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CORROSION RESISTANCE OF. SEVERAL METALS IN PLUTONIUM NITRATE SOLUTION

Seilichiro TAKEDA, Takayuki NAGAI, Tsutomu KOIZUMI and Shotaro HAYASHI

Power Reactor and Nuclear Fuel Development Corporation

Muramatsu 4-33,
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Abstract

" Corrosion behavior of several metals
exposed in_ plutonium nitrate solution was
studied.
plutonium concentration ranging from 0.01 to
65g/1 was used as a corrosive medium.
Specimens made of type 304L (304L) stainless
steel, type 310Nb (310Mb) stainless steel,
titanium(Ti}), titanium-5% tantalum alloy
{Ti-5Ta) and zirconfum(Zr) were used.
Corrosion behavior of these metals in
plutonium nitrate solution at the boiling
point was evaluated through examining
electrochemical characteristics and corrosion
rates which were obtained by weight Joss
measurement. Three immersed corrosion tests,
each being 96 hours long, were performed. under
conditions of continuous heating, no recharge
of solution, and specific volume of 8 ml/cme.
Anodic and cathodic polarization curves were
measured using a potentio-static methed.
Polarizaton was started from the corrosion
potential of each metal up to 1.1V vs SCE at
a sweep rate of 50mV/min. The surface of the
specimens after undergoing immersed corrosion
tests were observed through a scanning
electron microscope (SEM).

Ptutonium nitrate solution with the

Ibaraki-ken,
319-11

From the results of the corrosion tests, it
was found that the corrosion rate of stainless
steel, mamely 304L and 310Nb, was enhanced
by co-existant plutonium in.the nitric acid
solution. The corrosion potential of
stainless steel shifted to the noble region
in proportion to the increase of plutonium
concentration. It 1is thought that the
shifts in corrosion potential of the stainless
steel to the noble region caused an increase
in anodic current which brought about an
incremental increase in corrosion rate. Valve
metals, namely Ti, Ti-5Ta and Zr, showed good
corrosion resistance regardless of plutonium
concentration. The staintess _steel specimen
surfaces observed by SEM became rough due
to grain bourdary corrosion n accordance with
increases in plutonium concentration, whereas
valve metals showed no signs of corrosion. The
corrosion rates of staintess steel depended
on the concentration of nitric acid only in
the region of Jow' plutonium concentration.
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1. Introduction
For a reprocessing plant it is important
to prolong the lifetime of equipment to
improve plant availability. PJutonium, which
is one of the distinctive elements in the
reprocessing process, has a high redox
potential. There is some concern that such
elements with high redox potential such as
plutonium could accelerate the corrosion rate
of stainless steel in the transpassive region.
In order to better understand the infiuence
of plutonium on the corrosion behavior of
-metals, corrosion tests in plutonium nitrate
sotution were performed .

2. Experiment
(1) Test Specimens

304ULC, 310Nb, Ti, Ti-5Ta and 7r were
tested as candidate materials for reprocessing
equipment. Platinum (Pt) was used to measure
the redox potential of the solutions.

(2) Test Solution

Plutonium nitrate solution consisting of
Mor 81 free nitric acid with a plutonium
concentration ranging from 0.01 to 65 g/1 was
prepared as the corrosion medium.

(3) Test Procedure

Three immersed corrosion tests were
performed continuously for 96 hours per fest
under boiling conditions with continuous
heating, no recharge of solution, and specific
volume of 8 ml/cm®. Anodic and cathodic
polarization curves under boiling conditions
ware measured using potentio-static methods.
Polarization was started from the corrosion
potential of each metal initially to the less
noble region up to ca.200 mV¥ {vs. SCE) and
finally to the noble region up to ca.1000mY
{vs. SCE). The surface of the specimens
exposed fn the corrosion solutions were
observed by SEM cccasionaly.

“is

Results and Discussion

The influence of plutonium concentration
on the corrosion rate of materials under
boiling 34 free nitric acid conditions is
shown in Fig.1l. The corrosion rate of 304ULC
enhanced by fJncreasing plutonium
concentration, but Ti-5Ta and Zr, which are
unaffected by plutonium concentration, show
good corrosion resistance. Grain boundary

3.

corrosion was cbserved by SEM on the 304ULC
specimens exposed in plutonium  nitrate
solutions. :
1.0
34 HNO,
bp, 288k
=
E © IMULC
= A Ti-5Ta
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Fig.1 Influence of Pu concentration on
corrosion rate of metals

This behavior was supported by the resuits
of polarization measurements as shown in Figs.
2 and 3. Anodic polarization . curves of
304ULC show the dependence on plutonium
concentration. Corrosion potential shifts
from the passivation region to the noble
direction as plutonium concentration increases
{Fig.2). On the other hand, Ti-5Ta shows no
depndence on plutonium concentration in the
anodic polarization curves and maintains a
broad passivation region {ig.3) .
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Fig.2 Anodic polarization curves of 304ULC
measured in piutonium nitrate solution

Corrosion potential of 304ULC shifis to
noble direction in proportion to increases of
piutonium concentration in 3M and 84 nitric
acid solution. Corrosion potential seems to
be influenced by plutonium jons more heavily
in M nitric acid than in 84 nitric acid
(Fig.4).
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Fig.4 Relation between Pu concentration and
corrosion potential of 304 ULC
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Fig.3 Anodic polarization curves of Ti-5Ta
measured in plutonium nitrate solution

4. Conclusion

It has been found that the corrosion rate
of stainless sieel, namely 304l and 310Nb, was
enhanced by co-existant plutonium in nitric
acid solution. The corrosion potential of
stainless steel shified to noble potential in
proportion to the 1increase in pilutonium
concentration. It dis believed that the
shifts in corrosion potential of the
stainless steel to the noble region caused a
rise in anodic current which brought about an
incremental increase in corrosion rate. Valve
metals, namely Ti, Ti-5Ta and Zr, showed good
corroston resistance regardless of pilutonium
concentration. The surface of stainless
steel specimens observed by SEM became
rough due to grain boundary corrosien in
accordance with increases in plutonium
concentration, whereas valve metals showed no
signs of corrosion. The corrosion rates of
stainless steel depended on the concentration
of nitric acid only in the region of low
plutonium concentration.
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DEVELOPMENT OF FBR FUEL REPROCESSING TECHNOLOGY IN PNC

T. Kawata, H.Takeda, A.Togashi, S.Hayashi, and J.G.Stradley*

Reprocessing Technology Development Division
Tokal Works
Power Reacter and Nuclear Fuel Development Corporation
Tokal-mura, Ibaraki-ken, Japan 319-11
Telephone: 0292-82-1111,  Facsimile: 0292-87-0534

*Consolidated Fuel Reprocessing Program
Oak Ridge Nalional Laboratory
P.0.Box 2008, Oak Ridge, TN 37831-6305 USA
Telephone: 615-574-7067, Facsimile: 615-574-4624

ABSTRACT Laboratory (ORNL) Codnsolidated Fuel

For the past two decades, a broad range of
R&D program to establish fast breeder
reactor(FBR) system and Hs assoclaled fuel
cycle technology has been pursued by the Power
Reaclor and Nuclear Fuel Development
Corporation (PNC). Developmental activities for
FBR fuel reprocessing technology have been
primarily conducted at PNC Tokai Works where
many imporiant R&D facililies for nuclear fuel
cycle are located. These include cold and uranium
tests for process equipment development in the
Engineering Demonstration Facilities (EDF)-I
and Il, and laboratory-scale ho! tests in the
Chemical Processing Facility (CPF) where fusl
dissolution and solvent extraction characteristics
are being Investigated with irradiated FBR fuel
pins whose burn-up ranges up to 100,000
MWdit. An extensive effort has also been made
at EDF-lIl 1o develop advanced remole technology

which will provide increased plant availability

and decreased radiation exposures to the workers
in fulure reprocessing plants. !

The PNC and the United Stales Department of
Energy (USDOE) entered into a joint
collaboration in which the US shares the R&Ds fo
support FBR f{uel reprocessing program at the

PNC. Several important R&Ds on advanced -

process equipment such as a rotary dissolver and
a centrifugal contactor system are in progress in
a joint effert with the Qak Ridge National

Reprocessing Program (CFRP).

In order lo facilitate hot lesting on advanced
processes and equipment, the design of a new
engineering-scale hot test .facility is now in
progress aiming at the start of hot operation in
late 80's. This facility features a large remole
cell which accommodates both head-end and -
chemical process areas and will serve as a test
bed for newly developed process or equipment by
using actual spent FBR fuel assemblies.

INTRODUCTION

Recent growth of the concern for global
change of the climate calls for a worldwide effort
to reduce COp emission into the atmosphere. In
this light the importance of the nuclear energy
utitization is being re-emphasized. Recycling
plutonium in fast breeder reactor {FBR) system
allows maximum use of uranium resources, and
it has been regarded as one of the key elements in
the long-term energy strategy in Japan which
has to import virtually 100 % of its energy
resources. in this regard, a broad range
programn for developing fast breeder reactors and
associated fuel cycle technology has been pursued
by the Power Reaclor and Nuclear Fuel
Development Corperation {PNC) for the past two
decades.
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The development of FBR fuel reprocessing
technology is one of the most important elements
to close a complete FBR fuel cycls, The
technology is based on the combination of a chop-
and-leach type head-end process and the Purex
process for chemical separation, which is now
very common in commercial reprocessing of
light water reactor (LWR) fuels in the world.
In Japan, a pilot scale reprocessing of LWR fuels
has been continuing for more than fifteen years
at the Tokai Reprocessing Plant (TRP} and an
accumulated amount of the fuel processed in the
plant exceeded 500 tons In November, 1990,

Since the basis for reprocessing technology
had aiready existed, the R&Ds conducted so far
have been aimed at following two objectives;

(1) Develop or improve the systems and
components so as to overcome the
problems due to the fact that FBR spent
fuels have a hexagonal tube wrapping
their fuel pin bundle and contain much
more fissile materlals and fission
products than LWR fuels have.

(2) Improve efficiency and economy by
introducing both advanced process

technology -with higher performances and .

advanced remote technology which leads to
the increase of the plant availability and
the decrease of the radiation exposures to
the workers.

In order to achieve these goals, a variety of
R&D works are in progress in PNC Tokal Works
where many important R&D facilities are
located.

GENERAL R&D FRAMEWORK

There are three Engineering Demonstration
Facliiies (EDFs) in Tokal Works devoted to FBR
reprocessing technology development; the EDF-I
for chemical components development and their
uranium lesting, - the EDF-Il for head-end
components development, and the EDF-IIl for
remote technology development. Also localed in
the same site is the Chemical Processing Facilily
{CPF) where laboratory-scale hat dissolution
and tlowsheet studies are being conducted with
rradiated fuel pins from the experimental fast
reactor Joyo and others.

In addition to the R&D aclivities at these
facilities, the PNC entered in 1987 inlo a joint
collaboration with the United States Department
of Energy (USDOE) to enhance the developmental
program in {his field, and since lhen, many
important aclivittes have been in progress as
Joint efforts at the Oak Ridge National Laboratory
(ORNL) Consalidated Fuel Reprocessing Program
(CFRP).]

As near-term objectives, .most of these R&D
efforts are oriented lowards the demonstration of
key technologies in engineering-scale hot
testing, and the design of the Recycle Equipment
Test Facility {RETF} is in progress to provide
the space for such experiments. The RETF
fealures a large process cell which accommodates
both head-end and chemical equipment areas and
will serve as a test bed for newly developed
processes or equipment by using actual spent
fuel assemblies. The prototype FBR Monju
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which is scheduled to achieve Initial criticality
in 1992 will become the main source 1o supply
such spent fuel assemblies.2 The RETF is
planned to be built adjacent to the TRP so that all
the wasles and the intermediate products
generated by the experiments can be further
processed in the existing facilities.. The major
test systems planned to be installed in the RETF
are shown in the block diagram in Fig. 1. The
majority of the chemical equipment will be
mounted on the racks arranged along efther ceii
wall.  The mainlenance on these chemlcal
components as well as mechanical components in
lhe head-end area will be conducted by using an
overhead crane and bilateral servo-manipuiator
(BSM) systems. The data and experiences gained
from the RETF project and olher R&Ds will
become the basis for design of the pilot plant and
future industrial plants with improved
performance, reliability and economy. An
overall strategy for the deployment of the FBR
fuel reprocessing is ilustrated in Fig. 2.

STATUS OF MAJOR R&D ACTIVITIES
Head-End Progess Development

As for the removal of the hexagonal wrapper
iube prior to fuel chopping, a disassembly
system with a COg taser has been developed and
tested. A reference cutting scenaric has been
established from a series of laser cutling

Englnesring-scale

Full-scale

DEPLOYMENT SCENARIO FOR FBR FUEL REPROCESSING TECHNOLOGY

experiments with dummy fuel assembiies
performed both at the EDF-I! and the Integrated
Equipment Test Facllity (IET) at the ORNL,
Based on these test results and experiences, a
design of the RETF prolotype system is in
progress, Experiences on a fuel bundle shear
gained at both PNC and ORNL are also fed 1o the
design of the system to be used in the RETF.

For a fue! dissoiution system, a
geometrically safe rotary dissolver has been
_developed as a part of PNC/DOE collaboration.
The design is based on the past experiences
accumulated at the ORNL and the criticalily
control requirement set by PNC. As shown
schematically in Fig. 3, the internal of the
dissolver drum is separated into 8 stages by a
spiral separator and the chopped fuel pieces are
fed from one end and the heated nitric acid
solution from the other end to form a counter-
current flow, The nitric acid solution of B to 8.5
molar will be fed to produce dissolver solution
with 3 to 3.5 molar acid concentration. The high
acidity in feed nitric acid solution is favorable
for enhanced dissolution of the mixed oxide with
high Pu content used for typical FBR core fuels.
The system sized to an hourly throughput of 10
kg is about 50 cm in outer diameter and 4 m
long. Following the conceptual design, a plastic
model of fuil scale In diameter but with only 4
slages was fabricated and a series of tests were
conducled to verify the hull transfer. capability
in both normal and off-normal conditions. The
results were reflected to the next phase of the
design for RETF ‘and the full-scale prototype
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dissolver unit was fabricated for use In uranium
testing. The prololype dissolver has been
installed in the IET facility of the ORNL 1o make
full use of existing peripheral systems. This
dissolver unit was designed for full remole
maintenance, and the test conducted on the
protolype unit has demonsirated that the remole
assembling or disassembling with the servo-
manipulator system and the crane can be done
within an hour or two. The preparation to start
uranium test is now in progress.

Effective removal of the sludge. in the
dissolver solution is one of the key elements in
the reprocessing of highly burned FBR fuels, and
ihe development of a back-flushable centrifugal
clarifier system has been continuing at the EDF-
. The latest version of the clarifier unit has a
rotating ‘bowl of 50 c¢m In diameter made of a
iight-weight alloy “which can rotate at 6000
rpm. :

In parallel with such components
development, an effort is continuing at the CPF
1o further investigate the dissolution behavior of
the mixed oxide and the characteristics of the
insoluble ‘residues in various conditions. The
results are reported in the accompanying paper

in this meeting.3

hemical

In the chemical separation process in FBR
fuel reprocessing, the solvent degradation due to
radiation will be enhanced because of much
higher level of fuel burnup than in LWR fuels.
This problem will be best solved by utilization of
centrifugal contlactors which’ have sighificantly
shorter residence time for the solvent in the

system than conventional contactors such-as -

mixer-settlers or pulsed columns have. = The
centrifugal contactors will also contribute to the

improvement of the economy thanks to their
remarkably small size and space requirement as
well as their excellent operational flexibility due
lo very short startup/shutdown time.

An extensive effort had been made in early
days for developing pulsed column and the
technology was established through various

‘experiments including those with full-scale test

systems. Then the development of centrifugal
contactors was initiated 5 years ago, and
following early phase of basic studies and
improvements, an engineering lest system

. which consists of 34 contactor unils was

installed in the EDF-l1 in 1987.  This syslem
represents the extraction, scrub, sirip and
solvent wash sections.  An extensive study has
been conducted with the system not only lo verify
steady stale behavior but to investigate the
response to various upset conditions such as an
abrupt reduction of solvent feed rate. A typical
uranium concentration profile . obtained in the

Solvent Feed Scru
HS 18P r-dodecine U 1ng/t HN(, 21N
Filot/h FIaim - FIeM/

.i'j Exttaction {5 stages) [~ T "] Scrubbing {‘slagesﬂg__l

3

1’ E ?L-ou-o“o--o"O-r: N
Raflinale = ] Uranium loaded
o i solven]
X /
' i b
E |
E i
I= I
= i {
2 [
vl i
N
" o C !
E' R N 9
g : i
c P 0
=l B i
§ b
[ !
= [ ] | Experimental dala
1 ‘o Organic
10704 ® Aguzous
“E ) MIXSET prediclicn
- ———— Qrganic
[ ! — Aqueaus
{
107! g |||11‘r|
12314567880 0112
Stage . -
Fig.4- URANIUM CONCENTFIATION PROFILES
IN CENTRIFUGAL CONTACTORS



PNC PN8410 91-082

sleady state operation Is shown In Fig. 4 where
an excellent agreement with the prediclion by the
"MIXSET" code is indicated. it has been
demonsirated in the test that the centrifugal
contactors also work very efficiently as a sclvent

washer.4

The ORNL has a long history in developing
centrifugal contactors which has lead to many
aggressive improvements in the design and
performances.5 Since the starl of the
cellaboration, developmental efforts at both
ORANL and PNC merged and the design of the
prototype RETF contaclor unit has been
completed in a joint effort. A program to build
and conduct uranium test with an experimental
system which represents a portion of the RETF
solvent extraction test rack is In progress. The
system, named Chemical System Test, s bging
fabricated by the ORNL for installalion at the IET
facility.  The outer view of the RETF prololype
contaclor unit fs shown in Fig. 5. The unit was
designed in a 4-stage pack for which the
replacement of each driving motor unit can be
easily dene by remote handling.

As a part of the effort to eliminate the
generalion of secondary salt-bearing waste in the
Purex process, a series of basic studies on
solvent cleanup with salt-free reagenis such as
hydrazine oxalate and hydrazine carbonate have

been carried oul.® The feasibility of salt-free
solvent cleanup process has been also
demenstrated using 4-stage centrifugal contactor
system, 47 The Pu reoxidation process is

Fig.5 PROTOTYPE RETF CONTACTOR UNIT

another point for which the salt-free process is
addressed. An elsctro-oxidation technique was
investigated for this purpose in a beaker-scale
tests with aclual Pu solution.” An engineering-
scale electro-oxidation cell has been fabricated
and installed at the EDF-I for uranium lesting.
The test will also be conducted with this
electrolytic cell to decompose residual hydrazine
oxalate in a spent solvent wash solution.

REMOTE TECHNGLOGY DEVELOPMENT

An improvement of the remole maintenance
capability is the key element to increase plant
availabllity and to decrease radiation exposures
to the workers, A bilateral servo-manipulalor
(BSM) system combined with the rack concept is

1the main part of the solution to this challenge.

The development of the "Protolype-1l" servo-
manipulator system (Fig. 6) has been completed
and is being tested in the EDF-IIL.8 The system
utilizes radiation hardened electronic
components and the slave arms are modularized
so that the failed parts can be easily replaced by
remote operation. Radiation hardened TV camera
has also been developed as an in-cell viewing

system.?2

As described in the previous section, most of the
chemical components in the RETF are mounted on
the racks so that they can be removed or replaced
as an unit when necessary. Since so many line
connections are involved for each rack, a "roll-
in rack” concept has been developed to make the
lie-in of all the connectors easy. In this concept,
each rack has special rollers attached on ils
bottom and can travel back and forth for
approximately 50 cm towards the cell wall,
Both male and female ferrules of the remote
connectors are grouped and arrayed to form

- connector banks, and the engagement or the

disengagement of all ferrules can be done
simultaneously as the rack rolls in or out. The
feasibility of this concept has been demonstrated
in the lesls jointly performed with the ORNL
team on the full-scale experimental rack
installed in the EDF-I.

In the RETF, an awlomated sampler will be
used to relrieva sample bottles from sampling
stations mounted on the top of the rack arrays. A
prolotype model of the remote sampling vehicle
had been fabricated by the ORNL and transferred
to the EDF-JIL Remote operation and
maintenance tests.are in progress with this
model there.
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Fig. 8 PROTOTYPE-Il BILATERAL SERVO-
MANIPULATOR SYSTEM

CONCLUSION

Recent slatus of R&D activities with regard to
FBR fuel reprocessing technology has been
reviewed. A significant progress is being made
especially for advanced process equipment such
as a ocontinuous dissolver and centrifugal
contactors, and for advanced remote technologies.
The collaboration with the ORNL has been targely
contributing to the enhancement of the RaD
programs in many aspecis. The design of the
RETF is in progress where the hot demonstration
tests with actual spent fuel assemblies are
planned for advanced processes and equipment
currently being developed. The data and
experiences gained from the RETF project and
other R&Ds will become the basis for desigh of
the pilot plant and future indusirial plants with
improved performance, reliability and economy.
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ABSTRACT

Power Reactor and Nuclear Fuel
Development Corporation (PNC) has
carried out many developmental
works on the liquid fed joule-heated
ceramic melter (LFCM) process
focussed on the Tokai Vitrification
Facility (TVF) which is mnow wunder
construction aiming at the start of
test operation in 1992. The melter

technology developed in PNC and the
vitrification process for the TVF are
reviewed in this paper.

The vitrification
based on the LFCM process
developed since 1977, Many
activities on LFCM process
development have heen carried out in

technology
has been

the engineering-scale or the full-
scale cold tests through the
operations of Engineering  Test
Facility (ETF) and Mock-up Test
Facility (MT¥) since 1980 and 1982,
respectively, and have provided the
-design basis for the process design
of the TVF. Technologies ever
developed in PNC include design of
the melter boftom structure in order
to aveid the operational problems
caused by accumulation of
electroconductive sludge, glass fiber
cartridge and its feeding system,
bottom freeze valve with two-zone
induction heating, and associated
monitoring instruments.

INTRODUCTION

The joule-heated ceramic melter,
which is based on the glass melter

Tokai-mura,

Ibaraki-kem, Japan 319-11

0292-82-1111

commercially in
industry, is

the LFCM
developmental

improvements

used the glass
the main equipment in
- process. In the
work, PNC's own

and modifications
were added to the. glass melter to be
more suitable for- TVF. And other
process technologies such as an off-
gas clean-up system have also been
modified to reduce the release of
radioactive nuclides.

