coolant. This is situated in a by-pass line, and the flow 
through it can be increased to give greater removal efficiency whenever iodine 
release causes a rise in coolant activity. Consequently the 131I levels actually 
observed in the primary coolant are low. Of this small quantity, a small proportion 
can reach the environment by the pathways described in sub-sections 2.2 and 2.3. 

In GCRs, nearly all the iodine released to the gaseous coolant either plates 
out on the heat exchangers and other metallic parts of the coolant circuit, or is 
sorbed on the graphite moderator. Moreover in Magnox reactors and AGRs, failed 
fuel pins are detected and removed while the reactor is operating; none remains 
for long in the reactor. Releases of radioiodine to the environment, which occur 
mainly through coolant leakages, are therefore very low (sub-section 2.4). 

It is expected that iodine releases to the environment from sodium-cooled 
reactors (FBRs) will also be very low. Iodine from defective fuel pins will form 
sodium iodide, which will be removed in the cold traps used to purify the sodium 
(sub-section 2.4). 

Iodine releases from NPPs are controlled in part by the general reactor 
operating procedures already noted, such as the purification of LWR coolant by 
ion exchange beds, and the removal of failed pins from GCRs, as well as by natural 
plate-out and sorption processes. In addition: 

(1) Impregnated charcoal filters are used to purify gas streams (sub-section 2.6). 

(2) Delay tanks or beds for gaseous effluents, primarily intended to allow 133Xe 
to decay, also permit a high proportion of the 131I to decay, and furthermore 
remove iodine by sorption. 

(3) Sprays are provided for use within the containment in the event of a reactor 
accident (sub-section 2.5). 

2.2. NORMAL RELEASE PATHWAYS IN A PWR 

The iodine released from the fuel into the primary coolant in a PWR is 
removed by the ion exchange purification system except for a minor fraction 
giving a residual concentration level of 10"4 to 1 Ci/m3 in the coolant. Leakage of 
primary coolant water to the containment and the auxiliary buildings will generate 
airborne iodine owing to vaporization. Gas handling systems may also contain 
gaseous iodine originating from the primary coolant. Leakage through the steam 
generator tubes will pass iodine into the secondary coolant system, giving a further 
potential for release. There are thus a number of normal and potential pathways 
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Radioiodine quantities (Ci/a) 

Gaseous radwaste Containment Auxiliary Fuel handling Turbine Turbine gland seal Condenser 
treatment building building building building condenser air Total 

system purge exhaust vent vent vent exhaust ejector 

1311 0.02 0.002 0.2 - 0.008 0.000 3 0.04 0.25 
1321 - 0.000 1 0.04 - 0.001 0.000 05 0.005 0.05 
133l - 0.001 0.2 - 0.007 0.000 3 0.03 0.25 
I M I - 0.000 03 0.02 - 0.000 09 0.000 004 0.000 3 0.02 
135l - 0.000 4 0.09 - 0.002 0.000 08 0.009 0.10 

FIG.l. Gaseous effluent pathways with estimated iodine releases for a typical 1 GWfe) PWR. 



for airborne iodine which are shown schematically in Fig. 1 and can be grouped 
as follows [17]: 

Gaseous radwaste treatment system 
Containment building ventilation and purge system 
Auxiliary building ventilation 
Secondary coolant system. 

The relative contributions from these major pathways are dependent on 
several different factors and may therefore vary considerably from reactor to 
reactor. An important feature is the installation of charcoal filter systems to 
remove airborne iodine, for which there are various practices and designs. With-
out filters the ventilation of the auxiliary building is normally the major pathway 
of airborne iodine to the environment. 

2.2.1, Gaseous radwaste treatment system 

The gaseous radwaste system may receive gases from the reactor coolant 
drain tank, leakage from the volume control tank valve, the gas stripper, the boric 
acid concentrator, the liquid waste tanks, and the waste evaporators. Off-gases 
from some process units may go direct to the ventilation ducts in the auxiliary 
building. The treatment system itself consists of a gas surge tank, compressors, 
and waste gas delay tanks or beds. 

These delay units are installed in order to reduce the radioactivity of short-
lived isotopes of the noble gases. A hold-up of 30 days is generally achieved. 
Consequently, the short-lived iodine isotopes have also decayed and only a small 
amount of 131I is left. In this way the radioactive iodine releases from the whole 
gaseous radwaste system become relatively low. As an example [18], in one 
instance the total inventory of gaseous iodine in the hold-up tanks was reported 
to be about 1 juCi, corresponding to an annual release of about 10 /uCi, when the 
iodine concentration was 2 X 10"2 juCi/m3 in the primary coolant. 

2.2.2. Containment building purge and ventilation system 

The main reactor containment is ventilated continuously during reactor 
operation, at a low flowrate (up to the order of 1000 m3 /h). It may also be 
purged at, say, ten times this flowrate during shutdown. Iodine in primary coolant 
leakages may become airborne and be transported in the containment air flows. 
Charcoal beds for the exhaust air are therefore provided, with sufficient capacity 
to deal with the full purge flow, though not necessarily all the beds will be in 
circuit at any one time. 

The air within the containment is in many cases recirculated, for instance 
to control its temperature or humidity, and charcoal beds will generally be 
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provided in the recirculation system. This reduces the load on the main ventilation 
and purge systems, so that lower flow rates can be used, and the iodine deconta-
mination requirement is reduced. 

Most of the iodine released to the containment will plate out and only a 
minor fraction will remain airborne. As an example, the ratio of the 131I and 
133Xe concentrations in the containment was 10~6 when the ratio in the primary 
system was 2.5 X 1CT2. 

2.2.3. Auxiliary building ventilation 

The predominant iodine releases normally occur in the gaseous effluents 
from the auxiliary building. The leakage of primary coolant water will introduce 
some airborne iodine into the ventilation system. Purging of liquid waste tanks 
to the ventilation ducts may also contribute. The total air flow in the ventilation 
system is very large (of the order of 100000 m 3 /h or more), so it is becoming the 
practice to segregate the parts of the building where significant 131I contamination 
can occur, and to provide charcoal beds only for these parts. 

2.2.4. Secondary coolant system 

Reactor operation with fuel failures combined with tube failures in the steam 
generators will cause iodine leakage to the secondary system, whence a small part 
of it can finally reach the environment. The concentration of iodine in the 
primary circuit and the leakage rate to the secondary system determine the 
magnitude of the effect. Leakage rates of tens to about a thousand kilograms 
per day have been reported [17]. This may give an iodine concentration in the 
secondary circuit which is two or more powers of ten lower than in the primary 
circuit. 

The major potential leakage path is through the condenser air ejector. The 
off-gases from the air ejector are usually passed through the iodine filters in the 
auxiliary building ventilation system. 

Direct leakage of steam may introduce airborne iodine into the turbine 
building ventilation, which is discharged to the outside air without passing through 
the stack. Iodine release due to steam leakage is also lower than the release due 
to primary coolant leakage in the auxiliary building. 

The turbine gland seal condenser exhaust and the purge from the condenser 
blowdown drain tank are pathways of minor concern. 

2.3. NORMAL RELEASE PATHWAYS IN A BWR 

As with PWRs, the iodine released from failed fuel in BWRs is to a very large 
extent removed from the coolant by ion exchange purification (Fig. 2). There are 
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FIG.2. Gaseous effluent pathways with estimated iodine source quantities for a standard 
1 GW(e) BWR. 

two systems, one in parallel with the main primary circuit and the other consisting 
of the condensate full flow purification system. 

About l%of the131I present in the water passes into the steam, the proportion 
depending on the water chemistry and other factors. Most of the iodine in the 
steam is trapped in the turbine and condenser system, but about 1% is released 
through the condenser air ejector, and this constitutes the most important pathway 
taken by gaseous radioactivity [19]. 

Delay and purification units in the off-gas treatment system reduce the 
iodine concentration further. Leakages in the water and steam circuits cause 
minor radioactive contamination of the atmosphere of the various buildings. 
The normal and potential pathways for airborne iodine can be grouped as follows: 

Condenser air ejector exhaust, including turbine gland seal condenser exhaust 
Containment and reactor building ventilation 
Turbine building ventilation 
Ventilation of drain and waste systems. 

The relative contributions from these pathways depend on several factors. 
The condenser air ejector exhaust is equipped with charcoal filters for continuous 
use, which reduce iodine releases. The recombiner system and delay tanks may 
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give hold-up times of tens of hours, so lessening the amounts of short-lived iodine 
isotopes. Charcoal filters which are installed in some plants for delaying xenon 
will remove almost all the iodine from the condenser exhaust. 

The removal of iodine by these methods may leave steam leakage in the 
turbine building as one of the major contributors to the total release. 

2.3.1. Condenser air ejector exhaust 

The off-gas system receives gases from the condenser consisting of air, 
radiolytic hydrogen and oxygen, and radioactive xenon, krypton, and iodine. 
The system may comprise a delay tank (sand bed), a recombiner for hydrogen and 
oxygen, which reduces the gas flow, and a filter system. Charcoal and particulate 
filters are common. An additional filter system for xenon delay is also installed 
in some plants before the off-gases are released to the stack. 

Steam from turbine gland seals and various valves is separately condensed. 
The exhaust gases contain some iodine, and may be vented to the inlet of the 
off-gas filters. 

2.3.2. Reactor building ventilation 

In normal operation some of the primary water leaks into the reactor 
building, and a small fraction of the iodine content becomes airborne. The venti-
lation system takes the air to the stack and in the event of a high iodine concen-
tration occurring, a stand-by system using charcoal filters is put into operation. 

2.3.3. Turbine building ventilation 

Steam leakages in the turbine building give rise to airborne iodine which is 
vented to the stack, but owing to the high air flow (100000 m3 /h or more), 
charcoal filters are not normally inserted. This release pathway gives some 
particulate iodine. 

2.3.4. Ventilation of drain and waste systems 

Evaporation of drain water may give some airborne iodine, and so also will 
iodine in spent ion exchange resins. 

2.4. NORMAL RELEASE PATHWAYS IN OTHER TYPES OF REACTOR 

2.4.1. Magnox reactors 

The release of radioactive iodine from the fuel in Magnox reactors in the UK 
in normal operation is quite negligible [20]. Furthermore any releases that do 
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occur plate out so quickly inside the coolant circuit that virtually zero amounts 
are released from the reactor to the environment. The main contributing factors 
to this situation are as follows: 

(1) The frequency of fuel failure in Magnox reactors is extremely low. 

(2) Failures are detected very rapidly with the burst cartridge detection system, 
and removed from the reactor. 

(3) The release of radioactive iodine from burst fuel is extremely small owing 
to the low temperature at which the fuel operates and the low fuel rating. 

(4) It is suspected that iodine released from fuel would plate out rapidly on to 
Magnox fuel cladding before leaving the fuel channels. 

The normal release pathway of iodine from the reactor coolant to the 
environment would be by virtue of reactor coolant leakage. Such leakage occurs 
normally at a rate equivalent to about 3% of the coolant volume per day and the 
leaking coolant is collected by the contaminated ventilation system. These systems 
include high efficiency filters for particulates but no iodine filters. All such dis-
charges are made at or above roof level of the reactor. 

2.4.2. Advanced gas-cooled reactors 

Insufficient operating experience has been gained to date to be able to predict 
accurately the radioactive iodine releases from AGRs in normal operation [20]. 
The fuel failure rate is expected to be low and by virtue of having on-load 
refuelling capability and burst fuel detection equipment it is not expected that an 
AGR will operate for more than a few days with a failed fuel pin in the core. It 
is thus appropriate to identify the consequences of operating with one failed fuel 
pin in the core. 

Fuel temperatures and ratings are much higher in AGRs than in Magnox 
reactors and significantly more iodine is released from failed fuel pins in normal 
operating conditions. However, owing to chemical and physical processes of 
plate-out in the reactor circuit such iodine deposits rapidly from the coolant on 
to surfaces, thus reducing the potential for discharge to the environment by 
coolant leakage. Based on the Windscale AGR experience the quantity of 131I 
present in the coolant at dynamic equilibrium from one failed pin is about lOmCi. 
Assuming a 3% per day coolant leakage rate, the 131I released to the environment 
is 0.3 mCi per day. As in the case of Magnox reactors this coolant leakage is 
collected by the contaminated ventilation system and filtered by high efficiency 
filters for particulates prior to discharge at or above roof level. No 131I removal 
plant is installed. 

Apart from chronic reactor coolant leakage, release to the environment 
could occur as a result of deliberate coolant blowdowns. In order to minimize or 
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eliminate releases of iodine during blowdowns, all coolant is discharged via deep 
bed activated carbon filters with removal efficiencies for methyl iodide of around 
99.9% (which is the main chemical form of the iodine in the AGR coolant). 

Because there is a potential release pathway to the environment for iodine 
from the refuelling machine and the irradiated fuel dismantling facility when failed 
fuel is present in these systems, all gaseous discharges from these are also passed 
through deep bed carbon filters. 

In summary, because of the provision of high efficiency iodine removal 
filters for reactor coolant blowdown etc., the only significant discharge pathway 
for radioactive iodine to the environment is via chronic coolant leakage as discussed 
above. 

2.4.3. High temperature reactors 

The principal release pathway of iodine in an HTR would presumably again 
be by coolant leakage, as in Magnox reactors and AGRs. 

Measurements made during the Dragon Reactor Experiment [21, 22] show 
that about one 131I atom in 104 escapes from Dragon fuel into the helium coolant. 
Escape occurs from oxide fuel kernels with defective coatings. Most of the 131I 
then plates out on to the metal surfaces of the circuit, or is sorbed in the cooler 
graphite reflector regions. At dynamic equilibrium the 131I concentration in the 
coolant was only 1012 atoms/g He, and there was 104 times as much 131I plated 
out as in the coolant. The iodine in the coolant appeared to be in elemental form, 
and was definitely not adsorbed on particulates. (In the case of the Peach Bottom 
reactor in the USA, however, the presence of a small percentage of organic iodine 
has been demonstrated.) 

In the AVR, at a gas temperature of 950°C, the 131I level observed was only 
ca. 30 nCi/m3 [23], 

It may be concluded that 131I releases from HTRs in normal operation will 
be very low. 

2.4.4. Liquid metal fast breeder reactors 

Iodine released from failed fuel in (LM) FBRs may be expected to react with 
the sodium coolant, and to accumulate as sodium iodide in the cold traps in the 
coolant circuit [24], Leakage through the heat exchangers into the secondary 
sodium coolant, and from these again into the steam circuit, would only occur in 
the event of a mechanical breakdown, and iodine in the steam circuit would in any 
case be largely removed by the ion exchange beds used to purify the water in the 
circuit. Leakages of 131I to the environment from FBRs should therefore be very 
low — much lower than from LWRs, in which leakage from failed fuel goes direct 
into the primary water circuit. 
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2.5. RELEASE PATTERN UNDER ACCIDENT CONDITIONS 

For LWRs, a LOCA is taken as a typical accident for design purposes. A great 
many analyses of iodine release and iodine behaviour in different LWR contain-
ments under LOCA conditions have been carried out. Experiments [25] have 
also been performed in which comparisons have been made with predicted removal 
half-lives, and decontamination factors (DFs) have been measured for different 
iodine forms (elemental, organic, and particulate) and for varying containment 
conditions (with and without spray system in operation). 

The emergency core cooling system is designed to limit the temperature 
increase of the fuel cladding in the event of a LOCA to such a level that the core 
integrity is maintained. Thus, the only iodine released to the containment 
atmosphere will be that within the primary coolant plus the plenum activity from 
a number of fuel pins breached in the accident. The range of variation 
(probably 0.1 - 10% of the inventory) is considerable, however, depending on the 
state of the core and fuel before and during the accident. Predictions for specified 
conditions using different computer codes have been published [26—28], For 
licensing purposes and design of containment it is customary to assume 50% 
release [29], 

A small fraction of the iodine is converted to the less readily removable 
methyl iodide. Small-scale experiments have given a methyl iodide fraction of 
1% to 20% according to a 1971 bibliography [30]. It has been shown, however, 
that the percentage conversion is dependent on scale, and that within the reactor 
containment the upper limit in a severe accident may be about 3% [31]. 

The airborne iodine will be removed by natural processes (washout, conden-
sation, particle agglomeration, settling, and surface deposition) and by engineered 
safety systems (sprays within the containment). For elemental and particulate 
iodine, natural removal processes are significant in reducing leakage from the 
containment, and the spray system will reduce it further. For the small fraction 
which is expected to occur as organic iodides, natural processes are almost 
ineffective and engineered systems are of limited value. Methods of calculating 
iodine removal by sprays are discussed in a recent summary paper [32]. 

The containments of PWRs and BWRs are designed to withstand the over-
pressures from a LOCA and are specified to give certain maximum leak rates 
(typically 0.1% and 1% per day respectively). A secondary containment may give 
further reduction of the release if charcoal filters are installed in the ventilation 
exhaust (sub-section 2.6.2). These filters can be on stand-by rather than in 
continuous operation. They should be designed with DFs of the order of 103. 

In the event of a core melt-down accident the integrity of the containment 
cannot be assured, and iodine releases are expected to be higher by several orders 
of magnitude. Estimates of core melt-down releases for different accident 
sequences have been published [33]. 
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For GCRs of the Magnox and AGR types a fire in a fuel element channel is 
a potential accident which will release iodine to the coolant. To handle such 
accidents iodine filters are installed which are required to have a minimum DF 
of 200. The filter installation and testing procedures are described in Appendix VI 
and Ref. [34], 

2.6. IODINE REMOVAL METHODS FOR REACTOR EFFLUENTS 

The removal of iodine species from the gaseous effluents of NPPs is nearly 
always performed with the help of impregnated activated charcoal. Impregnation 
is required in order to trap the organic iodine compounds from humid gas. The 
topic is discussed in several of the papers at the CEC Seminar on Iodine Filter 
Testing at Karlsruhe in 1973. 

2.6.1. Removal mechanisms 

Activated charcoal with a specific surface of the order of 1000 m2 /g 
(BET type pores) traps elemental iodine mainly by physical adsorption. Functional 
chemical groups on the surface of the activated charcoal also react with the 
elemental iodine and create chemical bonds. The latter mechanism is however 
comparatively unimportant, and iodine is only firmly held at relatively low 
loadings of the activated charcoal and at low temperatures. At higher tempera-
tures or under ionising radiation, the chemical bond may even be broken by the 
reaction of elemental iodine with the carbon to form volatile iodine compounds. 
In this way it is possible for the adsorbed elemental iodine to be swept from 
the adsorbent later. Although this phenomenon has not yet been properly studied, 
it is an additional argument for impregnating the charcoal. 

The retention of methyl iodide on non-impregnated active charcoal is only 
possible at relative humidities below 30% at ambient temperature and even then 
desorption occurs slowly. This behaviour is due to the simultaneous adsorption 
of water vapour on the hydrophilic centres on the surface of activated charcoal 
and leads to capillary condensation in the micropores. The retention of methyl 
iodide can be improved by impregnation of the charcoal. Iodine salts (a mixture 
of KI and I2), or triethylenediamine (TEDA), or mixtures of the two, are generally 
used for this purpose. The percentage impregnation is kept between 0.5 and 
5% by weight. 

