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2. Experience of personnel monitoring at the
plutonium Fuel Fabrication Facilities

OK. Miyabe, T. Momose, A. Yamato, M. Kinoshita

Power Reactor and Nuclear Fuel Development Corporation

4-33 Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken, Japan

1. INTRODUCTION

Increasing use of plutonium in nuclear fuel cycle, 4t is important
to measure precisely and to reduce properly occupational dose at pluto-
nium fuel fabrication facilities.

At Tokai Works, Power Reactor and Nuclear Fuel Development Corpora-
tion (PNC), the plutonium fuel fabrication facilities have been operating
since 1965. Plutonium and uranium mixed-oxide fuel for the Experimental
Fast Reactor (JOYO) and the Heavy Water Reactor (FUGEN) have been
manufactured continuously. About 79 tons of mixed-oxide fuel have been
fabricated and shipped to reactors, and the fuel included 295 assemblies
to JOYO and 332 assemblies to FUGEN until 1986.

Gamma ray and neutron have to be considered for external exposure
to workers in the facilities. We have been making intense efforts to
reduce occupational exposure of workers, such as shielding of radiocactive
nuclides and mechanization of fuel fabrication process, We had developed
the self-designed personnel monitoring system using TLD badge and finger
ring dosimeter, and occupational doses of workers have been measured
routinely. Also the dose limitation system shown in Table 1 have been
adopted for exposure control of workers based on ALARA concept. Con-
sequently the doses of workers have been kept enoughly below the dose

limit recommended by ICRP.

Table 1 Dose limitation system at PNC Tokai Works

Category Investigation Action level Dose limit
level
A 3 mSv/3 months 13 mSv/3 months 30 mSv/3 months
B I mSv/3 months 4 mSv/3 months 15 mSv/year

A: Workers who recieve occupational dose continualy
B: Workers who enter the controlled area occationaly

_6_
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This paper describes the outline of the personnel monitoring system
and the overall view of the occupational doses at the Plutonium Fuel

Fabrication Facilities based on our experience for more than 20 years.

2. PERSONNEL MONITORING

1) Principle

At the facilities, a large quantity of Pu0, and U0, are handled in
the process of mixed-oxide fuel fabrication. Several kg order of PuO,
and U0, are handled in a glove box through almost all process of the
facilities. The dominant nuclides which cause external exposure are
23%py, 23%py, 2%0py, 2L”‘Pu, 24%1pm. These isotopes emit gamma ray, low-
energy xX-ray, spontaneous fission neutron and (a,n) reaction neutron.
Glove box is made of acry-lite panels of 10 mm thickness and lead-
contained gloves. Gamma and neutron dose rates locally become to a few
hundreds of USv/h order at the surface of glove boxes. To reduce the
dose rates, lead-contained acrylites of 35 mm thickness are added at
preferable places.

The dominant energy of gamma ray in working areas is 59.35 keV from
Z41am, Neutron energy spectrum measured by a spherical multi-moderated
%He detector is shown in Fig. 1. More than 90 % of dose equivalent is

originated from the fast neutron above 15 keV.

lozé LI IIIIIII T |J||Il|| T |||JIII| 1 ll||ll|t T T ’jllll] T Itllllll T ll]lllll LI Illllll T Iljlllll E
~ T Pu fuel in glove box ]
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5 . '
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Fig. 1 Neutron energy spectrum at the plutonium fuel
fabrication facilities
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Considering these radiation features in the facilities, personnel
monitoring program have been designed and monitoring methods have been
developed. And occupational doses of workers have been measured for

whole body and extrimity (finger).

2) Momnitoring methods

The doese to radiation workers have been evaluating quarterly or
monthly using TLD badge and the finger ring dosimeter.

For the measurement of whole body dose, TLD badge capable of evaluat-
ing gamma, beta and neutron doses had been developed and applied to the
routine personnel monitoring. Gamma dose is evaluated aé lcm—-deep dose
equivalent by a ‘Li, "By, 0; (Cu) element behind a filter of 1000 mg/cm?
thickness. Three °Li, %8, 0; (Cu) elements and one Li, "By 05 (Cu)
element are used for evaluating thermal, epi-thermal and fast neﬁtron
doses separately by means of Albedo method. The recording level for TLD
badge are 0.1 mSv for gamma dose and 0.2 mSv for neutron dose respec-—
tively. | |

Especially for workers who handle PuO, and UQ, in glove boxes, the
finger ring dosimeter of TLD type have been used. Finger ring dosimeter
consists of CaS0x (Tm) enclosed in rod-type glass ampoule and the element
is surrounded by a energy compensation filter. The recording level is

0.2 mSv for gamma dose.

3. OCCUPATIONAL DOSE STATISTICS

The number of workers and annual collective dose for the period of
1972-1986 are shown in Fig. 2. The total collective dose in these 15
years was 5.6 man*Sv. At the early stage in the fuel fabrication, the
collective doses were relatively high. By the introduction of radiation
shielding and mechanization of the fuel fabrication process, the collec-
tive doses had decreased in the period of 1974-1978. But the collective
doses had incresed from 1978, because plutonium recoveried from high
burn~up spent fuel had become treated.

The precise dose data of 1982-1986 are shown in Table 2. About 250
workers had doses above the recording level (0.1 mSv) every years. The
ratio of gamma to neutron in annual collective doses were 0.95-1.19.
Annual average doses were about 1.8-2.7 mSv for workers of measurable

dose.
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Fig. 3 shows the probability vs dose of the individual annual doses
for fiscal years of 1984-1986 in log-normal distribution. About 45 Z of
workers over the recording level were below 1 mSv and 80 % of them were
below 5 mSv. As individual doses were controlled to be kept below the
investigation level (3 mSv/3 months) defined in our dose limitatiom
system, the individual highest annual doses have been get down to in a
dose range between 8 mSv and 12 mSv., Therefore the dose distribution
did not fit to log-normal distribution in higher dose range over 5 mSv.