The ground preparation for the
TVF was started in mid 1988 after
getting the Yicense from the
government, The construction of TVF
building was completed in February
of 1991. Subsequently, the
installations of process equipment
to the cell are now being carried out
aiming at its completion in early
1992,

The capacity of the TVF s
designed to be equivalent to the
capacity of 0.7 tons Ulday in Tokai
Reprocessing Plant (TRP) which
treats the LWR fuels burned up
28,000 MWD/MTU in average. The
capacities of the high-level liquid
waste (HLLW) treatment rate, glass
production rate, and canisfered
waste production rate are 0.7
m 3/day, about 9 kg/h, and 140
canisters/year (200 days eperation)
respectively, The TVF employs fuily
remote operation and maintenance in
a large vitrification cell with low
flow ventilation system, All
equipment im. the .cell are placed in
standardized rack-mounted -modules.
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DESCRIPTION OF MELTER
DEVELOPMENT FOR TVF

Many developmental works were

carried out on the melter system in’

order to get reliable melter
operability of the TVF. Several glass
meliers with different structures
and materials were tested to compare
their process characteristics in
earlier stage of the development. The
melter design was then modified to
improve the melter process
performance, A melter bottom
structure  with sloped floor, a
continuous feed system for glass
fiber additive, a bottom freeze valve
with two-zone induction heating, and
glass level detection are the major
results being adopted in the first
melter of the TVF.

The Mock-up Melter-1IX which
has the same structure and system as
the TVYF melter was constructed in
Iate 1987 following the design
improvement of the TVF, and has
been operated with the complete
system of process equipment to
ensure the melter performance and
operability* of the TVF. Figure 1
shows the structure of TVF
melter(l).

gl iditive 1

In the development of glass frit
feed technology, use of powdered and
granular{beads) additives was tested
in ‘the earlier stage of LFCM process
development. Te maintain stable
melter operatien, the glass fiber
cartridge was chosen whick has less
particulates. This - approach was
expected to prevent the off gas line
pluggage and maintain good glass
product quality, Sintered formed
glass fiber additive and continuous
feed system were developed to
replace ground ox beaded frit. After
the continuous operation tests using
these -types of glass additives, the
continnous glass frit feed system
using cylindrical cartridges of fiber
glass was  adopted with . -high
reliability fer the TVF process.

In the stable feed operation,
entrainment of particles in the off
gas stream was reduced to 1/10
compared with that of the [feed
operation using beaded frit. The
glass fiber additive also made the
glass melting stable without
pressure surge by the release of
significant amounts of steam from
glass pool to the melter plenum
space.

Melter structural design and
operation

Melter structure is very
important to temperature
distribution, heat balance, glass
flow, and also the behavior of
immiscible deposits in LFCM
operation that are electroconductive.
Melter bottom  refractory design

‘especially should be optimized to

aveid the operational problems
caused by accumulation of
electroconductive sludge,

Several experiments were
performed using laboratory-scale
melters in  order to look into the
effect of melter bottom slope on the
melter operation and discharge of
electroconductive deposits that
consist of mnoble metals, The result
showed ' that a meliter bottom slope of
45° would eliminate the operational
difficuities by facilitating  the
discharge of deposits.

In addition to the improvement of
melter structure, tests to
operatiomnally prevent the
accumulation of noble metais and to
discharge them more effectively from
the melter were carried out through
the operations of Mock-up Melter-III
with 45° sloped bottom over a long
period. One of the methods to make
this attempt operationally was to
keep the melter bottem at a low
temperature. It is also expected in
this method to discharge the noble
metals settled on the melter botiom
efficiently by the low flow rate of
glass pouring.
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The melter operation with a low
bettom temperature kept the
resistance beftweem main electrodes
stable. No significant change was
observed during the operation using
this method. It was confirmed by
removing the glass left in the melter
after the feed of noble metals of 116
kg, and by evaluating the balance of
noble metals that the amount. of
noble metals discharged from the
melter was more than 99% of the
total amount fed into the melter as
shown in Figure 2(2).

The cold bottom mode of
operation is one of the promising
methods to eliminate the operational
difficulties caused by noble metals
based on long melter operation
experience.

Other melter related technologies
development

The drain system has been
developed to have good operation and
maintenance ability. From the
standpoint of simplicity, operation
and especially of expected long
lifetime of the drain nozzle, the
freeze valve with induction heating
has been further developed and
modified.

A freexe valve with two-zone
induction- heating with aircooling
system  for = emergency, which heats
the lower or upper part of drain
valve independently, was found to be
effective in eliminating the
formation of glass string. This was
applied to the TVF melter.

The glass melter is equipped
with several instruments to monitor
the operation status, including
temperaiure, pressure, and
electrical conditions.
Instrumentation which is typical for
PNC melter is the molten glass level
detection system  based on electrical
resistance measurement between the
common probe and the detection
probes. The system has been
developed and improved to get

enpugh reliability in measuring the
glass level within 10 mm.

Many R&D activities have been
carried out on the glass melter and
process technology to =attain the most
suitable LFCM process for the TVF.
As a result, the present melter for
the TVF was designed and will be
operated without the operational
difficulties in feed and glass
melting operation.

VITRIFICATION PROCESS

The HLLW is transferred from the
Tokai Reprocessing Plant to a
receiving tank of the TVF. Elemental
and vradioactive analysis are carried
ont for process and product quality
control. The HLLW is pretreated to
adjust the composition by the
addition of chemicals like a seodium
and/or by concentration using an

evaporator when required.
Denitration of HLLW with formic
acid was discarded in the

vitrification plant because of the
difficulty of HLLW feed system by
deposits in the evaporator.

After the pretreatment, HLLW is
transferred to 2 melter continuously
using a twe-stage airlift. Glass fiber
cylinders are wused as a glass
additive for  melting. The HLLW
transferred to a melter is soaked
inte. the cylinder just before it is
fed into the melter pool. The glass
melted at the temperature of 1150°
is discharged periodically through a
metallic nozzle located at the bottom
of the melter into a canister. During
the discharge, the weight and volume
of the glass im the canister are
successively measured by load cells
and by the gamma-ray method,
respectively. The filled canister is
subsequently cooled, and
transferred to the welding positien,
and a lid is welded by a TIG welder
to seal the canister. After being
decontaminated by high-pressure
water jet spray and wire brushing
and ' being inspected, packages are
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stored in forced-air cooling storage the replaced rack and the remote
pits.’ maintenance equipment.

Melter off-gas is cleaned by And another cell is the storage
submerged bed scrubber celf, which is for temporary storage
venturi_  scrubber, perforated plate of the waste package. This has the
type water scrubber, high efficiency storage capacity of 420 packages by
mist eliminator and forced air cooling in the 70 pits
subsequent filtration process such with each dimension of about 560mm
as a ruthenium adsorber(silica gel), 0.D, 15mm thick.
iodine adsorber and MEPA filter.

Eully remote maintenance
SPECIFICATION AND FEATURES OF
TVF The TVF incorporates a new
concept of remote maintenance for
Plant__description process equipment so that the plant
availability is increased and

The TVF consists of two personnel exposure decreased., In
buildings which consists of a order to carry out a new concept,
precess building and an most equipment in the cell are
administration building, and a arranged in standardized rack-
stack. The process building has two mounted modules which are ordered
stories underground and three above along both sides of the cell wall
ground, with 58m Iength, 42.5m
width, I19m depth and 26m height, The failured equipment is
floor space totalling 2600m2. mainfenanced using the remote

) maintenance tools like in-cell

The process building has two cranes and two-armed Servo-
main cells. One is the vitrification manipulators equipped in the cell
cell shown in Figure 3, This cell has from the control room viewing the
about 1.6m shielding wall and 13m industrial  televisions.

height, 27m length, 12m width and
a-bo_u_t - 4200m3 volume. The Low-flow ventilation system
vitrification process area and the
cutup area are arranged, and most of
vitrification process equipment such
as a glass melter, the off-gas
treatment equipment which were
improved through the <¢old operation
tests are installed in this cell.

The TVF equips the low-flow
ventilation system as a cell exhaust
treatment -in accordance with the
adoption of large vitrification cell.
This contributes to compact the
ventilationr system. Also this system
is expected fo reduce the release of
radionuclides from the vitrification
cell to atmosphere in the case of
release  from the equipment to  the
cell,

Most equipment in this cell are
placed in standardized modules with
the dimensions of 3m by 3m by 6.5m
which are ordered along both. side of
walls of this cell. The TVF
incorporates 7 racks which we call
standardized module rack, and a
melter.

As the heat of process is not
removed by this ventilation system,
the in-cell coolers are installed on
the module rack for remote
maintenance. Exhaust from the
vitrification cell for Kkeeping the
negative pressure of -80mm of water
in the cell jis provided by allocating
500m3/br for cell exhaust in the
vessel off-gas system. It is also

For maintenance, over head
systems are disposed above the rack.
These systems consist of two
manipulators and two cranes. There
is a passageway with 5m width
between the rack. This is wused for
maintenance work, for movement of
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ABSTRACT

In order to determine the mechanisms of
reprocessing solvent cleanup with salt-free reagents
of hydrazine oxalate [(H2H5)ZC204)] “and hydrazine
carbonate [(N2H5)2C03)]. . @ series of basic cleanup
tests were carried out for simulated solvent contained
dibutyl phosphate {HDBP}, Ir and Ru as impurities. The
cleanup of HDBP wmust be accomplished by fts
dissociation to DBP~. -The Ir was probably removed by
dissocation of its extractable complex with HOBP,
particularly oxalate fon which forms a strong complex
with Zr could enhance the disscciation. The cleanup
efficiency of Ru was lower than other impurities, but
-increased with alkalinity of cleanup reagent. The
cleanup of Ru "mainly occurred with changing its
extractable complex to certain water-soluble form by
hydrolysis.

The formation behavior of interfacial crud was
also investigated with salt-free reagents and sodium
carbonate [Na;C04] for comparison. The apparent volume
of the formed interfacial crud in a mixer-settler test
using hydrazine carbonate was almost the same as that
using sodjum carbopate. And the hydrazine oxalate
remarkably suppressed the crud formation. The results
of separation funnel tests using hydrazine carbonate
and sodium carbonate showed that the crud formation

~occurred at pi= 5 to 7 and became a maximum at pli6.

THTRODUCTION

The 30% tributyl phosphate (T8P)-70% dodecane
mixture used as the extraction solvent in spent
muclear fuel reprocessing undergoes degradation by
exposure of nitric acid and intensive radiation, then
mainly produces dibutyl phosphate (HDBP). In the first
cycle extraction of reprocessing process, HOBP forms

strong complexes with U, Pu and certain fission
preducts such as 7rl) which are retained into the
solvent phase and are not stripped out with dilute
nitric acid. These degradation products, fission
products and complexes must be removed from the
sotvent in selvent clesnup process prior to its
recycle.

Ordinarily, HapCO3 selutfon is used as solvent
cleanup reagent, but the principal drawback of this
method is production of the large quantities of Nall3
which eventually must be handled as radioactive waste
(100kg for every tonne of fuel reprocessedz)).
Accordingly, the salt-free cleanup reagents such as
hydrazine2)3), hydroxy]amine4). tetramety]amnoniums)
wilich can be decomposed to water and gases have been
proposed.

The authors have already confirmed by the solvent
cleanup tests using various types of salt-free
reagents  that hydrazine carbonate and hydrazine
oxalate were available on a gurpose of removing the
impurities from the solvent8), However, - the cleanup
mechanisms of the impurities were not clarified yet,
In  this study, the cleanup mechanisms  were
investigated based on some cleanup tests.

The formation of {nterfacial crud should be also
considered in evaluation of the cleanup reagent
because it causes the poor phase separation and
occasionally the failure in operation of the solvent
cleanup unit?), The formation mechanism of interfacial
crud has not inquired. In this study, the formation
mechanism was also estimated.

EXPERIMENTAL METHODS
1.5ample preparation

Simulated solvents
At first, a 30 % TBP-70 % dedecane mixture was
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washed once with 0.5M NapCO3 and thrice with pure
water. The Zr was extracted from its nitric acid
solution into a potion of the mixture to” which HDBP
was added before. The Ru and U were extracted from
their nitric acid solutions into cther potions of the
mixture without HDBP. The simulated solvent was
prepared by mixing those three. The' solvents which
contained only HDBP or Ru and DBP were alse used.
Cleanup reagents
The NayC03 solution was obtained by dissolving the
reagent NayC0g into distilled water. The (NpH5)pCo0s
solution was prepared by the addition of oxalic acid
[HyC04"9H50] solution to hydrazine hydrate [NpHa*Hg0]
solution. The (HoHg)yCO3 was obtained by bubbling COp
through the hydrazine hydrate solution.
2. -Procedures
Batchwise test
The simulated solvent and the cleanup reagent of
eqial volumes (50m1)} were put into the separating
funnel and mechanically shaken. After settling, the
aqueons phase and- the organic phase were collected
separately. In order to . determine the cleanup
efficiency of jmpurities, . their  residual
concentrations in.the solvent were analyzed by ICP
em{ssion spectroscopy or ion chromatography. The pH
value of the cleanup reagent was  measured by pH
meter. o
Continuous flow test . .
(HoHg5)oColy and (NpHs)olO3 were compared with
NagCOy on the formation behavior of interfacial crud
in continuous flow condition using a swall mixer-
settler which constitution and operation condition
were shown in Fig.l The concentration of impurities
in the simulated solvent was established to about
three times as much as the expected concentration in
practical solvent.

RESULTS AND DISCUSSION

The ¢leanup mechanism_for dibutyl phosphate (HDBP)
The c¢leanup mechanisms of HOBP was- suggested as
following reaction equations in the past2 H

(HOBP)gpg + (MaOH)aq —> (NaDBP)gq + Hp0 . (1)
(HDBP)grg + (NQHEOH)3q —> (NgHisDBP)aqt Hal - (2)

Fig.2 shows the estimated cleanup process for HODBP in
case of using (Nohg)pCa0y as an example. The partition
coefficient of HDBP molecular, K, the dissociation
constant, Ka, and the complex formation constant
between NoHs* and DBP-, Kf, were defined as follows;
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Fig.2 Estimated cleanup process

for HDEP
K = [HDBP]opg/ [HDBPTaq (3}
Ka = ([DBP—]aq[H+]aq)I[HDB?]aq v (4)

Kf = [NoH508PTaq/{[NpH5" 1aq[DBP ag) - {5)

The constant K and Ka can be quoted as 17 and 0.1,
respectively. . The K was measured. in 305 TBP-70 %
dodecane / 3M HNO3 system on which the dissociation of
HOBP can be neg]igibles). and the Ka was measured in
HC104-NaC104 solution®),
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On the other hand, a distribution ratio of
dibuty? phosphate is described by Eq.(6);

{HOBP)org
Da (6)
[HDBP Jq+[DBP 1aq+[NaH5DBP o

Transforming Eq.(1)-{3) and substituting into Eq.(5)
deduce the following equation;

K[H*]/Ka
D= (7)
[ )/Ka+1+KF[Hohg*]

logh = log{k[K*]/Ka}-log{[H*]/Ka+1+kf[KH5* 1}. (8)

At pH>2 ,which was the pH region in this study,
[H*]/Ka value is <0.1. Assuming of Kf{NoHg*]>>1 and
rearranging Eq.(8) gives the following approximate
equation;

logD + pH = log{k/(Ka-Kf)}-Teg[NaHs™1 . (9)

Based on this eguation, (logD + pH) versus
1og[N2H5+] should be linear with a slope -1. A plot of
the experimental data from the cleanup tests using
(H2H5)2C204 and (N2H5)2CO3 is shown in Fig.3 (II‘I data
treatment, complete disseciation of (HzHg)pCe04 and
{NgHg)oC03 was assumed for simplicity). The result
indicates that the data do not satisfy a relation in
Eq.(9) and that N2H5* can not interact with DBP~. This
observation supports a fact that p_tr analysis for
dibutyl - phosphate dissolved in  MNoHgOH  solution
indicated no interaction between N2H5+ and pep-10),

a
WV water
O (NzH5)aCa04
A (dpHg)toy
% 3}
-
a g‘”‘““‘@"O“‘C’“
2 2F
1_
__,“ 1 1 1
0 -2 ~1 0

log [NgHg*]

Test condition
Hixing time : 60min.
genperatune 259

11

Simetated solvent
HDBP : 0.01mol/1

Fig.3 Relationship of log D for HDBP
and log [NaHg*]

- Therefore, it seems that DBP~ is the final formin
the cleanup. process. In this case, a distribution
ratio of dibutyl phosphate can be described as
Eq.(10);

[HDBPJorg

B= {10)
[HDBP]zq + [DBP~Toq -

Eq.{10) can be transformed to Eq.(11) by using Eq.(3)
and (4);

K[H*
n.-___[_._]..__ (11}
© (K] + Ka

Rearranging in legarithmic form approximately in pH»2
gives a Eq.(12);

logd = Togk/Ka - pH . (12)

A calculated result for pH versus JogD as a solid line
and a plot of the experimental data which were
rearranged to the relation between logD and pH value
of cleanup solutions are shown in Fig.4. The pH value
for each data point is equal to equilibrium value
after the cleanup operation. The experimental data
agree well with the caleulated result. This fact
proves that the cleanup of HDBP is accomplished by iis
dissociation to DBP".

1

——calculated value

log D

..2_

¥ water ]
] (NaH;)zCzOq: 0.01,0.05,0.5m03/1]
1Y (HzH5) 5005 ¢ 0.01me1/1

. 1 1 1 [l

1 2 3 4 5 6

EH Value
of the Cleanup Reagent

~Test conditjen . _Simylated solvent
Mixing time : 60min. HDBP : 0.01mol/1
‘Temperature : 259C

0/A 11

Fig.4 Relationship of log D for HDBP
and pH

The cleanup mechanism for Zr and Ru
Figure 5 shows the cleanup efficiency of Ir and
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fu as a function of pH from the batchwise tests for
which the reagent concentration and mixing time were
varied. The variation of the reagent concéntration
gives different pH value. The Zr probably exists as a
Zr(DEP)Z(N03)2 corrplexl) in the simulated solvent. As
it is not water-soluble, Zr would be removed into
creanup reagent solution by its disseciation. In
{NaH5)gC03  test, ~the cleanup efficiency "of Ir
remarkably decreased with decrease of pH value of
reagent solution. The pH has to be kept high for the
dissociation of Zr complex when using (N2H5)2C03. On
the other hand, in soite of the lower pH value of
{NoHig)aColy solution than that of (NyHg)pC03, the
cleanup efficiency by (NoHg)Ce04 was remarkably high.
Tts influence s probably that oxalate ion enhanced
the dissociation of the Zr-DBP complex by forming
certain water-solubie complex with Zr.

The cleamup of Ir attained to the equilibrium in
about 5 min apparently, but Ru did not attain to the
equilibrium_in this test condition, The cleanup
efficiency of Ru was especially lower than that of Ir,
U and DBP in the low pH condition. The cleanup
efficiency was also related to pH.

The tri-nitrate nitrosylruthenium, KuNO(NO3)3,
has been known to expose hydrolysis by exchanging HOg
with OH in waterll), It was estimated that the certain

8

[94]
Q
T

Cleanup Efficiency for Zr (%)

O 1 1 ] ! 1 |

2 3 4 5 6 7 8
H Value

of the gleanup Reagent

Cleanup Efficiency for Ru (%)

Ru comlex, RuNO(K03)n(DBP), (ath=3), in simtlated
solvent also was hydrolyzed by contacting with cleanup
reagent solution as following reaction;

RUNU(HOS)a(DBP)h + o —=

{Ru(N03) (D8P )g(OH}g) (3-C-4-8)- + (a-c)N0s™ (13)
+ (b-d)DBP- + ef* .

In this case, the distribution ratio of Ru was
described by Eq.(14);

[RUNO(N03)5(0BP)plorg
D= {14)
[{Ru(ND3 ) (DBP)(OH) g} {3-0-0-€)-1, 0

A plot of experimental data as log D for Ru and DBP
versus pH from another cleanup test which uses the
solvent containing only Ru and DBP is shown in Fig.6.
The distribution ratio decreases with the increase of
pH and the distribution ratio of DBP behaves in almost
the same manner as that of Ru. This fact suggests that
the main cleanup reaction of Ru is the transformation
of its extractable complex to water-soluble complex by

" hydrolysis.
" F:
j’ 2
S0r SRR <
/’,’:/@/ 5
4’/,;,’ _
U’,
0 1 1 [ ] 1 |
2 3 4 5.6 T 8 9

pH value
of the Cleanup Reagent

jmalated solvent Symbol

Temerature ; 2597 ér s H"ég: m1/1 White :(NpHg)gloly Black t(HaHe)2C03
/A t1 u 1 5.3x507 . .
Reagent conc.: 0.01,0.1,0.5 U o 2.7x107 g':: m;ljxing time 1 min. 3'%: 1%
_ moi/ “DEP : 2.5x10°3 = g 20
7.V 20 .4

Fig.5 Cleanup efficiency of Zr and Ru in batchwise test
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Interfacial crud formation

Figure 5 shows the appearance of interfacial crud
in case of using (N2H5)2C204 and (N2H5)2[203. It was
observed that (NpHg)sCs0p vemarkably suppressed the
crud formation compared with NasC03. On the other
hand, (NoHg)yC03 formed™ almost equal crud volume to

NagCOy.

.The collected interfacial crud. was. sufficiently
washed with pure solvent and water, and dried.at 180°C
for ‘8 hours. The sample was dissolved into the
alkaline solution .and analyzed to determine - its
component, On the other hand, 0-H bond in the crud was
discovered by FT-IR spectroscopy analysis. The
interfacial crud formation prabably oceurs by
polymerization of Zr-DBP complex containing OH group
as bridge species 13}, Accordingly, it was estimated
that (NpHg)Co04 could suppress the crud formationdue
to the fermation of certain Zr-oxalate complex prior
to polymerization.