The K127I-impregnated activated charcoals trap the organic iodine by isotope 
exchange, e.g. 

K127I(on charcoal)+CH3131I (gas) - K131I(on charcoal)+ CH3127I(gas) 
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This means that radioactive methyl iodide is converted into non-radioactive methyl 
iodide. Provided the contact time between the contaminated gas and the impreg-
nated activated charcoal is sufficiently long, a large fraction of the radioactive 
iodine isotopes can be exchanged with the inactive 127I and high decontamination 
factors can be achieved. 

If TEDA is used as impregnant, the methyl iodide reacts chemically with it, 
forming a quaternary ammonium salt according to the following stoichiometric 
scheme: 

CH0 
I 3 

The salt formed is bound to the activated charcoal and the methyl iodide is fixed 
irreversibly. Other organic iodine compounds behave similarly to methyl iodide. 

How hypoiodous acid vapour can be trapped on impregnated activated 
charcoal is not clear at the moment. There are indications that it is necessary to 
impregnate the activated charcoal with iodine salt after impregnation with. TEDA. 
Even with doubly impregnated charcoal the hypoiodous acid vapour seems to be 
trapped entirely reversibly and the desorption rate could be of the order of 1% 
a day. The mechanism is unknown. The subject should be investigated more 
thoroughly, if the quantities of hypoiodous acid in the off-gases from NPPs prove 
to be significant. 

2.6.2. The interaction between methyl iodide and impregnated 
activated charcoal 

From the discussion above it appears reasonable to take methyl iodide as the 
critical chemical species in the design of the iodine filters. The interaction between 
methyl iodide and impregnated active charcoal will therefore be discussed in more 
detail. Normally, the contact between the contaminated gas and the charcoal 
occurs in a fixed bed configuration. This means that a concentration profile will 
always exist along the bed depth, with a high iodine level near the inlet and a very 
low iodine level at the bed outlet. During operation this concentration profile 
will change continuously and a saturated layer may be formed near the bed 
entrance. 
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The saturation level can be calculated from the stoichiometry. Thus, 1 g of an 
activated charcoal impregnated with 1% by weight of iodine as KI +12 is saturated 
when loaded with the iodine in 9 mg radioactive methyl iodide. For 1% impreg-
nation by TEDA, the saturation concentration corresponds to 25 mg methyl iodide 
per gram of charcoal. In practice, a bed depth of 10 cm of active charcoal is used 
and the overall loading is restricted to the equivalent of 0.1 mg radioactive methyl 
iodide per gram of (KI + I2)-impregnated charcoal and 1 mg methyl iodide per 
gram of TEDA-impregnated charcoal, in order to keep the thickness of the 
saturated layer negligible. If elemental iodine is also present, this must of course 
be included in the calculation. 

It should be noted that the bed is self-regenerating as the 131I decays. The 
amount of KI +12 remains essentially constant during decay, and the bed returns 
to its original condition. Provided the timescale of usage is long enough, the bed 
has an indefinitely long life, limited only by harmful secondary reactions (see 
sub-section 3.3.2.1). 

Related to the concentration profile of an activated charcoal bed is the 
breakthrough curve. The iodine present in the outlet gas from the charcoal bed is 
always in dynamic equilibrium with the iodine on the active charcoal at the bed 
outlet. The outlet iodine concentration therefore evolves as the concentration 
profile advances along the bed, giving a so-called breakthrough curve. 

In the discussion of the performance of activated charcoal beds only the 
first hour of operation of the bed generally needs to be considered. This means 
that only the early stages of the breakthrough curve are taken. Since the evolution 
of the breakthrough curve is very slow, and the practical overall concentration 
limits are low, as mentioned above, this practice is acceptable as a good first 
approximation. The performance of a charcoal bed can then be quantified by 
calculating the DF obtained. The DF is defined as the ratio of the concentrations 
of the influent gas and the outlet gas, C0 /C, where C0 is the inlet iodine concen-
tration and C is the outlet iodine concentration in the gas leaving the filter bed. 

Various laboratory and industrial investigations have shown that the per-
formance of a specific activated charcoal bed depends upon the following 
parameters: iodine species, inlet iodine concentration, contact time (a combination 
of bed depth and superficial velocity of the passing gas), temperature, humidity, 
radiation dose, and composition of the carrier gas. Sometimes under well-defined 
operating conditions, it is useful to compare the performance of different charcoals 
by an index of performance, or k factor, which is given by 

k = ( l / t ) log 1 0DF 

where t is the gas residence time (stay-time) in seconds. 
At low values of the inlet concentration, the concentration profile in thick 

charcoal beds is masked by the by-passing effect of preferential gas-flow paths 
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(channelling). According to experiment, this occurs when the inlet concentration 
falls below about 1 Ci/m3 of radioiodine compounds, for small bed depths of 1 cm. 
Since this value will rarely be reached in the exhaust of nuclear reactors under 
normal conditions, it is possible in practice to neglect the concentration effect 
for charcoal filters provided that the reception tests in-situ or in the laboratory 
cover the limiting value mentioned. On the other hand, in the comparison of 
different types of activated charcoal this concentration level should be exceeded in 
order to overcome the effect of channelling. It would be useful to investigate how 
the channelling effects might be measured. 

High temperature has a negative influence on the iodine retention capacity 
of impregnated activated charcoals in two ways: the adsorbed radioiodine species 
and the impregnant both tend to desorb at high temperature. For this reason, the 
operating temperature of activated charcoal beds must be kept between 70 and 
120°C for TEDA-impregnated charcoal and around 200°C for Kl-impregnated 
charcoal. Further temperature increase even provokes ignition of the desorbing 
TEDA vapours (around 190°C) and of the activated charcoal (from 330°C). 
Quantitatively, the iodine desorption rate at high temperature depends on the 
fabrication conditions of the activated charcoal and on its potassium content and 
pH-level. 

Radiation of an activated charcoal containing iodine and water vapour 
generates organic radicals which finally form organic iodine compounds. The 
volatility of these compounds causes desorption of the iodine trapped earlier, 
especially at high humidity. Such phenomena have been observed at radiation 
doses of the order of 107 rad (60Co source), corresponding to a load of 50 Ci of 
radioiodine per gram of impregnated charcoal.2 

The iodine retention capacity of impregnated charcoal can be seriously 
impaired by the presence of certain organic contaminants in the carrier gas. The 
"poisoning" of charcoal is likely to occur under actual operational conditions, 
which may be less clean than the laboratory test situation, and the use of pre-
filters can be recommended. 

2.6.3. Design values for impregnated activated charcoal filters 

The discussion given above leads by way of example to the following design 
values for an impregnated activated charcoal filter: 

degree of impregnation: at least 1% by weight 
superficial gas velocity: 25 cm/s 
bed depth: 5 cm for a guaranteed initial DF of 10 

7.5 cm for a guaranteed initial DF of 100 
10 cm for a guaranteed initial DF of 1000 

2 1 rad= 1.00 X 10" 2 Gy. 
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These are conservative values so that the iodine filter can withstand high humidities 
and non-negligible amounts of methyl iodide. The operational limits are: tempera-
ture, 120°C; radiation dose, less than would be given by 1 Ci/g charcoal. The 
condensation of water on the activated charcoal must also be avoided at all times. 

2.6.4. Quality control of filters 

The quality control and testing of iodine filters was extensively treated during 
the CEC Seminar on Iodine Filter Testing at Karlsruhe in 1973. Reference may 
especially be made to the summary papers in Vol.11 of the proceedings of the 
Seminar. The deterioration of impregnated charcoal filters (e.g. as expressed by 
the decrease in the index of performance) can be attributed to ageing and poisoning. 
For more or less continuously operating filters, the poisoning effect is more 
important, while for stand-by emergency filters ageing is more significant. 

Ageing has been described by a formula [35]: 

log10 K = logic K0 - 0.3 X 1 0 " 8 N - 1.3 X lCT3t 

where 

t = age of the charcoal in weeks 
K0 = initial index of performance of the trap 
K = index of performance after time t 
N = number of air changes to which the trap is exposed from the start 

of in-service life. 

This equation can only represent ageing if the air circulating over the trap has a 
standard composition and if there is no major contaminant in the traps — oil, 
solvent vapour, etc. 

Since the filters are certain to age and furthermore are exposed to 'poison', 
they should be of generous dimensions so that they are capable of a performance 
much higher than the minimum required by licensing specifications. 

Quality control of iodine filters is essentially determined by the trapping 
efficiency requirements. 

Testing should be carried out at the time of installation, for detection of 
construction and assembly defects, and periodically thereafter. Methyl iodide 
labelled with 131I is generally accepted as a suitable agent both for laboratory 
tests of the iodine sorption material and in-situ testing of iodine filters. 

A frequency of 1 or 2 years for the periodical tests seems to be sufficient 
if poisoning of the charcoal can be excluded. Immediate consideration shall be 
given to retesting if poisoning of the charcoal is suspected. If poisoning is 
confirmed then it is recommended that the bed should be replaced regardless 
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of the DF found. Poisoning of the main charcoal beds can be prevented if protec-
tive prefilters are used; they should be exchanged with a higher frequency, say 
every 1000 h of operation, as indicated in Appendix III. It would seem worthwhile 
to investigate mechanisms of poisoning and its prevention. 

The difficulties of designing a suitable system for monitoring the sorbent 
material during service were discussed at length in session III of the CEC Seminar 
at Karlsruhe in 1973. One method which is finding increasing application in 
several countries (France, Federal Republic of Germany, the Netherlands) is to 
place a sample or samples in a by-pass line parallel to the main plant, taking a 
proportion of the main gas flow. 

The validity of in-situ tests with labelled methyl iodide for accident conditions 
has been contested [36]. Due allowance for changes in humidity seems to be 
especially problematic. A supplementary test for emergency iodine filters under 
simulated accident conditions may be advisable, unless the emergency filter is 
already protected by suitable positioning and/or protective devices (demisters, 
prefilters). Some recent results on the influence of elevated temperature and 
radiation levels on iodine retention in activated charcoal have been presented at 
the 14th ERDA Air Cleaning Conference [37], 

By separating emergency iodine filters from those for normal operation an 
increased level of safety can be obtained. 

2.6.5. Iodine trapping under accident conditions in LWRs 

If a LOCA occurs in a LWR power plant, relatively high temperatures can be 
expected in the exhaust air of the reactor building (about 150°C in the contain-
ment building). Moreover, the safety spray systems put into operation will raise 
the humidity of the exhaust air so that water condenses on the activated charcoal 
in the filters. The filter material may also be exposed to high radiation loads from 
the radioisotopes trapped. Under these circumstances, the filters will not be 
effective when they remain directly connected to the primary containment 
building. It is absolutely necessary that the stand-by filters should be connected 
to the auxiliary building or to any other space which serves as secondary contain-
ment under accident conditions. 

While the use of a secondary containment allows the reduction of the peak 
iodine levels at the stack, iodine filters are still needed, and there should be no 
direct paths between the containment building and the stack. With a suitable 
control of the release rate from the containment building to the secondary contain-
ment space, the gas temperature at the emergency iodine filters will be below 
120°C, water condensation will not occur, and the radiation will be of a medium 
order of magnitude. Under these conditions, impregnated activated charcoal can 
be used to trap further radioiodine. To increase the reliability of these charcoal 
filters, it is advisable to install demisters and/or prefilters before the emergency 
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filters. Moreover, it is necessary to keep emergency filters separated from the 
normal filters since activated charcoal filters are rapidly poisoned by small 
quantities of air impurities. 

In sum, satisfactory radioiodine removal under accident conditions can only 
be guaranteed if the emergency filters are properly designed with a preferred DF 
between 102(CH3I) and 103 (I2), and if their use is restricted to accident conditions. 

2.7. MONITORING OF AIRBORNE IODINE RELEASES 

The primary objective of efficient monitoring is to demonstrate compliance 
with authorized discharge limits for airborne radioactive contaminants and with 
self-imposed operating limits. Typical monitoring systems for NPPs include 
continuous measurement of the noble gases and continuous sampling of iodine and 
particulates. The periodic measurement of 131I samples in the laboratory is, in 
general, considered sufficient and will be more accurate for small release rates than 
in-situ measurement. 

The sampling points are chosen in such a way that the results of monitoring 
are representative of the actual discharges. They are generally situated down-
stream of the effluent treatment systems in all effluent streams discharging radio-
activity to the environment. 

Besides the monitoring of the effluents in the stack, there are in general a 
number of in-plant monitoring locations which provide the operator of a reactor 
with important information on possible discharges of radioactivity from different 
parts of the plant into the effluents. This information is used by the operator as a 
basis for decision during plant operation. 

Detailed information on the monitoring of airborne radioactive effluents from 
nuclear facilities was given recently by an IAEA panel [38]. 

Sampling of gaseous iodine can be carried out by means of a bed of charcoal 
in a cartridge. For efficient sampling of methyl iodide, impregnated charcoals 
(sub-section 2.5.1) or silver-containing solid adsorbents (sub-section 3.3.2) may 
be used [39, 40], Appendix V describes one such method. As the beds are not 
effective for particulates, an aerosol filter is arranged in front of the filter 
cartridge. 

In using the charcoal filter, precautions must be taken to prevent serious 
poisoning of the filter. Condensation of water vapour in all the filter materials 
mentioned must also be avoided. 

The sampling efficiency depends on the residence time of the gas in the 
filter bed. Recommended residence times are 0.25 s [38] and 0.1 to 1 s [39]. 

The measurement of the activity of the 131I deposited on the filter is usually 
carried out with a Nal-scintillation detector connected to a multichannel analyser. 
The energy range from about 320 to about 400 keV is used for the main 
131I gamma line. If radionuclides other than the iodines can be neglected on the 
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filter, the activity can be determined by a gross beta-gamma detector such as a 
GM-counter. The contribution of iosotopes other than 131I to the result, especially 
those of krypton and xenon, has to be checked periodically. Alternatively the 
charcoal filter may be heated to prevent retention of noble gases. 

A mixture of silica gel and fibres, both impregnated with 2—3% by weight of 
silver and pressed into the form of a disc like an aerosol filter, provides an alterna-
tive to a charcoal filter. It has proved suitable for sampling radioiodine showing 
an efficiency of > 99.9% for removing CH3131I and is described in Appendix II. 

For the measurement of the different iodine components separately, a series 
of suitably chosen filters may be used [41 ]. A simple method is described in 
Appendix II, part II. 

Measurements under emergency conditions pose a number of additional 
problems. Owing to the larger amount of iodine per sample the measuring range 
has to be extended by orders of magnitude. Also the increased level of background 
radiation requires a higher degree of shielding. A practical solution of these 
problems is described in Appendix III. 

3. REMOVAL OF RADIOIODINE 
AT REPROCESSING PLANTS 

/ 

3.1. RELEASE PATHWAYS - GENERAL 

The radioiodine release pathways in a conventional thermal oxide fuel 
reprocessing plant will be principally through the following off-gas streams: 

Head-end off-gas (released by shear and by any heat-treatment step, e.g. 
voloxidation, to remove tritium) 

Dissolver off-gas 

Vessel off-gas 

Cell ventilation off-gas. 

Depending on plant design, some radioiodine may also be released through other 
off-gas systems, e.g. that of the fuel storage ponds and the high-level waste 
solidification plant. 

The release pathways for an aqueous reprocessing plant for FBR oxide fuel 
would probably be essentially the same as those just indicated. Those for an HTR 
reprocessing plant additionally include the burner off-gases from combustion of 
the carbon coating of the fuel. 
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Releases of both 129I and 131I may be involved. For 129I it seems likely that 
overall removal efficiencies of the order of 99% to 99.9% (DFs of 102 to 103) 
will be required in typical reprocessing plants (sub-section 1.3). This removal 
efficiency will probably also be adequate for 131I even at the minimum cooling 
time of 150 days. In many cases, indeed, 131I removal will be unnecessary, because 
the cooling times will be much longer than 150 days; only for FBR fuel in a 
period of plutonium shortage are cooling times likely to be reduced to the 
minimum (sub-section 1.2). 

3.2. SPECIFIC RELEASE PATHWAYS AND CONTROL REQUIREMENTS 

The release pathways are described in order as in the flowsheets, starting 
with the head-end operations. A conventional 1500 t/a (5 t/d) thermal oxide 
plant is assumed. The conclusions would be similar for a conventional FBR oxide 
plant, though the plant size would probably be smaller, say by a factor of 5, and 
most of the off-gas flow rates would be correspondingly reduced (except perhaps 
that from the shear cell). 

Additional release pathways arise in FBR carbide and HTR fuel reprocessing, 
and would also arise if dry methods were introduced into FBR oxide fuel 
reprocessing. Specific iodine trapping steps may be required for these. The HTR 
case is discussed below, but there is too little information to comment on the 
FBR alternative cases. 

3.2.1. Head-end off-gas 

3.2.1.1. Off-gas from mechanical head-end steps 

In general, the off-gas from the shear or other mechanical breakdown method 
is combined with the dissolver off-gas. In the future it is possible that a separate 
treatment of the shear off-gas will be considered; it would have a flow rate of the 
order of 100 m3 /h. 

3.2.1.2. Off-gas from heat treatment steps 

Efforts may be made in the future to separate the hulls from the fuel and/or 
remove a large proportion of the tritium before dissolution. The latter might be 
achieved by an oxidative heat treatment step, commonly referred to as 
'voloxidation'. If this is introduced, some iodine will be released during the 
operation. This could be as much as 50% of the total iodine present, but the most 
probable amount is a few per cent [42]. Voloxidation is not yet widely accepted 
as a desirable step in reprocessing, and design data are limited. The off-gas flow 
rate involved is expected to be a few tens of cubic metres per hour. 
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3.2.2. Dissolver off-gas 

The dissolver off-gas is expected to have a flow rate of the order of 50 to 
300m3/h and in most cases it also contains the shear off-gas. The removal efficiency 
required is expected to be of the order of 99.0 to 99,9% (DFs of 100 to 1000). 
During dissolution up to about 99% of the iodine present is expected to volatilize 
and be carried away in the dissolver off-gas. 

90% of the iodine in the dissolver off-gas is expected to be in the form of 
elemental iodine. In order to ensure adequate removal, it is possible that there will 
be two iodine removal processes in series for the dissolver off-gas stream. The 
location of the processes will depend on the type of process chosen and the method 
selected for noble gas recovery. 

3.2.3. Vessel off-gas 

The vessel off-gas usually includes the non-condensable gases from the various 
process vessels, such as those involved with solvent extraction, solvent clean-up, 
evaporation, etc. 

The iodine that remains in the dissolver solution will be distributed in various 
plant streams including the organic solvent and the off-gases from waste treatment 
and solidification, but there are insufficient data to predict the distribution 
accurately. In most processes, all the iodine will be driven off from the wastes 
when these are solidified. In some plants the liquid effluents may be treated by 
ion exchange, and this may remove an appreciable fraction of the iodine remaining 
in the dissolver solution, thereby reducing the quantity of iodine in the vessel 
off-gases. 

