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Hisashi KATOH, Hiroto KOGURE and Kyohei SUZUKI
Division of Radioisotope Production,

Radioisotope Center, JAERI
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The present state of production of gamma radiation sources in Japan
Atomic Energy Research Institute (JAERI) is described. '

Sources of !92Ir, 60co and 179Tm for industrial and 128Au and 19271y
for medical applications are produced and delivered routinely by JAERT.

Prefabricated assembly targets are irradiated in JRR-2, JRR-3, JRR-4
or JMTR. The irradiated targets are disassembled in a heavy density
concrete cave or a lead-shielded cell, depending on the level of radio-
activity. The yield of radiocactivity in each target is measured with the
aid of an ionization chamber. Where necessary, irradiated targets are
encapsulated hermetically in capsules of aluminum, stainless steel or
other material. The yield of radicactivity is estimated in relation with

the burn-up of target nuclide and product nuclide,

Keywords: Gamma Radiation Source, Tridium-192 Source, Cobalt-60 Source,
Thulium-170 Source, Gold-198 Source, Radioisotope Production,
Production Facility, Neutron Activation, Sealed Source,
Radiocactivity Yield, Target Assembly, Burn-up, Waste Disposal,

Decontamination, JAERI.
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1. Introduction

The demand for radioisotopic gamma radiation sources in Japan has
increased steadily over past ten years in accordance with developments
of their utilization in the fields of industry and medical science.

This tendency will continue still in future.

In Japan radioisotopic gamma radiation sources have been produced
since 1967 in Radioisotope Center, JAERI. During the course of the
production, practical problems inherent to the production of radioisotopes
for radiation sources have been solved and techniques for fabricating
them to sources have been developed. Above all were studied especially
in detail the problems of choice of shape and dimensions of targets to
suppress self-shielding effect, design of target assembly for reactor
irradiation to prevent local depression of neutron flux and determination
of irradiation conditions to yield prescribed radiocactivity without excess
or deficiency. Techniques of post-irradiation handling of highly radio-
active materials including hermetical encapsulaticon were also essential
items of development for the production of radiation sources. The radio-
isotopes produced for radiation soﬁrces in JAERI are shown in Table 1.

The numerical values in Table 1 are taken from "Table of Radioisotopes”.(l)

Iridium-192 and %%Co are the radiolisotopes most widely used for non-
destructive inspection of industrial products, e.g. gamma-radiography of
the blade of jet engine, and for gaging in various industrial processes,
e.g. management of erosion of inside wall of a smelting furnace. Thulium-
170 1is best.applied to radiographic inspection of thin materials of low
density such as the body of aircrafts because of its low gamma energy.
Gold-198 "gold-grain" is especially well suited as radlation sources for
brachytherapy of cancer, because of its physiological fitness teo in vivo
applications. Iridium-192 also has been applied in recent years to

T

interstitial brachytherapy in accordance with the development of "after-
loading” techniques.

These radicisotopes are produced by neutron irradiation of targets
in the nuclear reactors of JRR-2, JRR-3, JRR-4 or JMTR and shipped routinely

to customers.

2. Nuclear properties(l)

Iridium-192 is produced by (n,y) reaction on iridium in a nuclear



JAERI - M 8810

1. Introduction

The demand for radioisotopic gamma radiation sources in Japan has
increased steadily over past ten years in accordance with developments
of their utilization in the fields of industry and medical science.

This tendency will continue still in future.

In Japan radioigotopic gamma radiation sources have been produced
since 1967 in Radiocisotope Center, JAERT. During the course of the
production, practical problems inherent to the production of radioisotopes
for radiation sources have been solved and techniques for fabricating
them to sources have been developed. Above all were studied especially
in detail the problems of choice of shape and dimensions of targets to
suppress self-shielding effect, design of taréet assembly for reactor
irradiation to prevent local depression of neutron flux and determination
of irradiation conditions to yield prescribed radicactivity without excess
or deficiency. Techniques of post-irradiation handling of highly radio-
active materials including hermetical encapsulation were also essential
items of development for the production of radiation sources. The radio-
isotopes produced for radiation soﬁrces in JAERI are shown in Table 1.

The numerical wvalues in Table 1 are taken from '"Table of Radioisotopes”.(l)

Iridium-192 and ®YCo are the radioisotopes most widely used for non-
destructive inspection of industrial products, e.g. gamma-radiography of
the blade of jet engine, and for gaging in various industrial processes,
e.g. management of erosion of inside wall of a smelting furnace. Thulium-
170 is best applied to radiographic inspection of thin materials of low
density such as the body of aircrafts because of its low gamma energy.
Gold-198 "gold-grain" is especially well suited as radiation sources for
brachytherapy of cahcer, because of its physiological fitness to in vivo
applications. Iridium-192 alsc has been applied in recent years to
interstitial brachytherapy in accordance with the development of "after-
loading" techniques.

These radicisotopes are produced by neutron irradiation of targets
in the nuclear reactors of JRR-2, JRR-3, JRR-4 or JMTR and shipped routinely

to customers.

2. Nuclear properties(l)

Iridium-192 is produced by (n,y)} reaction on iridium in a nuclear



JAERI-M 8810

reactor. Iridium of natural isotopic composition is composed of 37.3 %

of 19171 and 62.7 % of ¥%31r. Thermal neutron capture cross section for
the reaction 1%lir (m,v) 1927y ig 940 barns (400 barns to 1321y plus 540
barns to 122Ir). Iridium-192 undergoes subsequent neutron capture, of
which cross section is 1500 barns (Fig. 1). Major part of 19211 decays
with a half-life of 74.17 days to stable 192p¢ emitting beta particles

of maximum energy of 0.672 MeV (46 %) and gamma-rays of energies of 0.604,
0.468 and 0.308 MeV (Fig. 2).

Cobalt-60 is produced by irradiation of cobalt metals in a nuclear
reactor through (m,y) reactien on 5%Co., Cobalt is composed of 100 % of
5900. Thermal neutron capture cross section is 37 barns (19 barns to
60Mcy plus 18 barns to 60go as shown in Fig. 1). Cobalt-60 decays with
a half-life of 5.27 years to stable ®UNi emitting beta particles of a
maximum energy of 0.318 MeV and gamma-rays of emergies of 1.17 and 1.33
MeV as illustrated in Fig. 2.

Thulium-170 is produced by irradiation of thulium (IM) oxide in a
nuclear reactor through (n,y) reaction on 1687y, Thulium-170 deéays with
a half-life of 128.6 days to stable 170yh as shown inm Fig. 2. This decays
is accompanied with emission of beta particles of maximum energies of
0.968 Mev (76 %) and 0.884 MeV (24 %). Decay by the latter emitts 0.084
MeV gamma ray. Thermal neutron capture Cross section of 1P9Tm is 98 barns.
Thulium-170 undergoes subsequent neutron capture, of which cross section
is 92 barns (Fig. 1).

Gold-198 is produced by irradiation of gold metal in a nuclear reactor
through (n,y) reaction on 197ay, Gold-198 decays with a half-1life of 2.70
days to stable 1981y emitting beta particles of maximum energy 0.961 MeV
(approximately 99 %) and gamma-rays of energies of 0.412, 0.676 and 1.088
MeV as shown in Fig. 2. Gold is composed of 100 % 127p4, Thermal neutron
capture cross section is 98.8 barns. Cold-198 undergoes subsequent neutron
capture, of which cross section 1s 2,58 x 10" barns.(Z) Yield of 19%u to

be obtained by neutron capture of 198ay is described in 5-4-3.