In order to confirm the relationship between the
pH and crud formation, the batchwise cleanup tests
using the separating funnel were carried out with
(NgH5)2C03 and NagCOs.  The pH value was varied by
adding nitric acid. The concentration of impurities in
the simulated solvent is about three times higher than
that in mixer-settler test.” Figure 8 shows the crud
volume which is normalized with a maximm value as a
function of pH. The result indicated that crud
formation occurred at pH=5 to 7 and the volume became
a maximum at pH=6 in this condition. Even though the
concentration of impurities was raised still more,
crud volume maximum  at pH=6 was unchanged. In the .
continuous solvent cleanup, maintaining the pH value
of (MoHg)pCO3 or NapCO3 solution higher than 8 must be
effective on suppressing the crud formation as well as
removing the impurities. :

Cleanup regent :NapCOg

Cleanup reagent :(NgHg5)oCg04

Fig.7 Photograph of interfacial crud in the mixer-settler

{at 390 min. since stared)
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1 . = Bin (Hz“5)2c03 test
@ iIn HayC03 test

Interfacial Crud Volume
(Normalized by Peak Value)

- 6 '-‘- 1

pH Value
of the Cleanup Reagent

Simulated solvent

Ir @ 1.3x1072 mol/1
Ru : 9.1x10"
U : 2.0x1073

D8P : 4.5x10"3

Test condition
¥ixing time : 20min.
Temeraturs : 25°C
0/A : 1
Reagent conc.: 0.1mo1/)

Fig.8 Effect of pH upon the volume
of interfacial crud
{(in batchwise test)

CONCLUSIONS

Based on experimental results, it was- concluded
that:

(1)The cleanup of HOBP would be accomplished by its
dissociation to DBP™ which is a stable form in aquecus
phase.

" {2)The Ir was probably removed by dissociation its
extractable complex with DBP. Oxalate ion which forms
strong complex with Zr could enhance the dissociation.
{3)The cleanup efficiency of Ru was lower than that of
other impurities. The main reaction of Ru cleanup was
probebly the transformation of extractable complex to
certain water-soluble form by hydrolysis.

The most important observation in this study was
that pH of cleanup reagent was closely related to the
cleanup efficiency .of HKDBP, "Zr and Ru as well as
interfacial crud formation. As a result, an effective
soltvent . cleanup couid be maintained by the continuous
pH control in system operation.
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ABSTRACT

One of the major concerns of the conventional
Purex process is secondary salt-bearing waste which
is generaled in the main solvent extraction process.
To settte such a - preblem  application of
electrochemistry as 2 means of achieving a Salt-Free
-Purex process was considered. An “acid-split”
[lowsheet was also investigated to fit im with Lhe
centrifugal contacter cycle. Electrooxidation
results from a gaivanostatic siudy on mixtures of Pu
(111 /Mydroxylamnonium nitrate(BAN) MHydrazine(fldz) in
nitric acid proved that not only plutonium ion but
also co-existing nitrogen compound could be oxidized
in different manners. The fact that the presence of
HAN lowered the apparent Pu(IT1) oxidation rate
indicated that tri-valent plutonium ion itself
fikely acts as a mediator in HAN oxidation reaction
paths. The Salt-Free solvent cleanup process was
successufully demonstrated using engineering scale 4
-stage centrifugal contactors. The series of
resufts supperts the prospect for application of a
8alt-Free method to the Purex process. Bevond this
altempt, a new effort Is being directed toward
expanding the traditional function of the Purex
process.

[NFRODUCTION

The recent requirement to realize lower
reprocessing costs, especially in the future FBR
spent fuel cycle, is receiving greater emphasis and
inportance worldwide. Nevertheless, at the same
time. the requirement to adequately address safety
still exists. The secondary salt-bearing waste
which is generated in the main solvent exiraction
process 15 considered to be onme of the constituents
lo cause higher reprocessing costs. In that sense
ipprovements in both process flowsheet and hardware
are essential, and both will be desirably developed
in harmony. In the process flowsheet aspect, the
solvent extraction process which constitutes the
“core” of the Purex process. particularly. the U/Pu
partitioning, Pu reoxidation and solvent cleanup
rocesses which involve major chemical reactions
should be simplified and improved by avoiding the

generation of secondary salted liquid waste. The in
-situ electrochemical .redox method, for example, is
recognized as one of the key technologies to respond
to such process requirements. [n the equipment
aspect, utilization of centrifugal contactors was
judged by the PNC to save costs by contributing to
reduced plant size. The in-situ electrooxidation
cell also offers an advantage by simplifying' Lhe
complicated make-up system because only a simple
electric current supply system can cause preferable
reaction without any chemical reagents.

lIdeally, the Purex process should be functional
enough to positively handle the minor actinides, i.e..
Np like U and Pu in the selvent extraction process.
It is also desirable to improve solvent extraction
performance by getting rid of troublesome fission
products, i.e., Pd. Rh and Ru, before conducling
solvent extraction. - The platinum group elements
such as Pd, Rh and Ru are of course worthy to
recover if marketing demands will- increase
reasonably.  These objectives will hopefully be
achieved by Salt-Free methods.

This paper describes the state of the art in
the PNC on achieving a “Salt-Free Purex” process
basically by incorporating centrifugal coatactors,
and a suggested method for recovering platinum group
elements from purex solutions for technical
development in the future. Fig. 1 shows the concept
of an advanced reprocessing system based on a “Salt-
Free Purex” process.

RBSULTS AND DISCUSSIONS

U/Pu Partitioning _

U/Pu partitioning by hydrazine-stabilized HAN
and/or pure HAN, one of the typical applications of
Salt-Free techniques. were both successfully
demonstrated with only a small amount of wranium
ieakage to the plutonium stream using FBR spent fuel
in smail scale mixer-settlers as reported in [SEC’ 90
(1). Elimination of hydrazine will contribute
significantly to reduce the necessary reoxidation
capability in the successive reoxidation step as
well as to avoid being involved in a cycle Lo

. generate azide compounds.
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be necessary for complete destruction of such
materials.

The acid-split process fundamentally depended
on no chemical reaction. so that both the make-up
and reoxidation units seemed to be rationalized.
Before entering the demomstrative laboratory test,
flowsheet conditions were evaluated to determine the
feasibility of this process. In a simulation study
(5). conducted with the Revised MIXSET code,
calculation conditions included 30%TBP in n-dodecane
as a  solvent, heavy metal  concentration
corresponding to typical FBR spent fuel compesitian,
a residence time corresponding to ithat in a series
of ceatrifugal contactors, and 5 °C as a initial
assumption temperature. The evalvated parameters
and results are summarized in Table L.
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Further needs to simplify the process
necessitate the adoption of other kinds of
partitioning techniques; One method uses lactic acid
as a Pu-complexing  agent, Another one takes
advantage of conditions which increase the
difference between distribution ratios of Pu and U
such as decreasing the temperature in low nitric
acid selution known as “acid-split”™ proposed by
Campbell, et al(2). Both methods are characterized
by no change of plutonium valercy throughout the
Process.

“Hot" demonstration of lactic acid split(®)
showed sufficient partitioning of Pu from U to the
expected values., but questions on recycling or
decomposition of spent lactic acid still remained.
Preliminary tests on direct electrooxidative
decomposition of lactic acid{4) indicated that under
a higher anodic current density, e.g.. 100mA/cn?, in
nitric acid, the lactic acid could be destroved to
gaseous meterials, carbon dioxide ard nitrogen, but
accompanied by a large amount of hydrogem and oxygen
as a result, Although the decomposition rate
approached 90% in 10 hrs oxidation, a comsiderable
amount of acetic acid was generated ai the same
time, The acetic acid was fairly stable for direct
electrooxidation in nitric acid solution.  This
cresult indicaied that consideration of another
approach. possibly vsing some kind of mediator. might

Table1 Effect of parameter change on
. . . g N
product quality in an acid-split
process.
Solvent Loading solvent U scrub Reductant Py strip
1 1
L=z T ——
AT T
. ) Sy - T *
Pu product Centrifugal contactor U product
Py in Uin Third-phase | Pu conc.
Parameter Change U product |Pu product| formation | factor
U back serub | Shiftto | -+ —
injection point | right | e | FE [ —— [(=)
U back scrub ' : : ‘
flow rate Increase | + 4 -+ —— | -
Pu stip _ | —
low rate Increase| -+ + + 4 :

Leading solvent | Shift to
injection point | left + + (=) (=) |(+)

Addilon of a |uaNy Addition | + + | (+) + [(+)
Mtle amount

of reductant [UN] Additon | + 4+ | — )

+ Positive effect ~— Negative effect ( ) Slight effect

As this process deals only with Pu{IV)} with (VD)
at lower {emperatures, it is necessary to select a
proper temperature to avoid Pu(IV)} third phase
formation wunder any conditions, because the
solebility of Pu(IV) solvate is reported to be
strongly limited by a temperature decrease(B), From
an engineering point of view achieving lower
process temperature requires the provision of
interstage coolers at the proper locations with
special kinds of coolant, Especially, in the case
where the centrifugal contactor cycle is placed in a
large cell with other heat generating equipment, it
will be harder tp achieve such a low temperature. As
shown in Fig. 2, calculations indicated that the
combination of a small quantity of reductant tended
to improve the partitioning eificiency{ Pu comtent
in U product ) even at a low temperature. And. as
the temperature is increased up to 15°C. for example,
adding only ca.three percent of reductant to Pu can
keep the U product quality level which was obtained
in an acid—splil process without reductant at 5°C,
as shown in Fig. 3
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quality in an acid-split process
with reductant.

Therefore., satisfying the required partitioning
efficiency in a linited number of the stages might
necessitate the combination of a small quantity of
reductant in a realistically higher process
temperature  eavironment. Nevertheless the
calculation showed that only a small quantity of
reductant will function as a “alpha barrier” at lower
process temperatures. Whether or not HAN wiil
always act more effectively than U(IY} should be
verified by experiments.

Pu Electrooxidation

As  the incorporation of in-situ
electroreduction imto the centrifugal contactor
cycle is an idea at PNC. reductive partitioning
using HAN/Hdz is & reasonables choice. While the
acid-split process seems to be more attractive. the
combination of a small guantity of reductant seemed
to be inevitable as mentioned above. Therefore,
repxidation of Pu(I[1)/HAN/Hdz is still necessary.

The batch electrolysis tests of Pu(III}/HAN/Hdz
in a nitric acid system were conducted with a beaker
scale electrolysis cell. Pletonium solutipn was
supplied from refined Pu-product in the Tokai
reprocessing plant, so metalic impurities in the
tested sofution were negligible. The systematic
electrolysis test was performed using a small scale
filter-press type electrolysis cell. Neither the
beaker scale mor the filter-press type cell were
equipped with a diaphragm. The anode was made of a
thin platinum coating on a titanium base, and the
cathode was a smooth platinum wire. The
electrolysis was based on galvanostatic condition
then the effect of anodic current density, acidity.
temperature and stirring rate on the
electrooxidation rates were evaluated respectively.

As shown by run a and b in Fig. 4 from the beaker
scale electrolysis tests. electrooxidation of Pu(lID)
stabilized by hvdrazine showed an apparently very
simpie time dependency, that is. Pu(IIl) oxidation was
gbserved to be accelerated by an increase of anodic
curreat density. After the end of oxidation of Pu
(i1} to Pu(IV), further oxidation 'to Pu(¥D)
occasionally occurred, but it did not exceed ca. 2%
of initial PuClIlI}.

In the case of the presence of HAN with Pu(IIE)
/Hdz.  electrooxidation behavior of Pu(lll) was
considerably different. especially in a low anodic
current density condition. as shown by run d in Fig.
4, Pu(lEl) oxidation behavior could be explained as
follows; In the initiat oxidation step, a very low
oxidation rate occurred which produced Pe(lV) which
imnediately reacted with HAN to regenerated Pu(iID).
Thus HAN was oxidized by electrolytically produced
Pu(iV). In sufficiently low concentration of HAN in
the next step, Pu(IfI) oxidation proceeded guickly
without any reductive consumption of Pu(IV). As
anodic curreni density increased, shown as run c,
such a oxidation “circle” was accelerated. 1In the
presence of HAN, there was no Pu(VD) at all
observed. On Lhe contrary, oxidation of HAN and
hydrazine proceeded irreversibly. These results
indicate, an increase of Pu/HAN ratio, temperature
and current density will accelerale the oxidation
rate of PuCII1)}/HAN/Hdz system in the nitric acid.
Current efficiency of these oxidation results are
summerized in Table 2. In the case of HAN
calculations were made on the assumption that one
mote of PuCIV) generated by electrode reaction might
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—O— ia : 2mAfcm?, Pu/Hdz/HNO;
—A— ja ! 10mAfem?, Pu/Hdz/HNO:
—&— ia ! 20mA/em?, Pu/MAN/Hdz/HNO;
- & - i3 2 10mA/cm?, Pu/HAN/Hdz/HNO;
- -0k ia D 2mA/em?, Pu/HAN/Hdz/HNDy
=& - ia ! 1mA/em?, Pu/HAN/Hdz/HNO;

Table 2 Results o-f electrooxidation of
Pu(ill), HAN, Hydrazine in HNO;,

Current efficiency, (%) NH* HN;  Pulvi)
RUN ——————————— formaticn formatien formation
Fratid D T £ 7 (mMAR)  (mM/AD) {mh/an}

Pu/Hdz® 11.5 — 45.3 56.8 0.04 ND® ND*
Po/Mdz® 261 — 642 B8.3 0.20  ND°  NDf
PufMANiHG 1.6104.293.2109.0 ND' 2.6 D
PulbaNMG' 4.4 £.319.0 2.7 ND' 9.5 ND®

Sa/Sc=10, Temp.=25C
a,i2=20mA/cm?, v=0.01c/s. Soin: PullNZL1g/e. Hez 2.igle, HE I
b, ia=20mA/cm?, v=o.0em/s, Soin.: Pullidie. Tgre, Haz 2.0a/t, H* 10
¢, ia=10mA/cm?, v=0.0tomis. Sain.: Plin)angn, Hdz 2.9g78. HAN 15.0g/8, H¥
d, ja=50mA/cm?, v=t.t2emis. Soin. Pulliyee, dgre, ez 2930, HAN 3.3git, 1+ I
e, Not Detected
f, No Data

consume a half mole of HAN in the bulk solution when
the presanse of HAN was in a small concentration,
Although low current efficiency was obtained on Pu
(I11) oxidatien in general. higher current
efficiencies on hydrazine were obtained with lower
anodic current depsities. [n low anodic current
density, 10 mA/cm2, the total current efficiency
exceeded the theoretical one,

The average yield of ammonium ion. in cases a
and b, were almost the same as thai from another
experiment{7). Although hvdrogen ~azide was
negligible in runs a and b. small amounts of it was
recogaized in runs ¢ and d. the case where AN
existed in the Pu/Hdz system. The results from this
series of experiment supported a similar mediator
function of PeCLIl) ion to that of Fe(I1) and Ce(ll)
fons in previous experiment(1).

As taking a new turm, electrooxidation of Np
fon to its extractazble form, Mp(¥1). should be
studied.

Solvent Cleanup
In a preliminary study., cleanup tests with

beaker scale laboralory equipment and a centrifugal
contacter were performed to comsider Lhe
applicability of a centrifugal contactor to the Salt
-Free process, In tihese tests, 30%TBP/n-dodecane
containing DBP and hydrazine oxalate were used as
the simulated degraded solvent and Salt-Free cleanup
reagent, respectively.

The beaker scale tesis were conducted under
various concentrations to esllect basic scrubbing
data. The fest conditions were as follows; the
mixing time was 10 minutes, the ratic of organic to
aqueous phase was 1.0. After c¢leanup, the
concentration of DBP in the organic phase was

analyzed. The result is shown in Fig. 5.

% mll

2y Logk=—0.812LogZ—2.2
(1]

fﬁ w'r g

o

B c%—:: 3

%.S 107°F

5

22 g : '

107 107 10! i
Concentration of hydrazine oxalate at the
equilibrium state (after cleanup)

Z (mol/ 2)
Fig.5 Result of cleanup tests in beaker

scale laboratory equipment.

The y-axis is the molar ratio of DBP in arganic
to that in aqueous phase (this ratio is expressed as
K in this paper); as the value of K decreases
scrubbing efficiency increases. The x-axis is Lhe
concentration of hydrazine oxalate at the
equilibrium state (after cleanup) assuming that one
mole of hydrazine oxalate relates to the clean up of
one mole of DBP (this value is expressed as Z in
this paper), This figure indicates that Lhe
scrubbing efficency. increases as I increases. From
these data, under the above assumption. an empirical
equation was derived to express the relation between
K and Z in the range of K < 0.1 as showa in Fig. 5.
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Solvent cleanup tests using a 4-stage contactor
developed at PNC(B) were conducted. The contact time
{residence Llime in a mixing section) per one stage
was about 5 seconds. The concentration of DBP in
the organic phase was analyzed in this test. Fig. 6
shows the test flowsheets and the results. Black
and white symbols show the experimental and
cafculated ~data based on beaker scale test,
respectively. The concentration of DBP drepped from
1340ppm  to less than 10 ppm (which was the
analytical limitation in this test) within 4-slages.
In the case of rum 1, the feed wolar ratio of
hydrazine oxalate to DBP was 1.8. The prediction
agrees well with the concentration profile obtained.

DEP . 1348ppm (NzHs)2Ca0
30%TBP/n-dodecan S0.1M/2
RUN1 3.1¢/h
Fead 304/h RUN2 5.9¢/h
i
Aquepus[=--~~—-- Centrifugal Contactor 1 .
outfet { 4 stages) { Organic
! { outlet
0
O Calculation
— @ Experimental data
&
2 1wk
&
g &\
g S
il LN
- AN R\
= i S - 1
o /‘\\b \\ RUN
(=]
= RUN2 o, N
g NN
£ 10'r \\ \\
g \ \
=
S \\ he)
N
A
1° ) 1 Y R
1T 12 3 {
. Stage

Solvent cleanup characteristics by
Salt-Free reagent using centrifugal
contactors.

Fig. B

Gtood agreement of the orediction with the
profile obtained showed that the scrubbing
efficiency in the centrifugal contactor for BBP is
almost the same as that in beaker scale tests in
spite of the shorter vresidence time in this
particular system.  This result also gives the
prospect to design improved solvent cleanup systems
based on Salt-Free reagents with a short residence
time if DBP is the dominant material to the solvent
cleanup process design, whereas the conventional
solvent cleanup processes have been designed with
longer residence limes and alkaline-salts reagents
using mixer-settlers.

Removal of Platinum Elements :
Bven in the existing Purex process Ru and Np

are recognized to be noticeable elements for
understanding their extraction behaviors and thus
improving the Purex process itself. Various
existing kinds of ionic states and the difficulties
of identifying those complexes in actual purex
solution complicated detailed evatuation of in-plant
behavior(9). Ru {one of the long lived fission
products) instead of Zr. became a major requisite to
simplify the extraction process because recently
reprocessing plants have tended to treat somewhat
fonger cooled spent fuel. A preliminary study of
the removal of platinum group efements from nitric
acid solution was newly initiated wusing an
electroreductive method. Simuiated HLLW solution,
containing Ru, Rh, Pd. Ag. elc, was used as a basic
electrolyte, type 304L stainless steel and smooth Pt
were chosen for the working and counter electrodes,
respectively, and SCE was used as the reference
electrode. As electrolysis occurred.. a black colored
material deposited on the cathode surface, some of
which was easily detached by only small vibration.

Electrodepositted material was anodicaly dissolved
from the electrode surface in a pure nitric acid,
Fig. 7 shows electrodeposit rates of concerned
metals during a 24 hour petentiostatic electrolysis.

100 T T . T 3
wr - 180
E
S .
S g
2 -
g E &
=]
E’;‘ 1 1t § e
om
0 —
2
[11
011F H1 ©
II ’," @ Rh
A /,‘ oo A
- --&-- Mo
L Cathodic Current
density
0.0 0.3 0.2 0t t -0t -0.2 -0.3
{V vs.SCE}
Fig.7 The relation between deposited

metal on the cathode and Polarized
Potential.

Recovery rate - Mdepositea/ Muuik X 100{24)
Packing density{Sc/V} I 1X107%cm !
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In splte of lower packing density of the experimeniz]
cell. Pd and Ag tended to deposit in a given poleniial
region with high rates. Ru and Rh, on the comtrary,
resulted In a very small amounl of deposilion in
comparison with predicted values by a standard redox
potential corresponding to 2 simple metal ionmic
discharge sysiem, while the tendency thai their
deposition increased as polarized poiential became
more negallve was observed, The current program is
focused on finding out the preper electrodeposilion
conditlons on the effect of co-existing U and Pu fong
and improving current eificiency. Possible future
experiments could focus on electroredeciion condilions
for converting nitrosylruthenium nitrate complexes to
their less exlraclable species.

CONCLUSTONS

- In the acid-split process wiih centrifugal contaclors,
calculations support that a very smali quaniity of
reduclant would be useful in improving pltlonivm
stripping from the uranium product stream
Pu{It1)/Hdz and PuCIT1)/HAN/HGz could be oxidized
quantitztively by electrolysis. The power of Pu{III}
4s 2 mediatoer in the HAN oxidalion system was
confirmed..

[n a DBP/hydrazine oxalate cleanup system expecled
cleanup efficiency was obtained for very short
residence time correspending to mixing in a four-
stage contactor,

An altenpl to remove trowbiesome platinum elements by
elecirodeposition from dissolver solulion appeared to
be feasible for palladium and silver, Fulher research
is being planned.
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STUDY ON THE BEHAVIOR OF RADIONUCLIDES IN MARINE
ENVIRONMENT UNDER THE MONITORING PROGRAM OF
THE TOKAI REPROCESSING PLANT
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Environmental Protection Section, Health and Safety Division,
Tokai Works,

Power Reactor and Nuclear Fuel Development Corporation,

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

ABSTRACT

We have studied the behavior of
radionuclides in marine environment for
a réalistic estimation of the dose
equivalent to the public caused by the
discharge of low level radioactive liquid
waste from the Tokai Reprocessing Plant
(TRF).

In this study, we obtained the site-
specific parameters on the transfer
pathways of radionuclides in marine
environment, Such as concentration
factors for marine products, sediment-
sea water distribution coefficients and
contamination factors for beach sand.

We used arithmetic and geometric
.means for concentrations  of
radionuclides in calculation of these
parameters assuming the equilibrium
condition in marine environtaent., The
parameters calculated by wusing twe
statistical methods were on the same
order of magnitude.

