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Abstract

In a 1300 MW PWR pov;er plant the sources of the airborne I species

were determined over a period of 5 months. During power operation the

main source of the radiologically decisive elemental ^1 was the exhaust

from the hoods in which samples from the primary coolant are taken and

processed. During refueling outage elemental * I was mainly contributed

by the containment purge air. By efficient filtration of these exhausts, a

reduction of the ingestion dose, caused by the total I stack release,

by a factor of nearly 4 during power operation and of possibly 10 during

refueling outage can be accomplished.

I. Introduction

131Of the radionuclides released from nuclear power plants, I is the

decisive one with respect to the radiation exposure of the population living

in the vicinity. The radiation exposure by radioiodine is caused primarily

by ingestion via the pasture-cow-milk-pathway. It is therefore dependent

on the fractions of the physico-chemical I species which feature different

deposition velocities for pastures. In the Federal Republic of Germany a

fallout velocity ratio of 100 : 10 : 1 is used for elemental, particulate,
131and organic I, the main airborne species, in calculations of the ingestion

doses caused by the release of I or of the I release limits ^ '.

Sponsored by the Federal Minister of Research and Technology of the
Federal Republic of Germany
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An efficient improvement of the ventilation systems of nuclear power

stations in terms of reduction of the environmental impact can be

anticipated, if iodine filters are installed in the exhausts which constitute
131the main sources of elem. I. To quantify the possible improvement of the

131ventilation systems,the main I species sources of the nuclear power

plants have to be determined.

131,In the U.S.A. the 1OX1 species sources have been measured in BWR power
131: of Germany the I species sources

PWR (PWR 3) over a period of 11 months.

plants ' '. In the Federal Republic of Germany the I species sources

have been determined in a 1300 I

During the first 6 months only the hood exhaust (exhaust from the hoods

in which samples of the primary coolant are taken and processed) was

assayed (besides the stack effluent). It was found that the hood exhaust

was the major source of elem. I * '. During the last 5 months all the

main exhausts were examined. The results obtained during the last 5 months

are the basis of this paper.

II. Method of Measurements

•• i

131The I species measurements were performed with the radioiodine

species sampler developed at the Karlsruhe Nuclear Research Center (Fig. 1)

' '. This sampler is suitable for the determination of part., elem. (Io)»

and org. (ChLI) radioiodine. It consists in principle of a stainless steel

tube (5 cm inside diameter) in which particulate filters and beds of

sorbents are mounted for the specific retention of the radioiodine species

mentioned (from the air conducted through). Each sampler component

(particulate filters, beds of sorbents) is twofold so that conclusions

concerning the discrimination of the species can be drawn. The volume of
3 3

the beds is usually 75 cm , the flow rate 3.6 m /h, i. e. the residence time is
0.075 s per bed and 0.15 s per section. The sampling time is usually 1 week.

In the design parameter range (10 - 70°C, 20 - 80 % R. H .) the radio-

iodine species are retained in the respective sampler sections bymore than

99 %. (In the event of a high relative humidity additional beds of the

impregnated activated carbon (CG 0.8) have to be mounted.) The adsorption

of I2 and CH3I by the particulate filters (GF/A) and the retention of CHgl

by the In sorbent (DSH 11) are negligible in the design parameter range

(< 1 %).
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In routine work no attempts are made to detect hypoiodous acid (HIO),

another airborne species, by including a section for the specific retention

of this species, because many measurements have led to the conclusion that

this species plays no significant part in the exhaust streams assayed here.

If present, this species would be collected in the sampler described by

CG 0,8, since the retention of HIO by DSM 11 is negligible in a wide range

of parameters ' '.

131Counting of the I activities of the sampler components is performed

after demounting by Ge(Li) detectors. The detection limit amounts to about

10" 1 5 Ci 131I/m3 at a sampling time of 1 week and a counting time of 1000 min.

1 Section for porticuiole odme
2 porttculole filters GF/A

2 Section for elemental iodine
2 beds oi soibent DSM t i

3 Section for otgonic iodine

2 beds of vnp act carbon CG 06

Rodrooc&ne species sampler

Fig. 1

III. Essential Data of the Power Plant (PVJR 3)

The activity sources contributing to the stack effluent are located in

the reactor building and auxiliary building. The turbine building, whose

ventilation air contains practically no activities, is exhausted by roof

vents. The flow rates, sampling points, and the flow diagram of the main

exhausts contributing to the stack effluent are given in Table I and Fig. 2.
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The exhausts of the equipment and operating compartments of the reactor

building are usually filtered - depending on the pressure in the equipment

compartments - by 1 or 2 iodine filters (between sampling points A and B and

C respectively). In special cases, for instance during refueling outages,

two other iodine filters located in the operating compartments (near sampling

point D) can be put in operation for filtration of the air of the equipment

and operating compartments (containment purging). These filters can be

operated in the recirculation and exhaust air modes. (In Fig. 2 only the

exhaust air mode has been taken into consideration.)

The annular compartment exhaust is normally filtered by particulate

filters (near sampling point H). In the event of an accident the annular

compartment exhaust can be filtered by an iodine filter, as shown in the

diagram.

The auxiliary building exhausts are filtered by particulate filters (near

sampling point H). The upper and lower parts of the equipment compartments

of the auxiliary building are exhausted separately (sampling points G and

H respectively).

With the sampling locations B, C, E, F, G, H, all the main exhausts

are covered. Sampling point A has been included so as to enable the

determination of the decontamination factors of the equipment compartment
131exhaust filters. At sampling point D special I species investigations

were performed (not dealt with in this report).