Plutonium and uranium mixed-oxide fuel have been alsc used at the

Heavy Water Reactor (FUGEN) of 165 MWe. In the period of 1978-1985, the

cumulative electric output of the reactor was 0.495 GWe*y. The collective

dose of fuel fabrication workers corresponding to this reactor operation
was 0.416 man*Sv. The collective dose of plutonium and uranium mixed-
oxide fuel fabrication per unit generated output of FUGEN was 0.84 man-
Sv/GWe-y.

The highest extrimity annual doses at finger were 17.7-61.0 mSv in

1978-1986.

@ Number of workers
0 Annual collective dose
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Fig. 2 Number of workers and annual collective dose
at the plutonium fuel fabrication facilities
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Tbale 2 Doses at the plutonium fuel fabrication facilities
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Fig. 3 The log-normal distribution of
annual individual doses

fiscal | number of | number of collective dose average
year workers workers with (man* Sv) dose
measurable (mSv)
dose gamma | neutron | total
1982 584 266 0.26 0.27 0.53 2.0
1983 721 254 0.28 0.30 0.58 2.3
1984 692 279 0.32 0.38 0.70 2.5
1985 660 220 0.28 0.31 0.59 2.7
1986 762 231 0.21 0.20 0.41 1.8
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3. BEHAVIOR OF TRITIUM IN ENVIRONMENTAL SAMPLES AROUND NUCLEAR
FACILITIES AT TOKAI-MURA '

© J. ISHIDA, O. NARITA, Y. KITAHARA

Power Reactor and Nuclear Fuel Development corporatien

4-33 Muramatu, Tokai-mura, Naka-gun, Ibaraki-ken, Japan

1. INTRODUCTION

Many kinds of nuclear facilities such as Power Reactors, Research
Reactors, Reprocessing Plant etc. are operated in Tokai-mura, located
140 km north of Tokyo. From a point of view of tritium discharge to the
environment, Heavy Water Reactors and a Reprocessing Plant are noteworthy.
Tritium concentrations in drinking water, river water, rain water
and sea water have been measured in a series of envirommental monitoring
around the fuel reprocessing plant at Tokai-Works, Power Reactor and
Nuclear Fuel Development Corporation (PNC). Besides this monitoring,
a measurement method of tritium concentration in the air has been
investigated. This report summarizes the results of tritium concentra-

tion in the air at Tokai-mura.

2. METHOD

Atmospheric tritium occurs mainly in two chemical forms which are
tritiated water vapor (HTO)} and tritium gas (HT). We developed an
atmospheric tritium sampler which can differenciate between HTO and HT
(Fig. 1). These samplers have been set at three monitoring points around
Tokai-mura and the concentrations of HT0O and HT in the air have been
ﬁeasured separately since 1983; while only HTO had been measured by using
the other samplers since 1976.

The procedure of differenciating between HTO and HT is as follows:

Water vapor is adsorbed on the first molecular sieve colummn.

Tritium gas passed through this column is ﬁxidized by the palladium (Pd)
catalyzer and adsorbed on the last molecular sieve column (HT column in
Fig. 1). HTO free water is decomposed into hydrogen and oxygen electro-
lytically in an Electfolysis cell to give a hydrogen carrier for HT.

Then, the decomposed hydrogen with the sampled HT in the air is oxidized
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by the Pd catalyzer. The produced H,0 and HTO are adsorbed on the HT
column and the Pd catalyzer column. By knowing the ratio of an amount
of water adsorbed by both columns to the electrolyzed water, the effi-

ciency of Pd catalyzer is obtained as follows;

W + W
(Efficiency of oxidation) = —9 HL & 150 (7)
W, — W
E D
de : Gain in weight at Pd Column (gram)
WHT i Gain in weight at HT Column {gram)
Wp ¢ Loss in weight at Electrolysis Cell (gram)
W, Gain in weight at Drying Column (gram)

Efficiency of oxidation is, on average, almost 100 %.

After the sampling, each column is heated about 450 °C in a furnace.
Water trapped by each column is desorbed and recovered by a cold trap.
Forty milliliters of sampled water is mixed with 60 ml of scintillator
(AQUASOL—Zj. Aftér that, the-mixture is kept.in a cooler (about 10 °C)
for about one day. Then, tritium concentration im the recovered water
is measured by a low background liquid scintillation counter. That
measurement is repeated ten times, counting unit being 50 minutes. The

detection limit is about 20-30 pCi/f.

3. RESULTS and DISCUSSION

As an example of seasonal variation of HTO concentration in the air,
the data measured at one monitoring station are shown in Fig. 2. There
are two kind of units to show tritium concentration in the air by pCi/ms,
and in the water vapor by pCi/2. Although tritium concentrations in
water vapor are stable, the tritium concentrations in the air show high
in the summer and low in the winter because of humidity. The chrono-
logical change of annual tritium concentration in water vapor is shown
in Fig. 3 and that in the air is shown in Fig. 4. Fach geometrical mean
(m ) plotted on Figs. 3 and 4 is obtained based on about fifty individual
va%ues measured at each place during a year, respectively. Figures 3 and
4 also show the values of 'mg x g%' where 0 is a geometric standard
deviation. The measured data at monitoring station-1 (ST-1) have prac-
tically shown the same valﬁes around 140 pCi/f in water vapor and 1 pCi/

m® in the air, respectively. On the other hand, the measured data at
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monitoring station-2 and 3 (ST-2, 3) have shown a decreasing tendency.
The decreasing rates calculated by the least square method, based on the
measured data at ST-2 and 3 from 1980 to 1986, are about 5 pCi/(&*year)
and about 0.05 pCi/(mS'year), respectively. These values correspond to
the half-1ife of 10-11 years which are almost the same as the decay half-
life of tritium.

The chronological concentration of HT in the air is plotted on Fig.
5. The geometric mean based on the measured data at ST-1, 2, and 3 show
the same values and tendency. There is no difference among these daté.
The individual data throughout the year also present no seasonal varia-
tion as in the case of HTO. .