INTRODUCTION

The construction of TRP started in
1971 at the site of the Tokai Works, PNC,
and finished in 1974. After uranium test
runs, the operation of the reprocessing of
spent fuels started in 1977 (1).

Environmental monitoring in marine
environment started in 1971 as the pre-
operational environmental monitoring o
grasp the conceuntration levels of fission
products and Pu-239,240 caused by
global fallout. The routine monitoring
program in maring environment started
in 1977,

The simplified pathways to man from
radioactive materials released to surface
waters including occans.-are shown in .the
ICRP publication 43 (2). In our case, we
adopted two main pathways which were
the internal exposure through the intake
of marine products and the exiernal

exposure from the contaminated beach
sand and fishing gears such as fishing net
and a fishing boat. :

The environmentazl parameters for
assessing the effective dose equivalent to
the public are concentration factors for
marine products and contamination
factors for beach sand and fishing gears,
In the safety assessment of TRP (1969,
1977), contamination factors for fishing
net and boat deck were taken into
account from the literatures (3, 4).
Concentration factors and contamination
factors for beach sand, which are key
parameters for dose estimation, were
mainly based on the field data obtained
around the Tokai Works in the pre-
operational environmental monitoring
(5).

This article describes the results of re-
evaluating of concentration factors and
contamination factors for beach sand,
and additionally reports sediment-sea
water distribution coefficients, which are
based on the monitering data from 1972
to 1986 as the study on the behavior of
radionuclides in marine environment
around TRP.

ENVIRONMENTAL MONITORING PROGRAM IN
MARINE ENVIRONMENT

Japan Nuclear Safety Commission
provides "Guidelineg on Environmental
Radiation Monitoring” (6). The Basic
objective of the ecnvironmental
monitoring in this guideline is to
demonstrate health and safety of the
public in the vicinity of a nuclear facility,

Practical objectives are summarized as
follows.
1) to estimate dose equivalents to the
public, 2) to assess accumulation of
radionuclides in the environment, and 3)
to provide information on variations of
natural background levels of
radionuclides to assess un-planned
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release of radionuclides from a nuclear
facility ‘and trigger a further monitoring,

Qur practical monitoring program for
marine énvironment is shown in Table 1,
The observation area around TRP is
within approximately 5 km from the
coast, 6 km northward and southward
from the discharge point. In this area, we
collect various kinds of sampies on the
transfer pathways of radionuclides to
man such as sea water, sea bed sediment,
coastal sea water, beach sand and marine
products,

Reference areas are located at distance
of 20 km northv ard and southward from
the dischage point. In these area, we

monitor the concentrations of
radionuclides in sea water, sea bed
sediment and so on to comprehend the
variation of the levels of environmental
radioactivity.

To study the behavior of radionuclides,
we also collect other marine products,
such as cephalopods and crustaceans, and
determine Am-241 in mariné samples
besides the routine monitoring program,

THE CONCENTRATIONS OF RADIONUCLIDES IN
MARINE ENVIRONMENT
(1) Sea Water

The concentration data of sea water are
very important in deriving the transfer

Table 1. Routine Environmental Monitoring Program in Marine Envirorment around the Tokai Reprocessing Plant.

Sampla Sampling Location and Frequency Measuring Muclides and Frequency
Sea Water | Dischargs point and the surrounding surface: 5 {quaterly) | Gross beta,H-3 ({quaterly, semiannually or anrually)
Of fshore of Tokai Works: 2 (semianmaly) [ Sr=00, Ru=106, Cs~134, Cs=137, Ce=-144, Pu-239, 240
20km northward from discharge point: | (annualy) (annually}
Sea Bed | Discharge point and the surrounding area: 5 (semiannually) | Sr-90, Ru=106, Cs-134, Cs~137, Ca-144, Pu~238, 240
Sediment | Offshore of Tokai Works: 2 {semiannual ly} (semianmual Iy}
20km northward from discharge point: 1 (semiarmual fy}
Baach Beach: 5 (semiannual fy} | Gross beta, H=3. {semianral ly)
Kater 20km nortbward and southward from discharge point: 2 Sr~90, Ru-106, Cs~134, Cs-137, Ce-144, Pu-239, 240
(semiannual ly) (annual ly)
Beach Sand | Beach: § (quater|y) | Gamma and beta dose rate {quaterly)
Marine | ¥hitebait, Fish and Shelifish: 2 (quaterly) | Sr-90, Ru-106, Cs-134, Cs-137, Ce-144 (quaterly)
Products | Seaweed: 3 (quaterly)
Nl:ishing Konitoring boat “Seikai® (quaterly) | Gamma and beta dose rate (quaterly)
t and .
Boat deck

99,99
99.9

¢ Sea water

o0 Whitebait

Fish

a Algae

4 Shell

¢. Cephalopod

A

10

5 O§’
o)

x Crustacean

Cumulative Frequency(%)
-~
[ )

10

A
l01 Ao M Miks n i W ue " n P
107 i0°® 104 107 10°?
Concentration {Bg/l or Bg/kg - fresh)
Fig.1. The distribution of 22%:24%py concentration

in sea water and marine products.
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parameters such as concentration factors
for marine products, . contamination
factors for beach sand and distribution
coefficients for sea sediment. The
nuclides of our concern to derive the
parameters are Sr-90, Zr-95, Nb-95, Ru-
106, Cs-137, Ce-144, Pu-239,240 and
Am-241. The concentrations of these
nuclides are compiled in Table 2.
Unfiltered sea water samples were
provided to determine Zr-95, Nb-95 for
1972-1977, S8r-90, Cs-137, Ce-144 and
Pu-239,240 for 1980-1986 and Am-241
for 1982-1986. Undetectable values
were omitted in these data (as well as in
the data of marine products, beach sand
and sea bed sediment). As the
concentration levels of these
radionuclides have been decreasing, we
can now detect only long lived
radionuclides such as Sr-90, Cs-137, Pu-
239,240- and Am-241. No significant
increase of the concentration of
radionuclides in sea water due to TRP
has been detected, because the total
amount of the discharged gross beta
activity for 1972-1988 was no more than
19 GBgq (7). The concentration levels
were on the same order of magnitude as
the levels originated from global fallout,

(2) Marine Products

The collected marine products were
whitebait (Engraulis japonica), fish
(flatfish), shellfish (Gomphina
(Macridiscus) melanegis), cephalopods
(Decapod and Octopod) and crustacean
(shrimp). In wview of fisheries, Tokai
offshore is one of the good fishing
grounds of these marine products and
their consumptions in the vicinity of the
Tokai Works are greater than those of
other species. Therefore we chose them
as the objects of the environmental
monitoring.

The concentrations of radionuclides in
the edible parts of marine products are
presented in Table 3. These data were
measured in the samples collected for
the same periods as those for the
concentrations in sea water,

(3) Beach Sand and Sea Bed Sediment
Beach sand and sea bed sediment
were collected at shore line and Tokai
offshore, respectively, Sr-90, Zr-95,Nb-
95, Ru-106, Cs-137 and Ce-144 in beach
sand were analyzed to assess the
external exposure to man on the beach in
the monitoring area. $r-90, Cs-137 and
Pu-239,240 in sea bed sediment were
also analyzed to monitor the long term
accumulation of these nuclides. The sea

bottom at Tokai offshore was observed to
be almost covered with sand and
partially with rocks. The median -
diameters of sand in the monitoring area
were 0.1-1.3 mm.

The concentrations of these nuclides
are compiled in Table 4 and Table 5.

ENVIRONMENTAL PARAMETERS DERIVED
FROMTHEFELDDATA

(1) Concentration Factors for Marine
Products

Concentration factors have been used
extensively to estimate the accumulation
of radionuclides by aquatic organisms
and to predict the dose equivalent to the
public from the ingestion of aguatic
foodstuffs contaminated by various
radionuclides. A concentration factor is
defined as the ratio of the concentration
of a radionuclide in edible parts of
aquatic organism to that in the
surrounding water under the equilibrium
condition (8). It is known that the rates
of both uptake and excretion in the
relationship between the concentration
of radionuclides in a living organism and
that in the ambient sea water are
affected by many factors such as body
size, temperature, salinity and so on (9,
10).

The concentrations of marine
environmental samples and the ratios of
the concentration of marine products to
that of sea water collected in almost
same time follow leg-normal
distributions. Also, we - confirmed that
concentration factors of Pu-239,240 and
Am-241 for marine products calculated
with the three statistical methods were
on the same order of magnitude, The
methods were the - caleulations of the
ratic between the arithmetic or the
geometric means of the concentrations in
marine products and those in sea water
and the geometric mean of the
concentration ratios between marine
products and sea water collected in the
same quarter of a given year (11).

In this article, we chose the arithmetic
and geometric mean concentrations to
calculate concentration factors assuming
the equilibrium condition, A
concentration factor is defined as a
following equation.

arithmetic {or geometric) mean
concentratlen in marine products
{Bg/kg, fresh)

C.P.=. e e e -
arithmetic (or geometric) mean
concentration 1a sea water
(Bg/l)
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The cumulative frequency plots of
concentrations of Pu-239,240 in marine
environmental samples are shown in
Fig.l. The calculated concentration
factors are shown in Table 6. The
concentration factors for marine products
calculated by the . arithmetic and
geometric means were almost equal
These concentration factors varied
depending on radionuclides andfor the
species of marine products and were
almost equivalent to the previous values
obtained in the pre-operational
monitoring (5},

{2) Contamination Factors for Beach Sand
and Distribution Coefficient for Sea Bed
Sediment

Adsorption of radionuclides to solids
depends on kinds of sediment, their
surface condition and so on. A
contamination factor for ‘beach sand
collected at shore line and a sediment-
sea water distribution coefficient were
defined, as well as a concentration factor
for marine products, as the ratio of the
concentration of a radionuciide in beach
sand or sea bed sediment to that in sea
water under the equilibrium condition.

The parameters were calculated by the
same method for concentration factors
for marine products, because the
concentrations- of radionuclides in beach
sand and sea bed sediment also followed
log-normal distributions. Contamination
facters and distribution coefficients are
shown in Table 7 and Table 8,
respectively. '

Contamination factors of Zr-95, Nb-95
and Ce-144 calculated by the geometric
means tended to be higher than those
calculated by the arithmetic means.
Distribution coefficients of Sr-90 and Cs-
137 for sea bed sediment were slightly
higher . than contamination - factors for
beach sand.

CONCLUSION

The site-specific concentration {actors
for marine products and contamination
factors were -obtained from the
monitoring data 1o, assess the dose
equivalents to the public caused by the
low level liquid waste discharged from
TRP. Sediment-seawater distribution
coefficients were also derived from the
monitoring data.

The parameters based on the field data
are generally reflected by all process in
marine environment such ‘as physical,
chemical and biological ‘process. We used
the arithmetic' and geometric mean
concentrations of a radionuclide ‘in

Table 2. Concentrations of Sr-90, Ru=106, Zr-05, No-85
Cs-137 and Ce-144 in Sea Water
Concentration ( Bg /2 )

Nucl ides n Range Arithmetic  Geometric

Means(ma)w  Mean:(zgly
Sr-90 273 L7 E3~L1E2 8.5 E-3 1.4 B3
Zr-95 13 3.7 E-4 ~ 1,3 E-2 28 E-3 2.0 E
No-85 64 LTE4~ 63E2 5.6 E-3 3.4 E-3
Ir/Nb-95 % B2 T.4 E-4 ~ 6.7 E-2 1.4 E-3 5.2 E-3
Ru-106 211 2.V E4 ~ 53 E-2 23 E-3 1.5 E-3
Cs-137 268 2.5 E-3 ~ 5§ E-2 9.6 E~3 8.5 E-3
Ce-144 185 1.V E~4 ~ 1,0 E-2 1.7 E-3 1.1 E3
Pu-239, 240 109 4,3 E-6 ~ 3.5 E~5 i.5 E-5 1.4 E-5
Am-241 45 1.0 E-6 ~ 8.8 E-6 31 E-6 2,5 BB

+ Zr/No-95 means the sum value of concentrations of Zr-55 and

Nb-95 detected In the same sea water Samples.
#4 Sampling pericds: Zr-95 , Nb-95 : 1972 ~ 1977

Sr-80, Ru-10§, Cs~137 and Ce-144;1972~1982

Pu-239, 240;1380~1986,

Am-241;1982~~1986

Table 4. Concentraticns of Sr-80, Ru-106, Zr-95 , No-85,
Cs-137 and Ce-144 in Beach Sand
Concentration ( Bg / kg=dry )
Nuclides n Range Arithmetic  Geometric
Mean:{ma)o  Hean;{mald
Sr-90 13 2.8 E-2 ~ 4.4 E- 1,2 E-1 9.3 E-2
Zr-95 5 1.1 ~ 1.9 1.4 1.3
No-95 1 3TE-1 ~ 2.4 B.§ E-1 6,7 E-1
Ru-106 45 8.1E-2~ 11 4.1 E-} 3.5 E-
Cs-131 104 2161 ~ 1.8 1.8 E-i 1.0 £-1
Ce-i44 15 7.8 E-2 ~ 1.8 6.3 E-1 5.6 E-1
$ Sampling periods: Ze-95, Nb-95 ; 1972 ~ 1977
$r-90, Ru-108, Cs~137 and Ce-T44; 1972 ~ 1882

Table 5. Concentrations of Sr-90, Cs~137 and Pu-239, 240
in Sea Bed Sediment.
Concentration ( Bg / kg - dry )
Nuclides n Range Arithmatic  Geometric
Mean;{ma)s Mean:{mg)s
Sr-90 368 2.4 E-2~ .8 .7 E-1 .3 E-1
Cs-137 316 1.5 E-f ~ 5.6 1.3 LY
Pu-239, 240 181 9.4 E-2~ 1.3 5.1 E-i 4.6 E-]

+ Sampling periods: 5r-90 and Cs-137 ; 1972~ 1982
Pu-238, 240 ; 1880~ 1986
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Table 3. Cencentrations of Raditnuclides in Marine Products
Marine Concentration ( Ba / kg - fresh )
Products n Range Arithnetic™ Ceometric
cl1des Mean:i(man  Kean:(mg)m
¥hitebait
I 11 6.7E3 ~ 25 E~1 3.4 E=2 6 E-2
Zr/Np-35 12 22E-2 ~ 36E-1 1.9 E-1 L5 E-1
Ru-106 52 8.1 E-3 ~ 34 E-1 4.8 E-2 3,1 E-2
Cs-137 87 8.1 E-2 ~ 1.8 E-] 24 E-1 2.2 E-1
Ce-144 5§ 9.3 E-3 ~ 271E-I 5.6 E-2 3.6 E-2
Pu-239. 240 51 6.0 E-5 ~ 1,0 £ 5.0 E-¢ 3.8 E-4
¢ hAm—NI 34 G4E-5~T2E-4 21 E~4 1.8 E-4
i3
Sr-%0 72 BTE-3~ 1.3E-1 L5 E-2 2.3 E-2
/-5 1 3.0E-2~518E1 2,2 E~1 1.4 E-1
Ru-106 43 59E-3 ~ 8.1 E-2 2.0 E-2 1.6 E-2
Cs-137 9 44 E-2 ~ 5.6 E-1 2.6 E-1 2.4 E-1
Ce-144 1 5% E-3~6.3€E-2 2.8 E-2 21 E-2
Pu=-239,. 240 45 6.9 E-5 ~ 1,0 E-} 20 E~4 1.6 E-4
An-241 i 3.2E-5 ~ 3.0 E-4 1.1 E-4 9.1 E-5
Brown algas
Sr=90 B4 LEE-2~ 3dE- 1.3 E-1 t.1 E-|
Zr/Nb-95 1T 56 E-2~ 22 6.7 E-1 4.4 E-1
Ru-106 9  3TE3I~ I8 2.7 E-i 1.6 E-1
Cs-137 5 &4 E-2 ~ 1,4 E- 8 E-1 23 E-1
Ce-144 5 21 E-2 ~ 1.6 1 E- 1.3 E-1
Pu-239, 246 123 T.8 E-4 ~ 2.7 £-2 5.4 E-3 4.5 E-3
An-241 87 1.2 E-4 ~ 2.8 E-3 1.6 E-4 6.2 E-4
Shelltish
ST=a0 59 5.9E-3 ~ 26E-| 44 E-2 13E-2
Zr/No=85 8 4L4E-2~63E- 2.7 E-1 21 E-1
Ru-~106 5 1.EE-2~ 13 3.3 E-t 2.5 £-1
Cs-137 15 22E2~1.4E 1.0 E-1 8.5 E-2
Ce-144 1] 30 E-2 ~ 32 4.4 E-1 29 E-]
Pu-239, 240 T4 1.1 E-4 ~ 8.3 E-3 22 E-3 £ 8 E-
Am-241 53 3BE-4d~ 4BE-) 2,3 E-3 21 E3
Cephalopod
- 42 GTE-3~ L3E-1 2.8 E-2 2.1 E-2
Ir/No-95 3 T1.0E-2~52E1 3.7 E- 2.6 E-]
Ru-106 4 B3 E-3 ~ 85 E-2 2.8 E-2 23 E-2
Cs-137 61 L4 E-2~23E1 9.3 E-2 1.8 E-2
Ce~144 kL] 9.6 E~) ~ 1.3 E-| 3.7 E-2 0 E-2
Pu-239,240 48 54 E-5 ~ 3.7 E-3 5.3 E-4 3T E-4
An-241 29 LIE-{ ~ 8 5E4 3.9 &4 3.5 E-4
Crustacean
= 5 5.2 E-2 ~ 52E-] 1.9 E11 1.6 E-1
Zr/MNo-95 5§ I1.BE-2~56E-1 2.3 E-1 L9 E-1
Ru~-196 44 21 E-3~ 1.4 2.6 E-1 1.5 E-1
Cs-13T 34 LO0E-Z~ 28E-t 1.3 E-1 1 E-]
Ce-144 50 1.1 €2 ~ 5.5 E-I 1.5 E-| 1.0 E-1
Pu-239,24¢ 5] 4.0 E-4 ~ 1,3 E-2 3.6 E-3 3.0 E-3
An-241 32 3.BE~4~ BBE-3 2.0 E-3 1.6 E-3
#Smpling periods:  Zr-95/No-95; 1572 ~ 1977
5r-99, Ru~106, Cs-137 and Ca-144: 1972 ~ 1982

Pu-219, 240;1960 ~ 1986 , Am-241;1982 ~ i986

Tabie 6, Concentration Factor of Warine Products
Marina Concentration Factor
Products St Zr/Rb Ru Cs Ce
Khitebait (maJm/(ma)e 3 4.0 26 21 25 33 33 &8
(mgim/(mghwst 3.5 29 21 26 33 21 712
Fish (ma)mf(made # 3.4 30 87 27 17 13 35
(madm/(mglwes 3.1 21 41 28 19 11 36
Brown Algae  {ma)m/(madw # 15 91 120 29 120 360 250
{mgIm/(mglwes 15 85 110 2T 120 330 250
Shel!lfish {ma)m/(malw ¢+ 5.2 36 140 10 260 150 T40
(mg)n/(mglwes 4.5 40 170 - 1D 260 130 B40
Copha | epod {ma)n/(male ¢ 3.3 50 12 9.7 22 35 130
{mg)n/(mgiwis 2.8 50 15 9.2 27T 26 140
Crustacean {ma)n/(madw ¢+ 22 31 110 14 BZ 240 650
: (mg)m/(mglwes 22 3T 100 83 9% 210 . 640

t (mam/{madw is ths ratioc of an arithmetic mean concentration
of a nuclide in marine products to that in sea water,
++ (mg)m/({mg)w is the ratio of a geometric mean concentration of
a nuclide in a marine products to that in sea water,
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Table T. Contamination Factors for Beach Sand

Huclides Contamination Factor
(ma)b/{malw +  {mgib/(mglus
Sr-90 i 13
Ir-95 500 650
No-95 140 200
Ru-106 180 230
Cs-137 81 82
Ce-144 370 510

+ (ma)b/Cma)w is the ratio of an arithmetic
mean concentration of a nuclide in beach sand
to that in sea water.

1 (mg)b/{madw is the ratic of a geometric
mean concentration of & nuclid in beach sand
to that in sea water,

marine environmental samples assuming
the equilibrium cendition. No significant
deference is observed between the
parameters calculated by two statistical
methods. It may be the reason why the
distribution curves for concentrations of
radionuclides in sea water are very
similar to those in marine preducts, sea
bed sediment and beach sand.
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TO VITRIFY HIGH-LEVEL LIQUID WASTE
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Power Reactor and NHuclear Fuel Development Corporation(PNC),. Tokai works
4-33 Murasatsu,
Tokai-mura, Ibaraki-ken, JAPAN, 319-11

ABSTRACT

A three-dimensional zathematical model was
developed to simulate the operation of the
electric glass melter to vitrify high-level
liquid waste, The four differential equations are
solved by finite difference method in three-
dimension uader the boundary conditions
similar to the real overational conditions. The
copputational resulis agreed with the operations
and transfer phenomena were well explained.

[RTRODUCTION

The electric glass melter referred as to
liquid-fed Joule-heated ceramic melter{LFCH} has
been developed to vitrify the high-tevel liguid
waste (HLLW) for the Tokai Vitrification Facility
(TVF) now under consiruction beside the Tokai
Reprocessing Plant{TRP) {1] and [2]

The requirements for the glass quality and
siafety need the optimization of the operaticnal
conditions and the structural desiga. With
these requirements, the mathematical model
for the melter has been developed for the LFCM.

The present paper describes a lhree-
dimesiona!l mathematical amedel for the LPCM type
electric glass melter. The model is applied
to the simulation for molien glass and
refractofv structure of the melter.

PHYSECAL DESCRIPTION ©GF GLASS MELTER

The meller for simulation is the
ponradioactive engineering-scale test melter

referred as to the Advamced B-Melter, which has

been operated in the Engineering Tesl Facility

z o
alectrede
X —~
b m

(BTE) of PNC Tokai-works [3].

The melter i5 approximately 1.6xl.6xl,6m in
oputside dimension and has the rectangelar
melting cavity with Lthe 0.53 n* of the surface
area of exposed molten glass. The maximum
volume of molten glass in the meltér is.0.3 m®,
The melter structure for computatior is shown in
Fig. 1.

plass additives feed

HLLW feed
watar caolad

|
ﬂ'L d ovayow trough 2 upper lid
i

LRl
F / |
c LA | . c

L}

main glecireds

gl

___- == coaling air

\: ubsidiary

— [ —
melting | overllow
seclion section

compulalton domain d

Stallic casing—2 glass drain nozzle
rofraclory structure

Pig. 1 Glass melter For simutation
(Advanced B-melter)

The refractory structure is composed of the
multilayer refractories supported in the
stainless steel container. The water cooled
metallic upper lid is installed on the top end
of the melter.