3. Facilities for the production of radiation sources
3.1 Irradiation facilities

Four nuclear reactors, i.e. JRR-2, JRR-3, JRR-4 and JMTR shown in
Table 2, are used for production of both non-sealed and sealed radioisotopes

production in JAERI.
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production in JAERI.
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The JRR-2 reactor is used for production of 1927r and 1%8Au. 1t is
operated at a thermal output of 10 MW. The maximum thermal neutron flux
density available for irradiation amounts to 1 x 101% em™? s7! in the
hollow cylindrical fuel core. An operating cycle is 3 weeks, comprising
12 days (approximately 288 hr) of operation at full power and 9 days of
shutdown for maintenance and refueling of the reactor and assembling and
disassembling of experimental facilities.

The JRR-3 reactor is used for production of }98Au and 1221r for
radiotherapy. 1t is also operated at an output of 10 MW. The maximum
thermal neutron flux density in pneumatic tube, which is used for the
production of these two radioisotopes is 3 x 10123 cm™2 s71. An operating
cycle is the same as that of JRR-2,

The JRR-4 reactor is supplementally used for production of 19854,

The JMTR reactor is used for the production of 1921r, 80Co and !70Tm
for industrial use. Available thermal neutron flux denmsity is 1 ~ 3 x 101%
em™2 st An operating cycle includes 24 days (approximately 570 hr)

operation at full power of 50 MW and 30 days shutdown.

3.2 Production facilities

Irradiated targets are transferred from the reactors to one of
properly shielded facilities in the Radioisotope Production Laboratory.(s)
A heavy density concrete cave (%) (Fig. 3) is used for handling !%2Tr, ®Cco
and 170Tm in Curie level. This cave was designed for a series of "hot
works'"; i.e. decanning of irradiation capsules, disassembling of target
assemblies, measurement of yield of radioactivity and encapsulation of
irradiated targets for practical uses. The wall of the cave is made of
heavy density concrete 65 cm thick, which enables us teo handle 60Co up to
500 Ci. The inner wall of the cave is lined with steel plate coated with
epoxy resin-paint for ease of decontamination after hot-run. The cave is
equipped with a pair of Model-8 master-slave manipulators, a periscope and
a viewing window of 60 cm high, 80 cm wide and 65 cm thick. There is a
300 kg electric travelling crane at the ceiling in the cave. In the cave
are set various equipments such as an automatic dispensing apparatus(S)
for 1977r of high specific activity, a jig for fixing a capsule to be
sealed by remote operation welding, a decanner for irradiated capsule,

a well type ionization chamber for measuring radicactivity, a hot-plate

for testing leakage of sealed sources, and storage pits for irradiated
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targets. The radiation background in the cave usually ranges from
10 mR h™! to 100 mR h™! due to contamination.

Production of 1%8Au and small gamma radiation sources (less than
1l curie; e.g. 1221+ for radiotherapy) is carried out in a conventional
lead shielded cellf{®) (lead shielding of 10 cm thick)., The inside of

the cell is usually kept clean for radicactive contamination.

4. Calculation of yield

Yield of 192Tr to be obtained by neutron activation of iridium
target, in which significant burn-up of the product nuclide as well as

the target nuclide occurs as shown in Fig. 1, is given by
Npo¢ _ 7
A = - 0 (e—GCbt_e (l'i‘U'(b)t)( ) (1)
3.7x10*% {1+(c"-0)¢/r}

where
A 1 specific activity of 1921 in c1,
Ny: number of target nuclides per gram.
¢ : thermal neutron capture cross section of '%1Ir, 940 barns.
¢': thermal neutron capture cross section of 1921y, 1500 barns.
¢ : thermal neutron flux density in cm~2 s1.
t irrvradiation time in seconds.
A

decay constant of 1927y,

Calculation of yield of 1927y, which is produced through cyclic

irradlation, is given by following equation derived from equation (1)

—n{¢tA(U'—U)+At1} (7)
{¢tA(o'—c)+At1}

e-o¢(n—l)tA—A(t1-tA) l-e

l-e

An = A (2)

where
An: speéific activity of !°2Ir produced by irradiation of n cycles
in Ci.
n : number of dirradiation cycles in integer.
tp: single operation period of reactor in seconds.
ti: operation period plus suspension period of a reactor cycle

in seconds.

The results of calculation according to equation (1) are shown in

Fig. 4, where neutron flux density is taken as a parameter.
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Burn-up of targets and product nuclides gives targets maximum
specific activities at certain irradiation times, which are dependent on
neutron flux density. .

Yield of '921r is affected remarkably by the quantity and the arrange-
ment of targets in an irradiation capsule because of the local depression
of neutron flux density caused by large neutron absorption cross section
of iridium (440 barns).

The effect of the neutron perturbation by pellet shaped iridium
targets was determined by irradiating them in JMTR-CF (Critical Facility}.
A target assembly (Fig. 5), which consisted of a piece of aluminum
cylinder, three cylindrical graphite blocks inside the cylinder to hold
iridium pellets, and three thin copper wires placed at the axis of the
graphite blocks and inside and outside of aluminum cylinder. After
irradiation radicactivity formed in the copper wires along their length
was determined. When 190 pieces of pellet shaped iridium targets were
irradiated in the nuclear reactor, this assembly caused a local depression
of neutron flux density at the middle of the center axis of 64 % of the
value obtained when 1 pellet was irradiated (Fig. 6).

Yield of a radioisotope is reduced in practical activation by the
effect of self-shielding more or less depending on the size of cross
section. When cross section is large, as is the case of iridium, activation
takes place only in the superficial layer of target, leaving the interior
of the target unactivated. An autoradiograph of an 1927, cylindrical
source of 2 mm in diameter by 2 mm thick shown in Photo. 1(8) reveals the
effect of self-shielding.

In order to obtain accurate yield of 1921y under these circumstances,
yield calculated according to equations (1) or (2) should be corrected for
these effects. As shown in Table 3, the value of a factor F for correct-
ing the calculated value against these effects was 0.2 for an iridium
pellet of 2 mm in diameter by 2 mm thick and 0.3 for an iridium wafer of
3 mm in diameter by 0.4 mm thick.

Radioactivity of 60Co to be obtained when cobalt target is irradiated
in a nuclear reactor can be estimated from the equatien (3) because neither
cobalt target nor product nuclide suffer from significant burn-up.
Radioactivity of !98Au also can be estimated from the equation (3). Yield

of 19%au to be obtained by neutron capture of 198au is described in 5.4.3.
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NnTd
0 ~At
A=TF ———" (1-e ) (3)
3,7x10%0
where
A : specific activity of 60co (or 198Au) in Ci.
Ng: number of target nuclides per gram.

¢ : thermal neutron capture cross section of 3%Co, 37 barns

(or 197au, 98.8 barns).

¢ : thermal neutren flux density in R
t : irradiation time in seconds.

A : decay constant of 50co (or 198au) .

The correction factor F determined experimentally for cobalt targets
of various sizes ranges from 0.9 to 0.5 as shoﬁn in Table 4. The value F
of gold target is approximately 0.6.

Yield of 179Tm to be obtained by neutron activation of thulium
target, in which significant burn-up of the product nuclide as well as the

target nuclide occurs as shown in Fig. 1, can be estimated from equation (1).