The measured data at ST-3 in 1984 are plotted on a log—normal dis-
tribution paper as shown in Fig. 6. This indicates that the data of HTO
and HT in the air fit the log-normal distribution. Figure 6 shows that
the geometric mean of HTO is 0.45 times lower than that of HT, while the

standard deviation of HTO is 1.5 times higher than that of HT.
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Fig, 2 Monthly Tritium Concentration im Air around Tokai-mura
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4. CONSTRUCTIONAL DESIGN PRINCIPLES ON RADIATION PROTECTION AND METHODS
OF RADIATION CONTROL AT THE LARGE SCALE PLUTONIUM FUEL FABRICATION
FACILITY OF FULLY REMOTE OPERATION

O R. ASO, H. OGATA, Y. HORIKOSHI, K. SHIRATI

Power Reactor and Nuclear Fuel Development corporation, JAPAN

1. INTRODUCTION

The large scale Plutonium Fuel Fabrication Facility, (Pu-3rd) of PNC
is designed to fabricate the Pu and U mixed-oxide (MOX) fuel for FBR
"MONJU" and "JOYO". The fuel production capacity of Pu-3rd is enlarged
te 5 tons MOX per year. '

The fuel fabrication process is operated by fully remote operation.
The process consists of:

(1) Pellet Fabrication Process

(2) Pin Loading and Assembling Process

(3) Analytical Chemistry Process

(4) Storage for plutonium powder, pellets, pins and assemblies

The external exposure to the workers at a plutonium fuel fabriecation
facility is potentially larger than that of uranium fuel fabrication
facility for LWR because of the gamma ray emitted from Am-241, the
daughter nuclide of Pu-241, and of the meutron by the reaction 0(a,n)Ne
and spontaneous fission.

At the existing FBR Fuel Fabrication Facility of PNC (Pu-2nd) where
the operation is done manually, there are three operating modes which
bring external exposure to the workers. The operating modes are:

(1) Operation with gloves.

(2) Observation in front of glove boxes.

(3) Operation at instrument panels.

We have experienced that the collective dose per unit plutonium fuel
fabrication at Pu-2nd had been increasing due to the use of recovered
plutonium from high burn-up spent fuel. Therefore it is the essential
issue at the design stage of Pu-3rd to reduce the external exposure from
the viewpoint of ALARA,

Pu-3rd is constructed based on the experiences of Pu—2nd reflecting

the changes for better and rationalization.
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This paper shows the constructional experiences of Pu-3rd focusing
on the design principles on external exposure reduction and methods of

radiation control.

2. DESIGN PRINCIPLES

2.1 General design principles

At the design stage of Pu-3rd, the requirements given in the guide
of the Nuclear Safety Commission of Japan (1) have been taken fully into
consideration in order to ensure the safety features. This guide lays
down requirements for radiation control and other safety. measures.

The design criteria for radiation protection are as follows:

(1) Shielding appropriate to an individual process should be con-
sidered in order that the external exposure of the personnel
does not exceed the level given in radiations.

(2) For the purpose of decreasing the internal exposure of personnel,

.a system of multiple confinement barriers should be applied.

(3) The radiation control system should be designed to maintain a

good operating environment.

2.2 Design principles for external exposure reduction

The principal causes of external exposure gotten from the experiences

at Pu-2nd are as follows:

(1) Direct access to the glove box and mannual handling of the
radiocactive materials (exposure sources).

(2) Storage of the radioactive materials in the working area such as
inside of glove box or storage box in the process room during
the routing inspection and maintenance work.

(3) Surface contamination on the inside wall of glove box caused by
leakage of materials from the process machine.

(4) Maintenance work at the process room staying in the high level
radiation field.

To prevent the external exposure from the causes above mentioned,

the following design principles are incorporated:

(a) Fully remote operation of the fabrication process from the
process control room.

(b) Prepare the intermediate storages for feed powder and pellet.

When the operators need to enter the process room, the radio-
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3.

3.1

3'2

(c)

(d)

active materials are transfered to the storage before entrance.
The powder process machines are improved with high containment
ability and powder feeding is done by double containment system.
Glove boxes are designed to be separable to each other. When

it needs to maintain the machines, the glove box and the machine
are separated im the lump and transfered to the maintenance room

where the radiation level is kept to be at the background level.

RADIATION CONTROL DESIGN FEATURES

External radiation monitoring

Features of external radiation monitoring are as follows:

(1

(2)

(3)

(4)

Adr

A fixed area monitoring system is applied to the facility.
Signals and alarms from the detectors can be observed on the
centre panel in the radiation control room.

Each monitor consists of couple of gamma ray monitor and neutron
monitor. The G-M detector for gamma monitor is improved to have
good respose to the dominant gamma ray energy of 59.5 keV from
Am-241.,

Each monitor is installed at the entrance of the process room

to be able to judge whether it is permissble to enter or mot.
Entrance to the process room is limited under the normal opera-
tion mode that the radiocactive materials exist in the room.

The entrance limitation indicators are installed at the entrance

of the rooms.

contamination monitoring

Features of air contamination monitoring are as follows:

(1)

(2)

(3)

A continuous airborne radioactivity monitoring and sampling
system is applied to the facility. Signals and alarms from the
detectors can be observed on the centre panel in the radiation
control room.

Alpha ray energy to be detected is limited to the range of 3.5
MeV to 5.5 MeV focusing on the alpha ray from the plutonium
nuclides. .

The monitofing system has alpha ray energy spectrum analyzers
to be able to distinguish between natural alpha emitters such

as Rn-Tn daughters and plutonium nuclides as early as possible
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just after alarm.
(4) The airborne trap for air sampling of the process room is
installed outside of the room to prevent exposure of workers

who change the airbone sampling filters.