The glass is heated by conducting
alternating electric current through the glass
mainly between main plate electrodes and
additionally between swbsidiary rod electrodes
to heat the lower part of the cavity. The glass
additives used in the operation are
cylindricafly formed glass fiber, into which the
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HLL® is soaked[2]. The glass composition melted
in the operationm is POT30 glass which is boro
-stlicate glass containing 25 wtX of
nonradioactive simulated waste,

MATHENMATICAL MODEL

The final steady state solution is the
primary concern im the present work. The
mathematical formulation of the model leads to a
set of coupled partial differential equations
with the following assumpticens.

(1) Glass is Newtonien and incompressible fluid.
(2 Flow is laminar. (3) Boussinesq approximation
is applied to buoyancy in momentum balance.

(4} The temperature dependence of resistivity is
not taken into account in electric potential
calculation, but in the the calculation of heat
generation rale

Assuming the above .the equalions for the
censervation of electric charge. mass, energy.and
momentiuz are formulated in three-dimentional
vector notation by the following.

Blectric charge:

vig =20 —— (1}
Mass:
V-u=0 — (2)
Momentum;
Du i
+ — ¥Vp+ (U -V) u-v-r
Dt ] :
-8 (T—Tae) z=10 — 3
Energy:
For moltea glass.
DT
D e, +popcs u (VT)
bt
-V« (AVT) —Q=10 — {4)

For refractory structure
Vv (AVT) +Q=10 (5)

Q is the heat gemeraled by Joule heating
in the glass and expressed by the following
equations, respectively whether the electric
heating control is based on constant power or
constant current,

For constant power control;

Q=1fr Q' —— (6)
1 g ¢ ] a ¢ 2
Q'=——[( Y+« )
R 4 x gy
a ¢ :
+ ( } } — (1)
gz

Q" is the calculated heat generation, but
it is not aiways kept at comstani value Q at
which power is to be controfled in cperation.

— 4 2 —

For this reason, the calibration facter fr is

iniroduced

fe

The

i

calculated current 1
followings.
1 1
= I‘, —_—
P11 — ¢ I R
aé 2 a¢
+ ( Y + ¢
dy ¢z
Iz
| B
=f: Q"

Q

coppetation are shown

into energy equation.

1 é ¢ 2
=.erdV/.rv_ ( )
' R 4 x
d ¢ 2 39 H
+ ( )+ ( ) ] d Vv — (§}
ay dz

For constant current conrtrol ;
“is giver by the

a ¢ 2
[ ( )
a x
2
) } dVv —
—(10)
—(11)

The glass properties used in the

in Table 1. The reference

temperature was set Lo be 1050°C in eq(3).

Tabie 1| Glass properties used in compulation
properties unit symbol POT730
«density Kg/m? Fil 2,508 x10°?
(at 1050 °C)
» thermal 17X 8 1,674 xio*
coefficient (at 1050 C)
of volumetric
gxfpansion
- specific heat 1/kgk ¢€p 1.494 x10°
(at 1050 )
+ thermal %/nK b a=-10.05
conductivity b=3.790 X ji0-?
A =atbTHeT2+dT®  (T:K) £=-4.208%[0""
d= 1.635x 107"
~electrical Qn R
resistivity a=3.429
b b=2428
exp (at — )} (T:K) c=101.6
T-c
s viscosity Ps I
b a=-2.302
exp (at — ) (T:X) b=2128
T-¢ €=2270.0
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BOUNDARY CONDITIORS

Boundary conditions for electric ¢harge eguation
The -houndary condition fer elecrical field
is ¢= ¢, at one electrode andp=-¢o al the
other electrode. Since the refractory is not
electricalty conductive. d ¢/ @ N = 0 at the
inner surface of refractoy. The assumption of
sysmelrical electric field provides with
3 ¢/ aWN? =10 and ¢= 0 at the center plane
between electrodes.

t onditio non tic
Since velocities at the solid surfaces are
zero, the non-stip boundary condilion are given
al ihe surface of refractories and the interface
with crust laver for the feed operation.

nditions f ion

Bosndary conditions for energy equations
are modelled as shown in Fig.2. The heat flux
determined by heat transfer coefficient and
plenup or ambient temperature is given fof
bourdary coadition K. For the boundary with
sverflow section. thermal conductivities ol the
refractories are Laken into account in Ks. and K
Ksz.

Tair

Tair Ks —_—
—ANA
Tair
Ks
Kp
Tair Tair
Fig.2 Boundary condition model fer energy
equation

Heat transfer ceefficient for the top
surface of glass was assuged to be the sum of
the specific heat of glass addilives and selid
wzste contenls., and the change in the enthalpy
of water in HLLW for vaporization. These

—_ 4 3 —

boundary conditions are summarized im Table 2.

The boundary conditions for glass drain
nozzle apd its surreunding port surface are
given.as the surface Lemperature from 50°C at
the lower end ‘to 500°C at the upper. Since main
electrodes are air-coeled, 7.15 kW of heat flux
determined from the operation is given as heat
sink inside of each electrode.

Table 2 Boundary conditions for energy equation
boundary plenun temp. heat tramsfer
(T) (#/2*K)
pnolten glass 148 31.6
interface
plenum space 148 18.2
sidewall
top watl surface 20 4.39
bottem floor 20 1.92
surface
side wall 20 4.36
surface
boundary with 1083 3.00

overflow section (overflow section)
20 - 0. 925
{apbient temp.)

METHOD OF SOLUTIODN

Numerical computation was executed by the
finite diflerence method. The lotal meshes of 32
x38%x35 were divided into the two domains which

“are the internal domaia and Lhe external donain

outside of the internal te reduce the
computation time by limiting the computajon of
momentun and mass equations within the internal
domain. The internal domain correspond§ te the
molten glass and a part of the floor refractoy.
and the external corresponds to the refraclory
strucisre. The mesh size of the internal domain
is 14x20x13. The triangle mesh was introduced
into the sloped floor boundaries with the glass.
The only energy equation was solved in the
external domain and in the refractory of
internal domain. The computation was donme for
the energy equation in the internal and external
domains alternately until the temperzture
difference was diminished between the two
domains to satisfy the energy egualion in the
bath domains.

The eguations are discretized and
naperically solved. The solution procedure has
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been explained in details in the literature {4 surface is 2,4x10° A/n®. The cuerrent density
The computer vsed in computation was M780- at the level of the subsidiary elecirode {s oer
105 of Fuejitsu. 11 took 100 cycles to obtain the tenth of the maximum. The elecirical
stable sofution with the time step of 1.000 conduction between subsidiary eleclrode is
seconds per cycle. limited in the lower part areaz under the main
electrode level,
RESULTS AND DISCUSSIONS The power intensity profile shown in Fig.5
Bleclrical and power distribution . is similar to the current densily., The maxizae
The ceniours for the main efectrodes and power intensity is 1.3 X10® W/n® at the sane
the subsidiary are separaiely shown for ihe location as for the maximun currenl density.
equinotential and current density in Figs.3 and The value beneath the crust tayer i 6 x)0*

4. The sum for both pairs of electrodes are
shown for power intensity in Fig.5

™

Rt
-_.__—ﬂ_ﬂfm____jd )wm
e . R
e — L
o ‘__“‘“iﬁﬁr—”'
&ﬁl}ﬂ
L i
L——— (a) x-plane(b-b section){b) y-plane(a-a seciion)
(a) nain electrodes {b) subsidiary electrodes Fig. 5 Power inteasily in x-plane {b-b seclion}
Fig.3 Bavivpotential of electrical field : of Advanced B-melter, x 10° W/a?®
in x-plane (b-b setion)
for Advanced B-melter , ¥ Glass ftow profile
3 ] The velocity profiles of molten glass ia
19 Z] the vy- z and x- z plane are shown in Fig.5
e ]
i PRy S
U :
0.0 ~_0.0400 *
\?\Higww—//f [ 2 .
[ I .
(a) main'glectrodes (b} subsidiary electrodes
Pig.d Current density in x-plane (b-p section)

¢f Advanced 8-melter ,x 10%A/n®

——2.16X10-3, m/sec 6.0X10-4, m/sec

The symmetric boundary conditions produce a (a) x-plane(b-b section)(h) y-plane(a-a section)
central plane which divides into two equal Fig.6 Velocity vector profile of moltien glass
sections for equipetiential contour. for Advanced B-melter

Although the equipotential line was
symeetric, the contaur of the eleciric current The molten glass flows upward ail the center
density and power intensity are not symmetric and downward along the front surface of main
any more and quite different from the electrical electrodes, despite the maximum power intensily
potentiai contour dee Lo the varjed electrical is ohserved rol in the center of the cavity bul
resislivity depending on the glass temperature. in front of Lhe etectrode. The downward flow
This means the teazperatuwre dependence of was also observed in the flyid convection
resisitivity is predominant to the cerrent or adjacenl 1o the cooled electrode as reported ip
power distribetion rather than electrical physical modelling by Quigley et zl.[5] and two
patential field, For this reason, it is dimensional mathematical zodelling by Rieiln et
acceptable from Lhe practical viewpoint that al.[6]. This convection profile indicales thal
resistivily was assumed to be torstant ia the the downward flow was caused predonminantily by
electrical potential eguation. Lhe air cooling in the electrode, rather Lhan by

The current density at the mzin electrode ' the power intensity profile. The smaller
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circulations are also observed near the
sidewalls between electrodes beneath the crust
layer. The locations of the centers for two
circulalions are consistent wilh those of the
gaxiomum power intensity. The glass flew was
sbserved in the upper part of the cavity to the
extent that the satisfactory mixing can be
expected, Little flow is caused in the lower
part of the cavily.

hu re 1

The temperature distributioas in the moltien
glass and refractory structure are shewn in Pig
1. The maxiomum temperature is located near the
pain electrode as well as the maxiomems of povwer
intensity and current density are. The surface
temperature of electrode and refractory is
important in operation and design of the melter
to minimize ihe corrosion of the glass centact
paterials, The results indicate electrade
serface temperaure ranges at 900 to 1100° C and
sidewall serface temperature i5 also in similar
{emperature range when the maximum temperature
of the molien glass is 1200 ° C.

The isothermal line of BOO ® C which is Lhe
soflening point of the glass is located in the
back-up refractery {mullite) or insulation
refractory {aluminas castable). It means thal
the molten glass is contained enough inside of
the refractary structure and Lhat the
containment of the radioactive materials is
provided with by the temperatue gradient in the
refractory.

=
)

\‘ \ / et
é;y/ @ :i;f@

| i i1
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Fig.T Temperalure distribution in x-plame (b-b
section) of Advanced B-melter , C °

Com i ¥
The temperatlure profife in depth from the
simulation is compared with Lhe operational data

in Fig. 8. The electrical data are shown in
Takle 3.
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Fig.8 Comparison of wolten glass temperature
profile between compultation and operation

Table 3 Comparison of cowputational results
with operation for electrigal data

Blectrode unii operation conputatlien
v 79 73
Main electrodes A 388 613
Q 0. 135 0.11%9
k¥ 45* 45*
v 54
Subsidiary A 28 28"
electrodes Q 1.93 0.75
k¥ 1.51 0.59

note : % means set valve'for control in Lhe
operation and computation.

The computational profile agreed wiih the
operational excep! that the maximum temperaiure
of computaion was I00 °C lower than operational
value. The eleclrical data of main electrode
heating is Lhe power conlrol operation well
agreed within 13 % for resistance. The heating
of subsidiary electrode ia curreat control
operaltion was different in power inpul between
computaticon and operation. The simultation agreed
well with the operation from the practical
viewpoint althowgh the mathematical model was
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solved for both molten glass and complex
refractory structure to execule the thermal
analysis consistent over the whole melter
structure, These agreements in the simulatien
indicale Lhe the mathematical model and
computation algorithm are adequate to simulate
Lhe glass melter operaticn,

CONCLUSION

The resulls of the simulation well
explaiﬁed the transfer phenomenz in the melier
end agreed wiith the temperature profile in depth
of molten glass for feed operalion. And the
validity of this model was demonstrated in Lerms
af the desigr and cperational contrel of Lhe
melter.

NOMBNCLATURE

RQ@E]‘I

ce Specific heat

[] BElectric potential

[T I Electrode voltage

f Corrent calibration factor for

constant curreat control

Pewer calibration factor for

constant power control

g Gravitational constant

1 Cajibrated current for constant

currént control

Calculated current

K Heat transfer coefficient

N Foermal component Lo the concerned
plane

P Blectric power

Calibrated heat generation for

consiant power or constanl current

controt

Calculated heat generation

Efectrical resistivity

Tine

Temperature

velocily vector-

X-velocity component

¥y-velocity component

Yolume

z-velocity component

unit vectar of vertical coordinate

Axial, lateral and vertical

Cartesian coordinates

fa

L=}

{u, v, ®)

¥ N Ed D<o

B Thermal coefficient of volumetric
expansion
A Thermal comrductivity

— 4 6 —

I Coefficient of viscosity

v Kinematic viscosity

[ Density )

T viscous stress teasor

Subscripts

1 Top outer surface

5 Sidewall outer surface

b Boltom ouler surface

i Inner surface of upper refractory

FF Plenam

SUuF Top surface of glass or batch
layer

air Almospheric air

f Overflow section

§1 Boundary with overflow section

52 Boundary with outer side wall
around overflow section
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DISSOLUTION OF MIXED OXIDE SPENT FUEL FROM FBR

H. Sanyoshi, H.Nishina, O.Toyota
R. Yamamoto, . S. Nemoto, F. Okamoto
A. Togashi, T. Kawata,. S. Havyashi

Reprocessing Technology Development Division

~ Tokal Works
Power Reactor and Nuciear Fuel Development Corporation

ABSTRACT

At the Tokai MWorks of the Power
Reactor and KNuclear Fuel Deveiopment
Corporation(PNC), the Chemical
Proccessing Facility(CPF) has been
centinuing operation since 1982 for
laboratory scale hot experiments on
reprocessing of FBR mixed oxide fuel.

As a part of these experiments,
dissoiution experiments have been
performed to define the key paramet-
ers affecting dissolution rates such
as concentration of nitric acid,
temperature and burnup and also to
conflrm the amount of insoluble res-
idue. The dissolution rate of the
irradiated fuel was determined to
be in proportion to the 1.7 power
of the nitric acid concentration,

The activation energy ditermined
from the experiments varied from
B to 11kcal/mol depending on the
method of dissolution. The dissolu~
tion rate decreased as the fuel
burnup increased in Jlow nitric
acid media below 5 mol/ 2. However,
it was found that the effect of the
burnup became negligible in a high
concentration of nitric acid media,

The amoumt of insofuble resjdue and
its constituents were evaluated 'by
changing the dissolution condition.

. INTRODUCTICH

It Is known that the dissolution
rate of mixed oxide fuel depends an
temperatures, acid concentrations,
plutonium concentrations, metheds of
fuel preparation and irradiation
tevels, A& rotary-type continuous
dissolver is being developed for
application to FBR fuel reprocessing
in a collaborative effort with the
Oak Ridge Natioal Laboratory (ORNL).
in this disselver the internal of
the dissolver drum is separated into

8 stages by a spiral separator, The
fuel enters the dissolver at ane end
and the heated nitric acid salution
from the other end to form a counter-
current flou, The acid concentration
changes from about 8 melar at the feed
point to 3 to 3.5 molar at the solution
exit®"? | In order to evaiuate the
perfomance of such dissolution, it
is necessary to coliect the data on
fuel dissolution rate in a wide range
of dissolution conditions,

In this study, the effect aof nitric
acid concentration, temperature and
fuet burnup was mainly investigated.
Dissofution of the fue! leaves some
undissolved material (insoluble
residue) which consists of such
elements as ruthenium, pailadiun,
molybdenum and zirconium, and a
trace amount of plutonium®™? |

The amount of insoluble residue was
also evaluated here, )

The dissolution experiment was carried
out wsing fuel pins which have about
30X of plutonium content irradiated
in the experimental fast reactor JOYD
and French reactor Phenix,

2. EXPERIHENTAL

2.1 Dissolution Experiment

One series of dissolution experi-
nents was conducted using a bench
scale batch dissolver installed In
the CPF het cell (Fig.1a), Two to
four lrradiated fuel pins, each
containing about 100 srams of mixed
oxide, were sheared into small pieces.
They sere collected in a stainless
steel basket and introduced into
the dissolver for dissofutjon,

About 3000 m¢ of nitric acid
sofution adjusted to meet the
experimental conditions was introduced
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then the solution was purged with air
at the rate of about 50602 /hr, and
heated to the required temperatures,

Another series of beaker-scale
dissolution experiments were
conducted in a round bottomed Pyrex
flask with a fitted reflux cendenser
as shown in Fig. 1b, This apparatus
was alse placed in the CPF cell.

asating ——
——tw

-------

Py | e

%_ | e anmnres

@ = ) N

- - -1,
Fenah danis Sleesiver Benher avats dlereiver

Flal. Dinsalver

This series of experiments was
planned to coliect the dissolutien
data under better defined conditions
with a wider range of parameters than in
the other series of experiments, All
experiments were carried out as follous:
500 m¢ of nitric acid solution
adjusted to meet the experimental
conditions were placed in the flask
and then the solution was purged
with air at rate of 200 m¢/hr, and
heated to the required temperature,

A section of a sheared fuel pin uith
approximately By of Irradiated
mixed oxide fuel was charged into
the flask +o start dissolution of
the fuel for determination of the
dissojution rate, For both series of
experiments, samplie solutions Here
taken periodically to measure the
tine variation of uranium, plutonium and
FP cantents, The radicactivity of ¥r®®
In the off-gas passing though the
condenser Was also monitered contin-
wous!y with a Hal(T1} detector, '

2.2 Haterlals

The Irradiated mixed oxide fuels
used in the experiments were taken
from the irradiated driver fuel of
JOYO MX~-1l core and experimental fuel
pins irradiated in Phenix and JOYO
as shown in Table 1.

Table I, Irradialed oixed oxide fuel

Experirental Tuzl pin[Pluloniun oontent[Pel let denslty| Average Bunmp
(il KT Rl tat)
Trradinted 1n 30 13, 200 ~
radiated In ! 9 e 83 54, T00
Teredlated In JOVO 30 L1 54, 100
Irredlated Jn FIENIX 10 B% g4, 000

The plutonium content, relative pellet

density and average burnup were
about 30%, 85% and 13,800~100,000
HHD/t respectively,
The outer diameter of fuel pins Was
5.1 o 6.5mm. All the fuels were
manufactured by mechanical blending of
U0, and Pul, pouders in plutonium
fule fabrication facilities in PNC,

3. RESULTS AND DISCUSSION

3.1 Dissolution Rate Experiment

Effect of Nitric Acid Concentration

The effect of nitric acid concent-
tation on the dissolution of the ir-
radiated mixed oxide fue! was invest-
jgated in the series(h) experiment.
The temperature of the disselver
solution was kept constant at 100°C.
The nitrie acid concentration was
changed from 2.5 to B.Tmal/ £ as a
key experimental parameter, ln each
experment, a Jem long fuel section
was used which was cut from JOYO
KK~ il test fuel pins irradiated to
54,000M4D/T and contained mixed oxide
with 30X plutonium, A molar ratio
of KND: to heavy metal larger than
20 was chosen to give a large excess
of solvent, so that the HN0s: concen-
tration was kept relatively constant
during the experiments., The results
indicated - that the dissolution rate
increased as the . coneentration of
nitric acld increased as shoun in

Fig 2.
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Flg,2 Ellect of HNO, on mixed oxlds luel disselution

"The time dependence was observed to
be almest linear for mest of the
experiments until about BDX of the
fuel was dissolved, The apparent
surface area for dissolution seems
to be relatively constant up to 80%
dissolution when the fuel is wrapped
in the cladding which [imits the direct
exposure of the fuel meat to fresh
acid solution,

From these results, apparent dissoiutien
rates were obtalned and plotted
against HNOy concentration in Fig 3.
The disselutivn rate was found to be
proportional te the 1.7 power of
the D, concentration,

E

1
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NOTIC ACTD CONCENTRATICN (L]

Fig.3 Depandance ol apparent dissolulion rale
on HNO, concenlralion

A typical equation for the dissolution
rate was proposed for uranlum by
J.L. Swanson ‘? as follows ;
Dissolution rate =

K= (surface area) = ([IN0;142[U])2 5
This rate 'Is proportional to the total
nitrate concentration raised to the
2.6 power, Our experimental results,
however, indicate that the dissolution
rate for irradiated mixed oxide fuet
is proportional to the concentration
af nitric acid raised to the 1.7 power
as shown I[n the following equation ;
Dissolution rate =

K = (surface area) » (liND,) "7

Effect of Temperature

Tho experiments using different
scale dissolutlon systems were carrled
out.. . In bhoth serles, fue! dissclution
rates were measured in 3.5mel/ 2 and
Bmol/ & HNO; solutions at temperatures
ranging from 70 °C to 100 °C. - The
logarithms of the measured dissalutlon
rate are plotted against the Inverse
temperatures in Fig 4, The slope
of the fitted [lne yielded an exper-
imental activation energy of 11kecal/mol
for the dissolution with Bmol/ 2
nitrie acld in the beaker-scale eXp-
eriments which contalned Bg of fuel.
On the other hand, the resuits from
the bench~scale dissolver experiments
which contained 200-4009 of fuel in
a stainless steel basket showed an
activation energy of Bkcal/mol with
3.5mol/ £ nitric acid,

1¢° T T T T

L

PISSOLLTION PATE {mgrem® min}
=
=]

s b tHO, ), 220 |
[~=—BEncr somE omsovenm
=-— BEAKER SCALE DISSOLVER 1)
Py CONTENT : MKT - 0% @ |,
MK - 1% 4
i on I L 1 i
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0%
17 ABSOLUTE TEMPERATUNE

Flg.4  Eillect ol temperature on mixed oxide fuel
dissolution rale
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This fact suggests that the rate of
dissolution in the bench-scale dissolver
s largely confroled by diffusion,
probably because of the use of the
basket which impedes good solution
mixing wnhereas the rate is likely
to be controled by chemical reaction
in the beaker-scale experiments,
Considering the effects of nitric acid
and temperature, the dissclution rate
of the fuel can be expressed as follows;
Dissalution rate =

K = (surface area) » (HNO3)'* "exp. (-E/RT)
E = activation energy

In a system with high agitation as
in & continuous rotary dissaolver,
the activation energy would be close
to {1kcal/mol whereas it would be
recommended to use fkeal/mol for the
system with [imited agitation as in
the batch dissolver with a basket,

Influence of Fuel Irradiation level

The dissoiution rate of irradiated
fue! decreased as the burnup of the
fus! increasesing the range of about
10, 000~100, B0OMHD/t in the relativery
jow econcentration of nitric acid
system below Smol/2 ., However, in
a high nitric acid concentration
system(liN0s;Bmal/ 23, there is little or
no effect of irradiation on the dis-
solution rate as shown in Fig.5.

i 02 ¥ T T T T T 1 T T T T
.'E [HOy ], 8.0M
NE _n_9 Q ———
2 4 4
= 102 L & -
g 3 8
& at
E LHD, | 2 500
E ®
3
0! F 11D 3.54 -
TEMP. : 10T
Pu - 2% 1
¢ BENCH SCALE DISSOLVER fa) | |
O A BEAKER SCALE DISSOLVER (b)
100 | SO I NN SO NN N M - 1 1
0 5 10 xh
BUANUP W)
Fig.5 Effect of fuel burnup on dissolullon rate

3.2 Inscluble Residue

Four dissolution experiments were
conducted to determine the amount of
the insoluble residue using 100y of
the JOYD HK-Ul test fuels for each,
In " this series of experinments,
the HNO: concentration was changed
as a main parameter, The composition
of the materials, including plutenium
Here analyzed by Direct Current Plasma
(bCP) method and or, v spectrometoies,
The recovered residual material from
the dissofution flask was rinsed b times
with 3K nitric acid to eliminate any
plutonium contamination and then.dried
for weighing, The weight of the residul
material was approximately 1.79 for
all cases., The plutonium content in
the residual material varied depending
en the nitric acid concentratian in
the dissalver. Analysis of the
undissolved materfial showed that the
major constituents were Ho, Pd, Tc, Rh
and Ru which are all highly inscluble
noble metal fission products, Similar
compositions have been observed and
reported by others 4!,

4. CONCLUSION

The effect on the dissolution rate
of irradiated mixed oxide fuels uere
investigated with various HNO. conc-
entrations, temperatures and irradiation
levels, The amount of insoluble residue
Was also measured in this series of
experiments, The conclusions draun
from these experiments can be summarized
as follow ;

- The dissolution rate for irradiated
mixed oxide fuel s proportional to
1.7 power af the HHO; concentration.