The vessel off-gas will have a flow rate of the order of 10 times that of the 
dissolver off-gas, but is expected to contain 1% of the total iodine inventory. The 
proportion of organic iodides will, however, be much larger than in the dissolver 
off-gas. An iodine DF of 10 should be ample for normal operation, but a DF of 
100 or more may be required in the event of process upsets. In some plants it may 
be possible to dispense with iodine removal altogether during normal operation. 

3.2.4. Cell ventilation off-gas 

In the absence of recycling, the cell ventilation off-gas includes the total 
ventilation air flow in all the cells containing reprocessing equipment, and its 
flow rate is estimated to be of the order of 10 times that of the vessel off-gas Or 
100 times that of the dissolver off-gas. During normal operation, this off-gas 
stream should contain essentially no radioiodine. However, in the event of accident 
or equipment failure, some radioiodine may be released to this off-gas stream and 
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may have to be removed. Since only a part of the iodine reprocessing inventory 
would be involved, a removal efficiency of 99% (DF of 100) would be adequate. 

If the cell gas is recycled, the ventilation off-gas flow rate will be reduced by 
a factor of at least 10, but there may be a corresponding build-up in the iodine 
level, so the removal efficiency in the event of accident should still be 99%. 

3.2.5. Waste treatment off-gas 

A certain fraction of the iodine fails to volatilize in the dissolver. It is 
desirable to choose relatively low reflux and high airflow conditions to minimize 
this, and even to introduce special treatments to volatilize the residual 1—2% of 
iodine in the dissolver (sub-section 3.4.1). Iodine left in the dissolver solution 
will largely remain there after solvent extraction, i.e. it will go to the high-level 
waste. It will then nearly all volatilize during conditioning and solidification of 
the high-level waste, and it is likely to be necessary to include an iodine removal 
process for the off-gases from these process steps. A DF of about 10 is likely to 
be required. 

3.2.6. Burner off-gas in HTR fuel reprocessing 

The burner off-gas stream in HTR fuel reprocessing can be handled in several 
ways depending on the particular type of HTR fuel and reprocessing scheme 
selected. As there are so many alternatives, only a general description is given. 

HTR fuels contain both fertile and fissile fuel particles, and these are generally 
treated separately in the head-end process. The fertile fuel particles also contain 
fission products because some of the bred fuel undergoes fission in the reactor, 
but the quantities of fission products in the fertile particles will be less than in the 
fissile particles. Some HTR head-end flowsheets include one burning operation to 
remove the carbon fuel matrix and fertile particle coatings and a separate burning 
operation for removing the carbon coating from the fissile particles. For the 
purposes of this discussion, it is assumed that the burner off-gas contains all of the 
volatile fission products from both the fertile and fissile fuel that are released 
during the burning operations. 

The majority of the iodine will be retained in the fuel particles until the 
dissolution step, but some will be evolved during burner operations, and an iodine 
removal process must be applied to the burner off-gas. The burner off-gas will be 
primarily carbon dioxide, and will therefore probably not be combined with the 
dissolver off-gas stream; instead, it is likely to have its own off-gas treatment steps, 
including that for iodine. 

Iodine removal efficiencies of the order of 99% (DF of 100) will probably be 
sufficient for the burner off-gas, because it contains only a relatively small fraction 
of the iodine. 
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3.3. REMOVAL OF IODINE FROM THE DISSOLVER OFF-GASES 

The different off-gas streams vary widely in flow rates, iodine concentrations, 
the iodine species present, and the quantities of other contaminant gases. Different 
iodine removal techniques are therefore appropriate in different applications. 
Ideally the choice should depend on such factors as removal efficiencies for 
different iodine species, compatibility of the technique with the rest of the plant, 
ease of maintenance, and costs, but there is not generally sufficient information 
for the full application of these criteria. In particular, there is a paucity of large-
scale plant data. An attempt will nevertheless be made to indicate the most suitable 
processes in different cases. 

Since most of the iodine normally goes into the dissolver off-gas stream, it is 
convenient to consider this first. Removal from other streams, for which much 
smaller DFs will usually suffice, will be considered in the next section. 

Discussion will generally be limited to the main features of the various tech-
niques. It must be recognized, however, that there will usually be a number of 
peripheral parts to an iodine removal plant, for instance for recovering and 
recycling reagents, and that these may add considerable complications to a process 
which in principle seems simple. 

It may be noted that the techniques described here are the same as were 
described at the IAEA Technical Committee Meeting in Vienna in 1976 [43], 
Progress has been a matter of detailed development, rather than of the intro-
duction of novel methods. 

3.3.1. Scrubbing techniques 

3.3.1.1. Caustic scrubbers 

Caustic scrubbing has been used in several instances in dissolver off-gas 
treatment for iodine. The type of scrubber, the caustic solution composition, 
and the choice of scrubber solution additives can vary considerably. Packed 
columns are usually employed to give good phase contact. Caustic potash has 
been recommended rather than caustic soda, because the low solubility of the 
reaction product of the latter with ambient carbon dioxide tends to plug the 
columns and discharge lines. The preferred caustic concentration is about 1 molar. 
Reductants such as sodium thiosulphate and hydrazine can be added to improve 
the removal efficiency. However, sodium thiosulphate may undergo radiolysis 
releasing free sulphur which could cause plugging. 

Caustic scrubbers are effective mainly for elemental iodine. Removal effi-
ciencies of 1 0 - 3 0 [44] and about 100 [45] have been reported for operating 
systems designed for elemental iodine removal. There is some evidence that caustic 
scrubbing tends to promote the formation of hypoiodous acid, HOI [46], which is 
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one of the more difficult species to remove; however, quantitative data to support 
this concept are limited and indicate that the concentration of HOI produced will 
be quite low. 

The advantages of the caustic scrubber technique are that it can be considered 
developed technology; installation and operating costs are relatively low, and it 
has uniform removal characteristics during start-up, shut-down, and variations in 
load and flow. 

The disadvantages are: (1) the formation of basic effluents which contain 
soda and nitrates; (2) the need for management and storage of these effluents 
separately from the other effluents from the plant; and (3) the need for a sub-
sequent iodine separation in order to convert it into a stable concentrated form. 

3.3.1.2. Mercuric nitrate—nitric acid scrubber 

This scrubbing process has received considerable development effort, although 
there are no available data from any industrial reprocessing plant. The scrubbing 
is accomplished with either bubble-cap or packed-bed columns. The packed-bed 
columns appear to provide a greater scrubbing efficiency, but they also result in 
greater pressure drops. 

The mercuric nitrate-nitric acid scrubbers have been demonstrated to be 
quite effective for removing elemental iodine. Removal efficiencies as high as 
99.99% (DF of 104), have been obtained with 1 molar nitric acid and 0.2 to 
0.4 molar mercuric nitrate [47], In order to obtain adequate removal efficiencies 
for organic iodides, the concentration of nitric acid must be increased. Removal 
efficiencies for methyl iodide of 99% ( D F > 100) have been obtained when the 
nitric acid concentration was increased to 3 to 12 molar [47, 48]. These efficien-
cies depend greatly on the amount of iodine to be removed and the rate at which 
the scrubber is replenished with fresh solution and spent solution is removed. 

A typical iodine waste stream from a 5 t/d reprocessing plant would amount 
to about 100 ltr/d and would be, say, 8 molar in nitric acid and 0.4 molar in 
mercuric nitrate and would contain 1.3 kg of iodine. 

Although high removal efficiencies have been demonstrated for the mercuric 
nitrate-nitric acid scrubber technique, they are highly dependent on careful 
design and operating procedures. The installation and operating costs are expected 
to be competitive with those of other iodine removal techniques. 

The major disadvantage is the potential release of mercury to the environment 
which would imply specific precautions. The other disadvantages are similar to 
those mentioned for caustic scrubbing (separate management and storage of the 
waste, specific treatment of the waste produced). 

3.3.1.3. Concentrated nitric acid scrubbing ( 'Iodox' process) 

This technique has been developed for application in the reprocessing of 
FBR fuels [49], It employs hyperazeotropic nitric acid, 20 to 22 molar, as the 
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scrubbing solution in bubble-cap columns. Both elemental and organic iodine 
are removed with efficiencies of 99.99% ( D F > 104) when the equipment is 
carefully operated. The acid concentration should not be reduced below 20 molar 
nor the solubility of the HI308 iodine product exceeded. The scrubber solution 
must be continuously drawn off from the bottom of the scrubber column so that 
it can be evaporated, causing the iodine to precipitate as HI 3 0 8 , which can be 
removed. The nitric acid evaporated from the iodine waste becomes diluted by 
moisture in the process off-gas streams and is reconcentrated before recycling to 
the scrubber columns. 

Iodine waste volumes as low as 0.4 m3/a for a 5 t/d FBR reprocessing 
facility have been estimated, if the solid HI308 is disposed of directly in metal 
canisters. This technique should also give adequate removal during off-gas 
stream flow rate fluctuations. 

The major disadvantages of the concentrated nitric acid scrubbing technique 
are complicated design, potential operating problems associated with the highly 
corrosive nature of the scrubbing solution, the explosion hazard of the scrubbing 
solution, and high capital and operating costs. The scrubbing column design is 
not particularly complicated, but the product removal and nitric acid reconcen-
tration steps are somewhat complicated. The hyperazeotropic nitric acid is highly 
corrosive to stainless steel, so other corrosion-resistant materials must be identified 
and their suitability demonstrated. Because of this, the costs for construction 
materials and fabrication will undoubtedly be quite high compared with those for 
stainless steel equipment. Also, the relatively large number of auxiliary steps will 
add to operating costs. 

3.3.1.4. Fluorocarbon absorption ('FASTER'process) 

Absorption in fluorocarbons has been especially proposed for krypton 
removal from the dissolver off-gas. Although usually applied after iodine removal, 
this technique can also be used to co-absorb krypton, iodine and other off-gas 
contaminants [50]. Development studies indicate that removal efficiencies 
> 99.99% (DF > 104) are possible for both elemental and organic iodine. Because 
of the relatively high degree of recycling of the solvent stream, the process should 
be able to cope with large fluctuations in the off-gas flow rate and composition. 
Problems requiring resolution before the process can be evaluated are the corrosive-
ness of iodine dissolved in the fluorocarbon when much free water is present, and 
the details of the method of removal of iodine from the FREON. While the costs 
are likely to be quite high relative to those of other iodine removal techniques, the 
overall costs of off-gas clean-up may be reasonable if the process also removes 
other contaminants. 
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3.3.2. Solid adsorbents 

3.3.2.1. Silver-impregnated materials 

The techniques of removing radioactive iodine by reaction of gaseous iodine 
with silver compounds have been in use since the very beginnings of the nuclear 
industry, and much experience has accumulated in this field [43], Originally this 
method was applied to 131I. 

The reaction of silver nitrate with elemental iodine is a reversible one. The 
higher the partial pressure of the nitrogen oxides, the further the equilibrium 
shifts towards silver nitrate formation, i.e. in the disadvantageous direction. 
Since in nuclear fuel reprocessing plants the iodine has to be removed in the 
presence of large quantities of nitrogen oxides, the process must be conducted at a 
higher temperature, when the reaction equilibrium constant changes in favour of 
formation of silver iodide. The higher the concentration of the nitrogen oxides in 
the off-gas, the higher the temperature that should be used. 

Raising the temperature also accelerates the reaction. The practical tempera-
ture range for iodine columns is usually 150 to 200°C. 

A major advantage of silver sorbents is that they are effective in removing 
organic as well as elemental iodine. The reactions are presumably of the type 

RI + AgN03 -»• RN0 3 + Agl 

and are irreversible. They occur freely at 150 to 200°C. 
It has been shown that dispersal of the silver compounds by deposition in 

the pores of a finely porous sorbent significantly increases the effectiveness of the 
method. Nowadays, columns with various sorbents impregnated with silver 
compounds are used. 

Moreover, it has been shown in connection with 131I removal that, even after 
the conversion of silver nitrate to iodide, the column may continue to work on 
the basis of iodine exchange between gaseous iodine and silver iodide. Since 
continuous decay of 131I takes place while the column is operating it functions as 
a 'perpetual column' for this isotope [43], Such columns are termed radio-
chromatographic. An isotope exchange column operating in the radiochromato-
graphic regime removes only the rapidly-decaying 131I but not 127I or 129I. In 
practice the service life of such columns is determined by harmful secondary 
reactions taking place within them. 

The sorption material AC 6120 consists of amorphous silicic acid base 
material impregnated with silver nitrate. It has been developed in the Federal 
Republic of Germany [43], In laboratory tests more than 75% of the silver 
present reacted with the iodine. The material has also been tested in a pilot 
plant at Karlsruhe, where a decontamination factor of the order of 104 was 
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achieved. Iodine sorption filters with AC 6120 may be used upstream or 
downstream of the N02-absorption column. The process known as Sorptex 
is under development at the Karlsruhe Nuclear Centre to remove the total amount 
of iodine released to the dissolver off-gas upstream of the N0 2 -absorption column. 

In the Soviet Union three types of sorbent containing silver compounds 
(A-l-170, A-l-235, S-l-170) have been in production for some years. These 
materials have been tested in the laboratory and have been in plant-scale use in 
chromatographic columns. The sorbents are resistant to nitrogen oxides and nitric 
acid vapours. A good reaction rate of the silver compounds with both molecular 
iodine and iodine compounds present in the off-gases is observed. 

Similarly, development of silver impregnated silica type sorbents has been 
carried out in the German Democratic Republic (Appendix II) and in 
Czechoslovakia [51]. 

The main advantages of using this technique for iodine removal are its 
effectiveness, its simplicity of design, and its relatively high tolerance for nitrogen 
oxides. As with all solid adsorbents, the beds can readily be scaled up or down for 
all sizes of off-gas streams. The effectiveness of the technique has been 
demonstrated in actual reprocessing operations with irradiated fuels. The volume 
of the waste adsorbent containing 129I is quite small. 

The disadvantages of the technique are: (1) the costs associated with the use 
of silver are relatively high; (2) the off-gas stream to be treated must be heated to 
about 150°C in all applications; (3) the material must always be kept at 150°C 
even during operational stand-by; and (4) the use of solid adsorbent beds requires 
some control over the linear face velocity to ensure design removal rates. 

3.3.2.2. Metal-exchanged zeolites 

In the United States, several metal-exchanged zeolites have been investigated 
for the removal of radioiodine from gaseous effluents from fuel reprocessing 
plants [52, 53]. The most suitable ones reported are the silver- and lead-exchanged 
Type X and the silver-exchanged Type Z (synthetic mordenite). The silver-
exchanged Type X, AgX, is the most active of the metal-exchanged zeolites for 
radioiodine removal and has the highest silver content, about 35%; but its appli-
cation is limited because the zeolite structure is not stable during long exposure 
to nitric acid vapours. The AgZ material is very stable in an acid atmosphere 
and is quite suitable for dissolver off-gas application; it contains about 18% by 
weight of silver. The PbX material is not generally considered for direct application 
to reprocessing plant effluents because its iodine removal powers are limited to 
certain species and to dry conditions. 

The zeolites are available in granular or beaded form and are generally used in 
in a 1 to 2 mm diameter size form which has similar pressure drop characteristics 
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to AC 6120. The surface area available for reaction is probably a little greater 
than for AC 6120, but the exact values have not been determined for all the metal-
exchanged zeolites. 

The AgX material can provide removal efficiencies of greater than 
99 .99%(DF> 104) for both elemental and organic iodides over a wide temperature 
range from ambient to several hundred degrees Celsius, for 15 cm or deeper 
adsorbent beds with linear face velocities of the order of 15 m/min. The iodine 
removal efficiencies are greater when the off-gas stream is heated to 100 to 
150°C. At breakthrough, the utilization of the theoretical reaction capacity of 
the iodine species with silver is not as high with AgX as with AC 6120; the values 
are about 35% and 75% respectively. However, AgX will remove organic iodides 
at considerably lower temperatures than will AC 6120, though the temperature 
must be kept somewhat above the condensation point of the water vapour present, 
to prevent blocking of the pores in the adsorbent by condensed water. 

Considerably improved silver utilization efficiencies have been reported [52] 
when the metal-exchanged zeolite has been treated with hydrogen at elevated 
temperature to reduce the exchanged metal to the free state before use as an 
adsorption material. Loading capacities for the reduced silver mordenite form, 
designated Ag°Z, of about 170 mg/g Ag°Z were obtained for elemental iodine 
when the adsorbent bed was operated at 150°C. This represents about 72% con-
version of the Ag° to silver iodide. The reduced silver zeolite also appears to have 
a moderately high tolerance for nitrogen oxides. 

It is proposed [53] that the Ag°Z adsorbent should be regenerated in-situ 
by passing hydrogen gas through the adsorbent bed at about 500°C thereby 
removing the adsorbed iodine as HI. The HI can then be adsorbed on PbX, when 
about 70% utilization of the lead is obtained. With the use of such a technique 
in a dissolver off-gas stream, somewhat less than 1 m3 /a of PblX waste product 
would be generated by a 1500 t/a LWR reprocessing plant. For safety reasons, it is 
recommended that the regeneration step should be performed in an auxiliary 
facility. The recovered Ag°Z could be reused in a reprocessing plant. 

The advantages of the metal-exchanged zeolites are similar to those of the 
silver-impregnated materials as regards simplicity of design, ready scaling up or 
down of the adsorbent bed sizes, and low volume of 129I waste. The cost of using 
silver-exchanged zeolites appears to be about the same as that for silver-impregnated 
materials. 

The disadvantages of the use of metal-exchanged zeolites include: (1) rela-
tively steady flow rates must be maintained to ensure satisfactory removal 
efficiencies; (2) some off-gas streams need to be heated; (3) there is poor 
utilization of the silver in some applications; (4) there are high costs in using 
silver if it is not recovered; (5) some of the zeolite forms are not stable in 
acid atmospheres; and (6) their use has not been demonstrated in pilot-scale 
facilities at expected large-scale operating conditions. 
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3.3.2.3. Other solid adsorben ts 

Other adsorbents, most of which involve alumina impregnated with metal 
ions, have been proposed [54] for use as radioiodine removal materials. Impreg-
nants that show some promise include compounds of silver and copper. Because 
few data are available for discussion of probable operational characteristics, these 
materials will not be considered further. 

3.3.3. Iodine precipitation techniques 

Iodine precipitation techniques are designed to obtain the iodine in a con-
centrated form suitable for final conditioning, e.g. as a glass or a metallic matrix. 
Two such techniques, using copper nitrate and lead nitrate respectively have been 
investigated in France on a pilot scale under simulated conditions (sub-section 4.2.1). 

3.4. REMOVAL OF IODINE FROM OTHER PLANT STREAMS 

Much less stringent iodine removal is generally required for the dissolver 
solution, the vessel off-gas, cell ventilation off-gas and the high-level waste 
solidification process off-gas. Whether or not iodine removal from these streams 
will be practised will depend on increased knowledge of iodine behaviour in 
reprocessing and on the local regulations concerning iodine release. 