4. BENEFITICAL ESTIMATION OF EXPOSURE DECREASE RESULTED FROM FULLY
REMOTE OPERATION

The cumulative collective dose for FBR Mox fuel fabrication at Pu-
2nd is about 2 man*Sv during the period from 1981 to 1986. Total amount
of fuel production in this period is about 2.5 Ton-MOX. . Therefore the
average collective dose per unit fuel production is estimated to be about
0.8 man*Sv/Ton°MOX.

If the operation at Pu-3rd is done by manual handling, the annual
collective dose is estimated about 4 man<Sv/y based on the exposure at
Pu-2nd above mentioned. This value means that the individual annual
collective dose amounts to 40 mSv/y for each of one hundred workers at
Pu-3rd.

It can be done to calculate benefitical estimation of exposure
decrease resulted from fully remote cperation of Pu-3rd.

Benefitical estimation is measured by quantity of

a) collective dose per unit fuel production ; man *Sv /Ton *MOX

and

b) collective dose per unit energy production ; man *Sv/GW(e) *y

comparing between the actual result of Pu-2nd and design objective

of Pu-3rd

The results of estimation are shown in table 1.
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Table 1 Benefitical estimation of exposure decrease

result of Pu-2nd objective of Pu-3rd Pu-3/Pu-2

Amounts of fuel 2.5 Ton*MOX 5.0 Ton*MOX/y
production (1981 ~ 1986)
Collective dose 2.0 man-Sv/2.5 Ton+MOX  2.3%107% man+Sv/5 Tom+MOX
Co]:lective dose per 0.8 man*Sv/Ton-HOX 4.6%10™° man-Sv/Ton*HMOX 1
unit fuel production - 180

. * ’ *
Design burn-up 50,000 MWD/MTM 80,000 MWD/MTM
of fuel (JOYO MK-IL ) (MONJU)
Collective dose per & *% 1

18 *Sv/GW * . -2 . . ———

unit energy production man vl-(ﬂ y 6.3x107" man-Sv/GH(e) -y 280

* MIM(Metric Ton Metal) = 0.9 Ton*MOX

x% GW(e)*y = MWD +365(day/y) X 0.3[ele°tr1°

-3 .
efficiency}XIO (Giga/Mega)

5. CONCLUSIONS

The large scale plutonium Fuel Fabrication Facility {(Pu-3rd) has
started its uranium test operation on November 1987. The effect of con-
‘structional design principle on radiation protection will be demonstrated
through the following fullscale operation.

It will be the subject to the health physicist to develop and estab-
lish the administrative standards and procedures for radiation protection
and control at a fully remote operating facility based on the experiences

of Pu-3rd.

Reference

[1] Fundamental Guide to safety Examinations of Nuclear Fuel Processing

Facilities, Nuclear Safety Commission of Japan (1980).
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5. ANALYSIS OF OCCUPATIONAL RADIATION EXPOSURE IN REPROCESSING PLANT OF
PNC, TOKAI

O A. MAKINO, S. MUTO, K. MIYABE, H. TSHIGURO, M. KINOSHITA

Health and Safety Division, Tokai Works PNC.
Tokai-mura, Ibaraki, JAPAN

H. SAKAMOTO

Tokai Office, Inspection Development Company Ltd.

Tokai-mura, Ibaraki, JAPAN

1. TINTRODUCTION

Reprocessing plant of PNC in Tokai-mura (Tokai-plant) began the
operation in 1980, however the operation was suspended in 1983, because
of the failure of acid recovery evaporator and the pinholes appeared at
dissolvers.

While repairing the dissolvers with remote welding method and the
acid recovery evaporator ﬁith direct maintenance by workers under high
radiation exposure in cell, PNC decided to install the third dissolver
to ensure the stable operation of the plant.

After the installation work of the third dissolver performed in
1984, the plant operation was started again in 1985. The cumulative
amount of spent fuel reprocessed reached to 347 tons as of May 1987.

The averaged number of radiation workers engaged in operation and
maintenance work is around 2,000 persons/year and the averaged annual
collective dose is around 0.8 man°Sv.

In this paper, the authors give an empirical formula for the annual
individual dose distribution of Tokai-plant, which was acquired through

the analysis of past annual individual dose distributions.

2. Radiation control

The radiation control of the plant has two major aspects. The one
is the routine radiation contreol for the routine radiation works associ-

ated with regular plant operation. The other is the non-routine radiation
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control for the non-routine radiation works such as maintenance works and
reform of process equipments.

Non-routine radiation work is further divided into two categories,
namely special radiation work (SRW) and second grade radiation work.

The non-routine radiation works in which the pre-operational estimated
dose for whole body, extremities or skin could exceed respectively 3 mSv,
15 mSv or 6 mSv per week are to be classified as SRW to be put under more
strict radiation control.

Non-routine radiation works other than SRW are classified as second
grade radiation work. Safety regulation of the plant prgscribes some
radiation protection criteria to keep individual dose as low as reasona-
bly achievable. Table 1 shows a part of the dose limitation system for
whole body.

Table 1 Dose limitation System at Reprocessing
plant of PNC, Tokai for whole body

| Investigation level | Action level Dose limit

3 mSv/3 months 13 mSv/3 months | 30 mSv/3 months

3. ANNUAL INDIVIDUAL DOSE DISTRIBUTION

The individual dose distribution of the year in which the plant was
operated relatively smooth (Operation-year), namely 1981, 1982, 1985 and
1986, form Log-normal distribution, as is seen in Fig. 1. Year denotes
fiscal year and this is the same hereafter.

On the other hand, the individual dose distribution of the vear in
which large scale SRW's such as maintenance of the acid recovery evapo-—
rator (E30-Work) and installation of the third dissolver (R12-Work) were
performed (LSRW-year), namely 1983, 1984, has sharp increase in higher
dose region, therefore the individual dose distribution dose not form
Log-normal distribution. This is shown as curved distribution in Fig, 2.
Radiological data of E30-Work and RI2-Work are presented in Table 2 to

help realize the magnitude of these radiation works.
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4.