- The apparent surface area for
dissolution seems to be relatively
constant until B0X dissolution when
the fuel meat is wrapped in the
cladding.

- The experimental actlvation enegy
of about 11Kcal/mo! was obtained
from beaker-scale experiments,

The bench~scale dissolver nwith fuel
basket showed an activatien energy
of 6Kcal/mol. ,

- The dissolution equation of the
fue] could be obtained from these
exper iments,
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MAINTENANCE AND CALIBRATION OF RADIATION MONITORING
INSTRUMENTS AT TOKAI REPROCESSING PLANT

N.KDJIMA , K. MIYABE , A.TODOKORO

Power Reactor and Nuclear Fuel Development Corporation
4-33, Muramatsu, Tokai-mura, Naka-gun, ITbaraki—ken,
Japan 319-11

phone :

INTROBUCTION

The spent fuel reprocessing plant has
been operated for more than ten vears at Power
Reactor and Nuclear Fuel Development Corporation
(PNC), Tokai Works, Many kinds of radionuclides
such as **Mn, ®°Co (corrosion products), *°Sr-Y,
198Ru-Rh (fission products), uranium and
plutonium are treated at the reprocessing plant,
s0 that various radiation monitoring instruments
have been used to meet the need of the radiation
protection program, As the data measured by
radiation monitoring instruments are directly
reflected to the radiation safety of the
reprocessing plant, all of the instruments
have to be assured on their reliability, In
such point of view, the radiation monitoring
instruments have been periodically inspected and
calibrated,

This presentation explains the outline
of the maintenance and calibration of the
radiation monitoring instruments and the results
of the failure analysis at the Tokai
reprocessing plant,

CLASSIFICATION OF RAPIATION MONITORING
INSTRUMENTS

Due to handling of a large quantity of

the spent fuel in the Tokai reprocessing plant,

various types of radiation monitoring
instruments are used for the radiation comtrol,

—54—

0292-82-1111

It is necessary to measure the T -ray and
#-ray from *%Mn, ®°Co (corrosion products) and
°8r-Y, '°®Ru-Rh (fission products) etc., the
same is true for the gaseous radicactive waste
such as °H and ®*Kr that released to the ambient
environment through a stack. Por their purposes,
many kinds of radiation monitoring instruments
such as survey meters, area monitors, dust
monitors and stack monitors have been installed,
Approximately 80 types of the instruments are
used (excluding personal dosimeters),

The radiation monitoring instruments are
used for the radiation control of the radiation
field at the plant. They consist of area
monitors, survey meters, radioactivity measuring

Ainstruments and entrance/exit contamination

monitors, The area monitors are used for
continuous monitoring of external radiation
dose equivalents or airborne radiocactivity in
workplaces, . The survey meters-are used for
the measurement of external radiztion dose
equivalents or surface contamination. The

-radioactivity measuring instruments are used

for the measurement of radioactive material
concentrations in air of workplaces and
various samples of surface contamination control
including radionuclide analysis. And the
entrance/exit contamination monitors are used
for checking surface contamination of human
bodies at the entrance/exit of controlled area,
The environmental monitoring instruments
are used to measure both the absorbed dose rate
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Classification Number of
= instruments
@

g v -ray area monitor neutro area monitor
= "
= — area monitor ———| a -ray dust monitor, 8 -ray Hust monitor 285
B stack monitor, etc.
I~ criticality accident alarm system 12
‘E L entrance/exit ————— gate monitor, hand/foot/clothes monitar, etc. 147
S contamination monitor
= t ____{ éﬁnizatlgn chamb‘e’gyt%gcgesurvey meter 233
— survey meter ube type sur
2 y @ -ray sclllntlflatmn type survey meter, ete,
=
S |~ radioactivity analyzer — [ o/ f-ray radioactivity measuring instrument
- y ¥ (multfthannel pulse helgﬁt analyzer, etc. KT
%5 L environmental monitor —— monitoring station, monitering post. etc. 20
(==
Figure 1. The list of radiation monitoring instruments provided at the Tokai reprocessing plant

and the radioactive material concentration
in ambient air of the surrounding environment,

Because a large quantity of uranium
and plutonium are handled in the reprocessing
plant,a criticality accident alarm system is
installed to evacuate the workers to safe places
in the case of a criticality accident.

The radiation monitoring instruments are
classified into five groups, (@ area monitors,
@ entrance/exit contamination moniters,
@ survey meters, @ radioactivity analyzers
and ® environmental monitors as shown in
Figure 1,

CALIBRATION FACILITY FOR RADIATION MONITORING
INSTRUMENTS

Dutline of the calibration facility

The calibration facility for radiation
monitoring instruments consists of two buildings
as shown in Pigere 2. One is the maintenance
building for the radiation monitoring imstruments
in which the instruments are inspected and
repaired, and the other one is the calibration
building in which irradiation are carried out by
using radivactive sources., In the calibration
building, three irradiation rooms, Room (A},
Room (B) and Low-level Room are available, in
which these rooms can be used in accordance
with the types and dose (rate) of the radiation
to be handled, and:various irradiations can be
carried out. The outer walls of the calibration
building were built with steel-frames and light-
weight concrete to.decrease scattered radiation,
Purthermore, the calibration rooms are

.Y\ oW LD

Boundary of Cnntrulled Area

o

PN

Rill for Radiaticn Shielding

Coatrolled Area

Calibsation Building
w

17T

Qperation
Rocm

I. J Low-level

"Jt::::==’1é ] {-_J_—Lf_J _ 1

Maintenance Building

0 -2
{m)

Figure 2, Calibration facility for radiation
monitoring instruments

(=]

surrounded by the inclined plane of a hill
on three sides for radiation shielding,

Irradiator

In the irradiation room (A}, calibration
of ionization-chamber-type survey meters, 7-ray
area monitors etc, are carried out by using a
137¢s y-ray irradiator and a ¥-ray generator,
Furthermore, the automatic calibration apparatus
are provided in this room, because the routine
calibrating works were intended to reduce man
power and-to improve calibration accuracy,
This automatic calibration apparatus consists of
the *7Cs r -ray irradiator, the automatic
calibration cart and the operating panel.
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In the irradiation room .(B), calibration
of neutron survey meters and neutron area
monitors are mainly carried out by using the
neutron irradiator. . Moreover, the 7 -ray
irradiator and the low-energy 7-ray irradiator
are provided for- characteristic tests of the
radiation monitoring instruments in this room,

In the low-level irradiatien room,
calibration of gas. monitor is carried out by
using. a special type gas loop system,

Main sources used for calibration of
the instruments are shown in Table [,

Table 1. Main sources used for calibration

Traceability system

The standard gamma sources and the
standard measuring instruments which have the
direct traceability with the national standard
are used for calibration of the radiation
monitoring instruments. .

With regard to the calibration for
measurements of gamma or X-ray exposure (rate),
Japan Industrial Standard (JIS) has estabilished
the traceability system from the national
standard (The Electrotechnical Laboratory)
to the primary, secondary and the practical
exposure standard fields. The calibrations are
classified into the standard calibration and
the practical calibration depending on its
objectives. ' )

The standard calibration includes the

[ELECTROTECENICAL LABORATORY ]

IRRADIATION ROOW IRRABIATOR SOURCES calibration of the secondary standard measuring
Y-ray gemerator 206V / 3024 instruments based on the primary standard
—— > exposure (rate) and the calibration of the
: ¥eq pray [rnadistor f}ﬁﬂ practical standard measuring instruments using
0. 535 63q the primary or secondary standard exposure
e —— (rate).  The calibration of the radiation
Heutron irradiator :3?**0333“ monitoring instruments is carried out using
-39 Gt the practical standard exposure (rate), the
TRRADIATION R0GH B) ; L 878k primary or secondary standard exposure (rate).
T ~ray irradiater Cs L7 6By .
R 1085 Ghq The primary and secondary standard gamma ray
Lowenergy #-ray T sources should be calibrated by the national
Ircadiator Lo T.46 standard and the primary standard exposure
{rate) respectively,
PHC STANDARDS (1M CALIBRATIOR FACILITY)
QUANTITY AND LNIT STANDARD MEASURING INSTRUMENTS |  STANDARD SOURCES
¥ mﬁ}rnggosunﬁ D0SE JONIZATION CHAMBER Ca-60, Cs-137, Ra-226
LEVEL] An-241, Co-5Y
(. R/ [VICTREEN 500.330ce, 33ce 1 | X-RAY GENERATOR
7 (X)RAY EXPOSURE [GSE LARGE YOLUME IGNIZATION Co-60, Cs-137, Ra-226
{£0W LEVEL ] CHAMBER Am-241, Co-57
(R R/h) 2121
SOFT -RAY EXPOSURE DOSE FREE AIR CHAMBER X-RAY GENERATCR
NATIONAL STANDARD , R/h)

1 ST STANDARD
[JAPAH RADIOISOTOPE ASSOCIATION]

NEUTRON EMISSION RATR

Cf-252, pm-Be, Pu-Be

(/sec)
RADIGACTIVE GAS FILL GAS TYPB ICHIZATION
CONCENTRATION CHAMBER Kr-85
(Ba/cc) (1.5 23
£-RAY ABSURBED DOSE | IGNIZATION CHAMBER FOR 8-RAY Sr-t, T1-204, Po=147
(Gy/sec)

a {8)-RAY RADICACTIVE
SURFACE DENSITY
(Ba/en®)

2m GAS FLOW COUNTER

UsDe, Ar-241, I-p29

Figore 3, Traceability system of PNC standard
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The traceability system for radiation
measurements in PNC Tokai Works are shown in

Figure 3. These standard measuring instruments .

have been calibrated by using a national
standard periodically ( every 3 years) to
assure their traceability.

MAINTENANCE OF RADIATION MONITORING INSTRUMENTS
Purpose of maintenance

In general, the maintenance is classified
into a preventive maintenance and a corrective
maintenance. The preventive maintenance is done
according to a routine procedure of examination,
adjustment and inspection on a scheduled basis
in order to prevent a malfunction before they
occur. FBducation and training of persons
operating instruments are involved the
preventive maintenance in the broad sense, The
corrective maintenance is performed after the
failures of systems, instruments or parts.
.These two types of maintenance have different
purposes and therefore must be considered
separately,

The preventive maintenance is divided
into the time-scheduled maintenance, such as
periodic examination, inspection and replacement
of parts, and state-watching maintenance which
is performed by observing the condition of
important portions of “instruments by recorder,
ete.. Purthermore, the education and training
provided for the persons in charge of the
maintenance are also the preventive maintenance
in the broad sense,

The corrective maintenance of radiation
monitoring instruments requires prompt and
suitable judgement. From the standpoint of
plant operation, the corrective maintenance
of the some radiation monitoring instruments
(criticality accident alarm systems, area
monitors, ete.) is carried out by replacement
of parts in order to ensure the quick recovery
as soon as possible.  Therefore, the instrument
consists of some individual units interiinked
with connectors,

Method of maintenance

As the maintenance for the reliability
of the function and performance of the radiation
monitoring instruments, initial examinations
upon purchase and receipt, as well as daily
and periodic inspections, are performed.

When the instruments get failure, they are
promptly repaired. In addition, area monitors
and stack monitors are inspected before their
use and also periodically inspected by
governmental officers,

Brom the standpoint of the preventive
maintenance, the most important thing is a
periodic inspection, which consists of legal-
inspection according to related laws or
maintenance regulations and the self-inspection
for the purpose of the life-time confirmation
of the ability or the detection of malfunctions,
The preventive inspection and calibration of
radiation monitoring instruments have been
made at the period as given im Table 2. As
for the basic makeup of the periodic. inspections,
entire systems including the detectors and
glectric circuits, are examined twice a year
in order to confirm their normal operation
and to inspect and calibrate their functions,
Furthermore, the performance checks of area
monitor, etc., (the confirmation of the normal
operation of detector and alarm systems, ete.,)
are done periodicaly (e.g,, every month or
three months) with precise checks of electric
circuits once a year,

The inspection procedure is necessary to
inspect each type of radiation monitoring
instruments periodically,

The main items of the inspection of the

Table 8, The period of inspection for radiation
monitoring instruments

LEGAL INSPECTION SELF IHSPECTION
shole systea parts whole systen paels
CLASSIFICATION = gleanlng
«calibratic | - electeic « sensitivity | - probe test
+ zlara Jevel circuit test check | - electric
theelt - alara test clreuit test
» alara test
Criticality accident :
aiaen system | 2 timesfyear | | time/month * 1 teefyes:
Area woaftor 2 tieas/year —_— 1 tima/3mnths —_—
Entrance/exit
contanlpation monitor | 2 times/vear — * —_—
Survey aeter 2 thresfyesr —_ * _—
Radioact Ivlty amalyzer 2 times/year _ EY —
Envicoamental zoniter 2 times/year —_— * -

* Thesa ponitors are jnspected everytlme at used of them. .
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radiation monitoring instruments are shown zs
followsy

» Quter appearance check

» Blectronic inspection

+ Radiation inspection

- Overall performance check

On the other hand, the maintenance for
the failed radiation menitering instruments
is carried out according to the following
considerations : (@ the repairing time of
important instruments is kept as small zs
possible and @ the maintenance is performed
effectively in order to prevent failures.

In case of important instruments such as
area-monitors fail to function, professional
staff members in charge of maintenance find

-promptly the failed portion and replace the
blocked module, detector portion and spare
parts in order to recover the functions of the
system., In this manner, the non-operating
time of instruments due to its failure will
be shortened. However, in this case, it is
important that the spare parts should be
secured corresponding to the knowledge of
failure portions and their frequency.

Some results obtained from maintenance

The radiation monitoring instruments ' used
in Tokai reprocessing plant were maintained
by the repairments in case they are out of
order. The annual failure rates of the main

radiation monitoring instruments during the
period 1986-1988 were obtained by dividing the

-number of annual failures by total numbers of

each instruments, They are shown in Figure 4
and Figure 5. In the figures, the failure
rates of each instrument is given in the
respective form as every year or every each
failute portion. '

As for area monitors, the annual failure
rate were 0.3-0.8 for dust monitors and 0.1
for t-ray area monitors. In this case, main
cause of the failure are belong to detectors,
such as GM-tube for B-ray dust monitors and
solid state detector. for a -ray dust
monitors.

The annual failure rates of @ -ray
meters (ZnS{Ag)scintillation counter) and
a ~ray hand/foot/clothes monitor (air
proportinal detector) were about 1-2 per an
instrument, On the other hand, the failure
rates of the radiation monitoring instruments
of ionization chamber type survey meter and
GM-tube type survey meter were about 0,4 per an
instrument and almost constant during these
3 years,

From the results of the analysis for
the failure portion of the radiation monitoring
instruments, it was found that there were
considerable number of failures at the detector
portion of all instruments. In another words,
the failure rates of the detector portions were
approximately 80-90% for ionization chamber
type survey meters, approximately 60-80% for

'E 1.5
H % Detectordpoztiun
. 1 Cable and wire
"2 Failure Rete = Annval Pajlure Prequeacy ¥ Veasariog portion
g Total Instrument Humbers 5 Power source
E 5.0 tii Alarn portion
2 B Other
<
g
g
£ 0.5
2
=2
£
E 0
‘86 87 '&8 ' 86 ‘38 ‘86 "87  '83 (Year)
T -rey area a-ray dust 8 -ray dust
" monitor monitor (Instruments)

Figore 4. Failure rate of main radiation monitoring instruments at the Tokai reprocessing plant (I)
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E 3.0
" Annual Faflure Frequency [J Detector particn
2.5 Fallure Rate = [ Cable and wire
Total Instrument Humbers #. Measuring portion
E2 Power source
2.0 i1 Alara portion

Failure Rate (Frequency/Instresents *

B Other

0'5 ﬁ ﬁ
DH M =
S g6 '87 'es 'g6 .'87 88 ‘g6 BT '88 '8 '87 - 'BS g6 87 ‘88 (Year)
-ray G4 end-window Tonization
sci:t.illntiun tube type chamber type a -ray HECK 2 {r)-ray HFCH {lnstrumeats)

type survey meter survey neter

Figure 5.

other survey meters and hand/foot/clothes
monitors,

" The @ -ray survey meter has a thin
shielding film (aluminium-vaporized mylar
with a thickness of 0.5mg/cm®) at the entrance
window and the @ -ray hand/foot/clothes
monitor also has a thin window film (gold-
vaporized mylar with a thickness of 0.5mg/cm®).
These films are easily broken by mechanical
shock and the failure rate increases in
proportion with the frequency of their use.

As mentioned above, the failures of
radiation monitoring instruments had variety
in their portions and causes, but in most of
these cases failures were found in detector
portions, From the standpoint of maintenance,
it is especially important to pay our careful
make all sttention to the detector. portions.

Rurthermore, the analysis of failure
data is effective in determining the most
seitable methed and frequency of the inspection
and in determining the amount of spare parts
and maintenance parts to be stocked

CONCLUSION

In the use of various kinds of radiation
monitoring instruments at the Tokai reprocessing

survey meter

Failure rate of main radiation monitoring imstruments at the Tokai reprocessing plant {I)

plant, the points for effectual maintenance of
radiation monitoring imstruments are shown as
follows:
(D The inspection procedure is necessary
to inspect each type of radiation monitoring
instruments periodically.
® The maintenance and calibration of
radiation monitoring instruments should be
executed by technical expert staffs,
® The spare parts is required to recover
the functions of radiation monitoring
instruments promptly,
@ The results from the failure analysis of
radiation monitoring instruments have been
effectively applied to the improvements of
maintenance and calibration methods,
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ABSTRACT

This paper describes the present status of
safeguards implementation and development activities
for nuclear fuel cycle facilities in the Tokai
Works of Power Reactor and Nuclear Fuel Development
Corporation (PNC Tokal Works). The PNC Tokai Works
has five facilities determined by the facility
attachments of Japan-IAEA Safeguards Agreement,
which are Tokal Reprocessing Plant (TRP), Plutonium
Conversion Development Facility (PCDF), PNC
Plutonium Fuel Facility (PPFF), Plutonium Fuel
Production Facility (PFPF) and Research and
Develoment Facility (PNC Tokai R&D Facility).

TRP is subject to both flow and inventory
verification, the former is conducted during plant
operation by 24 hours continuous inspection, and the
latter 1is conducted by monthly inventory
verification activity. PCDF, PPFF and PFPF are
mainly subject to monthly inventory verification
activity. In particular PFPF fully automated MOX
fuel fabrication facility, which started its
operation in 1988, adopted an advanced nuclear
material accountancy 'and safeguards measures for
saving considerably safeguards manpower of both
operator and inspectorate. PNC Tokai RAD Facility
is subject to an annual physical inventory
verification.

On aspects of safeguards technology development,
the PNC Tokal Works has been performing an
important reole for more than twenty years. The
Tokai Advanced Safeguards Technology Exercise
(TASTEX) , Japan Support Programme for Agency
Safeguards (JASPAS) and PNC/US-DOE Safeguards
Cooperation are our main activities in developing
and demonstrating safeguards technology.

The inspection work loads by IAEA in 1989 for
these five facilities in the PNC Tokai Works was
estimated to be about 1,100 person-days. On the
other hand operator's manpower to cope with these
safeguards business reached about 13,000 person—
days. ’

Activities of MOX fuel cycle development and
waste management are expanding in the Tokai Works.
However, to further increase safeguards manpower
and cost becomes more difficult for both operator
and inspectorate because of the zere-growth of the
finance. Therefore, developing a new approach
is required for more effective and efficient
safeguards. Since the PNC Tokai Works composes
itself of an active part of MOX fuel cycle In Japen,

the study developing a nuclear fuel cycle criented
saf'eguards appreach is necessary.