Sample extraction at the various sampling points was carried out

isokinetically except for the stack effluent sampling point. Here the samples

had to be extracted nonisokinetically from a by-pass (inside diameter:

25 mm; length to the stack: 13 m; material: polyethylene).

Of the 22 sampling periods (weeks) covered in this account, the first

11 comprise the time of power operation (sampling periods 36 to 46), the

other 11 the time of refueling outage (sampling periods 47 to 57). During

the time of power operation the plant operated nearly constantly at between

50 and 60 % of the rated power.
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IV. Results

131The average release rates of the I species determined in the

various exhausts are presented in the following figures. Particulate I

has not been allowed for in these figures because its percentage was

generally very small in the exhausts examined (< 1 %).

Fig. 3 contains the release rates during the time of power operation.
The main source of elem. and total I was the hood exhaust. The percentage

131of elem. I was very high in this exhaust (ca. 90 %). The filtered
131equipment compartment exhaust contributed most of the org. loll. It

consisted nearly entirely of org. I (> 99 %). Prior to filtration of
131 131

this exhaust, the fraction of org. I was about 90 %, and the total I

release rate was a factor of about 5 higher. This means that the removal

efficiencies of the (parallel) equipment compartment exhaust filters were

low for org. 1 3 1 I . One filter exhibited a DF for org. 1 3 1I of 3, the other

filter of 26. The DFs for elem. I were high, however, namely 290 and

860 respectively. - The annular compartment exhaust accounted for very

small contributions of I during power operation.
Fig. 4 reveals the release rates during refueling outage. These were

very different, both relatively and absolutely, from those during power
131operation. The principal source of elem., org., and total I was the

mixture of the containment purge and the annular compartment exhausts.

Of these exhausts the containment purge exhaust is viewed as the principal
131 131

I contributor. The high percentage of elem. I in the mixture of these

exhausts is difficult to account for, however, since the containment purge

air was filtered for iodine. And, as found in the case of the equipment

compartment exhaust filters, elem. I is removed to a high extent even
131if org. I is retained to a low extent. - Compared with the combined

containment purge and equipment compartment exhausts, the hood exhaust was
a very small source of I during refueling outage.

131During refueling outage only a few reliable I species measurements

could be carried out in the equipment compartment exhaust because of
irregular operation of both the equipment compartment exhaust filter
trains and the sampling gear. But from the few reliable results obtained
and from the f?ct that during a large part of the refueling outage the
equipment compartment exhaust, filter trains were not operated, it is

inferred t/hat this exhaust was a minor

outage./'

131 I contributor during refueling
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As can be seen from Figs. 3 and 4, the highest release rates during

refueling outage exceeded by far those during power operation.

In Fig. 5 are given the release rates of the various exhausts during

the whole time covered in this report. The ratios of the release rates

were similar to those of the release rates of the time of the refueling

outage because of the high values of the latter.

Fig. 6 shows the I species release rates of the combined exhausts

for the various time intervals. The release rates, called expected stack

release rates in the following, should of course approximate the actual

stack release rates during the respective time intervals.

In Fig. 7 the actual I species stack release rates are presented.

As for the ratios of the I species stack release rates, i.e. the
131fractions of the I species in the stack effluent, during power operation

there is an agreement between the actual and expected ones within about

2 %. The actual fractions of elem. and org. I in the stack effluent

were 72.4 and 26.7 % respectively, whereas the expected fractions were

70.1 and 28.8 % respectively.

During refueling outage the actual fraction of elem. I was smaller
131than that of org. I in the stack effluent, whereas the reverse is

expected from the measurements in the various exhausts. This discrepancy

may partly be explained by change of elem. to org. I during the transport

to the stack because of an increased content of organic solvents in the

exhausts during refueling outage ' '. Other explanations are neglect of

the contribution of the filtered equipment compartment exhaust during

refueling outage and errors in the estimation of the flow rates of the

exhausts.

131As for the absolute I species stack release rates, both the actual
and the expected ones are much higher during refueling outage than during

power operation. From the actual and expected values it can be concluded

that the total I stack discharge per year is larger during refueling

outage than during power operation. However, if the total I stack

release of the time prior to that covered in this account is taken into

consideration (sampling periods 10 to 35) <3),it is found that the total
131

I stack discharge per year is a factor of greater than 2 higher during
power operation than during refueling outage.
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From these findings it can be seen that both power operation and

refiling outage are important in considerations concerning possible

improvements of the ventilation system of the power plant.
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V. Conclusions

During power operation the principal source of elem. I was the

hood exhaust, which is not filtered for gaseous iodine. The main source

of org. I during power operation was the filtered equipment compartment

exhaust. It can be shown that after filtration of the equipment compartment
131exhaust the ingestion dose.caused by the total I stack discharge is

about 92 % of that with no filtration at all, if weighting factors of 100
131and 1 are applied for elem. and org. I respectively in the calculation

of the ingestion dose. After additional filtration of the hood exhaust

this ingestion dose would be about 25 % of that with no filtration at all,

if DFs for elem. and org. I of 100 and 10 respectively are used. In

other words, by installation of an iodine filter in the hood exhaust with

relatively small DFs for the I species, the ingestion dose caused by

the total I stack discharge can be reduced by a factor of nearly 4

during power operation.

131,
During refueling outage the main source of elem., org., and total

LI was the filtered containment purge exhaust. If this exhaust is

filtered more efficiently, a considerable reduction of the ingestion dose
131occasioned by the total I stack release - possibly by a factor of 10 -

can be accomplished during refueling outage.
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