3.4.1. Dissolver solution treatment 

To avoid the residual iodine species remaining in the dissolver solution being 
distributed throughout the plant and waste streams of the fuel reprocessing plant, 
specific treatments of the dissolver solution have been proposed [55]. In the first 
place it is intended to apply sparging techniques in order to reduce the iodine 
content of the dissolver solution as much as possible. The additional techniques 
to be used after sparging for nearly quantitative removal of the iodine remaining 
are still under development. Information on the potential performance of these 
techniques is at present lacking. 

3.4.2. Vessel off-gas 

The most probable technique for vessel off-gas treatment is the use of solid, 
adsorbents, such as silver-impregnated materials or silver zeolites. Because the 
vessel off-gas stream will be relatively large, 1000 to 3000 m3 /h, the adsorbent 
beds will need to be quite large. The use of silver-containing adsorbents should 
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provide DFs of the order of 100 with little difficulty, provided the gas stream is 
heated to 100 to 150°C and the adsorbent beds are sufficiently deep, 15 cm or 
more. 

The life of the beds will probably be determined by contaminants in the gas, 
rather than by their iodine loading capacity. Information on contaminant levels, 
which may differ considerably from plant to plant, is very limited, so the question 
is difficult to assess. If nitrogen oxides are present, for instance from denitration 
processes, these may have to be removed to protect the adsorbents. It may in 
some plants be possible to operate the beds only in cases of malfunctioning 
resulting in high iodine levels (sub-section 3.2.3) and so to extend their life 
considerably. 

3.4.3. Cell ventilation off-gas 

This stream will be very large, of the order of 10000 to 30000 m3 /h, unless 
recycling of the gas is adopted. Very little, if any, iodine is expected to be 
present unless a major accident occurs, such as a rupture in a dissolver. Because of 
the enormous expense of an iodine removal process for such a large stream and the 
improbability of such an accident, a prudent design might permit the isolation of 
the potentially affected cells and the direction of the gases from them to the 
vessel off-gas stream when necessary. This would be considerably less costly than 
treating the entire cell ventilation off-gas for iodine removal. Silver adsorbers 
could be used. Some regulatory agencies may not require any form of iodine 
treatment capability for this off-gas stream because of the low probability of 
accident and the low iodine release expected in the event of accident. 

3.4.4. Waste treatment off-gas 

Whether or not this off-gas stream will require iodine removal is dependent on: 
(1) the overall iodine removal requirements of the plant; (2) plant design; 
(3) the dissolver off-gas treatment technique; and (4) waste management practices. 
If very little iodine remains behind in the dissolver solution and/or if the dissolver 
solution is treated for iodine removal, there will probably be little iodine that will 
find its way into the waste solutions. The choice of removal method must await 
definition of the treatment methods. 

3.4.5. Scrubber solutions 

Finally, one should be aware that the scrubber solutions used to trap iodine 
from the dissolver have to be treated for storage/disposal, for instance, by applying 
the precipitation techniques described in sub-section 4.2.1. 
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TABLE IV. SUMMARY OF IODINE TRAPPING TECHNIQUES 

Technique 

Probable iodine 
removal DFs Off-gas 

streams 
Elemental Organic 

Costs 

Capital Operating 

Scrubbers 

Caustic 

Mercuric nitrate 

Concentrated nitric 
acid 

Fluorocarbon 
absorption 

Solid adsorbents 

Silver-impregnated 
materials 

A g ° Z 

AgX 

> 10 

103 

103 

103 

10^ 

103 

10J 

< 10 

102 

102 

102 

10J 

103 

10 

Dissolver 

Dissolver 

Dissolver 

Dissolver 

Dissolver 
Vessel and cell 
ventilation 

Vessel and cell 
ventilation 

Vessel and cell 
ventilation 

Low 

L o w 

High 

Moderate 

L o w 

L o w 

Moderate 

High 

High 

High 

L o w High 

Moderate"1 Moderate 

3 Because o f the large beds required, the initial adsorbent inventory costs will be high. It is 
assumed that the adsorbents for the vessel and cell ventilation off-gases will last 2 years. 

3.5. SUMMARY OF IODINE TRAPPING TECHNIQUES 

The characteristics of the various iodine trapping techniques are presented in 
Table IV. It should be noted, however, that detailed comparable data are not 
uniformly available. Not all the techniques have been demonstrated on a large 
scale and, even when they have, the data are generally incomplete. This is 
especially true with regard to removal efficiencies. Moreover operating data are 
available only for dissolver off-gas applications, and not for vessel and cell ventila-
tion off-gases. 

Conservative values are given for the decontamination factors. These are 
highly dependent on the gaseous iodine concentration, the iodine species involved, 
the equipment design, the number of removal stages, the operating conditions, and 
other factors. Higher DFs than those indicated are attainable, but the values given 
should normally be achieved in practice. For the solid adsorbents, a minimum 
bed depth of 15 cm has been assumed. It has also been assumed that the bed 
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will be designed so as to minimize channelling. This is particularly important for 
beds deeper than 15 cm and for beds designed for the very large vessel off-gas 
and cell ventilation off-gas streams. 

The cost evaluations are subjective because, in most cases, design information 
is limited. Nevertheless, it is believed that the evaluations are reasonable on a 
comparative basis. They cover the trapping process only, and do not include waste 
disposal costs. 

The annual primary waste arisings from iodine trapping techniques can be 
estimated to be of the order of 10 to 100 m3 of scrubbing liquors and 10 t of 
solid materials for a 1500 t/a reprocessing plant for LWR fuel, assuming no 
additional treatment of these wastes except a simple evaporation. These quantities 
can be reduced during the steps aimed at obtaining iodine-containing waste 
suitable for storage/disposal (section 4). 

3.6. MONITORING REQUIREMENTS AND METHODS 

3.6.1. Stack monitoring 

The different characteristics of the radionuclides that may be discharged, viz. 
3H, 14C, 8SKr, 129I, 131I and particulates, require different types of monitoring. 
These must, however, serve two purposes: they must measure the total releases 
of the different species, and they must provide an alarm if certain limits are 
exceeded. 

A counting method specific for 131I was described in sub-section 2.7, and 
can be applied to the stack gases of a reprocessing plant. If the charcoal sample 
collector is scanned continuously by the detector, the output from the detector 
can be used to trigger an alarm at a pre-set level. 

Monitoring for 129I is usually carried out on process streams in the plant, 
rather than on the stack gases, though the collection and counting techniques 
mentioned in sub-section 3.6.2 can also be applied to the latter. 

The organization and design of the monitoring of the airborne releases 
from the French plants at Marcoule and Cap de la Hague, and the WAK, Karlsruhe 
plant are described in Refs [56] and [57] respectively. 

3.6.2. Process monitoring 

In order to ensure that the iodine removal processes are functioning ade-
quately, sufficiently sensitive iodine process monitors must be provided. This is 
a difficult problem because a sensitive, on-line, rapid-response 129I measuring tech-
nique is not at present available. Iodine-129 is a weak beta particle emitter which 
is not measurable remotely. It decays to a very short-lived excited state of 129Xe, 

36 



which emits a weak 39.6 keV gamma ray (7.5% intensity) and several internal 
conversion X-rays, 29.5 to 35.4 keV (combined intensity of 67%). 

The probable average concentration of 129I in the dissolver off-gas will be 
about 3 mg/m3 for most spent fuels and reprocessing plant designs. Therefore, 
to ensure a DF of 103, one has to be able to measure 129I down to 3 g/m3 or 
about 3 ppb. Of course, this is the estimated average 129I concentration, and the 
actual concentration will vary considerably during the dissolver cycle. 

The most sensitive technique for measuring 129I is neutron activation, but this 
requires the collection of a sample, activating it in a reactor, and then counting the 
sample. This procedure requires at least several days. 

A technique has been proposed [58] in which iodine from the dissolver 
off-gas is collected on AC 6120 and then counted with a low energy photon 
spectrometer (LEPS). A detection limit of about 2 pCi/g of AC 6120 is claimed 
for this technique. Using a 2.5 cm diameter by 1 cm deep sample cartridge with 
a face velocity of about 15 m/min, a time of only a few minutes would be enough 
for sample collection. The technique would require periodic sample removal for 
counting and cartridge replacement, so it would not provide immediate readings, 
but it would appear to provide adequate information on the performance of the 
primary iodine removal process. However, the sensitivity claimed needs to be 
verified in view of potential dissolver off-gas radioactive interferences. 

If the fuel being processed was sufficiently short-cooled for 131I to be present, 
the same technique could be used but with gamma-counting which would give 
better sensitivity. The amount of 129I present could then be determined from the 
known 1 2 V 3 1 I ratio. 

Clearly, a technique that would provide direct and immediate measurement 
of 129I at the desired sensitivity levels would be a more satisfactory solution. 
Several direct methods have been proposed but none is reported ready for appli-
cation at this time. One proposed technique uses laser-induced fluorescence [59]; 
it appears to have the desired sensitivity, but has not yet been evaluated for 
potential interferences. Another technique which may be sufficiently sensitive 
is based on the use of quadrupole mass spectrometry [60], but there are no experi-
mental data at this time to confirm its applicability. 

4. CONDITIONING, PACKAGING, 
AND ENGINEERED STORAGE 

4.1. CONSEQUENCES OF THE LONG HALF-LIFE OF 129I 

The long half-life of 129I gives rise to a storage/disposal problem which is 
different in character from those presented by shorter-lived nuclides. This has 
two aspects. 
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In the first place, the activity of the 129I produced is very low compared 
with that of other fission products. The doses to individuals in the event of 
leakage to the environment are correspondingly low. On the other hand, collec-
tive dose commitments obtained by integrating over very long periods may be 
large. It is not clear what importance to attach to the latter if individual doses 
are always small. The issue is under active consideration in various quarters, and 
cannot be resolved here, though it may affect attitudes to 129I releases to the 
environment. 

Secondly, the proposed storage/disposal methods for 129I can probably be 
relied on to isolate it from the general environment for many centuries, but can 
at present hardly be guaranteed for periods comparable with the 129I half-life 
(see also sub-section 5.1). A potential exception is extraterrestrial disposal 
(sub-section 5.3) , which cannot however be regarded as established technology. 

4.2. CONDITIONING 

4.2.1. Processing before immobilization 

Several establishments have addressed the question of the production of a 
solid immobilized form of 129I. Less consideration has been given to the processing 
steps for converting the products from 129I removal systems in reprocessing plants 
into the final solid forms. In some case all that may be needed is packaging or 
encapsulation, but in others chemical processing is also necessary. 

The liquors from caustic scrubbers especially require treatment, and the CEA 
in France is developing two methods which produce copper® and lead iodide 
respectively [61]. In the first method copper(II) nitrate is added to the caustic 
solution at pH 2 in the presence of hydrazine. The copper(I) iodide is filtered 
off after addition of a filter aid. Inactive iodine may be added if necessary to 
ensure complete precipitation. 

In the second method, the caustic solution is acidified in the presence of an 
appropriate redox reagent in order to provoke release of elemental iodine. The 
latter is then circulated through a special loop comprising a reactor, a cooler to 
induce precipitation, and a filter. Lead nitrate and hydrazine are introduced into 
this loop, precipitating lead iodide, which is filtered off. 

4.2.2. Immobilization forms 

4.2.2.1. Solid adsorben ts 

If 129I is removed by adsorption on a solid, the solid may well constitute a 
suitable immobilization form, without further chemical treatment. KFK in the 
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TABLE V. SURVEY RESULTS OF INSOLUBLE, 
INORGANIC COMPOUNDS OF IODINE 

Concentration of I in saturated 
solution at 25°C 

Metal 
Iodide Iodate 

Calcium 15.8 mM 

Barium 

[CoppeKI) 

Silver 

1.62 mM 

Lead(II) 

Mercury(I) 

Mercury(II) 

0.04 mM]* 

11 nM 

3.3 mM ca. 0.1 mM 

0.18 mM 

0.6 nM 1.4 nM 

0.22 mM 'Insoluble' 

Not included in Ref. [63] . 

Federal Republic of Germany, for example, consider that the product of their 
silver/silica adsorber only requires packaging, and that the amount of silver used 
would be by no means prohibitive [62], At Idaho in the USA, on the other hand, 
it is proposed to transfer the iodine from a silver to a lead zeolite, as discussed in 
sub-section 3.3.2.2, to reduce costs; the lead zeolite would then be sent to 
storage/disposal. 

4.2.2.2. Insoluble iodine compounds 

There are relatively few stable, insoluble, inorganic compounds of iodine. 
A survey has been made [63], specifically with a view to identifying a compound 
which could readily be incorporated in concrete (sub-section 4.2.2.3). The most 
insoluble iodides and iodates were especially considered, see Table V. Silver 
iodide, mercury(I) iodide, and mercury(I) iodate stand out as having solubilities in 
the nanomolar region, but silver and mercury compounds are relatively expensive. 
Of the remainder, the next in order of solubility are copper(I) iodide, lead iodate 
and barium iodate. In Ref. [63], copper® iodide was not considered and barium 
was preferred to lead iodate on preparative grounds, even though considerably 
more soluble. 

Any of the compounds mentioned might be suitable for storage/disposal 
after packaging. Those with millimolar solubilities would have to be well protected 
from leaching, but those with nanomolar solubilities might give low enough 129I 
release rates (sub-section 5.1.1) even if subject to leaching. 
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Barium iodate would be a particularly convenient choice when 129I is trapped 
by scrubbing with concentrated nitric acid, since this yields the 129I in one of the 
forms of iodic acid (sub-section 3.3.1.3). The latter can be converted to a barium 
iodate slurry by reaction with a slight excess, say 5%, of barium hydroxide. 

4.2.2.3. Incorporation in concrete 

A further degree of immobilization would be obtained by incorporating an 
iodine-containing solid in concrete. Barium iodate has been especially considered 
[63, 64] and the method could probably also be applied to, for instance, the 
silver zeolites mentioned in sub-section 4.2.2.1. 

Fifteen per cent of barium iodate in cement is recommended as a practical 
concentration [64], From leaching studies it appears that [64]: 

(1) Ordinary Portland cement is as good as any special cement. 
(2) The water:cement ratio should be low, say 0.5. 
(3) A short curing time, say 7 days, suffices. 
(4) Radiation equivalent to 660 a of self-irradiation has no effect. 
(5) Addition of fly ash, say 10%, is beneficial. Other additives are discussed in 

Ref. [63]; butyl stearate in particular gives some improvement. 
(6) Natural waters (tap water, ground water, sea water) are much less 

effective leaching agents than distilled water. This is believed to 
be due to the formation of surface layers containing Mg and/or Zn. 

With running distilled water on all surfaces, the data indicate 0.7% removal of 
iodine from a 200-ltr drum filled with concrete in a year, but with natural waters 
the rate would be 3—4 orders of magnitude less. 

How the loaded concrete would perform over a long period is, of course, 
still uncertain. Leach rates may increase owing to mechanical disintegration. 
Moreover, radiolytic gas evolution may accelerate disintegration. 

Direct incorporation of caustic scrubber solutions in concrete has also been 
suggested, but the product might have poor leach characteristics, owing to the 
high salt content. 

Iodine-129 incorporated in concrete would not be readily retrievable for 
conversion to other forms. If adopted, the concrete would probably have to be 
ultimately disposed of terrestrially as such. 

4.2.2.4. Vitrification 

A special low-melting glass which dissolves iodides has been developed in 
France at the University of Rennes and at Marcoule, and is being investigated for 
129I storage. Trials are in progress in the Marcoule pilot plant on the incorporation 
of copper(I) or lead iodide in the glass. Presumably it would have a life at least 
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as long as that of concrete in an aqueous environment. Like concrete, it would 
not constitute a readily retrievable form of 129I. 

4.3. ENGINEERED STORAGE 

Interim storage of 129I may be more acceptable to some regulatory authorities 
than immediate disposal, since it provides more time to establish the best long-
term disposal method. 

Wastes containing 129I can probably be accommodated in the same store as 
other low beta/gamma-active wastes, provided the possibility of 129I release in the 
store can either be eliminated or catered for by monitoring, trapping etc. Since 
the 129I waste arisings can be kept to a relatively low volume, only a small extension 
of the beta/gamma-store would be required, so the additional cost would be 
modest. The immobilization form and packaging method should preferably be 
compact, and should lend themselves to subsequent retrieval of the I29I and its 
conversion if necessary to other forms, suitable for example for transmutation or 
space disposal (sub-sections 5.2 and 5.3). 

5. ULTIMATE DISPOSAL OF 129I 

5.1. TERRESTRIAL DISPOSAL 

5.1.1. General 

Terrestrial disposal of radioactive wastes may be to: 

(1) Geologic formations, including hard rock, shale, clay, or salt deposits 
(2) The ocean 
(3) The ocean bed. 

In the case of 129I it would be very difficult to guarantee isolation from the 
general environment even for one half-life. It may nevertheless be noted that the 
i29j.i27j r at i0 in some natural materials (Agl ore, Chile saltpetre, certain brines) 
is so low [65] that they must have been effectively isolated from circulating iodine 
for several half-lives, though it is no t known how far this is due to physical 

' isolation and how far to absence of isotopic exchange. This indicates that there 
are chemical forms, or locations, which have provided effective iodine isolation in 
the past. Whether 129I arisings could be isolated in the same way is, however, very 
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uncertain. If, for instance, the important feature is the absence of isotopic 
exchange, then it would first be necessary to ensure that the 129I product was in 
the same physical and chemical form as the natural product. Even if this were 
ensured, radioactive decay of the 129I to 129Xe would break down the 129I product, 
probably making exchange possible. 

If 129I cannot be permanently isolated from the environment, then it will 
slowly disperse throughout all the non-isolated iodine reservoirs in the environment. 
The benefit of controlled disposal will then be in retarding the dispersal, so as to 
avoid the development of excessive 129I concentrations in the vicinity of the 
repository. To achieve this, it is necessary that the leakage rate should not 
appreciably exceed the subsequent mixing rates in the environment. Thus, if 
mixing occurs on a timescale of a few centuries, leakage rates should not exceed 
about 0.1%/a. Moreover, whereas with shorter-lived species it may be satisfactory 
to be able to guarantee the repository for a period of years, e.g. 200 a for 8SKr, 
after which total failure could be tolerated, in the case of 129I the low leakage rate 
must be guaranteed until essentially all the 129I has dispersed or decayed. 

After dispersal, the 129I will almost all be present in the ocean, since this is 
much the largest non-isolated reservoir of iodine, containing an estimated 
8 X 1010 t. It appears therefore that with any form of terrestrial disposal, the 
probability must be faced that most of the 129I will ultimately be distributed 
uniformly throughout the ocean. 

It is beyond the scope of this report to discuss the features of different types 
of 129I repositories in the light of 129I behaviour in the environment, and of the 
potential risks of 129I releases. 