5. Production
5.1 Iridium-192
5.1.1 Specifications of target

Five kinds of iridium target are used (Fig. 7). Iridium targets for
radiotherapy (hairpin, single-pin and seed) are made of platinum-iridium
alloy (Ir 20v25 weight %) and enclosed in pure platinum sheath 0.1 mm
thick, of which both ends are electroplated with platinum to a thickness
of 0.1 mm. The platinum sheath cuts off less penetrating beta rays so as
to minimize unnecessary radiation exposure to patients. Details of specifi-

cation of the targets are shown in Table 5.

5.1.2 Irradiation

Configuration of wvarious target assemblies are shown in Fig. 8.
Pellet and wafer shaped iridium targets are loaded alternately with
aluminum spacers in holes arranged aleng the circumference of an aluminum
cores (Fig. 8-C) and enclosed in an aluminum capsule. Hairpin and single-
pin shaped iridium targets are assembled in an aluminum frame (Fig. 8-D).
Seed shaped iridium targets are loaded in a polyethylene tube with nylon

spacers (Fig. 7) and enclosed in a polyimide resin capsule. Capsules used

—f —
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N-agd At
A=F ——2s (1) (3)
3.7x10%0
where
A : specific activity of 60co (or *%8Au) in Ci.
Np: number of target nuclides per gram.

g : thermal neutron capture cross section of 5%Co, 37 barns

(or '97Au, 98.8 barms).

4 : thermal neutron flux density in em™? 71,
t : irradiation time In seconds.

A : decay constant of 80co (or 19%Au).

The correction factor F determined experimentally for cobalt targets
of various sizes ranges from (.9 to 0.5 as sho%n in Tahle 4. The value F
of gold target is approximately 0.6.

vYield of 170Tm to be obtained by neutron activation of thulium
target, in which significant burn-up of the product nuclide as well as the

target nuclide occurs as shown in Fig. 1, can be estimated from equation (1).

5. Production
5.1 Iridium-192
5.1.1 Specifications of target

Tive kinds of iridium target are used (Fig. 7). Iridium targets for
radiotherapy (hairpin, single-pin and seed) are made of platinum—iridium
alloy (Ir 20725 weight %) and enclesed in pure platinum sheath G.1 mm
thick, of which both ends are electroplated with platinum to a thickness
of 0.1 mm. The platinum sheath cuts off less penetrating beta rays so as
to minimize unnecessary radiation exposure to patients. Details of specifi-

cation of the targets are shown in Table 5.

5.1.2 Irradiation

Configuration of various target assemblies are shown in Fig. 8.
Pellet and wafer shaped iridium targets are loaded alternately with
aluminum spacers in holes arranged along the circumference of an aluminum
cores (Fig. 8-C) and enclosed in an aluminum capsule, Hairpin and single-
pin shaped iridium targets avre assembled in an aluminum frame (Fig. 8-D).
Seed shaped iridium targets are loaded in a polyvethylene tube with nylen

spacers (Fig. 7) and encleosed in a polyimide resin capsule. Capsules used

_6_
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for reactor irradiation of these target assemblies are shown in Fig. 9
and 10,

Cores and frames containing targets and capsules are usually made of
high purity aluminum (e.g. AA-1100, A1>99 %). The use of high purity
aluminum minimizes formation of undesirable long-lived radioisotopes from
impurity elements. The aluminum capsules are cold-welded or welded by
electron-beam (EB welding) and submitted to leak test by bubbling in
ethyleneglycol under a reduced pressure or by helium leak detector.

Pellet and water shaped iridium targets for production of 1921¢ of
high specific activity are irradiated mostly in position I-11 (aluminum
reflector region) of JMTR for one reactor cycle (approximately 550 hours
at 50 MW) in a thermal neutron flux density of about 2 x 10* cm 2 57! and
occasionally in VI-1 hole of JRR-2 for two or three reactor cycles
(approximately 580 or 860 hours at 10 MW) in a thermal neutron flux
density of about 1 x 10!% em™2 g71. Radicactivity of 1%21r produced
under these irradiation conditions ranges from 12 €i to 18 Ci per 1 pellet
and from 9 Ci to 13 Ci per 1 wafer.

Hairpin and single-pin shaped.iridium targets and in irradiated in
horizontal hole of JRR-2 for 40 minutes and in pneumatic tube of JRR-3
for 90 minutes. Seed shaped iridium targets are irradiated in horizontal
hole of JRR-2Z for 2.5 hours or in pneumatic tube of JRR-3 for 5 hours.

Examples of the results of irradiation are shown in Table 6.

5.1.3 Decay heat of 192Ir

Iridium-192 generates heat due to absorption of their beta and gamma
rays in themselves. The heat causes many undesirable phenomena, i.e.
cracking cf glasses, melting of polyvinyl and rubber sheets, and burning
of paper and cloth during post-irradiation handling. The rate of gene-
ration of the decay heat from an 92Ir pellet of 2 mm in diameter by 2 mm
thick of an activity of 21 Ci per piece (a specific activity of 157 Ci g 1)
was calculated to be approximately 8 x 1072 W per piece (0.57 W g !) by
the theoretical equation.(g)

Temperature measured with a thermocouple at the surface of an
irradiation capsule (Fig. 9-2) containing a total activity of 4310 Ci was
about 120 °C, when the capsule was placed on the floor of the cave under
a normal ventilation condition, i.e. an average flow rate of air of 30

em s 1, Temperature at the surface of a !%2Tr pellet and distribution of



JAERI-M 8810

temperature inside the irradiated capsule were calculated from the decay
heat and heat transfer between each of components of the target assembly
and the irradiation capsule according to the natural convective heat

transfer equation.(10)
o = Ny A/L

where

heat transfer coefficient (kcal/m*h°C)
heat convection of Hy or air (kcal/m h°C)

o
A
L : outer diameter of irradiation capsule (m)
N,: Nusselt number

Ny = 0.55 (Gp + Ppi/Y

Grashof number

Pr: Prandtl number

Figure 11 shows surface temperature of an 1927y pellet as a function
of specific activity. The surface temperature of an 1921r pellet of a
specific activity of 157 Ci g~! is approximately 200 °C. The temperature

distribution in the irradiation capsule is shown in Fig. 12.

5.2 Cobalt-60
5.2.1 Specifications of target

As shown in Table 3, three kinds of cohalt target, i.e. needle, wafer
and pellet, are used. Wafer shaped cobalt target is prepared from cobalt
metal eitheg by clothing with high purity aluminum of approximately 0.6 mm
thick or by plating with nickel to a thickness of approximately 0.05 mm.
Pellet shaped cobalt target is plated with nickel to a thickness of
approximately 0.01 mm.

(117,(12)

5.2.2 TIrradiation

Pellet and needle shaped cobalt targets are loaded in the reactor
grade aluminum core (Fig. 8-A) or in holes arranged along the circumference

of graphite cores (Fig. 8-B) of various sizes and enclosed in aluminum
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capsules as shown in Fig. 10.

Needle shaped cobalt target for the production of small $CCo sources
is irradiated from a period from 12 hours to 58 hours in hvdraulic rabbit
of JMTR in an average thermal neutron flux density of 6 x 1013 em™2 g7!I.
Intensity of radicactivity of the small 6UCo sources is divided into three
clases of 1 mCi, 10 mCi and 20 mCi per one piece with a standard deviation
of 210 %. TIrradiation conditions and results are summarized in Table 7.