Table 2 Radiological data of E30-Work and R12-Work

Period Workers Average Collective
dose dose
[day] [person] [mSv] [man*Sv]
E30-Work 190 320 4 1.2
R12-Work 150 340 4 1.3

ANALYSIS OF INDIVIDUAL DOSE DISTRIBUTION

Tndividual dose distributions of E30-Work and R12-Work were precise-

ly examined.

As a result, it was found in each case that there is a group of

workers with higher individual dose and that the individual dose of

the group forms Normal idstribution as is shown in Fig. 3.

Substracting

this group from the whole workers who received higher dose than detection

limit (curved distribution in Fig. 2), we had the same Log-normal dis-

tribution (dotted distribution in Fig. 2) as in Fig. 1.

components, namely

latter is specific

5.

This leads us

CONCLUSION

The empirical

of Tokai-plant (F)

F(x) = j@i.jx

2T g

to conclude that the distribution of LSRW-year has two
Log—normal distribution and Normal distribution., The

to LSRW-year.

formula for the annual individual dose distribution

is given as follows:

(1nX-u_)? K- 2
(4 e { - ___“fL_}+ LIS L_“gi_}]dx

Z p)
UfX 220f g ZOg
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Table 3 Parameters for the annual individual
dose distribution function

X Individual dose [mSv]
N Total radiation workers in a year 1,500~2,900[person]
8 Ratio of workers with measurable 0.31 ~ 0.46
dose to N
o SFandgrd Qev1at10n of Log-normal 1.0 [mSv]
£ distribution
uf Mean of Log-normal distribution 0.6 [mSv]
Standard deviation of Normal
9 distribution 2.7 . [mSv]
ug Mean of Normal distribution 10.0 [mSv]
A Ratio of workers with Normal Operation-year : 0
distribution to BN . LSRW-year : 0.1
5. REMARKS

As for the specific radiation work that could give rise to higher
individual dose, it is one of the conceivable choices to increase the
number of workers to be employed in the work in order to reduce the
number of workers who would receive higher dose.

However this could possibly cause the increase of collective dose
as a whole.

This is the subject left to be discussed from the view point of the

Optimization of Radiation Protection.
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6. REEMETLEICEY 3 KaREE
Radiation Protection Experience in Large Scale
Maintenance Works at TRP
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6. SHEROFE

1988 i3, 6 AL AREHEIELAMIHES N TS, BHETEO SV T 4 48 -0
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i%¢?$@,H%ﬁ%ﬁﬁwﬁwfﬁChiﬁ@ﬁ%%&@tf%ﬁ&ﬁ(@@ﬁm%@ofﬁ

FlEEL T B,

Table 1 Number of Radiation Works Performed

in TRP
Fiscal Year
Radiation 1981 | 1982 | 1983 | 1984 | 1985 | 1986
Work
Special &9 124 108 119 109 117
2nd Grade 308 | 322 232 278 274 278

Table 2 Dose Limitation System in Special
Radiation Work

(for Whole Body)

Reference Level

Dose Limit

1 mSv/day

3 mSv/week

13 mSv/3 months

Preestimated Dose/Working Period

30 m5v/3 months
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Table 3 Personal Dosimeters Used in Special

Radiation Work

Dosimeter

Measuring Period

TLD Badge (Routine)
TLD Badge (Non-Routine)

Alarm Dosimeter

Pocket Dosimeter

(with Remote Monitoring System)

Quarterly or Monthly
Working Period

daily

daily

Table 4 Radiolegical Data on Major Large
Maintenance Works in TRP

Ma L Maint Workers | Collective | Maximum
Wa:;:r arge Haintenance Object Period Dose Individual
or (man) (man-*Sv) Dose (mSv)
Evaporator 1978. 8
Inspection vap H 140 0.08 1.6
{E-30)
. 1979. 3
Repair of I 1975. 3
Acid Evaporator ' 191 0.59 9.8
Replacement H _
Recovery (E-30) 1979.10
Evaporator Boiler of 1583. &
I | Replacement | Evaporator : 319 1.38 i7.2
{(E-30) | 1983.10
Dissolver
Installation Decontamination | Loading Cell 1984. 6 128 0.16 3.4
of Third (R131)
Dissolver Third 1984. 7
Installation Dissolver : 335 1.34 14.9
(R-12) [ 1984.11
Repair of 1984. 6
Plutonium Replacement Evaporator ¢ 133 © o 0.02 1.6
Evaporator . 1984.12
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7. Monitoring of Gaseous Radioactive Effluent in TRP
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Table 1 Authorised Limits for Dischrage in TRP

Specific Nuclide

Nuclide Daily Limit Quarterly Limit Annual Limit
(TBq) (TBq) (TBq)
85y 3.0% 102 2.7% 10" 8.9 x10%
*n 1.9x 102 1.7x 102 5.6 x 102
1317 5.3x 1075 4.8x 1073 1.6 x1072
129y 5.6x 1078 5.2x 10”*% 1.7x107°%
Table 2 Other Nuclides
Nuclide ‘ Quarterly Limit
(Bq/cm®)
o limitters 2.2x 102
Other Nuclides 1.1x 102
Tabie 3 Annual Discharge in TRP
Year 85gr g 131y 1231 Dust Processed
(TBq) (TBq) (TBq) (TBq) o,BY  Uranium(MTU)
1977 2.0x10®* 1.7x107? <DL 4.1x10°% < DL 3.3
1978 2.4x10° 9.3x107? <DL 9.1x107% < DL 15.8
1979 6.7x10° 3.9x107? <DL 2.7x10"* < DL 5.1
1980 7.7x10%® 3.5 <DL 7.5%x107%* < DL 54.9
1981 6.1x10° 2.9 <DL 3.1x10"% < DL 40.8
1982  9.6x 10° 4.5 <DL 6.0x10"% < DL 51.0
1983 5.0x10% 1.9 <DL 1.9%x10°% < DL 3.1
1984 4.5 6.0x10 * <DL 2.6%1075% < pL —
1985 1.2x10% 2.8 <DL 1.0%10°% <DL 73.5
1986 9.0x10%® 2.2 *< DL 2.2%X10°% < DL 45.5
1987 1.1x10% 2.8 <DL 1.5%107% < DL 49.9
Total 5.9x 10% 2.3x10 <DL 4.4%x10"% < DL 340