5.1.2. Geologic disposal 

The problems of geologic disposal of 129I will generally be similar to those 
of other long-lived fission products, but specific studies of 129I will be needed. 
Special consideration may have to be given to the possibility of local high doses 
due to 129I leakages, either to the atmosphere or to circulating water. Thus it has 
been shown that, in contrast to other elements, iodine is scarcely retarded by 
sorption effects from ground water moving through cracks in granite [66], probably 
on account of the negative valence of the iodide ion. On the other hand clay 
fractions in soil, especially illite, fix iodine, and carbonate horizons in soils tend 
to act as barriers to iodine migration [67]. 

Some consideration of 129I disposal in bedrock will be found in Appendix IV. 
Special mention may be made of disposal in salt formations. It can generally 

be assumed that these have remained dry for long periods of time (though not 
necessarily long compared with the half-life of I29I). Moreover any leaking 129I 
might well exchange with halogen in the salt, so that its dispersal was delayed or 
prevented; this is a topic for research. 
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5.1.3. Ocean disposal 

Since, as noted above, other forms of terrestrial disposal may ultimately 
convert to ocean disposal, it is natural to pay special attention to the latter. It can 
indeed be argued that ocean disposal is to be preferred to other methods, since the 
129I is brought into immediate contact with the world's largest non-isolated iodine 
reservoir, with the greatest potential for isotopic dilution. In geologic disposal, on 
the other hand, the various stages of dispersal may be difficult to define, and may 
involve small iodine reservoirs, resulting in uncertain but possibly significant local 
radiological hazards. 

It can be calculated that uniform mixing of all the 129I produced by the 
generation of 106 GW(e) • a of electricity with the iodine in the ocean would give a 
i29j.i27j r a t j 0 Qf io - 7 . This would result in thyroid doses of only 6 /urem/a. 
(Similar estimates will be found in Appendices IV and V.) It appears therefore, 
that the oceans have the capacity to absorb 129I from a large world nuclear power 
programme over a long period, e.g. 104 GW(e) for 100 a, without adding signi-
ficantly to the natural background dose. Some countries feel that ocean disposal 
of 129I might be considered as a temporary measure, say until the end of the 
century, while more detailed studies are carried out; this constitutes an alternative 
to interim engineered storage (sub-section 4.3). 

It is necessary, however, also to investigate the 129I levels during the dispersal 
process, before complete mixing has occurred. This involves ocean modelling, and 
lies outside the scope of this report, but it may be noted that it will clearly be 
beneficial to choose a disposal area well isolated from man, viz. the deep ocean 
floor at some distance from the shore. It will also be necessary to choose a disposal 
form that retains its integrity during transport and probably also during sea 
dumping, and provides a low leakage rate in the ocean bed environment. 

5.1.4. Ocean bed disposal 

A possible improvement on ocean dumping is emplacement of 129I-containing 
canisters in holes drilled into the ocean floor. It is stated [68] that the engineering 
capability exists to emplace such canisters intact in the ocean bed. However, it 
seems very doubtful whether the additional degree of isolation of the 129I would 
justify the additional cost as compared with sea dumping. 

5.1.5. Disposal with spent fuel 

If spent fuel is disposed of without reprocessing in a geologic formation the 
fate of 129I will be dependent on the properties of the formation and the engineered 
barriers over very long periods. The plenum activity, which is expected to fall 
in the range of 0.1 to 10%, may however be more prone to leak than the rest of 
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the iodine which is contained within the uranium dioxide matrix. Despite 
uncertainties, the dose to individuals living close to a future repository based on a 
bedrock disposal concept with an engineered barrier has been calculated to be well 
below the ICRP recommendations [69, 70]. 

5.2. TRANSMUTATION 

Capture of a neutron by 129I yields 12.4 h 130I, which decays to a stable 130Xe. 
In principle this provides a means of destroying 129I, so that it is no longer present 
anywhere in the environment. There do not seem to be any other nuclear reactions 
involving either 129I or the accompanying 127I which might seriously interfere. 
Various other short-lived species would be formed, e.g. 128I, 131mXe, but these 
would soon decay to stable products. 

The rate of destruction of the 129I is unfortunately slow [68, 71]. In a typical 
PWR flux of 3 X 1013 n/cm2 • s, the mean life of 129I is 23 a, and in a LMFBR with 
a flux of 5 X 1015 n/cm2 - s, it is 31 a. The mere fact that these periods are com-
parable with the lifetime of a reactor shows that a reactor cannot destroy the 
major part of its own 129I product. 

Furthermore, it seems unrealistic to imagine that power reactor operators 
would accept the insertion of hundreds of kilograms of iodine into a reactor, since 
it would have a major effect on the neutron economy and on reactor safety. It is 
difficult indeed to envisage any method of packaging the iodine that would remain 
intact in a reactor over periods of years especially in view of the radiolytic 
instability of iodine compounds and the release of xenon gas by transmutation. 

Fusion reactors would have an advantage over fission reactors in not them-
selves producing 129I even as they destroy it, but the destruction rate would still 
be relatively low, and the practical problems very great. 

Destruction in thermonuclear explosions has also been considered, and it has 
been estimated that twenty-six 100-kt explosions per GW(e)- a would be 
required [72] to destroy all the 129I. 

In short, destruction of 129I by transmutation does not appear practicable 
with existing technology. However, the possibility that a suitable large neutron 
source may be developed in future cannot be ruled out, though it seems unlikely 
in the present century. 

5.3. EXTRATERRESTRIAL DISPOSAL 

Two destinations for iodine payloads have been considered, viz. solar system 
escape and a solar orbit. In either case the iodine waste would first be carried to 
an Earth orbit by space shuttle, and launched from there to its final destination. 
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Obviously it is desirable to choose an iodine waste form which has a high 
iodine density, besides being reasonably stable. Compounds identified as possibly 
suitable are, in order of decreasing iodine density: 

Bil3, Pdl2, MOI2, WL,, CUI, Ti l and Ba(I03)2 

The last-mentioned is included in view of the considerations in sub-section 4.2.2.2, 
but its iodine density is not particularly high. Bil3 has a theoretical iodine density 
of 4.49 g/ml, though a somewhat lower density would of course have to be accepted 
in practice, and 4 g/ml was assumed in Ref. [73] as a basis for calculation. 

A major proportion of the payload must consist of the waste container. This 
should be able to protect the iodine from release to the environment in the event 
of accidental re-entry into the atmosphere, so it must be relatively heavy. The 
balance, available for iodine waste, has been estimated to fall in the approximate 
ranges (covering a variety of launching modes, and two types of containers): 

For solar system escape 0.1 to 0.9 t 
For a solar orbit 1.6 to 4.9 t. 

Since arisings of radioiodine from the world's nuclear programme may rise 
to several tonnes per year by, say, 1990, it appears that disposal in a solar orbit 
would involve only a few flights a year, whereas solar system escape would involve 
a substantial number. The former method is clearly the more economical, and the 
only doubts concern the long-term stability of the solar orbit; it would be difficult, 
if not impossible, to guarantee this until the 129I had decayed. 

It has been stated [74] that costs are likely to exceed $2000/kg of payload. 
If 20% of the payload consisted of iodine, this would lead to a minimum figure 
of $85 000/GW(e)- a, which is high but not prohibitive. 

6. CONCLUDING REMARKS 

6.1. IODINE IN NUCLEAR POWER PLANTS 

This Technical Committee was in general able to identify and quantify iodine 
emissions from NPPs. Nevertheless, some uncertainties remain with regard to the 
distribution of radioiodine among the chemical species involved. 

Impregnated active charcoal filters are nearly always accepted for trapping 
the iodine released under either normal or accident conditions by NPPs. More 
information is needed on the ageing and poisoning phenomena often observed. 
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The Recommendation in paragraph 5 on page 44 of document IAEA-209 is 
therefore repeated: "The IAEA should on a short-term basis launch an inter-
national enquiry into the lifetime of charcoal filters in existing nuclear power 
stations". Moreover data should be compiled on the practical performance of the 
filters. 

6.2. IODINE IN REPROCESSING PLANTS 

The iodine flow paths in aqueous reprocessing plants could in general be 
identified and quantified. It is clear that the plants should be operated in such a 
way as to ensure that a high proportion (hopefully 99%) of the iodine in the 
reprocessed fuel goes into the head-end and dissolver off-gases from which the 
iodine should be removed before the gases are discharged. It will generally be 
necessary to remove residual iodine from other gaseous effluents from the plant 
as well. 

Various aqueous scrubbing techniques are available for trapping iodine from 
the head-end and dissolver off-gases, and a number of solid adsorbents for iodine 
are also available, which may be used to clean up other gaseous streams. The 
solid adsorbents may also be used to back up the iodine scrubbers, or even to 
replace them. 

Some doubt exists about the iodine remaining behind in the dissolver. Even 
if, as hoped, this amounts to 1%, it may still need to be trapped. This might 
involve either treating the dissolver solution, or removing iodine from the off-gases 
emitted during treatment of the high activity waste. 

It is Recommended that the compilation of performance figures for iodine 
trapping techniques under simulated and real reprocessing conditions, with due 
attention to the variety of iodine species which may be present, should be 
promoted. Study of methods of minimizing the quantity of iodine left in the 
dissolver liquor, and of recovering what does remain there, is also desirable. 

6.3. IMMOBILIZATION AND DISPOSAL OF 129I 

The Committee recognized that the storage/disposal of 129I (primarily from 
reprocessing plants) presents a special problem in view of the exceptionally long 
half-life of this species (16 Ma), and it was aware that experts elsewhere are 
studying the geochemical and radiological issues involved. 

Meanwhile the Committee noted two possible interim approaches, pending 
further studies to identify the best long-term options: 
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(1) Immobilization in a retrievable form, followed by engineered storage, 
might be carried out. 

(2) Ocean disposal might also be considered as a temporary measure, say 
until the end of the century. Some countries, however, regard this as 
unacceptable until a full study has been made. 

Various methods of immobilization of 129I have been proposed, but require 
further investigation. Methods must also be developed for converting trapped 
129I into the immobilized form(s). 

The 129I cannot readily be disposed of by transmutation in nuclear reactors, 
while space disposal is highly speculative. 

It is Recommended that the proposal for temporary immobilization and 
engineered storage of 129I should be brought to the attention of the IAEA 
Technical Committees dealing with reprocessing, waste treatment, engineered 
waste storage, and waste disposal. It is also recommended that an experts' meeting 
should be convened to consider the technical consequences of the proposal, and to 
specify the research and development tasks necessary to realize it. 

6.4. RADIOIODINE MONITORING 

There is an urgent need for research and development on the monitoring of 
radioiodine in airborne effluents, particularly at the low levels encountered in 
the off-gases after the highly efficient iodine retaining steps. 

It is Recommended that this type of work should be stimulated. 
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Appendix I 

RADIOIODINE TREATMENT TECHNOLOGY IN BELGIUM 

W.R.A. Goossens, L.H. Baetsle 
SCK/CEN, Mol, Belgium 

1. INTRODUCTION 

Belgium is working on an electro-nuclear programme of 5246 MW(e) to be 
fully available in 1982 and corresponding to about 35% of the total electrical 
power capacity at that time [75]. In the long term, the Belgium nuclear pro-
gramme will be restricted to a power capacity of 10 000 MW(e) which is 
generally taken for the assessment of the related fuel cycle. 

Radioiodine, as one of the gaseous radioisotopes present in irradiated fuel, 
is considered to be released mainly during the head-end operations of the 
reprocessing plant. Assuming a reasonable cooling time of 1 year for the fuel 
before reprocessing, only the 1291 isotope will play an important role under regular 
operating conditions. An overall DF of 181 [76, 77] is required for the retention 
of this isotope in the off-gas cleaning system of the reprocessing plant according 
to the emission standards of the US Environmental Protection Agency. 

This target DF has been the incentive to the Belgian research and development 
programme [78] on the capture of iodine compounds present in nuclear off-gas 
streams. The status of the radioiodine treatment technology in Belgium, mainly 
developed at SCK/CEN, Mol, will be described in this Appendix. 

2. THE LABORATORY SET-UP FOR IODINE SORBENTS 

To check the performance of solid materials for iodine trapping a laboratory 
set-up working at a nominal flow rate of 1 m3/h is available. As shown in Fig.3, 
the carrier gas can be artificially loaded with 131I-labelled iodine in the absence or 
presence of humidity. Either elementary iodine or methyl iodide or both species 
can be generated at a constant rate. The way these iodine compounds are trapped 
on a 5 cm diameter column of sorbent is determined by measurement of the 
gamma-activity of the effluent gas. These measurements result in a complete break-
through curve in a long duration run or in an initial DF in a short run. 

This apparatus was used to investigate the dynamic trapping of elemental 
iodine on regenerable molecular sieves in the absence of disturbing agents. The 
dynamic sorption capacity of the 13X type molecular sieves selected was 63% by 
weight independently of the iodine inlet concentration in the experimental range 
between 7 and 40 parts per million by volume. The DF at the start of a run was 
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FIG.3. Scheme of 1 rr? h'x loop. 

in general higher than 10 000. Its variation with time depended on the operating 
conditions. Mathematical analysis of the complete breakthrough curve indicated 
that the iodine sorption is controlled by surface reaction kinetics combined with 
dispersion during the gas flow in the fixed bed [79]. 

The presence of impurities considerably modified this picture. Impregnation 
of the molecular sieves with silver gave a maximum loading of only 5% by weight 
for an iodine inlet concentration of 100 mg I2/m3 in air at temperatures between 
30 and 100°C. This low sorption capacity indicates that humid gas containing 
radioactive iodine should first be scrubbed strongly to reduce the iodine content 
to a very low level. 

The trapping of methyl iodide, which is representative of organic iodine 
compounds, has also been investigated in this 1 m3/h loop. Preliminary data with 
silver zeolites showed a sensitivity of the methyl iodide retention to small 
variations of the gas humidity and a higher efficiency at 200°C than at 100°C. 
The initial DF measured corresponded to the ratio of the inlet concentration to 
the detection limit of the apparatus at the outlet. 

The initial value of 2 X 10s persisted during the first few hours with a bed 
load of 140 g commercial silver zeolites at 200°C and a gas/solid contact time of 
0.35 s. The relative humidity corresponded to saturation at 12°C. The methyl 
iodide inlet concentration was 14 mg/m3. 

Further investigations have been performed as part of an intercomparison 
programme organised by the CEC, whose results are still confidential. The set-up 
remains operational for quality tests of sorbent samples. 
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FIG. 4. Integrated gas purification test loop 25 m3-h 1. 

Furthermore, the ventilation line of the fumehood in which this laboratory 
set-up is mounted contains a filter holder with all necessary sampling lines to allow 
acceptance of intercomparison tests on any commercial iodine filter of regular 
size. 

3. THE INTEGRATED GAS PURIFICATION TEST LOOP 

Several years ago, the SCK/CEN started the construction of an integrated 
gas purification test loop for dissolver off-gases. This loop, whose flowsheet is 
shown schematically in Fig.4, has a nominal through-put of 25 m3/h and has been 
designed as a demonstration rig equivalent to a reprocessing capacity of 1 ton a 
day. Hence the name 'GAS-TON'. At the moment, the various processes applied 
in this loop have been developed separately. 

In the first part of this test loop, the removal of traces of methyl iodide from 
air by nitric acid solutions containing mercuric nitrate, the so-called Mercurex 
process, was investigated. The countercurrent contact between the scrub solution 
and the gas was studied in packed columns with internal diameters of 15 and 
29 cm. Raschig rings 15 X 15 X 1 cm or Pall rings 25 X 25 X 0.5 cm were the 
packing constituents. The methyl iodide traces were artificially generated at a 
constant rate at levels of 10 to 40 mg/m3. A DF of 500 for the methyl iodide 
was obtained at a packing height of 1.7 m. A few tests with elementary iodide 
indicated no difficulty in trapping this substance with still higher DFs. All the 
experimental data were treated under the assumptions that resistance to mass 
transfer occurred in the gas as well as the liquid phase, and that the solution was 
not saturated with respect to iodine compounds. In this way a well-fitting 
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mathematical model was obtained that allows extrapolation to any desired value 
of the DF for the trapping of either pure methyl iodide or mixed iodine compounds 
under similar geometrical conditions. 

The Mercurex scrub process has been combined with silver-containing 
sorbents in order to trap the residual quantities of iodine compounds. Cartridges 
containing 5.6 kg of CECA 13X or AC 6120 were assembled in series according 
to the results obtained in the laboratory set-up for iodine sorbents. In this way, a 
DF of 10 000 can be guaranteed for any iodine species, even for pure methyl 
iodide. More research was shown to be necessary to master the ageing and 
attrition effects on these solid sorbents. 

Finally, the trapping of iodine in the off-gases of a dissolver was simulated 
in the test loop. For this purpose 4.5 kg U02 were dissolved in nitric acid 
solutions containing initially 3.5 g Nal traced with 1311. Sparging with oxygen was 
applied during the dissolution. The gaseous effluent from the mock-up dissolver 
was cooled in a heat exchanger and scrubbed with a recycled solution of weak 
nitric acid. After this primary removal of nitrogen oxides, the off-gas was diluted 
with air and then washed in the Mercurex column by a solution of 0.1 to 0.2M 
mercuric nitrate in 1M nitric acid. The outlet gas of the Mercurex scrubber was 
cooled to about 15°C before it was passed through a high efficiency demister. 
Finally, the gases were heated to 200°C and passed through two fixed beds of, 
respectively, silver zeolite and catalyst carrier impregnated with silver nitrate. 
The gamma-activity at different points in the loop was continuously measured in 
order to determine the overall iodine behaviour in the various parts of the 
equipment during the batch-type operation. As a conclusion from this study it can 
now be claimed that the overall iodine DF of this dissolver off-gas cleaning system 
is higher than 150 000. In fact, the background interference at the outlet of the 
system hinders a more accurate determination of this DF. 

4. ASSESSMENT OF THE GEOLOGICAL DISPOSAL OF IODINE 
COMPOUNDS 

Preliminary experiments have been performed to study the conditioning of 
the Mercurex waste solutions for storage/disposal. The technological interest in 
recycling the mercury present is however rather small since the total volume to 
be stored amounts only to about 8 m3/a for a 1500 t reprocessing plant. Hence, 
there is a tendency to accept a mercury/iodine compound as a suitable storage/ 
disposal form. Nevertheless, other relatively insoluble iodine compounds, such 
as those of silver, lead, copper, and barium, are still considered as potential iodine 
immobilization forms. This investigation has been started in order to select the 
most economical solution with the best technological performance. 
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FIG. 5. Basic off-gas purification scheme (HERMES). 



Further, the potential disposal of 129I-containing waste in a clay formation 
beneath the Mol site is being investigated as part of an overall assessment of this 
geological formation for nuclear waste disposal [80], However, the extremely 
long half-life of 129I and the confinement limitations observed for iodine isotopes 
in the geological formations near the Oklo uranium mine in Gabon [81 ] are 
drawbacks to this disposal method. Therefore it is advisable that a thorough 
technical and economic evaluation should be made on undersea geological disposal 
of 129I waste. Indeed, an impervious layer on the sea bottom offers double 
protection: good confinement and nearly infinite dilution in sea-water. 