Wafer shaped cobalt target for the production of large scale ®%Co
sources 1s irradiated for one reactor cvele in position E~10 or L-5
{beryllium reflector region) of JMIR in a thermal neutron flux density of
about 1.9 x 101% em™2 571,

Pellet shaped cobalt target for the production of ®9Co socurces of high
specific activity is irradiated for a period from 3000 hours tc 5000 hours
in the same position as that for wafer shaped cobalt targets. Composition
ol capsules for irradiation of cobalt targets is shown in Table 8. The
gpecific activity of 50Co produced in these irradiation conditions is 8.5
Ci g_l for wafer shaped target, and from 50 Ci g7! to 70 Ci g~! for pellet
shaped target. The results of the irradiation of wafer and pellet shaped

targets are shown in Table 9.

5.3 Thulium-170

5.3.1 Specifications of target

Specifications of thuljum target are shown in Table 5. Thulium (TI)
oxide pellet is prepared from thulium (II) oxide (Tmy03) powder of 99.9 7
purity in a following way. A desired amount of the oxide powder is
transferred to a steel die and moulded into a pellet having a required
thickness by applying a pressure about 5 kg cm 2. The moulded powder is
sintered in vacuum at 2100 °C, The pellets thus cobtained have a density of
approximately 87 % of theoretical density. The pellet is covered with
high purity aluminum jacket of 0.2 mm thick to prevent possible spread of

highly radicactive powder during irradiation and post-irradiation handling.

5.3,2 Irradiation

Thulium target is irradiated for two reactor cycles (approximately

1100 hours at 50 MW) in position G-11 {aluminum reflector region) of JMTR

ir; a thermal neutron flux density of about 2.5 x 10!* cm=? s™!. The radio-

activity of 170Tm is about 40 Ci at the end of irradiation.
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5.4 Gold-198 grain
5.4.1 Specifications of target

Specifications of gold target are shown in Table 5 and Fig. 7. Gold
target used for the production of 198a4 has a purity higher than 99.9 %
to ensure purity of radiation of the products. A tiny gold cylinder is
enclosed in a platinum sheath, of which both ends are electfoplated with
platinum to a thickness of 0.05 mm. The platinum sheath cuts off less
peneLrating beta rays so as to minimize unneceséary radiation exposure to
patients. For neutron irradiation, 14 gold targets are loaded into an

aluminum tube (inner diameter 0.9 mm, outer diameter 2.5 mm, length 38 mm) .

5.4.2 Trradiation(13),{14),{15)

The gold targets assembled into an aluminum tube are enclosed in a
polyimide resin capsule as shown in Fig. 10-4.

Fach of !%BAu grains should have an average radiocactivity of 5 mCi
at the time of use. Therefore conditions of irradiation of gold target
are adjusted according to the period between the end of irradiation and
the use because of its short half-life of 2.7 days. Gold target for the
production of the 198pu grains is irradiated mostly in pneumatic tube of
JRR-3 for a period from 2.5 hours teo 17 hours in a thermal neutron flux
density of about 3.3 x 1013 em 2 57! and occasionally in pneumatic tube
of JRR-2 for a period from 1 hour to 24 hours in a thermal meutron flux
density of about 5 x 1012 em™2 s”! or in T-pipe of JRR-4. Example of

irradiation conditions for 128Au grains are shown in Table 10.

5.4.3 Amount of !99Au in !98Au

Having a very large thermal neutron capture cross section (2,58 x 10"
barns), 198Ay transforms itself into 199%x4 by successive (n,y) reaction
during irradiation of gold in a thermal neutron flux. The content of
199pu in 198Au after irradiation is calculated by following equation(ls)

-Agt Ay ~(hgtog)t —Agt
pog{(l-e )= 15:7131$Eg7 (e -e )

Ag/Ag =
/%8 rgil-e etPT8IEy @

where

Ag and Ag : radicactivities of 1994y and 198Au respectively

¢ : thermal neutron flux density in em™2 7!
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Ag and Ag : decay constants of !9%Au and 1%8au (2.55 x 1078,
2.97 x 10 ¢ s71) respectively
gg * neutron capture cross section of 198ay

t : irradiation time in seconds

Calculation by equation (4) shows that vield of 12%9Au in 198Au under
the prescribed conditions of irradiation is less than 0.4 7%, which is

quite negligible for the use (Table 11).

5.5 Post-irradiation procedures

Handling of 1821y (except 1921 for radiotherapy), 60Co and !/YTm
after irradiation is carried out in the heavy density concrete cave des-
cribed before (see 3-2). Irradiation capsulesd are decamned with a capsule
opener, after which the target assembly inside is disassembled, care being
take not to lose tiny pieces of radiation sources during remote handling
with the manipulators.

Handling of 19%Au grain and 1921y for radiotherapy are carried out in
a cell with lead shielding 10 cm thick. After decanning, irradiation
capsules are transferred to another lead cell 10 cm thick to prevent 19840

192

grains and Ir from possible radicactive contamination with radiociscotopes

induced on the surface of the irradiation capsules.

5.5.1 7the automatic apparatus for remote handling of pellet shaped 1927y

This apparatus was developed to improve efficiency of post—~irradiation
procedures and accuracy of measurement. Outline of the mechanism (Fig. 13)
and the functions (Fig. 14) of this apparatus are as follows.

1921y pellets and aluminum spacers: approximately

1) Selection of
300 pieces of 1921, pellets and 200 pieces of aluminum spacers
are separated automatically from a mixture by the wvibrating

parts~feeder.

£ 192

2) Supply o Ir: diridium—-192 pellets are supplied one by one to

the transfer arm by the escapement mechanism.

1392

3) Measurement and clasification of Ir: radioactivity of each

of 19%1r pellets is measured and the pellets are grouped into

three classes according to intensity of their radioactivity.

The apparatus is supplied with power and controlled automatically
with the data processor connected to the apparatus. The data processor
is set in front of the cave mear the viewing window to permit easy opera-
tion. The data processor is also connected with an electrometer for
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radioactivity measurement. The data processor prints out not only the
total number and intensity of radicactivity of 1%2Ir pellets, average

activity and standard deviation, but also these values of each group.

6. Radioactivity measurement

Intensity of radiocactivity of a radiation source is gemerally in the
order of curies. Routine radicactivity measurements of 1927y (except
1921+ for radiotherapy), ©YCo and 170Tm are carried out with a well-type
ionization chamber placed in lead shielding 10 em thick in the cave.

This measuring system is shown in Fig. 15, Radioactivities of !28Au

grains and 1921r gources for radiotherapy are usually estimated with a
well-type ionization chamber in a cell with lead shielding 10 cm thick,
These measuring systems are calibrated at times with an ionization

chamber, of which efficiency was determined accurately. Error tolerated

in most routine measurements of radioactivity is 10 Z. During past few
vears of use, these instruments have shown little tendency to drift or
deviate, although periodic calibration has been made as a matter of routine,

7. Production of radioactive sealed sources(ll),(12)

A large number of the radiation sources such as 192Ir, 60Co and 70Tm
have been made into sealed source by encapsulation at JAERI. The capsula-
ticn is performed in the cave by means of remotely operated welding

equipment.

7.1 Assembling of sealed sources

In sealed sources, radioisotopes are usually enclosed in metal capsules
of design dependent on the operational requirements of source application.
The majority of capsules of radiation sources today are made of stainless
steel of suitable grades, because this alloy is resistive against heat and
corrosion, and can be argon arc welded easily.