* Chernobyl Accident ('3'1:

< DL:

1.5%x107° TBq)

less then Detection Limit
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Tbale 4 Reprocessing Nuclear Fuel in 86-2 Campaign

86 2 Campaign(1986 8/30 12/5)

Reactor Assemblis gzz;gsi(L) Avei;ﬁ;/igé? up Term
Mihama No.l (PWR) 23 7.625 21.678 8/30 ~ 9/21
Fukusima No.l (BWR) 68 12.730 19.567 9/22 ~ 10/15
Fukusima No.2 (BWR) 34 6.262 25.392 10/21 ~ 10731
Hamaoka No.l (BWR) 34 6.258 24,531 10/31 ~ 11/13
Fukusima No.l (BWR) 12 2.211 17.761 11/14 ~ 11/17
PNC Fugen {(ATR) 34 5.198 9,799 ° 11/18 ~ 11/27

Total 40.3 t

Average 19.867 Total 98

days

Tbale 5 Inventory and Discharge in 86-2 Campaign

‘Nuclide Inventory (TBq)

Discharge (TBqg)

Daily Discharge (TBq) Rate (%)

85gy 7.4 %103

: 4.1x10%
1311 7.4%x10 8
1297 3.0 x1072

7.4 x10°
1.4

< DL
1.1x107"

7.6 X 10 100
1.4 x1072 0.3
1.1x107°® 0.4
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8. Concentration Factors of Plutonium and Americium for Marine Products
ON. HAYASHI, H. KATAGIRI, O. NARITA and M. KINOSHITA

Environmental Protection Section, Tokai-works
Power Reactor and Nuclear Fuel Development corporation

Tokai-mura, Ibaraki-ken 319-11, Japan

For a realistic dose estimation, we derived the concentration
factors (C.F.) of plutonium and americium frem the field measurements
of marine products and ambient coastal sea water. '

The distribution of the concentration ratios (C.R.) between the
concentration in marine products and that in ambient sea water shows a
lognormal distribution. The concentration factors of plutonium and
americium which are derived as the geometric mean of C.R. values, are
31 and 67 for whitebait, 12 and 37 for flatfish, 350 and 220 for brown
algae, 140 and 670 for shellfish, 27 and 130 for céphalopods, 250 and

550 for crustaceans, respectively.

1. INTRODUCTION

The concentration factor (C.F.) for the marine products is one of
the important parameters to estimate the collective dose commitment for
the public. The factor is usually represented in terms of a ratio
between the concentration of an element or radionuclide of marine
products and that of the ambient sea water. The C.F.s to be used in the
absence of site-specific data have already been reported.(l)’(z)’(3)

The site-specific data make the dose estimation more realistic ones.

This article describes C.F.s of plutonium (239:2%0pyy and americium

(2*'Am) obtained from the field data between marine products and coastal

sea water.

2. DETERMINATION OF 239:2%9p, and 2*'Am

Analytical method employed were mentioned precisely in literatures
4,03 and briefly stated here. 7

The marine products collected are whitebait (Engraulis japnica),
flatfish (Paralichthyidae and Pleuronectidae), brown algae (Ecklonia

cave, Hizikia fusiforme and Undaria pinnatifida), shellfish (Gomphina
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(Macridiscus) melanaegis), cephalopods (Decapod and Octpod) and crusta—
ceans (shrimp). A few kiolograms of their fresh edible parts were
provided for the analysis. The unfiltered cocastal sea water collected
quarterly (100~ 2008) were provided for the analysis. .

239,240py and 2*Am were separated

After suitable pretreatment,
from other elements by means of the anion exchange resin method.
Plutonium and americium were electrodeposited on stainless steel discs
for 2 hours from the ammonium sulfate solution (pH 2) at 1 ampere and
were measured by a silicon surface barrier detector connected to a

pulse height analyzer.

3. CALCULATION OF CONCENTRATION FACTOR

On the relationship between the concentration of radionuclides in a
living organism and that in the ambient sea water, it is known that rates
of both uptake and excretion are affected by many factors such as body
size, temperature, salinity.(3)

We derived the C.F. on the assumptions as follows.

1) C.F. is given simply as a ration which relates the concentration

in the edible parts of marine products to that in sea water.

2) The concentration in the collected marine products are equili-

brated with the mean concentration in the sea water collected in
the same quarter of year.

3) The concentration data and the concnetration ratios (C.R.) follow

lognormal distribution, respectively.

concentration in marine products (Bq/kg'fresh)
concentration in sea water (Bg/i)

C.R. =

The C.R. values were derived from the samples collected in 1980 -
1986 for plutonium and in 1982 - 1986 for americium.

£ 239,240 q 2%l

The concentration levels o Pu an An in the environmental

samples have been the same order as the levels caused by the gloval fall-
out.(5)
We attempted to calculate concentration factors as the wvalues which
are shown as follows.
1) The geometric mean of G.R. values which are derived as a ratio
between the nuclides concentration in the marine products and

that in the sea water collected in the same quarter of year.
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2) The arithmetic mean of C.R. values descrived above.

3) The ratic that is calculated with the geometric mean of the
concentration in the marine products and that in the sea water.

4) The ratio that is calculated with the arithmetic meaus of the

both concentrations.

4. RESULT AND DISCUSSION

4.1 Distribution of C.R. values.

Cumulative frequency plots of plutonium and americium concentration
ratios for whitebait and brown algae are shown in Fig. 1, and Fig. 2,
respectively.