5. CONCLUSION 

This short survey describes the laboratory and technical units available at 
SCK/CEN, Mol in Belgium, to investigate the performance of iodine trapping 
systems under simulated conditions. The results will be checked in the near future 
using 10 kg batches of irradiated fuel in the Head-End Research facility on a 
Mock-up Engineering Scale (HERMES), of which the off-gas purification scheme 
is given in Fig. 5. 
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Appendix II 

Part I 

A FILTER FOR REMOVAL OF RADIOIODINE FROM PROCESS GAS 
IN THE DISSOLUTION OF ALUMINIUM-COATED FUEL ELEMENTS IN 

NITRIC ACID IN THE SEPARATION OF 
FISSION PRODUCT MOLYBDENUM 

R. Schwarzbach, O. Hladik 
Department of Nuclear Chemistry, Central Institute for Nuclear Research, 

Rossendorf, German Democratic Republic 

1. INTRODUCTION 

The increasing demand for radioactive isotopes, and especially for the 
mother-daughter pair "Mo-9 9 mTc, on a worldwide scale makes it necessary to 
produce these isotopes at the kilocurie level. 

Molybdenum-99 is obtained by separating it from the isotope mixture 
resulting from the nuclear fission of 235U. For this purpose the nuclear fuel is 
irradiated for a comparatively short time (100 h), and processed soon after 
irradiation. The use of the ECH-1 fuel elements of the 10-MW research reactor 
RFR at the Central Institute for Nuclear Research as a starting material causes 
this process to become analogous to the reprocessing of FBR fuel elements. In 
reprocessing the irradiated nuclear fuel target it is necessary to expel the iodine 
isotopes quantitatively from the process solution and also to separate them 
quantitatively from the off-gases. In short-term irradiations and reprocessing 
after a cooling time of 48 h, 131_133i play a decisive role, while 129I is the key 
isotope in reprocessing nuclear fuel from the power reactors. 

The filter which is to be described has been developed for iodine retention 
when fuel dispersed in, and coated with aluminium is dissolved in 6M HN03, and 
the fission molybdenum is separated from the dissolver solution. The inorganic 
substances porolith, diaphorite and silica gel in commercial forms and qualities 
were tested as carrier materials for the filter. 

2. SELECTION AND TESTING OF DIFFERENT INORGANIC CARRIER 
SUBSTANCES 

Only carrier substances which are resistant to the vapour phase under the 
conditions prevailing during the dissolution process were included in the 
preliminary selection [82, 83], Activated charcoal had to be excluded because of 
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TABLE VI. PARAMETERS OF THE ADSORBER MATERIALS 

Sorption material 75 
to 

Pore volume in 

102 103 

to to 

'o for radius r (A) 

104 10s 

to to 

Specific 
surface 
(m2/g) 

Bulk 
weight 
(g/cm3) 

102 103 104 10s 5 X 10s 

Porolith 0.5 0.5 35 41 23 1.9 0.46 

Diaphorite 1 7 63 21 8 3.9 0.63 

Silica gel B (KB) 47 36.5 2.5 4 10 179 0.36 

Silica gel S (KS) 11.5 33 17 5.5 33 407 0.48 

Note: 1 A = 1 X 10"10 m. 
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T E S T C O N D I T I O N S : 
Temperature 140°C; 
Filter material amorphous silicic acid; 
Mean grain diameter 0.4 to 0.5 mm; 
Surface velocity of the test gas 10 cm • s _ l ; 
Test reagent C H j l 3 l l plus 1 mg C H , , ! , l / g f i lter material. 

—I 1 1 1 r-
3 4 5 6 7 

— B E D D E P T H (cm) 

n 
10 

FIG. 6. CHz I penetration of the filter as a function of bed depth and silver impregnation. 

its combustibility. Filter substances whose effect is based on adsorption only 
could also not be employed under the conditions in question, since desorption of 
the iodine would take place at the temperatures and the high water vapour 
content occurring. For the field of application envisaged the only suitable 
substances are those on which the iodine is bound by chemical reaction as a non-
volatile compound under the prevailing conditions. The carrier substance should 
have rather a high specific surface and possess great stability in granular form. 
We regarded substances of the type applied in gas chromatography as suitable. 
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FIG. 7. CH3 I penetration of the D 6.5 filter as a function of bed depth and temperature. 
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B E D D E P T H (cm) 

FIG.8. CH-i i31I penetration of the KS 4.6 filter as a function of bed depth and temperature. 
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The substances tested included: 
(1) Diaphorite from VEB Berlin-Chemie; 
(2) Porolith from VEB Filterwerk, Meissen; and 
(3) Silica gel (i.e. amorphous silicic acid) of the types B and S from VEB 

Chemiewerk, Bad Kostritz. 
The parameters of these adsorber materials are given in Table VI. 

These selected carrier substances were impregnated with silver nitrate. Other 
heavy metals [54] cannot be used as impregnating agents because the reaction 
rate with CH3I is significantly lower than that of silver. The silver content varied 
between 0.1 and 10% by weight. Figure 6 shows the CH3131I penetration of the 
filter material as a function of bed depth and silver content. The penetration is 
defined as the quotient of the activity on filter 2 and of the sum of the activities 
on filters 1 and 2. It is obvious that large amounts of silver diminish the efficiency 
of the separation. The optimum was found to be 4 to 6% by weight of silver. . 
The iodine penetration of the filter was determined by comparative measurements 
of the activity on this filter material (filter 1) and of the activity on a large 
volume, silver-impregnated charcoal filter (filter 2) arranged in series. As a test 
substance CH3131I was used. In order to simulate high iodine concentrations in 
the exhaust air and for capacity tests, CH3127I was added as a carrier. The 
detection limit for iodine penetration was 0.01% (corresponding to 99.99% re-
moval of iodine) based on a count three times the standard deviation above the 
background of the charcoal filter. Preliminary investigations such as the 
determination of the pore distribution, the mechanical stability, and the specific 
surface had revealed that silica gel of the type KS was best suited as a carrier 
material. Silica gel with specific surfaces greater than 400 m2/g did not exhibit 
an improved separation efficiency, but it had the disadvantage that the gel 
particles broke up on impregnation through water entering into the pores. As a 
result, the air resistance of the filter increased and obstructions could occur in the 
filter system. 

The following investigations refer to the silica gel type KS unless otherwise 
indicated. 

3. THE INFLUENCE OF TEMPERATURE UPON THE PENETRATION OF 
THE FILTER 

Since the separation of iodine from process gases or exhaust air in the above-
mentioned impregnated filter material involves a chemical reaction between the 
iodine components CH3I and I2 and the AgN03, this separation depends upon 
temperature like any chemical reaction. This dependence upon temperature is 
indicated in Figs 7 and 8. These figures also show the theoretical bed depths 
for a desired DF at different temperatures. The theoretical bed depths denoted 
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refer to grain sizes of a mean diameter of 0.45 mm. In the case of larger grain 
diameters, such as are used in practice, the equivalent layer thickness is increased. 
As can be seen from Figs 7 and 8, the filter material based on diaphorite shows an 
iodine penetration which is strongly dependent upon temperature, while the filter 
material based on silica gel KS reveals practically no dependence of the iodine 
penetration upon temperature above 40°C. 

For process filters (e.g. for the dissolver off-gas) the working temperatures 
of the filter have to be chosen well above 100°C to prevent the large amounts of 
water vapour carried in the off-gas from condensing in the filter. If the 
temperature is raised beyond 150°C, the separation efficiency will not be 
significantly improved. 

For off-gas containing a large amount of water vapour temperatures around 
130°C have proved advantageous (see also Ref.[82]). For filters to be used in 
normal exhaust air currents, e.g. exhaust air from cells for radioiodine production, 
or exhaust air from the cell of the fission molybdenum production plant, 
temperatures between 80 and 100°C have proved suitable. 

4. INFLUENCE OF THE RESIDENCE TIME OF THE GAS IN THE FILTER 

The residence time of the gas in the filter is of great importance to the 
removal efficiency. To a first approximation the contact time(s) is given by 

Bulk volume of the filter material (cm3) 
Bulk current of the gas in the filter (cm3/s) 

For the filter material KS with an impregnation of 4.5% by weight of silver, 
CH3131I penetrations of < 0.01% were obtained up to residence times of 0.1 s 
at a filter temperature of 140°C. For a residence time of 0.01 s the CH3131I 
penetration was 0.6%. 

5. RADIATION STABILITY OF THE SORPTION MATERIAL 

When used as a dissolver off-gas filter in the molybdenum process, the 
sorption material must be capable of stable operation even after a high radiation 
exposure. For this reason, the filter material was irradiated with absorbed doses 
up to 109 rad in a 60Co gamma-irradiation device. Subsequently, the removal 
efficiency was determined. Under the experimental conditions (140°C, residence 
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time 0.1 s) no difference in CH3131I penetration was found between non-irradiated 
samples and those irradiated with 109 rad. In both cases, the CH3131I penetration 
of the filter was 0.01%. This can be accounted for by the fact that decomposition 
products of AgN03, viz. Ag and Ag20, can also react with CH3131I. 

Ag(s) + CH3I(g) ^ Agl(s) + 2"C2H6(g) - 22.9 kcal/mol 

"2 Ag20(s) + CH3I(g) ^ Agl(s) + ^-(CH3)20(g) - 38.3 kcal/mol. 

6. TESTING FOR RESISTANCE TO NITROUS GASES 

On dissolving Al-coated fuel elements in 6M HN03 a dissolver gas with the 
following composition is obtained: 

46% NO, 31% N2 0 , and 23% N2. 

NO oxidises to N02 even in the presence of small quantities of oxygen, so N02 

would also be expected in the off-gas. 
Testing for resistance to nitrous gases took place under realistic conditions 

in the off-gas of the solution of non-irradiated fuel elements. Since dissolving 
occurs under boiling heat, the dissolver gas also carries large amounts of water 
vapour with it. In order to test the filter efficiency for big iodine loads - a 
quantitative separation of the iodine from the solution is to be achieved — 1271 in 
the form of KI was added to the solution with a certain delay. The filter substance 
Was used in a filter holder directly attached to the dissolver vessel. Figure 9 
shows this process filter for the dissolver off-gas. The filter volume is 6 ltr, the 
working temperature about 130°C, and the contact time of the gas approximately 
1 second. 

The exposure of the filter to nitrous gases, water vapour, and inactive iodine 
is indicated in Table VII along with the DFs. The values obtained show that the 
filter substance has a good removal efficiency even after high exposure to nitrogen 
oxides and water vapour as well as during relatively full utilisation of the silver 
capacity. 

7. CONCLUSIONS 

The filter substance that was developed by using commercially available 
amorphous silicic acid meets the demands made on a process filter for iodine 
separation from the dissolver off-gas from fuel elements after short-term irradiation. 
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Data for the process f i l ter: air throughput 10 m 3 • h _ l ; 
Bed depth 35 cm; Vo lume of filter mass 6 Itr; 
Working temperature 130°C; 
Decontamination factor 10J at 130°C. 

FIG. 9. Process filter for iodine removal from the dissolver off-gas. 

The dissolution of the fuel elements is carried out for large-scale production of 
fission molybdenum for purposes of nuclear medicine. 

In an analogous way, the filter might be used for iodine separation from the 
dissolver off-gas in the reprocessing of FBR fuel elements. 

So far, practical application of the filter material has been in two forms, in 
the form of the process filter presented in Fig.9 and of the safety filter indicated 
in Fig. 10. 

The process filter has been developed for the fuel element dissolver vessel 
and has been used in the same form for iodine separation from the off-gases from 
other iodine isotope production processes. The safety filter is to be used for 
filtering the vessel and cell off-gas from the fission molybdenum process and for 
iodine filtering in the ventilation system in the case of failures in the processing, 
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TABLE VII. DEPENDENCE OF FILTER DFs ON EXPOSURE TO NITROUS GASES, WATER VAPOUR, AND 
INACTIVE IODINE 

Test Exposure to nitrous gases Water vapour Kl-addition 
to the 
solution 

Load of the 
filter 

Utilisation 
of the Ag 
capacity 

Decontamination 
factor 

NO N2O N2 H 2 0 / mg \ 
(ltr) (ltr) (ltr) (Itr) (%) \g filt.mat./ (%) 

1 1935 1290 967 165 888 25.0 6.4 11.5 2.0 X 104 

2 2625 1750 1312 225 072 34.0 8.7 15.7 6.7 X 103 

3 3744 2496 1872 320 976 49.0 12.5 22.6 4.2 X 103 

4 4006 2671 2003 343 440 53.0 13.5 24.5 4.2 XLO3 

5 5670 3780 2835 486 000 73.0 18.6 33.7 6.7 X 103 



Data of the safety filter: air throughput 100 to 200 rri3- h"1 , 
bed depth 25 cm, volume of filter mass 42 Itr, working 
temperature 100°C, air pressure drop 10 mmHg (g). 
Decontamination factor 3 X 1 0 3 at 100°C and 1 X 1 0 3 at 20° C 
for a relative humidity of 75%. 

FIG.10. Safety filter for iodine removal from vessel off-gas and cell off-gas. 

as well as for filtering the exhaust air from isotope production in all iodine 
processes at the Central Institute for Nuclear Research. Aerosol-bound iodine 
will be filtered from the air stream before it enters the safety filter. 
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Part II 

A NEW FILTER FOR THE SAMPLING OF AIRBORNE RADIOIODINE 
RELEASES FROM NUCLEAR PLANTS AND 

RADIOCHEMICAL LABORATORIES 
(GDR Patent 130,629 Int. CI. 2 (51) B 01 D 39/00) 

O. Hladik, R. Schwarzbach 
Department of Nuclear Chemistry, Central Institute for Nuclear Research, 

Rossendorf, German Democratic Republic 

1. INTRODUCTION 

Exhaust air testing for radioiodine must cover all iodine components in the 
exhaust air efficiently if misinterpretations as to the release of radioiodine into 
the environment or a false estimation of the removal capacity of the filter in the 
exhaust air equipment are to be avoided. The most significant components in 
iodine release from nuclear facilities and isotope production plants are the 
following: (a) aerosol-bound iodine, (b) elementary iodine, and (c) organic iodine 
compounds with CH3I as a main representative. 

The proportions of these components can be derived from the literature [84], 
e.g. for reactor exhaust air (reactor WWRS-M-EVA-10), they are as follows: 
(a) 1 to 10%, (b) 10 to 30%, and (c) 60%. 

Investigations carried out on iodine release from the Rossendorf radioiosotope 
production laboratory yielded 23%, 63%, and 14% respectively for the three 
components [85]. 

AgN03-impregnated aerosol filters [86], activated carbon papers [87], 
cartridges filled with impregnated or non-impregnated activated charcoal 
[88-90], cartridges with AgN03-impregnated Al203[40], and more complicated 
arrangements, such as the Maypack filter cartridge [91 ], which permit analyses 
were recommended and used as filters for exhaust air monitoring for radioiodine. 
The limits of application of AgN03-impregnated aerosol filters were determined 
by Ettinger [92]. Like activated charcoal paper filters, these filters are unsuitable 
for the detection of organic iodine compounds. 

The use of bulk material filters is somewhat inconvenient in operational 
radiation protection, and for charcoal filters in exhaust air currents containing 
nitrous gases it is impossible. 

A filter would be optimal for the sampling of airborne radioiodines in 
operational radiation protection, if it could be used as easily as an aerosol filter, 
if it were as efficient as a thick impregnated charcoal filter, and if it were 
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applicable in the presence of nitrous gases. An iodine filter has been developed to 
meet the requirements of operational radiation protection, in the light of these 
demands. 

2. CONSTRUCTION OF THE IODINE FIBRE FILTER 

The filter is made up of fine-grained silica gel (i.e. amorphous silicic acid) 
(see Part I of this Appendix), which is pressed into a tablet with a fibre component 
(e.g. of glass, cellulose, cotton, asbestos). Both filter components, silica gel and 
fibre, are impregnated with AgN03. The silver content of the filter, which 
determines the efficiency for iodine, is 2 to 3% by weight. The pressing of the two 
components to make a compact filter disc reduces the space between the grains 
of silica gel, giving a lower permeability than a filter cartridge filled to the, same 
thickness with silica gel only. This gives a higher iodine residence time, and hence 
greater efficiency of removal. Since it is made exclusively from inorganic 
materials, the filter can also be employed in the presence of nitrous gases. With 
layer thicknesses of 10 mm and diameters of up to 60 mm the filter is 
mechanically stable; for larger diameters a supporting layer is required. 

3. EFFICIENCY OF THE IODINE FIBRE FILTER 

The iodine removal efficiency of filters with a diameter of 38 mm and a 
thickness of 10 mm was tested with the organic iodine compound CH313lI. The 
air flow was 300 ltr/h, corresponding to a mean residence time of the iodine in 
the filter of 0.14 s. The air temperature was 20°C, the relative air humidity 
ca.50%. For the test, two iodine fibre filters and an activated carbon cartridge 
were arranged in series. The activity was distributed on the three filters in the 
proportions 99.99%, 0.01%, and 0% in the series. The air resistance of the filter 
was 12 mmHg gauge.3 The utilizable capacity of the filter was 0.77 millimol of 
iodine, which corresponds to an exposure of about 10 kCi in the case of 131I. 
This capacity only sets a limit if the filter is used for the sampling of 129I. 

4. APPLICATIONS 

The iodine fibre filter combines the advantages of the easy handling of 
aerosol filters with the high sampling efficiency of bulk material filters. It has 
proved useful in operational radiation protection at the Central Institute for 
Nuclear Research, Rossendorf. 

3 1 mmHg = 133.322 Pa. 
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The iodine fibre filters were used both in the continuous sampling and 
measuring stack monitors and for the discontinuous control of process exhaust 
air or air in the operator zones of the laboratories. 

Through a combination of the iodine fibre filter with AgN03-impregnated 
and non-impregnated aerosol filters, and separate evaluation of the deposited 
activities, a semi-quantitative determination of the individual iodine components 
in the exhaust air can be achieved. On the aerosol filter the aerosol-bound iodine 
is separated, while the elementary iodine is separated on the AgN03-impregnated 
aerosol filter, and the organic iodine components on the iodine fibre filter [93]. 
An experimental comparison between this simple combination and the Maypack 
filter showed that for air velocities up to 3 cm/s and relative humidities up to 95% 
the differences in the indicated amounts of elemental and organic iodine were not 
greater than - 6% and + 3% respectively. 

A comparison of the properties of the iodine fibre filter with the absorber 
materials used for monitoring purposes in other countries would be desirable. 
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Appendix III 

RADIOIODINE MANAGEMENT IN DUTCH NUCLEAR INSTALLATIONS 

B.F.M. Bosnjakovic 
Radiation Division, Ministry of 

Public Health and Environmental Protection, 
Leidschendam, The Netherlands 

M.A. van den Bogaerde, 
Nuclear Physics Service, Ministry of Social Affairs, 

Voorburg, The Netherlands 

In the Netherlands there are two nuclear power plants in operation at the 
present time. Plans for an expansion of nuclear power are uncertain. There is 
also very little probability that reprocessing will ever be carried out in the 
Netherlands. Consequently, some facts will be presented concerning retention 
and management of radioiodine in NPPs under normal conditions of operation 
and in emergency situations. 