Iridium-192 is enclosed in a 304 stainless steel capsule as shown
in Fig. 16, and this is loaded in the holder for radiography as shown in

Fig. 17.

Sealed sources of ©9Co are produced by loading a number of wafer or
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radioactivity measurement. The data processor prints out not only the
total number and intensity of radicactivity of 1927y pellets, average

activity and standard deviation, but also these values of each group.

6. Radioactivity measurement

Intensity of radiocactivity of a radiation source is gemerally in the
order of curies. Routine radicactivity measurements of 19274 (except
1921+ for radiotherapy), ©YCo and 170Tm are carried out with a well-type
ionization chamber placed in lead shielding 10 cm thick in the cave.

This measuring system is shown in Fig. 15. Radioactivities of !98au

grains and *%2Ir sources for radiotherapy are usually estimated with a
well-type ionization chamber in a cell with lead shielding 10 cm thick,
These measuring systems are calibrated at times with an ionization

chamber, of which efficiency was determined accurately. Error tolerated

in most routine measurements of radioactivity is 10 Z. During past few
years of use, these instruments have shown little tendency to drift or
deviate, although periodic calibration has been made as a matter of routine,

7. Production of radioactive sealed sources(1l),(12)

A large number of the radiation sources such as 192Ir, 60Co and 17%Tm
have been made into sealed source by encapsulation at JAERI. The capsula-
tion is performed in the cave by means of remotely operated welding

egquipment.

7.1 Assembling of sealed sources

In sealed sources, radioisotopes are usually enclosed in metal capsules
of design dependent on the operational requirements of source application.
The majority of capsules of radiation sources today are made of stainless
steel of suitable grades, because this alloy is resistive against heat and
corrosion, and can be argon arc welded easily.

Iridium-192 is enclosed in a 304 stainless steel capsule as shown
in Fig, 16, and this is loaded in the holder for radiography as shown in

Fig. 17.

Sealed sources of ®UCo are produced by loading a number of wafer or
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radiocactivity measurement. The data processor prints out not only the
total number and intensity of radicactivity of 19214 pellets, average

activity and standard deviaticn, but also these values of each group.

6. Radioactivity measurement

Intensity of radioactivity of a radiation source is gemerally in the
order of curies, Routine radiocactivity measurements of 1927¢ (except
1921y for radiotherapy), 6YCo and !70Tm are carried out with a well-type
ionization chamber placed in lead shielding 10 c¢m thick in the cave.

This measuring system is shown in Fig. 15. Radioactivities of 1984y

grains and ‘22Ir sources for radiotherapy are usually estimated with a
well-type ionization chamber in a cell with lead shielding 10 cm thick.
These measuring systems are calibrated at times with an ionization

chamber, of which efficiency was determined accurately. Error tolerated

in most routine measurements of radiocactivity is +10 Z. During past few
years of use, these instruments have shown little tendency to drift or
deviate, although periodic calibration has been made as a matter of routine.

7. Production of radioactive sealed sources(11),(12)

A large number of the radiation sources such as lgzlr, 60Co and *70Tm
have been made into sealed source by encapsulation at JAERI. The capsula-

tion is performed in the cave by means of remotely operated welding

equipment.

7.1 Assembling of sealed sources

In sealed sources, radioisotopes are usually enclosed in metal capsules
of design dependent on the operational requirements of source application,
The majority of capsules of radiation sources today are made of stainless
steel of suitable grades, because this alloy is resistive against heat and
corrosion, and can be argon arc welded easily.

Iridium-192 is enclosed in a 304 stainless steel capsule as shown
in Fig. 16, and this is loaded in the holder for radiography as shown in

Fig. 17.

Sealed sources of 50Co are produced by loading a number of wafer or



JAERI-M 8810

pellet shaped sources in a cylindrical capsules of 316~L stainless steel
as shown in Fig. 18. Pellet shaped ®YCo in a specific activity ranging
from 50 to 70 Ci g_l are encapsulated double by using aluminum inner
capsule (Fig. lSnMiddle). Double sealing ensures higher safety, because
it is unlikely that the sealing of both inner and outer capsules will
fail. After loading of the 50Co into the capsule, an aluminum spacer is
inserted to fill up any free space to prevent °%Co from moving in the
capsule. Table 12 shows the detail of examples of the °%Co sealed sources.
Thulium-170 source is enclosed in a titanium capsule, which does not
attenuate so much soft gamma rays emitted from !7%Tm. Structure of !70Tm
sealed source is shown in Photo; 2. Each capsule is sealed by welding a

plug to an end of the capsule body.

7.2 Remote weld for sealing capsules

Sealing of the radiation sources must be reliable to prevent leakage
of radicactive materials from the capsule.

In JAFERI capsules are sealed by tungsten inert gas (TIG) welding.
The remote welding equipment consists of a power supply unit for controlling
a direct current within a range from 4 to 100 A, a control panel for
supplying argon gas to prevent oxidation during welding.

The remote welding device is designed to occupy a minimum of space
inside the cave. A capsule to be sealed is veritically held in the chuck
of the device and rotated around the vertiral center axis of the capsule
so that the weld area is always vertical to a fixed tungsten electrode,
Rotation of the capsule is given with a remotely operated variable speed
drive, and thelspeed of rotation is adjusted before welding starts.
Position of the tungsten electrode can be adjusted by moving its holder
vertically or horizontally with the manipulators. The thoriated tungsten
electrode is 3.2 mm in diameter and has a sharp needle point. For fixing
of capsules into the chuck and removing them from it, operatiom with the
manipulators rather than automatic equipment are used because of the wide
diversity in the design of capsules. The power supply and the control
panel are placed in front of the cave near the viewing window to permit
easy operation. The example of weld conditions of stainless steel

capsules are shown in Table 13,
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7.3 Tests for sealed sources

Sealed radiation sources often are left in use for a long period
without inspéction. Failure in sealing may cause radicactive contamination
of surroundings as well as sealed sources themselves. Therefore soundness
of sealing should be guaranteed to some extent by manufacturers of sealed
sources. The tests for sealing are carried out according to following

procedures.

1) Capsules are rigorously inspected by visual examination before
assembling.

2) After welding, sealed sources are subjected to wipe test for
surface contamination of capsules.

3) They are tested for leakage of radioéctivity from inside of the

capsules.

After welding, the sealed sources are washed by fresh water, and whole
surface of sealed sources are wiped with moistened gauze and the activity
on the gauze is measured. When the capsules are judged uncontaminated,
the sealed sources are immersed in-water, which is then heated to boil.
After 20 minutes radicactivity in the water shows the presence of blow
hole which may be caused by expansion of air inside the capsule. These
testing procedures and the limits of detection are shown in Table 14.

After passing these tests, the scaled sources are ready for shipment.

8. Waste disposal and decontamination procedure

A1l radiocactive wastes arising in the production of radiation sources
are solid such as aluminum capsule, aluminum spacers, vials and polyvinyl
chloride sheets. CGamma dose rate of these wastes amounts at maximum to
20 R h ! on their surface. These highly readicactive wastes are packed
into a cask surrounded with lead shielding 6 cm thick by remote handling.
The cask is checked for leak radiation level and surface contaminatiocn
after withdrawal from the cave. Gamma ray leak dose rate at the surface
of the cask is usually from 100 mR h™! to 150 mR h™ !, TLow level wastes
are disposed of in a carton box periodically. Gamma ray leak dose rate
at the surface of the box is below 50 mR h !.