INTRODUCTICN

The Power Reactor and Nuclear Fuel Development
Corporation (PNC) has been engaged in a wide range
of research and development projects aimed at
promoting the peaceful use of atomic energy in
Japan. The Tokai Works of PNC has been playing an
important role of promoting a number of nuclear
energy development programs such as the
developments of uranium enrichment technology,
reprecessing technology for spent fuels from light
water reactors, conversion technology, high-level
liquid waste vitrification technology, reprocessing
technology for fast breeder reactor fuel, and
plutonium fuel production technology. Through
these development activities a large amount of
nuclear fuel materials such as plutonium and
uranium are handled and stored in the facilities in
the Tokai Works. Hence, accountancy and safeguards
activities for these nuclear materials are
essential to pormote the projects. At the PNC Tckal
Works large efforts have been made for the
establishment of nuclar materials accountancy system
and the development of safeguards technology since
the first receipt of the nuclear materials in 1957.
After the introduction of the Non-Proliferation
Treaty regime in 1977, the efforts on safeguards
related works have been increasing more and more,
and this tendency is continuing at present.

SAFEGUARDED FACILITIES IN TOKAL WORKS

The PNC Tokal Horks has five facilities
determined by the facility attachments of Japan-
TAEA Safeguards Agreement. Main features of these
facilities are introduced below from the viewpoint
of safeguards implementation. Figure 1 shows the
min nuclear material flow and material balance
areas in the Works.

Tokai Reprocessing Plant . :
The Tokai Reprocessing Plant (TRP) went into

ot operation in September 1977. This facility was
-designed to have a capacity of 0.7 tons U/day. The

Purex process is employed to produce plutonium
nitrate and uranium trioxide as final products. The
amount reprocessed reached 500 tons since the start
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of the operation. TRP has three material balance
areas (MBAs); a spent fuel storage, chopping and
leaching area, a chemical processing area, and a
product storage area. It has also nine flow key
measurement points (FKMPs) for flow determination,
seven inventory key measurement points (IKMPs) for
physical inventory determination, and other
strategic points. Normally twoe operational
campaigns per year are scheduled, and physical
inventory takings are carried out at the end of
each campaign.

During the plant operation, 28 hours continucus
flow verification is conducted both by the
government and TAREA inspectors. AT the time of the
receipt of spent fuel assemblies from nuclear power
reactors, each subassembly is verified by using a
Cerenkov viewing device, and stored in the storage
pond under the continuous camera surveillance
condition. Before chopping a fuel subassembly the
identification number is checked by a periscope.
After dissolution Solution volume is measured by
dip-tube manometers at the input accountancy tank
and samples are taken to determine nuclear material
contents for both the operator and inspectorate. For
determination of plutohium cotents isotops dilution
mass spectrometry methods are used for both the
operator and inspectorate. Samples for
inspectorate are shipped to the government and
the TAEA safeguards analytical laboratories after

necessary preparaticns. The solution volume of
purified plutonium is measured by dip-tube
manometers at the plutonium product accountancy
tank, and samples are taken to determine plutonium
contents and shipped to the analytical laboratory.
Onsite K-edge densitometer measurement is used as
plutonium verification technique for timeliness
improvements. For the purpuse of timely detection
monthly inventory verification for plutonium
product solution is carried out. Samples are taken
from the selected product tanks, then the plutonium
contents are measured by a K-edge densitometer. To
improve timeliness for the chemical process area the
development .and demonstration of near-real-time
materials accountancy (NRTA) are conducted by
collecting field test data.

During the physical inventory verification, all
the nuclear materials are gathered to each IKMP,
and item counting, level measurement, sample taking
and measurement by K-edge densitometry are performed
to determine “material unaccounted for (MUF}".

Recalibrations of main vessels such as the
input accountancy tank and the plutonium product
accountancy tank are carried out once a year.
Inspectorate verify also the operator's
recalibration work. Other main vepification
activities are the obsevation of sample treatment
for shipping to the safeguards laboratories and
motithly book audit.
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Plutonium Conversion Development Facility

The Plutonium Conversion Development Facility
(PCDF) has been in operation since April 1983,
enploying a plutcnium-raniom co-conversion process.
This process features & unique “microwave heating
direct denitration process" developed by PNC. In
this process plutonium nitrate and uranium nitrate
transferred from TRP through the pipelines are mixed
together in a mixing vessel and finally converted
into a mixed plutonium and uranium oxide (MOX)
posder.

This mixed process was introduced because of
its possible contribution to the effectiveness for
nonproliferation of nuclear weapons at the time of
the plant start-up.

PCOF has two MBAS ; a conversion area and a MOX
storage area, and also has seven FKMPs and three
IHPs.

Monthly inspection is conducted for
verification of flow and inventory by the
government and TAEA inspectors, and physical
inventory verification (PIV) is conducted once a
year simultaneously with TRP. Activities such as
book audit, level measurement of tanks,
nondestructive assay (NDA) of solution samples,
monitoring of the conversion process, NDA of MOX
powder canister, seal applying to the canisters and
sample taking of powders are conducted during
monthly verification by inspectors. WNearly same
verification activities are done during PIV except
the jncrease in the number of samples taken. An
unattended NDA verification technique for the
product storage area will soon be applied to reduce
manpower for both operator and inspectorate.

PNC Plutonium Fuel Facility

The PNC Plutonium Fuel Facility (PPFF)
comprises two facilities, the Plutomium Fuel
Development Facility (FFDF) and the Plutenium Fuel
Fabrication Facility (FFFF}. Since its start-up in
1965, PFDF has carried out various tests and
studies on the utilization of MOX fuel. PFFF uas
constructed in 1972 for the fabrication of fuel for
use in the experimental fast breeder rector {FER)
#JOYO™ and the prototype advanced thermal reactor
(ATR) “Fugen®. The annual fabrication capacity is
one ton of MOX for the FER line and ten tons of MOX
for the ATR line. PPFF has three MBAs; a feed
materials storage area, a nuclear materials handling
area, and a fuel assembly storage area. It also
has six FiMPs and fourteen IKMPs.

For both monthly and physical inventory
verification rather conventional verification
methods such as direct access of inspectors to the
process area and nuclear materials are applied. To
further improve efficiency of safeguards for this
facility, advanced NDA and containment and
surveillance {(C/S) measures are expected to be
introduced.

Plutonium Fuel Production Facility

The fast breeder reactor fuel line of Plutonium
Fuel Production Facility (PFPF FBR line) was
eonstructed to supply fuel for both the experimental
fast reactor “JOYO" and the prototype fast breeder
reactor "MONJU®. Its operation started in November
1988 with a capacity of five tons of MOX fuel per
year. To reduce personal radiation exposure, FFFF
introduced a fully automated MOX fabrication
technique based on a computer controlled nuclear
material control system combined with automated
process equipments. To design and install the
facility material accountancy system and safeguards
measure, fully automated systems were considerd to
save considerably safeguards manpower of both
operator and inspectorate.

The PFPF FBR line consists of one MBA, and has
six FKMPs and eight TKMPs. MOX feed materials which
came from PCDF are blended with UGz powder, and
pelletized. Then, the fuel pin is fabricated and
finaly assembled to the subassembly. Through these
operations almost all nuclear materials are handlled
in an itemized form. This implies that safeguards -
appreach to be applied to this facility could not be
that of a bulk facility but that of an item
facility.

MDA techniques based on neutron coincidence
methods are applied to each process material
including holdups for verification purpose. For
both feed (MOX powder canister) and product (fuel

asssembly) materials, unattended mode NDA

techniques are adopted, which contributes
remarkable reduction of safeguards manpower.
Moreover, computer controlled advanced containment
and surveillance systems based on CCTVs and
radiation monitors are installed in both feed and
product areas to assure continuity of knowledge on
safeguards integrity. Introduction of NRTA
verification techniques is the next step to improve
efficiency and effectiveness of this facility. Field
trial of NRTA is undergoing.

During monthly verification and PIV, NDA
neashbements and destructive analyses of each
process material are conducted based on a sampling
plan. Data reviews of unattended NDA systems, C/8
systems, MRTA trials and bock audit are also carried
out.

PHC Tokai Research and Development Facilily

Beside four facilities above, the Tokai Works
has several laboratories to handle a small amount
of nuclear materials to develop uranium enrichment
technology, nuclear fuel reprocessing technology for
FBRs and so on. The PNC Tokal Research and
Developpment Facility (PNC Tokai R&D Facility) is
composed of these laboratories. PNC Tokai R&D
Facility has four ¥BAs, ten FKMPs and eleven IKMPs.
An annual physical inventory verifiecation is
conducted to this facility. UFs cylinders in the
uranjum enrichment laboratory are measured by NDA
method.
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EFTORTS ON SAFBGUARDS TECHNOLOGY DEVELCEMENT

Safeguards works began with the start of the
Plutonium Fuel Development Facility (FFDF) cperation
in 1966. Since then, the efforts have been
enlarged in both gquality and quantity with the
expansion of the plutonium handling facilities such
as FFFF, TRP, POOF and PFFF in the Tokai Works.

With the first receipt of 260 g plutonium from
the USA in 1966 to PFDF, constrution of their
material accountancy system started. A
computerlized system was introduced with the
increase of plutoninm handling quantity. At PFFF
which started operation in 1972, a newer system
enabled real time material accountancy was adopted.

The development of NDA technique to measure
plutonium quantity in a drum, a carton, a fuel
subassembly and other container has been conducted
since 1970.

Tokai Advanced Safieguards Technology Exercise
(TASTEX)

TASTEX program was started in 1978 to
demonstrate various safequards techniques for a
reprocessing facility with the cooperation of four
participants (Japan, USA, France and IAEA).
Thirteen tasks were proposed by participants, which
covered almost all areas of reprocessing safeguards.
TASTEX terminated in May 1981, and some of the
promising tasks were transferred to Japan Support
Programme for Agency Safeguards (JASPAS). TASTEX
gave TRP the basis for its succeeding safeguards
activities. Table 1 shows the list of TASTEX

programs.

Participation in Japan Support Programme for Agency
Saf JASPAS

JASPAS was started in November 1981 by the
Japanese Government. PNC participated in the
program by transferring four tasks from TASTEX. By
nou, FNC Tokai Works has been engaged in fifteen
tasks (as shown in Table 2), of which four,
including tasks mainly related to TRP, have already
been put into routine safeguards use. Two of
these tasks have been applied to the advanced /S

systems for PFFF.
PNC/US-DOE Safeguards Cooperation

To establish safeguards system for a fully
remote and antomnated new MOX facility, PFPF, PNC
started the development of a system applicable to
facility in 1983 with the cooperation of US-DCE. The
whole system PNC developed has the following
sSubsystens.

* A fully computerized material accountancy system
+ Advanced C/S systems for the feed and product
Storage areas including authentication subsystems
* Remote-controlled NDA systems for the feed and
product storage areas

* Remote-controlled NDA systems for the process
areas

= An accountancy verification system to which
NRTA is applied

Based on the above cooperation program, PFPF
safeguards system-was developed, which was
envisioned as a solution to the safeguards for an
automated MOX fuel fabrication facility.

Besides the program for PFPF, three tasks
related to TRP were involved in the PNC/US-DOE
cooperation. These tasks are expected to improve
the efficiency of the reprocessing safeguards. Table
3 shows the list of PNC/DOE safeguards cooperation
progran.

INSPRCTION WORK LOADS

Each of the facilities is basically subject to
government inspections and IAEA inspections to
ensure that nuclear materials placed under
saf'eguards are appropriately contorolled in
conformity with the relevant goverrment regulations
ard the safeguards agreement. :

Figure 2 shows the actual inspection work loads
of TAFA estimated by BNC for the five facilities in
PNC Tckai Works during 1981-1989. In 1989 about
1,100 person-days by TAEA were spent to cur site,
vhich implies about four IAFA inspectors stay 'in PNC
Tokai Works every day (assuming that working days
were 250 days per year). In 1989 inspection work
loads to TRP were 290 person-days, this figure was
not larger than in previcus years because the amount
of reprocessed fuel were about 18 tons U. But in
1990 TRP reprocessed about 99 tons U, then
inspection work loads are estimated to increase
considerlably to about 783 person-days. . In case of
PFPF, inspection work loads in 1980 counted for
about 300 person—days but this figure includes the
participation of IAEA staff to variocus test
activities of newly introduced safeguards
equipments. After completion of the systews, the
number will be decreased.

As shown in Figure 2, inspection activities to
PNC Tokai Horks are extensive. In 1989, for example,
the inspection work loaks (1,100 person-days/year)
made by IAEA counted for about 11% of IAEA
inspections (10,132 person-days/year) conducted
over the world.

MANFOWER SPENT ON SAFFGUARDS IN PNC TOKAT WORKS

For effective and efficient safeguards of the
Facilities in Tokai Works, wide range safeguards
relevant works such as material accountancy,
operator's responsive work to inspection and
advanced technical development described before are
required. In 1989 about 13,000 person-days were
spent €o all these safeguards activities as shown
In Fig.3. This means about 50 persons a day are
working for safeguards in the Tokai Works. However
it should be noted that this namder does not include
the manpower necessary to carry out physical
inventory takings (PITs). In PITs almost all the
staff of the facilities under inspection are
involved.
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Table 1 TASTEX Program

TASK A ¢ Evaluation of perforvence and epplicatien of surveillence deviees in the speqt fuel receiving aress.
TASK B : Collection and snalysis of gama spectra of irradiated fuel assemblies at the storsge pool.
TASK C : Demonstration of hull monitoring systems. :
TASK D : Demonstration of the lead cell technique for measurement of solution weight in accountability vessels.
TASK E : Demonstration of electcmancmeter for measurement of soluticn volume in acoountability vessels.
- TASK F : Study of the applic:latim of the basfe concepts of near-real-time materials accountancy to sefeguarding spent
fuel ing plants,
TASK G @ K-edge densitaneter for measuring plutonium product concentratiens.
TASK H : Measurement of plutoniun isotopie sbundance by gamma-ray spectrometry.
TASK I : Product area monitoring system.
TASK J 3 Resin bead sampling and analytical technique.
TASK K : Isotopic safeguards techniques.
TASK L : Cravimetric method (FUAU ratio) for input measurements,
TASK H : Tracer methods for Input measurements.

Teble 2 JASPAS Program of PHC Tokal Horks

Title of Tasks Facility Pericd
JA. SAFEGUARDS SYSTEM DESICNS AND SAFECUARDS APPROACHES
JA- 3 Plutonium Product Area Monitoring System. TRE 1982-1588
JA- S Field Test of MearReal-Tima Material Accountancy at the Tokal Reprocessing Plant. TRP/JAERY  1985-1982
JB. SAFECUARDS DATA COLLECTION, TREATMENT AND EVALUATICN.
JB- 2 Isotople Correlation Technique for Safeguards Data Evalvation. TRP 1982-

- JB~ 3 Real Tims Itemn Accounting System (RIAS) of Spent Fuel at the Receiving and Storage Aveas. TRP 1983-19%0
JC- 1 Electoromancmeter (for Heasurement for Solution Volure In Accountability Vessels) TP 1681-1982
JC- 2 K~edge Densitometer for Heasuring Plutonium Product Concentrations. TRP 1981-1982
JC- 3 High Resolution Gamma Spectrometer for Plutonium Product Concentrations. TRE 1981-1990
JC~ U Resin Bead Sarpling and Analytical Technique. TRPAMC] 1582-1990
Je- T Automated Gravimetric Sampling System (AGSS) for Safeguards Analysls. TRP 1985~
JC-11 Rich Man's Densitometer (HonDestructive Assay System for (ranium and Plutonum in Input TRP To be

Dissolver Soluticn}. establ ished

JD. CONTATNMENT AND SURVEILLANCE TECHNIQUES.

JD- 2 Survelllance System in the Spent Fuel Recelving Area. TRP 1981-1982
JD- 8 Survelllance System Using the CCIV et the Transler Fond ROI0B. ™ 1983-1950
JD- 9 Integrated Contalnment and Surveillance System for Autcmated Plutonium Storage. FPFF 1983-1986
JD-12 Remote Survelllance System for a New MOX Plant. PFFF 1585-1990
JE. TRAINING AND COST FREE EXPERTS. '

JE~ 2 Cost Free Expert. TRP/FFPF | 198U-

Teble 3 Program of PNC/ICE Safeguards Cooperation
P roJewzeot S 1 t e

1. Remote—controlled NDA system for Fast Breeder Reactor (FER) assemblies (FAAS) PFPF/LANL
2. Remote-controlled NDA systenm for MOX canisters (PCAS) PrPF/LNNL
3. Remote-controlied NDA system for FER fuel pins (FPAS) PFFF/LANL
. Remote—controlled NDA system for MOX transfer contalners (MAGH) PEPF/LANL
5. Measurement techniques for plutoniun holdup in MOX process equipment (GBAS) PFPF/LANL
6. Remote-controlled NDA system for a Smll amount of nuclear materdal with a large volume PFPF/LANL
7. Remate-controlled HDA system for Puds canlsters PFPE/LANL
8. Remote-controlled NDA system for process holdup in POOF FCDF/LANL,
9. Authentication system for the Advanced Contalnment/Surveillance system in Feed storage of PIPF PFPF/SNL
10. Authentication system for the Advenced Contaimment/Survelllance system in Product storage of PFFF PEPF/SHL
11. futhentication system for the FPAS and HAGB PFPE/SNL
12. Authenticated item identification system for PuO: canlsters PFEF/SL
13. System analysis studies of NRTA foc PFFF PFPF/LANL
10, Fissile fnventory verificatlon of reprocessing holding tanics using isotope dilution techniques TRP/ORNL
15, Plutonium Isotopic and concentration measurement for chemical processing plant input TRP/LANL

sccountability tank solutions by gamma measurement of resin bead samples

16. Plutcnium concentration and Isotopic composition measurement for plutonium product storage by TRP/LANL
passive 7 -spectroscopy
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FUTURE IMPROVEMENTS AND CONCLUSION

The manpower required for safeguards related
activities in PNC Tokai Works will increase in the
future because of the expansion of the activities
of MX fuel cycle development and waste management.
To increase, however, safeguards manpower and cost
further becomes more difficult for the operator
because of the nearly zero-growth of the finance.
The situation might be similar for the inspectorate.
Therefore, to make futher efforts toward the
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Fig.3 Safeguards Work Loads by PNC (Person-days/year)

establishment of more efficient and effective
safeguards will be inevitable for the operator and
the inspectorate. Since the PNC Tokai Works
composes itself of an active part of MOX fuel cycle
in Japan (as ahown in Fig.1), the study of a new
approach such as a huclear fuel cycle oriented
safeguards approach, which recently attracted
attention, is necessary. We have just started the
survey of its new concepts appropriate to the PNC
Tokai Works. ’
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THE OPERATIONAL EXPERIENCE AT TOKAI REPROCESSING PLANT

K.MIYAHARA, O.YAMAMURA, K.TAKAHASHE

Tokai Reprocessing Plant, Tokal Works

Power Reaclor and Nuclear Fuel Development Corporation

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

Tel: 0292-82-1111, Telefax: 0292-82-2321

ABSTRACT

Since the start of construction of the Tokai Reprocessing Plant{TRP) in 1971, large eiforts were taken by the
Power Reactor and Nuclear Fuel Davelopment Corporation{PNC) and various organizations to root the LWR fuel
reprocessing technology in Japan. These efiorts produced many achievements around the TRP, and now the

future plan for the TRP is being studied.

1. Introduction

The PNC has been operating the TRP since Sept.
1877 when the plant became active status using the
spent fuel from the Japan Power Demonstration
Reactor{JPDRY), and the total amount of reprocessed

. fuels Is exceeded over 500 tons. This amount is next
to French achievement in the field of oxide spent fuef
reprocessing.

Through these experiences of plant operation, we
demonsirated, improved and established the
mechanical head-end process and Purex process in
Japan.

From the beginning of plant operation, the project to
reduce the activities released to environment was
started, and the number of facilities were add to the
TRP. The aclual values of radioactive release to
environment have been quite low. During this period,
a ot of corrosion problems of important equipments
were occlrred, which had not been exactly foreseen.
On each occasion, the phernomena of corrosion were
invesligated, new corrosion resistant material was
developed, and the procedure for fabrication and
welding has been modified and improved step by
step.

Recently, the scheduled fong peried of shut-down of

plant operation was set 1o replace and modily the plant
squipments for prevention of sudden equipment
failure and for increase of reprocessed amount. The
result of major maintenances improved the plant
performance satisfactory.

Above mentioned activities were carried out with the
participation of domestic industries using the own
developed technique, therefore,the reprocessing
lechnique was rooted in Japan and infra-structure of it
was established. As for the development of fast
breeder reactor(FBR) fuel reprocessing, which has
been started from the beginning of 1870, the
experiences of TRP operation become the one of
design data-base for this project.

Concerning the cooperation with Japan Nuclear Fuel
Services{JNFS), the "Basic Agreement between PNC
and JNFS for the Technical Cooperation” was signed
between both organizations in 1982, and various
cooperations are being carried out such as
consultation of design, dispatching of engineers, joint
RA&D activities, contracted projects, efc..

As a summary, the TRP has a key position for the
development of technology of LWR fuel reprocessing,
FBR fuel reprocessing,waste treatment, and for ihe
realization of commercial reprocessing In Japan.
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2 History of TRP
2.1 Construction and Test Campaigns

The reprocessing project of the PNG was started In
"September 1956 when the Atomic Energy
Commission(AEC) of Japan decided that reprocessing
of spent fuet and freatment of radioaclive waste should
mainly ba done by the Atomic Fuel Corporalion(AFC),
the predecessor of PNC. In 1959, an Advisory
Commitiee for reprocessing was formed within the
AEC to formulate a guideline for development of the
reprocessing technology. in conjunclion with the
racommendalions put forward by a survey team which
visited overseas reprocessing plants, a decision was
made lo construct a pilot reprocessing plant using the
advanced technology developed by other countrias.

In 1963, the AFC entered into a contract with the
Nuclear Chemical Plant(NCP) of UK for a preliminary
design of the plant, and in 1966 a detailed design was
starled by 1he Sociétd Générale pour les Techniques
Nouvelles(SGN} of France. Since 1968 and in parallel
wilh 1ha ongoing detailed design, the governmental
licensing procedure had been followed and
permission for plant construction was granted by the
Japanese Govarnment in 1970.