1. LICENSING REQUIREMENTS AND ACTUAL RELEASES OF 
RADIOIODINE 

The two Dutch nuclear installations are the BWR at Dodewaard (54 MW(e), 
General Electric, Fig.l 1), operational since 1968, and the PWR at Borssele 
(477 MW(e), Kraft Werk Union, Fig. 12), operational since 1973. Dutch research 
reactors, such as the High Flux Reactor at Petten, will not be discussed here. At 
the Borssele NPP, the gaseous releases of 1311 are limited to a maximum of 
240 mCi during any 12 consecutive months, and the total release of all other 
radioactive halogen nuclides must not exceed 1000 mCi during the same time 
period. 

The Dodewaard NPP licence does not specify a separate limit for radioiodine 
releases. The Dodewaard licence, however, is currently under review, and new 
specifications concerning releases are imminent. 

The actual annual radioiodine releases, as furnished by the power plant 
operators, are given for the last 4 years in Table VIII. The figures are based on 
actual measurements in the release stack. Those for Dodewaard are about twice 
as high as the values given in reference [13] of this technical report owing to the 
inclusion of a correction factor. 
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FIG. 11. BWR - Dodewaard (54 MW(e)). 

Turbine Generator 

FIG.12. PWR - Borssele (477 MW(e)). 

TABLE VIII. RADIOIODINE RELEASES AT DODEWAARD AND 
BORSSELE FOR THE PERIOD 1974 TO 1977 

Operation Dodewaard Borssele 

Year Noble 
gases 

1-131 plus 
other halogen 
radionuclides 

Noble 
gases 

1-131 Other halogen 
radionuclides 

1974 7 659 Ci 9.5 mCi 5830 Ci 33.6 mCi 9.1 mCi 

1975 5 233 Ci 5.2 mCi 2609 Ci 14.1 mCi 2.4 mCi 

1976 15 166 Ci 4.5 mCi 3897 Q 8.3 mCi 0.25 mCi 

1977 13 013 a 2.2 mCi 999 a 3.5 mCi 0.16 mCi 
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FIG.13. Schematic section of the Borssele nuclear; power plant. 
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Vacuum off-gas filters Hold-upl ine 

FIG.14. Schematic section of the Dodewaard nuclear power plant. 



FIG. 15. Installation area filter. 

Absolute filter 
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FIG. 16. Emergency filter. 
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2. RADIOIODINE REMOVAL 

The concepts and practices in radioiodine removal will be illustrated by the 
example of the Borssele NPP.4 A schematic section is given in Fig. 13, which 
shows the spherical primary containment, the secondary containment, and the 
auxiliary buildings. The space between the primary and secondary containments 
is called the 'ring-space'. Within the primary containment, there is the so-called 
'installation area' which contains the main sources of radioactivity (reactor 
vessel, steam generator, etc.). The installation area with a volume of 10 000 m3 

is well separated from the other areas within the primary containment, and a 
sub-atmospheric pressure is maintained at all times by means of a permanent 
outflow amounting to 1000 m3/h. This flow of air from the installation area 
must pass through one of the two identical filters (each containing 400 ltr of 
active charcoal) shown in Fig. 15, before release through the stack. 

The rest of the inner part of the primary containment is continually flushed 
by an ingoing air stream of 130 000 m3/h. There are recirculation filters within 
the primary containment containing active charcoal filters. The outgoing stream 
is not filtered to remove radioiodine, under normal conditions. 

Under emergency conditions, any flow from the installation area is stopped 
as well as the flushing of the inner part of the primary containment. On the 
other hand, an air flow from the ring-space through the stack is maintained at a 
level of 5000 m3/h (flowmeter TL70 F001, see Fig. 13). This air stream must pass 
an emergency filter (see Fig. 16), containing 1200 ltr of active charcoal, before 
reaching the stack. 

There are no specifications laid down for the recirculation filters within the 
primary containment. The installation area filters and the emergency filter must 
be able to capture at least 99% of CH3I, and 99.9% of elemental I2. 

The filters are designed as pot-type filters, filled with TEDA-impregnated 
charcoal in the form of chips (supplied by Sutcliffe Speakman and Co.). In 
addition, the installation area filter is protected by a charcoal-filled pre-filter 
which is exchanged strictly every 1000 h. The purpose of this pre-filter is to 
collect organic contamination such as xylene which could impair the functioning 
of the main charcoal filter. 

Attached to each installation area filter are two sampling cartridges. The 
emergency filter has one sampling cartridge. Samples will be tested in the 
laboratory with a prescribed frequency. 

After replacement of the charcoal, both the installation area and the 
emergency filters will be tested in situ. 

It should also be mentioned that there are further 'mobile' active charcoal 
filters which can be used for additional clean-up within the primary and/or 
secondary containment. 

4 An additional schematic section has been given for the Dodewaard NPP (see Fig. 14). 
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FIG. 17. Design basis for emergency instrumentation. 

3. DESIGN BASIS FOR EMERGENCY INSTRUMENTATION CONCERNING 
RADIOACTIVE DISCHARGES 

Assuming a LOCA with 10% of the core inventory released from the core, 
there will be: 20 MCi of noble gases and 3.5 MCi of 131I within the primary 
containment (see Fig. 17). It is further assumed that 10% of radioiodine is in 
organic form (0.35 MCi CH3I) and 90% elemental (3 MCi I2). 75% of the latter 
is assumed to be deposited so that 0.75 MCi I2 remains. 

Assume a leak of 10~3 in the primary containment for 2 hours. This leads 
to the following radioactivity in the ring-space: 20 kCi of noble gases, 0.35 kCi 
of CH3I, 0.6 kCi of I2 (taking into account additional washing-out due to 
spraying/sprinkling), i.e. in total 0.95 kCi of 1311. 

If the emergency filter is working properly, less than 4 Ci of radioiodine is 
discharged. If there is an additional accident, in which the emergency filter is 
destroyed by fire, up to 1 kCi of radioiodine may be released. 

This design basis for emergency instrumentation does not imply that bigger 
releases are not theoretically conceivable. However, it is believed that in the 
case of much more serious accidents it is unlikely that the releases will be 
restricted to the stack. Exact measurement of radioactive releases would then 
cease to be practicable or even possible. 
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FIG. 18. Radioiodine equipment. 

4. RADIOIODINE DISCHARGE INSTRUMENTATION: NORMAL 
OPERATION AND EMERGENCY CONDITIONS 

The essential features of the system are given in Fig. 13. Under normal con-
ditions there is a total flow of 130 000 m3/h through the stack. Under emergency 
conditions, there is a flow of 5000 m3/h (flowmeter TL70 F001, see Fig. 13) from 
the ring-space, passing through the emergency filter and mixing with another air 
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FIG. 19. Noble gases equipment. 

stream (from the decay beds system, auxiliary buildings, etc.), giving a total of 
27 000 m3/h (flowmeter TL27 F001) up the stack. The radioactivity of the gas 
discharge through the stack is measured by detectors TL80 R001 to TL80 R007. 

TL80 R006 and R007 are 1311 detectors with cumulative measurement. 
For normal operation the measuring range is 101 to 104 counts/s, while for 
emergency conditions (i.e. >103 counts/s) the range can be switched to 102 to 
10s counts/s in the control room. In practice, two detectors are used, detector 
R007 being a factor of 1000 less sensitive than detector R006. 

Out of the total flow through the stack, a flow of 1.67 m3/h is diverted to 
pass through a bed (silver-impregnated molecular sieve) which is monitored by 
detectors R006 and R007 (see Fig. 18). 

Detector R006: The calibration factor is 1.2 (counts/s)/nCi (131I in molecular 
sieve). This corresponds to 1 count/s above background = 65 nCi1311 discharged 
with total flow of 130 000 m3/h. 

The 10s counts/s range corresponds to a total discharge of 6.5 Ci. Under 
emergency conditions, with a total flow of 27 000 m3/h, the maximum measur-
able discharge is only 1.4 Ci, which is insufficient. 

Detector R007: The calibration factor is 1.4 (counts/s)//iCi (131I in molecular 
sieve). This change in calibration factor is due to the larger distance from the bed 
and the smaller dimensions of the Nal(Tl) scintillation crystal. This corresponds 
to 1 count/s above background = 56 mCi 1311 discharged with total flow of 
130 000 m3/h. 

The 10s counts/s range then corresponds to a total discharge of 5600 Ci at 
130 000 m3/h or to 1164 Ci at the emergency flow rate at 27 000 m3/h. 
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For the sake of completeness, the corresponding arrangement for noble gas 
releases is also described (see Fig. 19). 

Detectors ROOL and R002 have a measuring range up to 10"2 Ci/m3. 
Consequently, releases of 1300 Ci/h can be measured at a total flow of 
130 000 m3/h and 270 Ci/h at a total flow of 27 000 m3/h. Again, this 
arrangement does not allow for possible discharges during emergency conditions. 

Arrangement R003 is used for emergency situations. It consists of a 
GM-tube (FHZ 78), shielded by 11 cm of lead and with a measurement range of 
0.015 to 10 Ci/m3. This means that under emergency flow conditions, a discharge 
of 27 000 Ci/h can be measured. 

Finally, it should be mentioned that LOCA conditions will probably 
produce a radiation level of 30 R/h at the site of the stack detectors. The exposure 
level is reduced by a factor of 104 through the use of 11 cm of lead. The resulting 
level of 3 mR/h is acceptable. 

Basic and applied research on radioiodine filters and materials is being carried 
out in the Netherlands in the KEMA laboratories at Arnhem and in the ECN 
research centre at Petten. 
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Appendix IV 

CURRENT SWEDISH PRACTICES AND RECENT ACTIVITIES FOR 
IODINE CONTROL 

Lennart Devell 
Studsvik Energiteknik AB, 

Sweden 

1. INTRODUCTION 

The Swedish nuclear power programme comprises six nuclear power plants 
now in operation and some additional plants in different stages of construction. 
The plants are equipped with charcoal filters for iodine removal. 

Testing of charcoal specimens, filter units and filter systems is performed 
according to methods presented elsewhere [94]. Some recent modifications and 
experience will be given below. The release of iodine from the Swedish NPPs 
is very low and does not give any significant radiation doses to the environment, 
as is verified by milk and grass analysis. In the neighbourhood of the Studsvik 
Nuclear Research Centre, which produces 1311 and 1251 for medical purposes, 
iodine releases are also checked by air sampling with charcoal filters. 

Within the KBS-project for safety assessment of the disposal of spent fuel in 
crystalline rock, calculations have been carried out of future doses from 129I. 

As a contribution to the material available in this technical report, some 
typical results and general experience are given in the form of a short summary 
or list of work in Sweden related to the iodine control problem. Almost all of 
the references are in Swedish, however, so some major results have been extracted 
and presented briefly. 

2. IODINE REMOVAL AND FILTER TESTING IN NPPs 

The concentration of iodine in the primary coolant of the BWR has been up 
to 10~4 to 10"3 Ci/m3. The actual level is dependent on the number of failed 
fuel pins and the linear heat rating. A small fraction of the iodine is carried over 
to the steam and the major part of this fraction is condensed together with the 
steam. 

In line with earlier US studies [18, 19], theoretical [95] and experimental 
studies [4, 17] of airborne iodine transport in NPP systems have been carried out. 
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It was found for the BWR that: 
1% of the iodine in the coolant was released to the steam. 
The combined DF of the steam in the turbine system and the 
condenser was 120. 
Iodine in the off-gases consisted of penetrating forms. 
The major contribution to the atmospheric releases of iodine and 
the noble gases came from the turbine condenser, while radioactive 
particles came from the turbine containment building. 
Most of the particles were of sizes below 1.2 pm and only a small 
fraction was above 4 fim. 

The testing of charcoal filters is performed before the relevant authorities 
clear them for use, and at intervals thereafter. A proposal for filter testing 
procedures has been prepared for the authorities [96]. 

Testing is carried out on a commercial basis by Studsvik and the results are 
reported to the staff of the plant for transmission to the relevant authorities. 

A special study on the poisoning of charcoal filters has been made [97] 
and the use of prefilters has been discussed [98] briefly from an economic point 
of view. 

From the testing experience the following general comments can be made: 
Off-gas filters in continuous operation drop from 99% starting 
efficiency to a typical level of 90% in 9 to 12 months. 
Stand-by filters, e.g. for emergency situations, maintain their efficiency 
at a level of >95% for several years. 
Unexpectedly low efficiency is obtained in a number of cases for 
different, not always identified, reasons. Temporary poisoning by 
organic materials vaporised during painting is thought to be one reason, 
and the combination of some ageing with high humidity is another. 

3. RELEASE OF IODINE FROM NPPs AND ENVIRONMENTAL 
MONITORING 

The release of airborne iodine from Swedish NPPs is low. During thirteen 
reactor-years including 1976 only three annual releases of 1311 were above 10 mCi. 
The highest was 50 mCi. The releases are measured by sampling a fraction of the 
stack air flow with a charcoal filter and making a gamma-ray analysis of the 
filters each week. 

The monitors are checked by injection of known amounts of elemental 
iodine and methyl iodide and also by sampling with special equipment [99], 
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This experience shows, generally speaking: 
excellent performance of the monitoring system for methyl iodide, 
a 10 to 70% transmission loss of elemental iodine in the pipes of the 
sampling system, and 
transmission losses of particles dependent on their sizes. 

The finding that the iodine releases consist mainly of penetrating forms 
suggests that the release measurements are reasonably adequate. 

The current small releases from NPPs are not directly measurable in the 
environment. Milk and grass samples are taken and analysed by gamma 
spectrometry. An adequate detection limit for milk has to be chosen. With 
gamma spectrometry 10 to 20 pCi/ltr can be reached which seems reasonable. 
A detection limit of 0.5 pCi/ltr has been reached abroad [ 100] in order to 
cover 1% of the 90 mrem/a radiation protection limit for the thyroid. 

At Studsvik airborne iodine sampling in the environment is provided by 
means of charcoal filters at some locations as an additional check. An air flow of 
4 m3/min through Kl-impregnated charcoal for a week gives a detection limit of 
about 2 X 10~4 pCi/m3. 

4. RADIATION DOSES FROM 1291 IN RADIOACTIVE WASTE DISPOSAL 
IN BEDROCK 

Within the KBS-project for disposal of vitrified HLW (high-level waste) and 
spent fuel in crystalline rock at a depth of 500 m, individual and collective 
radiation doses were calculated. 

During the reprocessing of spent fuel 129I is separated from the HLW and 
only a small fraction will go to the vitrified HLW. 

If conservatively 1% of the iodine is assumed to follow the vitrified HLW, 
the doses from 1291 in the future will remain low compared to those from other 
nuclides. Special measures must, however, be considered to deal with 129I 
separated in the reprocessing plant. Such measures may include isolation, con-
trolled dispersion, outer space disposal, and destruction by neutron irradiation. 

For alternatives involving direct disposal of the spent fuel the conditions will 
be different. Firstly the whole inventory of iodine is collected in the repository. 
Secondly a certain fraction of the iodine (that in the gap between the fuel and 
the cladding) is expected to be more available to leaching than the rest of the fuel 
and the iodine. The use of resistant copper canisters, proposed in the KBS-study, 
might well isolate iodine for such a long time that most of the 129I decays. Even 
if this is not achieved, the release will be spread over several hundred thousand 
years, and this will protect the environment from high individual doses. For the 
KBS repository containing 10 000 t of spent fuel the dose to individuals in the 
future from 129I in drinking water close to the repository is calculated to be 
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0.5 mrem/a on cautious assumptions. A sea bed repository would have other 
features, and would differ from a bedrock repository in the enormous dilution 
capacity. 

Bergman et al. [101] have calculated the individual dose rate for releases to 
well-mixed ocean and have found the long-term level after about 500 a of mixing 
to be of the order of 5 X 10~12 rem/a for each Ci of release. The production rate 
is about 1.3 Ci/GW(e) • a. With a total global fission nuclear power production of 
107GW(e) • a the dose level will stay below 0.1 mrem/a. Releases to the atmosphere 
can result in average doses some orders of magnitude higher. 

The collective dose due to 129I from a local bedrock repository is composed 
mainly of the long-term global contribution and in this respect the siting of the 
repository is of minor interest. The maximum collective dose rate was calculated 
to be 17 man • rem/a for 10 000 t of spent fuel [102], which however implies 
2000 man • rem/MW(e). a integrated to infinity in a stagnant population of 1010 

persons. This is a challenge for the further development of the linear dose 
response philosophy. 

Some preliminary calculations of doses from an underground repository 
for medium level reactor waste containing typical amounts of iodine are in 
progress. 
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Appendix V 

PROBLEM OF DECONTAMINATION 
FROM RADIOACTIVE IODINE IN THE USSR 

I.E. Nakhutin, N.M. Smirnova, L.N. Rastunov 
Research Institute for Inorganic Materials, 

Moscow, USSR 

1. SOURCES OF RADIOIODINE RELEASE FROM REACTORS AND 
REPROCESSING PLANTS 

In reactor effluents the main part is played by 131I with some contribution 
from other short-lived iodine isotopes. The activity of the iodine released is 
comparatively low and is not a problem. 

For reactors a great number of methods have been developed to entrap 131I 
and other short-lived isotopes that are based on their adsorption on charcoal and 
the use of impregnated sorbents. However, the problem of iodine entrapment 
from reactors cannot be considered to be fully solved. A number of outstanding 
problems are discussed below. 

The chemical composition of iodine compounds that are released in various 
technological processes in reactors has not been adequately studied. In many 
cases the methods used to entrap radioiodine are not efficient enough. The most 
efficient methods employ sorbents impregnated with silver nitrate; they are not 
very cheap and their usage on the large scale is limited. 

The search for cheap methods of ensuring entrapment of all the iodine 
compounds present in the effluents is still urgent. 

The problem of increasing the life of sorbents used to entrap iodine also needs 
to be solved. At present, their life is limited by side-reactions associated with 
different micro-impurities present in the reactor gases. In this connection the 
problem also arises of studying non-radioactive micro-impurities present in the 
off-gases from the different technological units of a reactor and the ventilation 
systems of reactor compartments. 

It is also of interest to study radiation chemical reactions that may take place 
between iodine and other substances present in gases in the radiation field of a 
reactor. 

Large amounts of 129I are released in reprocessing fuel elements. For entrap-
ment the 129I present in solution is transferred to the gas phase. At present the 
principal method of removing 129I from process solutions consists in sparging out 
the iodine with air or oxygen. The problem of the maximum removal of iodine 
from solution by sparging will not be dealt with here. 
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Chromatographic columns, with packings containing silver salts, have long 
been used to entrap iodine from off-gases resulting from reprocessing nuclear fuel 
in the USSR. These columns can operate either in a chromatographic or a 
radiochromatographic regime. The radiochromatographic regime is possible only 
for 131I and the other more short-lived isotopes. For 129I only the frontal 
chromatographic regime is possible [ 103, 104]. 