The C.R. values of americum for whitebait shows a higher tendency
to distribute than those of plutonium and they follow each lognormal
distribution. Other marine products such as flatfish, shellfish,
cephalopods and crustaceans indicate the same tendency as whitebait.

But C.R. values for brown algae show a different .one that C.R.
valﬁes of plutonium distribute slightly-higher than those of americium.
This may be affected by the adsorption of the actinides on the surface
of brown algae.(G)

The ranges and geometric means of C.R. values are shown in Table I.

4.2 Comparison of C.F. values calculated with different methods.

C.F. values for plutonium calculated with different methods are
shown in Table 2. The data for each marine products are in the same
order of magnitude, but C.F.s derived as an arithmetic means of C.R.
values have a tendency to give a higher value that other methods. The
C.F. values for americium show the same tendency too.

But the method using the geometric mean of C.R. values, which were
derived as a ratio between the concentration in the marine products and
that in the sea water collected in the same period, is more suitable for
a estimation of site-specific concentration factor, because we can grasp

the range and most frequent value of C.R. values with their distribution.

5. CONCLUSION

Generally, the derived C.F.s based on the field data reflects all
process such as absorption, adsorption of particulate matters, ingestion

from food-chain and the C.F. values of americium for marine products are
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(2),(3)

higher than those of plutonium.

The distributions of C.R. values for plutonium and americium are
regarded as lognormal ones. The site-specific concentration factors
were derived from the geometric mean of C.R. values. The C.F.s of
americium for whitebait, fish (adult) and crustaceans are two or three
times and those for shellfish and ceplalopods are approximately five
times higher than those of plutonium. But C.F. for brown algae shows a
different tendency.

The obtained C.F. values of the plutonium and americium for brown
algae, shellfish and cephalopds are lower than the values estimated
elsewhere and those of other marine products are in the éame order of

(2),(3)

magnitude.
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Table 1 The geometric mean of C.R. values for plutonium and americium.
Plutonium Americium
Number | Range of The geometric | Number | Range of The geometric
of data | C.R. value | mean of data | C.R. value | mean
Whitebait 48 5.6~ 130 31 34 14- 370 67
Fish(adult) 44 3.9- 47 12 39 12- 260 37
Brown algae 124 68-1500 350 87 37-2100 220
Shellfish 71 46— 530 140 53 . 76—~3200 670
Cephalopods 45 4.8- 150 27 29 42- 430 130
Crustaceans 49 49~2000 250 32 130-3400 550

1) C.R. values were derived as a ratio between plutonium or americium concentration
in the marine products and the sea water were collected in the same quarter of year.

Table 2 Derived concentration factors of plutonium with different
calculation methods.

The geometric mean

The ratio of the
geometric means_of

The arithmetic mean

The ratio of the
arithmetric means

of C.R. values.l) concentration. of C.R. values.l) of concentration
Whitebait 31 27 (51)3) 41 33 (51)3)
Fish(adult) 12 11 (45) 15 13 (45)
Brown algae 350 330(128) 410 360(128)
Shellfish 140 130 (74) 160 150 (74)
Cephalopods 27 26 (48) 40 35 (48)
Crustaceans 250 210 (51) 310 240 (51)

1) C.R. values were derived as a ratio between plutonium conecentration in

and the sea water which were collected in the same quarter of year.
2) It is the ratio between the geometric means or the arithmetic means of plutonium concen-

tration in the marine products and that in the sea water.
data of the sea water are 109,

3) The number of the concentration data of the marine products;

the marine products

The number of the concentration
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9. Low Level Measurement of 2?1 in Environmental Samples
O H. KATAGIRI, O. NARITA, A. YAMATO, M. KINOSHITA

Power Reactor and Nuclear Fuel Development Corporation
Tokai-mura, Ibaraki-ken, Japan

Post No. 319-11

An analytical method of 1277 and 2°1 in various environmmental
samples has been developed.

The method consists of the following procedures: separation of
iodine from the samples using a2 double layered quartz tube firing appara-
tus, post-irradiation purification of iodine and measurement of 1267 and
1307 by means of gamma spectrometry.

The relative standard deviations of this method was less than 6 Z.

1. TINTRODUCTIOCN

The longest-lived radioisotope of iodine, 1297 has a half-life of
1.57 x 10’y and it is present in the environmment from natural and man-
made sources. ‘ '

As a natural source, it is produced by spontaneous fission of
natural uranium and spallation reactions in the upper atmosphere.
Natural occurring 1297 on the earth is estimated to be about 1.5 TBq and
atom ratios of 1291/1271 in hydrosphere, atmosphere and biosphere is
estimated to be about 3 X 10_15(1).

Since 1945, the atom ratio of 1291/1271 in the environment has been
increasing because of the 1291 added to the environment by nuclear weapon
tests, and peaceful use of nuclear energy.

(2)

Brauer et al. reported that the ratio of 1297/2277 was 107° to
10~7 in the 1960's and 1970's, and 10™* to 10”? at some vicinity area of
nuclear facilities. '

Analytical method of *297 which applied liquid scintillation count-—
ing méthod, X-ray spectrometry, mass spectrometry and do on has been
described by several authors.(3)«‘(7)

In the ussual environment since the *2°I concentration is still very
low no one can detect it by simple B or y ray radiation detector with

proper chemical purification, the authors intended to accomplish a



PNC TN8410 88-049

reliable and high sensitive analytical method based on thermal meutron
activation analysis and gamma spectrometry.
In this paper tracer experiment to confirm recovery of different

chemical forms and also reproducibility of the method was tested.

2. EXPERIMENTAL

Analitical procedure of this method is shown in Fig. 1.
Soil samples were collected at 4 or 5 points at each place with a
frame of 7.5 x 7.5 X 5 cm~depth. Collected sample was dried at 70 °C

and a fraction of under 2 mm mesh sheve was served for analysis.