Contamination of the facilities for the production of gamma radiation

sources is loose contamination with hot spots as shown in Photo. 3. The
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7.3 Tests for sealed sources

Sealed radiation sources often are left in use for a long period
without inspéction. Failure in sealing may cause radicactive contamination
of surroundings as well as sealed sources themselves. Therefore soundness
of sealing should be guaranteed to scme extent by manufacturers of sealed
sources. The tests for sealing are carried out accerding to following

procedures.

1) Capsules are rigorously inspected by visual examination before
assembling.

2) After welding, sealed sources are subjected to wipe test for
surface contamination of capsules.

3) They are tested for leakage of radioéctivity from inside of the

capsules.

After welding, the sealed sources are washed by fresh water, and whole
surface of sealed sources are wiped with moistened gauze and the activity
on the gauze is measured. When the capsules are judged uncontaminated,
the sealed sources are immersed in-water, which is then heated to boil.
After 20 minutes radicactivity in the water shows the presence of blow
hole which may be caused by expansion of air inside the capsule. These
testing procedures and the limits of detection are shown in Table 14.

After passing these tests, the scaled sources are ready for shipment.

8. MWaste disposal and decontamination procedure

All radioactive wastes arising in the production of radiation sources
are solid such as aluminum capsule, aluminum spacers, vials and polyvinyl
chloride sheets. Gamma dose rate of these wastes amounts at maximum to
20 R h"! on their surface. These highly readioactive wastes are packed
into a cask surrounded with lead shielding 6 cm thick by remote handling.
The cask is checked for leak radiation level and surface contamination
after withdrawal from the cave. Gamma ray leak dose rate at the surface
of the cask is usually from 100 mR h™! to 150 mR h™!. Low level wastes
are disposed of in a carton box periedically. Gamma ray leak dose rate
at the surface of the box is below 50 mR h !.

Contamination of the facilities for the production of gamma radiation

sources is loose contamination with hot spots as shown in Photo. 3. The



JAERI-M 8810

inside wall of the production facilities are coated with epoxy resin

paint, which facilitates decontamination. Rough decontamination is carried
out by scrubbing wall and floor with wet paper or cloth at intervals with
the aid of manipulators. . Thorough decontamination is carried out in the
case of prolonged entry into the cave for repair, modification or instal-
lation of major equipments. In this case, operating personnels enter the
cave after rough decontamination under the protection of an air-line mask
and a suit against contamination. These decontamination procedures reduce
background of gamma ray dose rate in the cave from approximately 200 mR h™!
before decontamination to approximately 10 mR h™ !, and the surface contami-

nation on floor is below 107 %uCi per 100 cm?.

9. Conditions of shipment

Conditions of transportation of radiation sources are governed by
laws dealing with transportation of radiocactive substances and radio-
isotopes legislated according to the TAEA regulations in 1973. Iridium
192 exceeding 20 Ci and 50¢co exceeding 7 Ci must be transported as approved
type "B M" packages. A container shown in Fig. 19(17) has been designed to
this purpose. When 1921y of about 4,5 kCi are loaded in it, the lead dose
rate is a few milli-Roentgen per hour at the surface of the lead cask and

a background level at the surface of the "B M" package.

10. Conclusion

Production of radiation sources has been continued in JAERI for past
13 years, during which technical development for new items of sealed
sources have been continued steadily. At present 3 kinds of sealed sources
are produced, among which 1921, radiographic source and 198pu grains for
brachytherapy cover all domestic demands. Development of 1927y sealed
sources in several types are under progress for brachytherapy.

Besides 192Ir and 198Au, a number of radioisotopes are examined in
the field of radiation therapy for possibilities of application to
brachytherapy. Above all, 137Cs; 1257 and 18272 as well as !92Ir are
thought to be promissive. Techniques for production of these radioisotopes

will be developed in the near future.
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inside wall of the production facilities are coated with epoxy resin

paint, which facilitates decontamination. Rough decontamination is carried
out by scrubbing wall and floor with wet paper or cloth at intervals with
the aid of manipulators. . Thorough decontamination is carried out in the
case of prolonged entry into the cave for repair, modification or instal-
lation of major equipments. In this case, operating personnels enter the
cave after rough decontamination under the protection of an air-line mask
and a suit against contamination. These decontamination procedures reduce
background of gamma ray dose rate in the cave from approximately 200 mR h~!
before decontamination to approximately 10 mR h !, and the surface contami-

nation on floor is below lO_uni per 100 cm? .

9. Conditions of shipment

Conditions of transportation of radiation sources are governed by
laws dealing with transportation of radicactive substances and radio-
isotopes legislated according to the TAEA regulations in 1973. Iridium
192 exceeding 20 Ci and 50¢o exceeding 7 Ci must be transported as approved
type "B M" packages. A container shown in Fig. 19(17) has been designed to
this purpose. When 1927y of about 4.5 kCi are loaded in it, the lead dose
rate is a few milli-Roentgen per hour at the surface of the lead cask and

a background level at the gurface of the "B M" package.

10. Conclusion

Production of radiation sources has been continued in JAERI for past
13 years, during which technical development for new ltems of sealed
sources have been continuéd steadiiy. At present 3 kinds of sealed sources
are produced, among which 122Ir radiographic source and 1%%au grains for
brachytherapy cover all domestic demands. Development of 12?Ir sealed
sources 1n several types are under progress for brachytherapy.

Besides 1%21Ir and 19%Au, a number of radioisotopes are examined in
the field of radiation therapy for possibilities of application to
brachytherapy. Above all, 13705, 1257 and !82Ta as well as 1927y are
thought to be promissive. Techniques for production of these radioisotopes

will be developed in the near future.
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inside wall of the production facilities are coated with epoxy resin

paint, which facilitates decontamination. Rough decontamination is carried
out by scrubbing wall and floor with wet paper or cleth at intervals with
the aid of manipulators.  Thorough decontamination is carried cut in the
case of prolonged entry into the cave for repair, modification or instal-
lation of major equipments. In this case, operating personnels enter the
cave after rough decontamination under the protection of an air-line mask
and a suit against contamination. These decontamination procedures reduce
background of gamma ray dose rate in the cave from approximately 200 mR h™!
before decontamination to approximately 10 mR h™ !, and the surface contami-

nation on floor is below lO_”uCi per 100 cm? .

9. Conditions of shipment

Conditions of transportation of radiation sources are governed by
laws dealing with transportation of radiocactive substances and radio-
isotopes legislated according to the IAEA regulations in 1973. Iridium
192 exceeding 20 Ci and 50¢o exceeding 7 Ci must be transported as approved
type "B M" packages. A container shown in Fig. 19(17) has been designed to
this purpose. When 1927y of about 4,5 kCi are loaded in it, the lead dose
rate is a few milli-Roentgen per hour at the surface of the lead cask and

a background level at the surface of the "B M" package.

10. Conclusion

Production of radiation sources has been continued in JAERI for past
13 years, during which technical development for new ltems of sealed
sources have been continuéd steadily, At present 3 kinds of sealed sources
are produced, among which 19214 radiographic source and 198pqy grains for
brachytherapy cover all domestic demands. Development of 19217r sealed
sources in several types are under progress for brachytherapy.