The operation of the columns is sufficiently safe; their lifetime is long and 
DFs are high. However, when considerable amounts of nuclear fuel are reprocessed 
releasing large amounts of 129I use of chromatographic columns results in con-
siderable amounts of wastes containing iodine, in the form of column packings. 

In the authors' opinion a two-stage scheme of iodine entrapment is preferable. 
At stage I the major part of the 129I must be entrapped and converted to solid 
compounds suitable for burial. The DF at this stage may be relatively low. At 
stage II the use of chromatographic columns that ensure a high DF and highly safe 
operation of a column as a whole is advisable. In the event of faults at stage I the 
chromatographic columns can temporarily take an additional load. 

Many recently suggested aqueous methods of iodine capture may be con-
sidered for stage I. They include capture by mercuric nitrate, the 'Iodox' process, 
and alkaline scrubbing. Though having a number of merits, these methods have the 
disadvantages of process complication and of strict requirements for operation and 
instrumentation. The use of an alkaline scrubber, for instance, is associated with 
increased amounts of wastes (formation of sodium nitrate). Improved or new 
processes of 129I entrapment that are suited for stage I are therefore needed. Some 
investigations for improving the method of iodine capture in mercuric nitrate are 
considered in a note at the end of this Appendix. 

2. CHROMATOGRAPHY AND RADIOCHROMATOGRAPHY OF IODINE 

When iodine is captured on solid packings (sorbents etc.) use is made of the 
processes that may be united under the general title of chromatographic processes. 
Since the distinguishing features of chromatographic processes are the flow of a 
gas or liquid through a solid packing with simultaneous mass transfer, the processes 
considered conform fully to this definition. Columns operating on a variety of 
different principles may be included: adsorbers, columns with impregnated 
charcoal (where adsorption and isotopic exchange act simultaneously), and 
columns with silver salts and other chemical agents. 

If the concentration distribution on a column packing does not depend 
significantly on the radioactive decay of the species concerned, we are dealing 
with a common chromatographic process. If radioactive decay substantially affects 
the distribution, the process must be classed as radiochromatographic. A simple 
criterion may be introduced for adsorption columns. Let us designate the residence 
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time in a column of a substance being adsorbed by T = 7T, where r is a contact time 
and T is an adsorption coefficient, and let T1/2 be the half-life of the species con-
cerned. Then if T /2 > T we have common chromatography, while if T1/2 ^ T w e 
have radiochromatography. 

Radiochromatographic processes are described in Refs [105], [106] and [107], 
It follows from equations (1) and (2) that with a radioactive isotope continuously 
entering a column and simultaneously decaying a steady state is set up with an 
exponential fall in concentration in the direction of the column outlet. For 
adsorption columns in the case where radioactive decay on the impregnated 
granules is a determining process in the kinetics, the following expression is valid 

For an isotopic exchange column the equation takes the form (a decay on the 
impregnated granules again being a determining process in the kinetics) 

In these equations: 

C0 = concentration of radioactive iodine at column inlet 
X = radioactive isotope decay constant 
C = radioactive iodine concentration at distance x from column inlet 
v0 = linear velocity of gas flow 
Q = impregnant concentration in column. 

This distribution may be used to decontaminate from radioactive isotopes. 
It will be recalled that radiochromatographic processes are already widely used in 
the nuclear industry to decontaminate gases from radioactive isotopes of krypton 
and xenon. 

From the above it is clear that for 129I with its enormous half-life only 
chromatographic columns can be used. 

For 131I and other short-lived isotopes of iodine it is possible to use radio-
chromatographic processes, because active charcoal has very high coefficients of 
iodine adsorption of the order of 107 cm3/cm3 at room temperature [104]. 
Such coefficients of adsorption make it possible to achieve a residence time for 
molecular iodine in charcoal that is greater than the half-life of 131I (8.1 days). 
Moreover the adsorber sizes are not excessively large. 

It is of interest to note that the adsorption of one iodine isotope is not 
affected by the presence of others, so long as we are dealing with the rectilinear 
portion of the adsorption isotherm. Here the coefficient of adsorption F does 
not depend on the concentration of the substance adsorbed. Addition of other 

(1) 

(2) 
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isotopes to one already present increases the total iodine concentration, but does 
not change T, so the adsorption of the first isotope does not change. From the 
standpoint of adsorption theory this may be explained as follows. The number 
of free sites on a surface changes little on adsorption of small amounts of a 
substance. Therefore, if the surface is homogeneous and the interaction between 
adsorbed molecules may be neglected, adsorption of each isotope takes place 
independently. 

The measurements performed by the authors show that at the low iodine 
concentrations encountered in practice, the iodine adsorption isotherm differs 
little from linearity. 

When several iodine isotopes enter an adsorption column decontamination 
from all the isotopes will at first occur under the conditions of frontal chromato-
graphy. After some time iodine will break through the column. The isotopes 
127I and 129I will then pass through the column freely, while for 131I and other 
short-lived isotopes a radiochromatographic regime of decontamination will be 
established. 

As a rule, decontamination coefficients are lower under radiochromato-
graphic than chromatographic conditions, except for very short-lived isotopes. 
However, the radiochromatographic regime has the advantage of continuous 
operation without replacement or regeneration of the adsorbent. 

The radiochromatographic method has been successfully used to adsorb 131I 
in isotope-exchange columns in nuclear fuel reprocessing [ 104] with continuous 
operation of the iodine columns for many years. 

In future, this principle may be expected to find very wide use in reprocessing 
breeder reactor fuel. 

Radiochromatography is also applied in trapping 131I from reactor wastes. 
The charcoal filters used in this case are quite adequate to entrap molecular iodine 
in a continuous radiochromatographic regime with high DFs. However, the 
situation is complicated by the presence of poorly adsorbed iodine compounds 
that significantly reduce the total DF for 131I. The radiochromatographic process 
may also operate in trapping iodine on charcoals impregnated with metal iodides. 
Here the same isotope-exchange columns are used as those already considered. 

Although theoretically radiochromatographic columns may operate as long 
as desired, in practice their useful life is limited by various side-processes. For 
instance, in reprocessing nuclear fuel, the useful life of radiochromatographic 
columns is limited by chlorine present in the off-gases, which gradually (over 
several years) renders a column inoperative. At NPPs charcoals also become 
inoperative due to micro-impurities of organic and inorganic substances present in 
the effluents being decontaminated, which gradually affect the adsorption surfaces. 

84 



3. CONSIDERATIONS CONCERNING LONG-TERM STORAGE OF 129I 

The amount of 129I to be buried may be estimated on a global scale in the 
following way. It is supposed that all the industrial beds of uranium ores will be 
processed during some short period of time (short as compared to the half-life of 
129I) and all the uranium (23SU and 238U) will be used in nuclear energetics. 

Assuming that world supplies of uranium make up about 108 t [108] it may 
be presumed that the amount of 129I will be about 106 t [109], The 129I that may 
be produced in thorium processing must probably be added here. It is also 
necessary to estimate the amount of 129I that may enter the general iodine circu-
lation with time after different methods of burial, and the biological consequences 
of this. 

In Ref. [43] the difficulties were pointed out that arise in solving the problem 
of the storage of 129I for 150 to 200 Ma. 

It is difficult to name compounds that would prove stable for such a period 
of time, taking into account radiolysis and possible chemical reactions. As an 
example Pbl2 may be considered. It can react with oxygen: Pbl2 + J0 2 =Pb0 + I2 

and the equilibrium constant of the reaction is 0.2466 atm2. It is clear that on 
long-term storage oxygen will displace iodine from the solid compound. 

It is also impossible at present to point to materials for vessels in which i29I 
compounds can be stored. The materials must be resistant to iodine-induced 
corrosion and impermeable to iodine diffusion. Although solid-state diffusion is 
a very slow process, for such periods of time as 100 Ma the rate will probably be 
sufficient for iodine to penetrate the vessels. 

Another version of storage that might be considered is an underground 
burial of 129I in geological strata. Great difficulties are encountered also in this 
case. Even if strata can be found in the earth's crust that would not be penetrated 
by underground waters, such burial may still only turn out to be a solution for a 
comparatively short time. 

When burying for hundreds of millions of years account must be taken of 
the possibility of a radical change in geological conditions at the burial site. As an 
example it may be recalled that the age of the Caucasus mountains is 25 Ma. As is 
known, about 25 Ma ago in the southern part of the East European plain there 
existed the Sarmatsk Sea, and only 500 ka ago the great ice formation took place. 
It is therefore impossible to guarantee that a change in geological conditions at a 
burial site will not lead to the direct appearance of iodine compounds at the 
earth's surface or its leaching out by underground waters. 

The biological consequences of such movements must also be estimated. 
Deep ocean burial of 129I will lead to the rather rapid spreading of iodine in 

ocean waters. Here the question arises as to how the iodine will be distributed 
between the rocks of the ocean bottom and the water. The biological consequences 

85 



of 129I spreading in the ocean, its penetration into sea fauna and flora, and its 
further migration into living organisms on land, should all be assessed. 

It should also be kept in mind that during the initial period of storage local 
high contamination will result, followed by global spreading with a corresponding 
decrease in concentration. We are not aware that either effect has yet been 
assessed. 

Thus, it appears extremely difficult to prevent 129I from spreading globally 
during long periods of time of the order of tens or hundreds of millions of years. 

The question of how this iodine will be distributed between the earth's 
crust, the ocean, and the atmosphere also remains unclear, and so too are the 
long-term genetic consequences of 129I. Since at present no conclusive recommen-
dations seem to be possible, the authors think it important that no country 
possessing 129I should use methods of burial that could lead to the irreversible 
spreading of this nuclide. 

Reference [43] suggests the organization of temporary storage of 129I for 
100 to 200 a, allowing the possibility of a subsequent reburial. This seems tech-
nically possible although there are considerable difficulties and unsolved problems. 
In particular, there is the question of a container material. 

It is also possible to consider the removal of 129I into space, since this opera-
tion will probably be cheaper in future than at present. 

Summing up, it is emphasized that there are many unsolved problems 
connected with radioactive iodine, and an ample sphere of investigation. 

4. NOTE ON THE PROCESS FOR ABSORPTION OF IODINE IN MERCURIC 
NITRATE SOLUTION 

One of the possible methods of decontamination of gases from radioactive 
iodine is its absorption in solutions of mercuric nitrate [110, 111, 112]. 

The authors have developed a two-temperature version of the method, which 
overcomes one of the problems of the original 'Mercurex' process, viz. precipi-
tation of iodine from the solution (continuous precipitation is desirable) and 
separation of the precipitate. 

In the new method a mercuric nitrate solution in nitric acid is circulated 
through a closed circuit between an absorption column operating at an elevated 
temperature and a crystallizer, where a lower temperature is maintained. The 
absorption of iodine from the gas phase takes place in the absorption column as a 
result of the interaction of iodine with mercuric nitrate, while continuous removal 
of bound iodine from the system is accomplished in the crystallizer. Owing to the 
cooling of the solution in the crystallizer, the excess of iodine-containing compound 
formed in the column precipitates since it has a positive temperature coefficient 
of solubility. 
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It has been established in the course of the investigations that: 

(1) A reduction of the mercuric nitrate concentration leads to a decrease 
in the DF. 

(2) A rise of the solution temperature also results in a decrease in the DF. 
In the authors' experiments a rise of temperature from 50°C to 70°C 
resulted in a decrease in the DF by a factor of 8 to 10. 

(3) In trapping iodine from air, solutions of a higher nitric acid content 
are more efficient, whether nitrogen oxides are present or absent. This 
was checked using mercuric nitrate solutions in 9 and 12% nitric acid. 

(4) The decontamination process is significantly affected by the nitrogen 
oxide content. This was checked in the range of the N02 concentrations 
from 8 to 80% by volume. 

(5) It has been established that in the presence of nitrogen dioxide a 
compound having the composition Hgl2 • Hg(N03)2 precipitates. This 
occurs on absorption of both molecular iodine and methyl iodide. In 
the absence of nitrogen oxides mercuric iodate precipitates. 

(6) Chlorine present in the gas phase at a level of 10 to 20 mg/m3 reduces 
the DF 2 to 3 times. 

Based on the data obtained, a laboratory unit has been manufactured 
operating the two-temperature version. The absorption column and the crystallizer 
operated at temperatures of 50°C and 10 to 15°C, respectively. There was closed 
circulation of the solution between the two parts of the apparatus, with periodic 
additional feeding. The gas mixture contained 10% by volume of nitrogen oxides. 
In long-term tests under these conditions the DFs obtained were (1—5) X 103 and 
102 for molecular iodine and methyl iodide respectively. 

The precipitate accumulated in the crystallizer corresponded in composition 
to the double salt Hgl2 • Hg(N03)2, decomposing by the action of water into Hgl2 

and Hg(N03)2. To regenerate mercury from Hgl2 and to return it to the process 
of iodine entrapment, mercuric iodide may be treated with hydrazine hydrate or 
an aqueous solution of sodium sulphite at a temperature of 80 to 110°C. Metallic 
mercury collects on the bottom of the apparatus, and is subsequently used to 
prepare mercuric nitrate solution. From the solution remaining after the treatment, 
iodine is precipitated with lead nitrate as Pbl2. 
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Appendix VI 

THE TESTING OF IODINE ADSORPTION PLANT 
AT THE NUCLEAR POWER PLANTS OF THE CENTRAL 

ELECTRICITY GENERATING BOARD (ENGLAND AND WALES) 

1. INTRODUCTION 

In the unlikely event of a fire in a fuel channel at one of the Board's nuclear 
power plants, fission products could be released to the coolant circuit. To minimize 
the discharge of these fission products to atmosphere the coolant from each reactor 
can be depressurized through trapping plant consisting of coarse and fine particulate 
filters, a charcoal bed, and finally further particulate filters. The charcoal bed is 
intended to remove radioactive iodine, which is generally considered to present 
the major hazard in the event of a release of fission products to atmosphere. 

2. DESIGN FEATURES OF PLANT 

The trapping plants vary in detail but are typically of the following basic 
design. 

A bed of charcoal approximately 1 ft deep5 is contained in a flanged basket 
which is supported by and bolted to a flange welded round the circumference of 
the containing pressure vessel. A gasket is sandwiched between the flanges and 
effects a seal to prevent gas bypassing the charcoal. The gas flow is downwards 
through the charcoal and a mesh grid placed above the charcoal prevents any 
displacement. A plate to which HEPA filters are fitted is positioned over the 
charcoal basket. 

The plants are designed so that the maximum linear face velocity of gas 
incident on the charcoal is 2 ft/s giving a minimum 'stay-time' in the charcoal of 
0.5 s. This is sufficient to produce a good trapping efficiency for the most 
penetrating species known, i.e. methyl iodide. 

Each Magnox NPP has at least one plant which is capable of serving both 
reactors, and in two NPPs a plant is provided for each reactor. 

At the AGR NPPs additional plants are provided to filter routine blowdowns 
but these are not discussed here. 

5 1 ft = 0.3048 m. 
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3. CHARCOAL 

3.1. Physical and chemical properties 

The material used in all the Board's plants is known as 8/12 mesh, 1.5KI, 
207B charcoal. This is activated coal-based charcoal type 207B of 8/12 mesh, 
which is about 0.25 inch diameter granules6 ; the base material is spray impregnated 
to 1.5% by weight with potassium iodide. 

The major process of removal of all forms of iodine is physical adsorption on 
the very large charcoal surface area. However, in conditions of high humidity the 
adsorption performance of unimpregnated charcoal falls off for certain forms of 
iodine notably organic iodides. By impregnating the charcoal with KI the per-
formance of the charcoal is maintained because chemi-sorption processes take over, 
i.e. isotopic exchange between the KI and the radioactive organic iodides. 

3.2. Index of performance (k factor) and decontamination factor (DF) 

The performance of the charcoal is measured by an index of performance 
or k factor which is given by k = (l/t)log10 DF, where DF is the decontamination 
factor and t is the stay-time in seconds. This factor is a constant for any particular 
batch of charcoal and a sample of each batch manufactured for the Board is sent to 
to UKAEA, Windscale,who measure the absolute value of k in the laboratory. 

The value of k varies from batch to batch for reasons as yet not fully understood; 
it can be as low as 6 and as high as 16. The higher the k value the better the 
performance of the charcoal. The Board do not currently accept charcoal for , 
installation in adsorption plant with a k value lower than 10; typically the average 
is around 12. This means for a typical plant with a minimum stay-time of 0.5 s 
and charcoal of k= 12 the initial DF is 106. However, charcoal ages from the 
moment it is manufactured even if it is not being used. 

The Board have estimated that a minimum acceptable DF for protection 
against a serious accident, such as a single channel fire, is 200 and it can be shown 
that ageing causes the DF of a typical plant to fall from 106 to 200 in approxi-
mately 6 years or from 103 in 2 years. 

4. TESTING REQUIREMENTS 

If the charcoal bed has no leak paths and is charged with fresh charcoal 
(k= 12) the DF as shown above should be a minimum of 106. However, small 
leak paths due to imperfect sealing are almost inevitable and the actual DF on 
test is usually somewhat less than this. 

6 1 inch = 25.4 mm. 
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It is clear that although the minimum acceptable DF is 200, if some periodi-
city of testing is to be accommodated then a minimum DF on test must be 
higher than this figure to allow for ageing. The Board has decided that in general a 
a biennial test frequency is appropriate. Therefore, in order that the DF should 
at all times remain above 200 the DF on test must be at least 103. 

In view of this the Board has adopted the following conditions for testing: 

(1) An iodine plant shall be accepted as satisfactory if the decontamination 
factor (corrected for stay-time if necessary) is demonstrated to be at 
least 103. 

(2) Each iodine plant shall be retested at intervals not exceeding 26 months. 

(3) Immediate consideration shall be given to retesting if 'poisoning' of the 
charcoal is suspected. A typical poison is gas circulator lubricating oil. 
If 'poisoning' is confirmed then it is recommended that the bed should 
be replaced regardless of the DF found. 

(4) The radioactive methyl iodide test shall be used until any other test 
method is demonstrated to be equally valid and acceptable. 

5. TESTING PROCEDURE 

An equilibrium flow of C0 2 , usually about 5 tons/h, is established by depres-
surizing the reactor through the plant while maintaining the reactor pressure by 
make-up with fresh carbon dioxide. A sample of 131I-labelled methyl iodide is 
injected into the circuit upstream of the charcoal bed by means of a special 
injection rig. During the test samples of coolant are continuously taken from 
positions immediately upstream and downstream of the plant. From these samples 
the charcoal bed DF is calculated. 

The test conditions are made as near as practicable to conditions which would 
obtain in an emergency so that a realistic assessment of the performance of the 
plant can be made. 

6. CURRENT SITUATION 

The Board has negotiated a contract with the UKAEA for them to carry out 
all in situ testing of iodine plant at the Board's sites. This contract commenced in 
mid-1977 and is initially for a 5-year period. This arrangement provides an index 
of performance from a practical test performed on a routine basis by an expert 
organization independent of the Board [113]. 
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