2.1 Preirradiation separatiom

The combustion method is used for isolations of iodine prior to
neutron activation.

As a yeild tracer '?%I was spiked to each sample (about 100g). The
sample spiked with '?°I was placed inside of a double layer quartz tube
with quartz wool plugs at both sides of sample.(Fig. 2).

Dry oxygen is passed through inner tube and outer tube at a rate of
0.2 £/min. and 0.8 %/min., respectively. And the sample is ignited at
1000 °cC.

Furnace 1 was moved automatically (0.5 cm/min.) from the end to the
midway of the tube where the sample 1s placed to expel the iodine from
the sample into exhaust gas. Furnace 2 was heated at 1000 °C in order to
complete the oxidization of organic materials which is exhausted from the
sample. Then off-gas is passed through a activated charcoal column
(about 3 g) maintained at 150 °C in order to adsorb iodine with high
efficiency. Then the iodine adsorbed on the charcoal was transfered to
another smaller activated charcoal bed about 0.5 g by combustion of first
charcoal using a small apparatus. The oxygen flows during the combustion
was controlled at a rate of 0.1 &/min.

The second charcoal bed was transfered to a beaker, and then 6M NaOH
of 20 mf was added to leach iodine from activated charcoal in a ultrasonic
wave cleaner for 3 or 4 hours. Filtrate was acidified with HNO,(5M) and
introduced into separatory funnel to which CCl, and NaNO, (10%, 10mi)
were added. Iodine was extracted into CCly phase by shaking, and then
was back-extracted into SOz-water. The SO3;-water was boiled to remove

excess 50, gas for about 30 min and PdCl, solution was added to precipi-
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tate PdI,.

The precipitate was filterated on a glass fiber filter and dried,
then transfered into a quartz tube. The precipitation was heated at 500
°C to decompose and iodine was trapped in a part of the U-tube at 1liq. N,
temperature. During the decompsition of the precipitation He-gas was
passed through the tube at a rate of 30 m&/min. The outlet end of the
quartz tube was sealed, and whole system was evacuated. Then inlet end

was sealed off at the U-tube, and iodine was diffused to ampoule part (A

part of Fig. 3).

2.2 Neutron Irradiation

The neutron irradiation was performed in the T-pipe of JAERI reactor
"JRR-4" during 40 minutes in the thermal neutron flux of 8 x 10*% n/cm®*
sec.

Each set of the samples was irradiated with comparator standards
containing known-amounts of *271 and '%°I.

Neutron capture reaction for iodine takes place during the irradia-
tion according to the followings.

(1) 271 (n, v) '?®I (B7, Y H.L: 25 min)

(2) 1?71 (n, 2n) 1267 (g~, y H.L: 13 days)

(3) 2°1 (n, y) '®°r (B, y H.L: 12.5 hr)

(&) 12717 (multi-neutron capture) 130¢

(5) 8lpr (m, V) S2pr

The reaction (4) and (5) may intérfere with measurements for deter-—

mination ef 1291,

7.3 Post-irradiation purification and measurement

Irradiated ampoule was crushed in an ampoule crusher containing some
SOz-water, iodine and bromine carfier and CCl, to prohibit volatilization
of irradiated iodine. -

The solution in the crusher was filterated by glass fiber filter and
transfered into a separatory funnel. Then the solution was acidified
with HNO; and NaNO, (10%, lOm?) was added. The iodine was extracted
into CCl, phase, then back-extracted into SOs-water. Excess 50, gas in
the SO;-water was removed by boiling and AgNO, solution was added to get
final precipitation of AgI.

The Agl precipitation was measured with a Ge (Li) detector. Each

activity of 1267, 1287 and '3%%1 was calculated from gamma-ray spectrum.
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On the other hand, '2°I was measured with a Low Energy Photon Spectrometer
(LEPS), and the chemical yield was calculated.

Obtained typical Ge(Li) spectrum is shown in Fig. 4.

3. Results and discussion

3.1 Influence of chemical form on the recovery

The influence of chemical form on the recovery at the time of combus—
tion of soil was studied with regard to Iodine, Iodide and Iodate, respec—
tively. Each form of '2°I with stable iodine was prepared by eclassical
methods and was used as tracers. The tracers were added to 100 g soil
and treated as mentioned in section 2.1. Chemical yield of stable iodine
was measured by Agl gravimetric method and 12%I-tracer measurement method
after combustion and chemical separation. Result are shown in Table 1.

No significant different of recovery was observed among different
chemical spilecies of iodine and the results gotten from gravimetric method
and *?°I-tracer measurement method were in good agreement. From this
results, one can say that high temperature combustion method is effective
for the sublimation of iodine leaving matrix material of environmental
samples, and also is *?°I-tracer is valid as a yield monitor even if the

chemical form were different from in situ iodine in soil samples.

3.2 The accuracy of the method

So0il sample was analized by repeatedly employing this method. The
relative standard deviation on five runs were about 6 %.

These results showed that the reproducibility of this method was

invariable enough for low level 2°I measurement.

4., CONCLUSION

Neutron activation technique has been applied for the determination
of *?°I in soil samples. And this method was sufficiently sensitive to

measure back-ground level of 1297,
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@ Electric furnace( 150°C) A: Quartz tube for ampoule
@ Double layer Quartz tube B: Electric furnate

@ Activated charcoal(3g)

(6} Sample(~100g)

Fig. 2 Combustion apparatus Fig. 3 PdI, decomposition apparatus
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’L......:._JI-__.__...—: ". i ' g
r-82 {
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40000 LC

4 RC

Fig. 4 Gamma Spectorum of soil: Ge(Li)

Table 1 Recovery of iodine by combution method from soil
spiked with different chemical forms

. *
Chemical form

Recovery (%)

Agl gravimetric

1257 tracer

method method
I, 86 91
T 89 88
105 87 89

%: 10mg I of each species was added.
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The Use of Programmable lon Chamber for Controlling
Exposure in Tokai Reprocessing Plant
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