Besides 1%2Ir and 198Au, a number of radiocisotopes are examined in
the field of radiation therapy for possibilities of application to
brachytherapy. Above all, 13705; 1257 and 1827z as well as !92Ir are
thought to be promissive. Techniques for production of these radioisotopes

will be developed in the near future.
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Tabie i Kinds of radiation sources produced in JAERI

Nuclide Half - life Energy of radiation in MeV
8 energies 7 energies
192 0.240( 8 %)10.296,0.308,0.317
Ir 7T4.17d 0.536(41 %)]0.468, 0.589, 0.604
0.672(46 T %)10.612
50 0.315(89.7 %)|1.332
Co 527y 0.670( Q.18 %}|1.173
f.492( 0.08 %)
170
T 128.6 0.884 (24 %) | 0.084
i ¢8.6d 0.968(76 %)
{98 0.290¢( 1 %)1C.412,0.676, 1.088
Au 2.74d 0.961(9% - %)
1.371( 0.025 %}

Table 2 Nuclear reactor in JAERI and their charactoristics of interest to
the production of radicisotopes

Reactor JRR-2 JRR- 3 JRR-4 JMTR
Fuel 93 % enriched U 1.5% enriched UO, 93%enriched U-A! $3%enriched U
Moderator Heavy water Heavy water Light water Light water
Cocling Heavy water Heavy water Light water Light water

- Maximum 10 MW - 10 MW 3.5 MW 50 MW

thermai output

Irradiation hole VT-1 Hydraulic rabbit T -pipe I -1

(thermal neutron | (1x0%cm® ') (ax10%c@? §")  (8x10%em? ') (1~3x1d%m?sh

flux) ' HR ' S -pipe Hydraulic tube
(5x10em?s™") (5x10"%em2s™") (3~6 x107em? s}

Operation periods| 288nr /1 cycie 288hr /1 cycle 6hr /| day 570hr /1 cycls
t3cycles /1year 13cycles/1year . 4days /| week 6cyclas /1 year

43cycles / 1year

Radioisotopes | '*1r, au, *K  "**au,%Co,®k  "%Au, % etc.  "1r.5%0,’%
roduced in
TAERT ®THg,"cr, P ere. *'cu, "*?1r etc. Bg Sep TOTm ere
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Table 3 Correction factor for iridium targets

Target size Factor
2 mm®x 0.2 mm! 0.68
2 mm®x 0.5 mm' 0.42
2 mm*x 2.0 mm' 0.20
I.Gmm"x 0.8 mm! 0.36
3 mm®x 0.4 mm' 0.30

Tabie 4

Correction factor for cobalt targets

Target size

Factor

0.46mm*x 10 mm

(.0 mm*x1.0mm
8.0 rnmp_x2.3 mm

g
0.91 mm*x 15 mmé

' .
t

0.82
0.78
.73
0.52

Table 5 Specifications of targets
Target Shape Dimensions™ Weighf* Coating thickness
Iridium  Pellet 20 mm®x 2.0mm' 140 mg Bare
Wafer 30 mm®x O.Jflmrnf 60 mg w
Hairpin 045mm®x 93mm! 306 mg  Platinum sheath : O.1mm
Singlepin 045mm’x 47.6mmt 156 mg v
Seed 045 mm”x ?:.OmmT ‘9.9mg *
Cobalt Needle ogtmm®x 15mm? 85mg Bare
“ 046 mm’x 10mm! 15 mg v
Pellet 1.0 mm’x 1.Omm' 6.9mg  Nickel piating : 0.01 mm
Wafer 8.0 mm’x 23mml  {.1g Aluminum cladding : O.6mm
" 8.0 mm’x 23mm' 1.1g Nickel plating : 0.05mm
Thulium Pellet 2.8 mm‘x 28mm' 100 mg Alurninum jacket : 0.2 mm
Gold Grain 0.5 mm’x 2.5mm' 8.7mg Platinum sheath - 0.15mm

# Numerical values excluding

coating material
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Table 6 Irradiation conditions and produced radioactivities of mIr

>*
Shape of Reactor Irradiation Thermal neutron Average of Specific

target time (hr) flux (cm® §") activity (Ci)  activity (Cig )
Pellet  JMTR 509 2 x 10" 19 135

" JRR-2 767 i x 10" 16 114
Wafer  JMTR 509 2x10" (3 217

" JRR-2 767 tx10" 10 167
Hairpin  JRR-2 40 min 6x10° 20 mCi —

" JRR -3 90 min 3x10° 20 mCi —
Singlepin JRR-3 90 min v 1CGmCi —
Seed JRR-3 120~300min  ~ "~ 1LOmCGi —

* Activity o at the end of irradiation

Table 7 Irradiation conditions of needle shaped cobalt targets

in JMTR and produced radicoctivities of *%Co
Dimension Thermal neutron Irradiation Average of Standard
of target flux {cm2g') time (hr) activity(mCi/piece)  deviation({%)
o46mm®xtomm? 6 x 10" 12 (.2 5.9
091 mm*xi5mm? 5 x 10 28 11.4 5.7
0.91 mm” x15 mm? 3 x 10'3 - 58 22.4 8.0

Table 8 Details of irradiation of wafer and pellet shaped
cobalt targets in JMTR

Sample No. Target Caontents Weight
{pieces /capsuie) (g/capsule)
1 Ni - plating wafer 23 25.3
2 Af- cladding wafer 3 3.3
3 Ni - plating pellet ~550 3.8
4

Ni - plating pellet ~290 2.0
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Table 9 Irradiation conditions of wafer and peilet shaped cobalt

targets in JMTR and produced radioactivities of *Co
Sampie No. Irradiation Thermai neutron Average of. Specific Self-shielding

time (hr)  flux {cm? s')  activity(Ci/piece) activity(Ci/g) factor

1 39 3(at32MW) 1.5 x10" 5.4 4.9 0.54

2 53 5(qt50MW) 1.9 x10" 9.3 8.5 0.57

3 3393( ~ ) 1.4x10" 0.33 47.8 0.69

4 5573( « ) t.4x10" 0.45 65.2 0.69
Table 10 Irradiation conditions and radioactivities of AU grain

Reactor Irradiation Irradiation Thermalneutron Activity after Activity at the

hole time flux (cmi®s™) irradiation(mCi/grain) use(mCi/grain)
JRR-2 HR-1 1h03m 5.4x10° 29.8 4.9
JRR-2 HR- 1 I h40 m v 55.0 4.9
JRR—2  HR-1 24h 6.4x10"° 384 4.6
JRR-3 HP-1  2h30m 3.3x10° 39.0 5.0
JRR-3 HFP— 1 {7h " 230 4.9
JRR-4  T-pipe 1h20m 6.0x10° 36.5 5.1

Table 11 Content of 199Au in "*®Au after irradiation of goid

Reactor Irradiation time  Thermal neutron flux 'ggAu/ mAu
(em2s™')
13 -5
JRR-2 1h20m 6.5 x 10 57 %10
JRR~ 3 264h37m 2.8 x 10" 4.0 x10"°
JRR- 4 2h30m a1 xi0" 6.0 x10°°
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Tabie 12 Examples of

80
Co sedqled sources

Contents Weight of Total activity Radiation output Immersion Wipe test
cobait(g) (Ci) {(R/min at 100¢cm) test{dpm) {dpm)
Al-cladding wafer 17.6 74 1.5 1.3x10° <10°
Ni- plating wafer  26.4 110 2.3 C27x0t <o
Ni-plating peliet 18.8 419 9.5 0.8x10" <10
Ni-plating pellet 9.4 390 >10 o.1x10* <10

Table 13  Weld conditions of stainless steel capsules

Conditions Circumference weld Spot weld
Weid current {(DCA) 20 30
‘Weld time {sec) 6 2
Rotation of jig (rpm) 10 30
Argon flow rate {2/min) 10 1
Argon flow time (sec) 15 5
Electrode — capsule 3 3

gap {mm}

Ta

[:13]

bie 14 Immersion and wipe tests for sealed ~Co rources

Testing Method Limit

A seated °'Co source is wiped with 0.005 uCi
Wipe test gauze moistend with ethanol, and the t.1x 10* dpm

actlvity removed is measured.

60 -

A sealed Co source is immersed in 0.02 uCi
Immersion water at 100°C for 20 min and the acti- 4.4 x 10* dpm
test vity In the water Is measured.
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192y (Tip = 74.2d) 5°Co(Tq,i= 5.27y)
EC 8~ B~
3.9% 4.5% 99%
4 2%
0.6904 0-5:/}%97 1.20098 0.12% 2.5057
——0-92087 ! 1.3325
0.5604 [=0.78454
0.4891 0.61243 u
ozos7et 1 1 | ‘ 0.31649 -GON 0
0 ——L— ) 0 ’ !
|gzos 192Pf
" Tm (Tip=1286d) AU (Tv,=2.6984d)
C B \249 B \11%
0.2%
76 % 9%
0.08426 1.0875
0 ___0.4118
170
Yb 198 ©
Hg

Fig. 2 Decay schema
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M-8 type manipulator Heavy densﬂy concrete shielding

3160
680 1800 / _.680
. // ; i
g ,?_E / , , ! %Filfer of inlet
0 R = Light (Hg lamp +Na lamp)
Periscope © | Fire extinguisher (CO2)
3 = Ventilator
\2 . T Back door
5 Loading truck
// -
Bl

Viewing window ’ | | LJ

Storage pit

Fig.3 Cross - section of the cave for the production
of radiation sources.



JAERI-M 88I0

o

0.8

o
»

o
B

o
o

Specific activity {Ci/mg)

1 [ ik 1 1 L ]

200 40C 600 800 1000 1200 1400
Irradiation time (hr)

. 192 .
Fig.4 Specific activity of Ir produced as a function of the
irradiation time for various values of the thermal neutron

fluxes (¢)

Copper wire

- Aluminum cylinder

2*‘}"“

Pellet shaped iridium
targets

850
119
aTed

Graphite block

Copper wire

Iridium targets (2mm 5

meﬂ, 23 ~24 pieces
Unit . mm per one hole )

Fig.5 Target assembly for measuring neutron
perturbation by iridium targets
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Capsule center
100

o

E

~

E

(=8

L

3 Inner wall of capsule
O
b3

Y= 100__

(&) L

2 - 3

S - Position of Ir
©

Q

© | | 1 | | ! ] J
?‘G‘ Quter wall of capsule
¢

o

© 100

E NNNAN
- Position of Ir
| | I | [ |

I |
10 20 30 40 50 60 70 80
Upper Lower

Distance of irradiation hole {cm)

—e— Ir target : 190 pieces

—o— Ir target . 1 piece

Fig. 6 Vertical distribution of thermal neutron flux by
neutron perturbation of iridium targets
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2.0*
N 3.0°
. M
o \\i <«
;g )
Peliet Wafer
12 24
' Iridium seed
7 N N {5~ 12 pieces/ribbon )
T Polyethytene tube
_(0.D. .Omm# )
© i
S [
< 0 " >Nylon spacer
g T__(0.4mm# x7mmd )
&
Platinum sheath Ribbon
a : 0.45mms O .
b 0.65mm?® - Pt-Ir dloy
(Ir 25wt % ) @
3 a: 0.3~0.45mm
_ = b : 0.5~0.65mm?®
Hairpin Single ~pin g =
=
Platinum sheath
Pt-Ir alloy
Fig.7 Various Kinds of iridium 1r20~25 wt %)
targets. b
Seed
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167 Graophite core
Cobalt
@ target
oo (peliet)
CHES |y 1100
aluminum
core Cobalt target
(needle)
(A) (B)
26f
1100 aluminum
core \m
{100 aluminum o . o2
spacer T ]
Iridium target__ "'f,
(C)
Iridium target
¥
15
K} Golid target
o o
| /

: ' ~ /4 1100 :
1100 aluminum — | I .
hold er | I | aluminum

: & , holder
. 1 N
L= |’§ "
i !
(D) (E)

Fig.8 Target designs for neutron irradiation
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o 74
®© |
50
s
©
o
)
E.B. welded
@
150
120

L

A
\I

'£.8. welded

All material : 1100 aluminum

Fig.2 Irradiation capsuie

@ For iridium targets at TRR~2(Aw-3011type)
@ For iridium and thulium targets at IMTR
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®©
e 145
B 110 ‘
o |
H ‘ -
- 'B.?
0 o
N N
i
—F —
\E.B. we lded
65
57
@ = s .
I
L i
\‘D ’ . 9] 0 4
W 154
Cold welded
106

99
@ Bt !
) o sl

19"

Cold welded
62 30
57 _ E 25
|
L —

N

Fig.10 Irrodiation capsule

T
L ]
um%ln } :
- o ——j

(I For pellet and wafer shaped cobalt targets at TMTR (1100 aluminum)

@ For gold targets at JRR-2 or JRR-4 (1100 aluminum) @ For needie
shaped cobalt target at JMTR (1100 aluminum) @ For gold and
iridium ( radiotherapy )targetsat JRR-3 (Polyimide resins)
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Vibration partsfeeder

Escopement

Shoot

Shoot |- Transfer arm

lonization chamber
i
Vessel for

aluminuen spacers

Lead shieiding

i

7

Classification vessel for 921 sources
Fig.13 Conceptional design of the automatic apparafus

Wwell type ionization chamber
Vibration partsfeeder Measurement position/

Supply position
'\91 r source

74

Aluminum spacer .

Classification position

Vibration
capacitor v
electrometer

!

Dato Automatic
processor contro! system

Data
printer

Fig. 14 Fundamentals of the remote handling system
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Fig.i6  JAERI-Type
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Capsule (SUS-304}

Plug (SUS-304)

Argon arec fusion welding

L]
‘_ Iridium- 192 source (2mm¥ x2mml )

921 sealed capsule

163

Fig. 17

i  Encapsulated 9210 source
2. Cap for enclosing source. {SUS-304)
3. Fitting (SUS-304)

4. Flexible cable.

5. Flexible cable.

6. Shieiding (tungsten ailoy)

7. Stopper {SUS-304)

8. Screw joint (SUS-304)

Source hoider for radiography irradiator
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60co wafer sources (22 wafers)

|

Atluminum spacer

80Co pellet sources (94q)

/10

Aluminum spacer

Aluminum inner capsule

80Co pellet sources (18.8q)

O _ =

i8 18

\

Aluminum spacer

Fig.18 Examples of ®°Co sealed sources
( Outer capsule material : SUS-316L)
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Photo. 1 Autoradiograph of pellet
‘i92Ir

sha;ﬁed { 2mm® x 2mm )

1 mm

170

Photo. 2 Tm sealed source

Photo. 3 Radiograph of contamination
spots excoriated trom the

surface of 19215’ sources