Plant construction was started in 1971 as a joint
venlure of SGN-JGC of Japan. The Plant was
complated in 1374 and hot testing slarted in
Septamber 1977 afler completing the U testing using
unirradiated uranium. Up 1o the end of 1990 the total
amount of reprocassed fue! from L. WRs and tha ATR
Fugen(Advancad thermal reacior using heavy water as
the moderator) was about 500 fons.

2.2 Reprocessed Fual

The total reprocassed fuels from the start of hot
operation on 22nd of September 1877 to the end of
1990 Is about 509 ton of oxide spenl fuel. The
number of spent fuel assembly and amount of spent
fuel is as follows, BWR:1815 and 321.1 tons,
PWR:500 and 183.1 tons, and ATR Fugen Mixed
Oxide Fuel:34 assemblies of 5 lons, which gave us
valuable expariences for MOX fuel reprocessing.

Tha amount of plutonium nitrate recovered as a final
product was about 3.4 tons, and most of Pu has
already been sent to Pu conversion plani for use at the
ATR Fugen, the experimental FBR Joyo, and
proto-type FBR Monju,

2.3 Major Maintenance Activities

(1) Remote Repair of Dissolver R10 and P11

In April 1982, a small amount of radioactivily was
found In the steam condensale from a dissolver. After
confirming that one of the two dissolvers R11 had

- small defects which consist of pin holes in the welded

part on the bamel of dissolver , operation was resumed
using R10 dissolver unlil February 1983 whan
dissolver R10 had same kind of defects. The remote

_repair technology had been developed, and from

September 1o November 1983 the in-silu repair of two
dissolvers was camied out successfully first time in the
world. :

{2) Instaltation of New Dissolver R12

Leakages in the iwo dissolvers occurred rather
unexpecledly and subsequently the third dissolver
was Installed In a spare dissolver cell,

Table 7. Total Reprocessed Fuel at TAP

Number of A by | Aap o tmnkim | Maximum Burnup | Average Burnup | Cooling Fine
Ly (MWDT) MWL) {Years}
BWAR 1,815 3217 28,800 18,30@ 0.8-21.2
PHR 500 7851 4,500 22,200 08177
FuganfATR) 4 52 13,500 8,800 3.36.0
Tots/ 2349 509.4 34,500 15,600 09212
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A new dissolver R12 was fabricated with improved
material and welded lines were eliminated from the
inside steam jacket as for the design. A fabrication of
dissolver was finished in April 1984, and was installed
by the end of November 1984,

(3)Repair of Acid Recovery Evaporator

During the final stage of hot testing in August of
1977, a minor leak was detected which was caused by
pin holes of walded part of haating tube In the acid
recovery evaporalor, and an exchange of whole part of
evaporater was done after decontamination and
dismantling of leaked evaporator by the end of
December 1579. However, the new one leaked again
In February 1983 caused by corrosion of heating lube,
and at that occasion only boiler part of evaporator was
replaced with domestic produced materials. The
repairing period was seven months which was shorter
compared with former one.

3. Present Status
3.1 Scheduled Shut-down of Plant Oparation

The operation of TRP became steady and stable
since 1985 after many modifications and
Improvements, however, the requirement of
increasing the reprocessed amount at the TRP is
stronger than before because of demand for more
plutonium of the ATR and FBR {fuel cycle
development.

The design capacity of TRP is 0.7 tons per day, and
operational license permits the TRP 1o reprocess up to
210 tons per year. Although it was difficult to reach this
maximum, because of yearly regulatory inspection, the
physical inventory takings(P(T) of nuclear material and
periodical maintenance works. The operational total
days of TRP per year had been calculated as about
170 days, and assuming the average plant eificiency
factor of 60% the derived yearly production of TRP
had been about 70 tons.

For the improvemant of the production rate, one is
augmentation of operation days and another is to
ameliorate the plant performance factor. The
operational yearly days were increased by shortening
of maintenance and regulatory inspection period, and
for the plant efficiency facior, # became clear to
improve and modify the fuel assembly shearing
process and clarification process for dissolved fue!
solution. In the long range, it was also obvious to
prevent the sudden stop of plant operation, which will
be caused by failure of major equipment due to
corrosion. Therefore the scheduled shut-down of
plant operation was set 1o replace the acid recovery

evaporator, and to make modification of fuel assembly
shearing process, clarification process etc..

3.2 The Major Maintenance Works During the
Scheduled Shut-down Period

(1)The Replacement of the Acid Recovery Evaporator

The first acid recovery evaporator leaked in 6000
hours of use, and the leak of second one was
occurred in 13,000 hours use. The material of
evaporater was 25%-chromium and 20%-nickel alloy of
stainless steel, and the conservative estimation was
that the third evaporater would leak again in 13,000
hours of use, which was expected arcund the half of
1988. On the other hand, the development of
corrosion resistant material was done continuously
since the day of leak of first evaporator, and i became
evident that the titanium and 5%-tantalum alioy
material shows a good corrosion resistance behavior in
this corrosive environment,

The decision was taken 1o replace the third
evaporator with the new one made of Ti-5%Ta alloy.
This work was started in June 1988 and was performed
smoothly within scheduled 11 months period, based
on the old experiences of two times replacement so
far,

{2)The Replacement of Plutonium Solution Evaporator

The design of original plutonium evaporator was to
connect the washing column to boiler part with the
flange, and the material of former one was stainless
steel and latter one was corrosion resistant titanium,
Far the column part a pin hole defect appeared in year
1882 after 10,000 hours of operation and in-situ repair
was done. In year 1984 the replacement of whole
evaporator was done after 12,000 hours of operation.
The decision was made to replace this evaporator
because of 8,000 hours of operation, and the material
of column part was chosen as Ti-5%Ta alloy to prolong
the operational life. The improvement was made to
remove the flange connection by welding the titanium
and Ti-5%Ta alloy. The replacement was done in the
cell within three months.

(3)Modification of Boller part of Acid Recovery
Distillator

The acid recovery distillater was fabricated from the
stainless steel, and in February 1981 the corrosion
leakage was occurred on the part of heating coit after
13,000 hours of use, and repair work was done within
1.5 months. In 1984 the boiler part of distiilator was
replaced within 4 months,

The new distillator was installed to replace the old one
which operation time was about 13,000 hours of use.
The new distillator has separable healing iubes from
boiler part of distiliator for easy maintenance.
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{4)Mcdification of Fuel Assembly Shearing Machine

Many modification works for internal paris of shearing
machine were done to improve the operability and
malntenance ability.

{5)The Addition of Second Pulsed Filter

The darification mathod of the TRP was to usa pulsed
filter. The liltration of dissolver solution clogs the
sintered stainless filter gradually and finally it will
necessilate the replacement of fiter cartridge affecting
the plant. '

To improve the plant efficiency factor, the second
pulsed fitler was added in the clarification process. The

~ new type of valve for changing use of both filters was

developed to install inside cell for easy maintenance
and high fidelity. The modiflcation works Inside cell
was done after tedious decontamination of
equipments and piping, and working time was limited
because of still rather high radiation doss. The time of
total instaliation work was more than one year afler
delay of four months for final modifications.

7ons of Uranium

3.3 Evalvation of Ma;or Modifications on Plant
Parformance

The scheduled shut-down of plant operation
continued 15 months, and the PNC person who s
invoived in this work were around 500 and the number
of contracted workers of constructor and engineering
firms were about 1,600(about 100,00¢ man-day). The
accumulated radiation dose of person was 5
man-Sv{500 man-rem}, which Is higher than avarage 1-
2 man+Sviyear of record of the TRP operational staft
exposure rate,

The original Intention of improving the plant was to
Increase the yearly processing amount from 70 lons to
90 tons. The start of operation from the major
modiflcation works was in the end of September 1988
and after one year In September 1990 the
reprocessed amount was 83 tons of spent fuel and
during the year 1990 from January to end of
November 99 fons of fuel was reprocessed.

800
[Scheduled Shut-down of TRF
] Replacemant of 273E30
500 ) T nstaltatiion of 2nd Pulsed Fiter
3 Modfication of Acid Recovery Distilator 273740
Modifcation of Fuel Shearing Maching
A0 [ T R emént of Plitonitm Solition Evaporator 266620
Replacemet of 273£30 7
00 1= et of Dissakver 242RTORTT
200 L . -
w0 Replacement of Acid talaton of N
| Recovery Evaporator 273£30 T —— nstallation of New
Dissolver 242R12
100 - -

7 78 79 80 87 82 83 84 85 86‘ 87
Years
Figure 1. Operational History of THP

89 80
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4, Developments of Reprocessing Technology
4.1 The Achievements of R&D Aclivity

The main process of TRP was designed by SGN in
the latter part of 1960s, when the experiences of LWR
fuel reprocessing were very limited in the world, and
the TRP had to encounter many difficulties from the
start of construction, hot test and regular operation.

These difficulties were solved one by one at the TRP
with cooperations of many people and organizations,
and through theses efforts the many successful
results of R&D were obtained such as:

(1)Fluidized denitration technique of uranyl nitrate
solution to uranium fri-oxide powder

(2)Waste evaporation treatment technigue for
reducing the activity release to sea and de-oiling
technique from the discharge liquid by charcoal
filtration,

(3)Sotidification for concentrated waste and used
solvent by bitumen and plastic

(4)Development of new corrosion resistant materials
and fabrication lechnique for the use in the corrosive
environment .

{5)Remate maintenance and répair technique in the
high radiation area

(6}Preventive and removal technique for the clogging
of piping caused by sludge

(7)Advanced operation support systems using
computers

Furthermore, the one of most imrionanl achievement
al the TRP Is in the area of Safeguards(SG) of nuclear
material. The plant start-up schedule was somewhat
influenced by the negotiations between the
govermment of United States of America and Japan.
Alter both governments had agreed on the terms and
conditions of plant operation, the first hot campaign
was started. The TRP was regularly inspected by IAEA
as well as Science Technology Agency(STA),and
international SG project was done as the Tokai
Advanced Safeguards Technology Exercise(TASTEX)
from year 1978 to 1981 which have been followed by
the Japan Support Program for Agency

 Safeguards{JASPAS).

In 1ast July 1990 PNC received the Industrial Award of
Institute of Nuclear Material Management{INMM) for the
peaceful use of plutonium and efforts for development

of SG technique.
4.2 Future Plan for R&D

The R&D activities at the TRP unlil now are primarily
aiming at keeping steady operation, and the before
mentioned schedule shut-down of plant eperation was
tor the concentrated measuraes to expect the stable
and improved operation.

From now the purpose of R&D activity of TRP shall be

toward more advanced and sophisticated areas
compared before. The main items of interest are as
follows:

(1)Advanced Technique for Reprocessing of High
Burn-up Fuel

The burn-up specification of spent fuel reprocessed
at the TRP is average 23,000 MWD/T per day of
processing and Maximum 35,000 MWD/T per fuel
assembly. Recently the project to increase the
burn-up of LWR fuel is going on in Japan above
50,000 MWD/T, and also the demonstration program
for plutonium(MOX} fuel recycling In LWR core is
proceeding smoothly. The study is being done to
reprocess these special fuel at the TRP by current
purex method.

(2)Development of Remote Handling Technique

{i)The Development of Advanced Repair Machine for
the Dissolvers
The improvement of remole repair machine Is
continued to widen the area of access inside the
dissolvar and to make a machine as a multi-function,

(iiiThe Development of In Service Inspection{ISI)
Equipment

The remote ISI equipment is needed to verify the
soundness of high active liquid waste evaporator
which Is very difficult to access, also under developing
equipment to check the drip trays in the cell.

(i) The Remote Dismantling Technique of Dissolver

The operational life of dissolver will be limited for
corrosion of materal, and in case of failure not possibla
to repair by remote device, it will be necessary lo
remove the dissclver itself from the cell. The remols
machine fo do this work requires high standards of
techniqus because of the complicated work to
dismantle and remove the large, high active dissolver
from a rather small cell.

{3)The Strengthening of Engineering Data-base
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Conceming the various technical data which were
acquired during the construction, operation and
maintenance works, the data-base with computers is
being developed for the use of operation and R&D
activity. One of data-base is the Tokal Reprocessing
Plant Maintenance and Management Supporl
System{TORMASS) to store the specification of
various equipments and the maintenance data,
analyze the dala and relrieve the data easily for
maintenance schedula.

(4)Operationat Support System for Main Process

The instruction system for operation of exiraction
process is under devalopment to support operators.
The process simulator of extraction process is aiso
being developed 1o support instruction system.
These activilies will help the analysis of mal-operation
and safety evaluation of reprocessing operation.

(5)Development of Head-end Faciiity

The head-end process which Is composed of
shearing, dissolution and clarification of spent {fuel is
one of critical part of reprocessing, and some new
reprocessing plants have parallel lines on this part.
Also at TRP, the head-end process is main area to
lower the performance of plant and caused a frequent
shut-down of oparation.  In other words, thers remains

many areas of improvements and developments for

the head-end process, and the sludy to add a new
head-end facility to the TRP is started to demonstrate
the advanced squipments in hot environment.

As for the operation of Recycling Equipment Test
Facility{RETF} which will be used for development of
FBR fuel reprocessing lechnology, the active
products and wasles produced from the experiment
will be treated in the TRP connecting the both facilities
with piping.

5. Conclusion

The design of main process of the TRP was made in

. abroad and the improvements and developments

ware done from the start of construction to loday lo
accommedate the various situations in Japan, Around
the TRP plutenium and uranium conversion facility,
krypton recovery facility, bituminization facility and
vitrification tacility etc. were constructed and operated,
and the development activities for back-end fuel cycle
were concentrated at PNC Tokai site.

The initial aim of strengthening and stabilizing the
operation of the TRP is now almost oblained, and the
future plan for the TRP is to toward the R&D oriented
areas.
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ABSTRACT

The decontamination factors (DFs} of the
high level liquid waste (HLLW) evaporator in
Tokai Reprocessing Plant (TRP) were investi-
gated regarding such dominant nuciides as Ir
-95, Ru-106, Cs-137, Ce-144 by measuring those
radioactivity concentrations of concentrate
in evaporator and vapor bondensate. The
measured DFs for Ce, Cs and Zr, known as non-
volatile elements, showed good consistency
each other and comparable to the values
reported so far. On the other hand Ru shows
volatile characteristics, however, its release
fraction is suff1ciént1y small and the DF
for Ru, as well as for non-volatiie nuclides,
1s satisfactory. Based on the measured Dfs,
the entrainment generated 1n the HLLW evapo-
rator was also evaluated by using entrainment

model calculation.

INTRODUCTION

Decontamination characteristics of the
evaporator are primarily determined by the
entrainment. The mist entrained into gas is
scrubbed with bubble cap trays.

volatile radioactive elements are not cap-

However,

tured effectively by the trays which
causes the decrease of decontamination
factor for those elements.

This paper surmarizes the release
mechanizm of radiocactive elements and
decontamination characteristics of HLLW
evaporator based on the data collected
in TRP.

QUTLINE OF HLLW CONCENTRATION PROCESS
Fig.-1 shows the outline of HLLW
The HLLW

evaporator in this process concentrates

concentration process in TRP.

Condenser

Absorber

Raffinate Formalin

Acid Recovery
Process

Buffer tank

Fig.~1 The outline of HLLW concentration process
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the raffinate solution from the 1st extraction
(co-decontamination)cycle and the concentrated
solution from the acid recovery evaporator.
This evaporator s operated batchwisely and
the concentrated solution 1s sent to HLLW
vessels.

In operation, nitric acid 1s decomposed by
formalin in order to keep solution acidity
in the evaporator around 2N. The vapor which
occurs 1n the HLLW evaporator is distilled
in & condenser, and the distilled solution 1s
transferred to acid recovery process through
a overflow pot. For non-condensable gases
nitric acid component 1s recovered in the

absorber,

OUTLINE OF HLLW EVAPORATOR

Fi1g.-2 {11lustrates the HLLW epaporator.
The lower half of the evaporator s a bofler
portion with coil pipes and jackets for
heating, and the upper half functions as the
washing column which contains five stages of
bubble cap tray and a cyclone at Tts lowest

/—'\

Rater = oo i Reflux

fl=l=1]

Bubble cap tray

L=l e]=1]

je=l=l=1i

===y

f~}-+-2 Cyclone
CLT

F1g9.-2 The outline of the HLLW evaporator

part in order to separate mist from
vapor gas. The vapor 1s scrubbed with
the trays, where the entrained mist is
captured.

The bubble cap trays are 70cm of diameter,
and placed at the interval of 40cm.

BEHAVIOR OF RADIOACTIVE ELEMENTS
IN HLLY EVAPORATOR

F1g.-3 shows the vapor mass velocity
versus decontamination factors for dominants
nuclides, such as Zr-95, Ru-106, £s-137,
Ce-144 1in the evaporator. The decontamina-
tion factors were caluculated as ratios
of activity concentrations in the bailer
solution to in distillate. The di;ti11ated

solution s sampled at the overflow pot.

O:iCs, A:Ce, O:Ru, X:Zr

10°
10 © il
o &
F o &
10 = a a m"ﬂ‘@

10" g

Decontamination factor (DF)

—
o
™

10¢ L : : : -
40 5 60 70 80 90

Yapar mass velocity Ckg/m? - h)

F1g.3 DF of HLLW evaporator

As the DFs for non-volatile Ce, Zr and
Cs are similar, it 1s considered that Ce, Ir
and Cs move to the condensate by entrainment.
Becuse Ru has a 11ttle volatilfty, its DF is
sTightly smaller than the other elements
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when the vapor mass velocity is low. However,
the DF of Ru is satisfactory as it gets over
the value of 10%, The DFs of Ce, Cs and Ir
are decreaseing according to the increase of
the vapor mass velocity, due to increase of
the entrainment formed on each trays.

Concentration (Ba/cm?')

10" Il L ] d ]

5 Xd

Xw 1 2 1 4
ENTRAINMENT MODEL Stages of bubble cap tray

Hon-volatile elements move to distillate Pig. 4 Effect of entrainnent in evaporator
primarily by entrainment. Therefore the
decontamination characteristics of HLLW
evaporator can he estimated using the model

of entrainment. The assumptions adopted 1n [ gt

the model are as follows: Lo b
{1) The activity moves to distillate only

20(kg/h)}

=] E

§ 10’;

by the entrainment. = E

(2) The entrainment occuring on each é 1015

trays is constant. g 1o =

{3) The probability of entrained fume 5 100
passing through the trays is constant. 1 0‘-5 H0Cke/h)
The activity balance expressions are 10=§ o

Xw 2 3 i 5 Xd

established in each tray using above assump- Stages of bubble cap tray

tion and activity concentrations of solution Fig. -5 Effect of entrainment on the tray
on each tray are calculated. The unknown
factors of the expression are:

(D The amount. of entrained fume which is

generated at the solution surface in lp'"

TTTn

evaporator and reaches the lowest tray
through cyclone.

@ The amount of entrained fume occuring
on each trays.

(@ The probability of entrained fume
passing through each trays.

Concentration (Bo/em®)

The results of parametric survey of above

L S

unknown factors are shown in Fig.-4 ~Fig.-6 e

in order to see activity concentrations Stages of bubble cap tray
Fig.-6 Effect of mist passing probabjlity
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affected by those factors. Xw shown in Fig.-4
~F1g.-6 corresponds to concentrate and X,
to condensate.

The activity concentration 1s largely
affected by the entrainment 1in evaporater
and on trays, and by the probability passing

through tray.

ENTRAINMENT OCCURING IN HLLY EVAPORATOR

The decontamination efficiency of evaparator
1s determined by the entrainment formed at
the surface of concentrated solution and on
trays, and probability of entrained fume
passing through trays. The probabiiity
of entrainment passage s reported about
0.011 ,and the entrainment formed on trays
can be calculated by the relation of Fair-
Mathews !
reached to the lowest tray through cyclone
Is caleulated with the ratie of activity
concentrations of the concentrate to the
distillate as the DF, by using the entrainment

Therefore the entrainment

Lo
Foo
Q
£ o
) -1l
= 10 §8 . . g o
= ) o9
E
5 ltl"E
[ L . .
50 60 70 80 940

VYapor mass velocity (kg/m? - h)

Fig,. -7 The entrainment occuring a! the surface of
the concentrated solution (with cyclone)

model. The result is shown in Fig.-7.
Because the capture efficiency of cy-
clone for entrained fume 1s increased
depending on increasing vapor velocity,
the entrainment decrease according as the
the vapor mass velocity increases. However,
the entrainment formed on trays is also
increased depending on vapor mass velocity.
The DF of the evaporator decreases when
the vapor mass vetacity increases as shown
in Fig.-3.

The relationship between the vapor mass
velocity (G) and the entrainment (M) is
expressed as follows, using least squares
method, when the vapor mass velocity is
ranging from 50 to 90 {kg/m? » h}:

M= 0.186 « exp(~4.52x10°% + G} _
Similarly, the relationship between the
vapor mass velocity (G) and the DF of

evaporator (DF) for the same range of

. vapor mass velocity is expressed:

DF= 8.96 x10% » exp(-4.32x1072 . G)

The entrainment which 1s generated at the
11quid surface and passed through the
cyclone is 10 “'~10 (kg/h) assuming the
DF of the cyclone as 10 ~102, This DF of
the cyclone 1s estimated by comparing with
DFs of other evaporators without cyclone
in TRP.

CONCLUSION

(1) Tt is confirmed that the DF of the
HLLW evaporator is satisfied with the
design value.

(2) Ce,Cs,Zr is not volatile and move to
the distillate by entrainment. As for
Ru volatilization quantity is relatively
larger than entrainment,however, the
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DF of Ru 1s sti11 satisfactory.

(3} The DF of the HLLW evaporator tends
to decrease with the inc¢rease of the
vapor mass velocity, because the
entrainment occuring on bubble cap
trays increases according teo the vapor
mass velocity.

(4) The entrainment which 1s generated at
the 11iquid surface and passed through
the cyclone is 10 ~1~10 (kg/h) assuming
the DF of the cyclone as 10 ~107,
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Abstract

TRP has reprocessed more than 500tHM of
spent fuel. Shearing operation in the TRP
was often hampered by fuel debris. The
removal of fuel debris from the shearing
system required a lot of time.
Difficulties in remote maintainability, as
well as the fuel debris problem affected
reprocessing operations in TRP. Hence,
the refurbishment of the shear system was
carried out from June 1988 to January
1989 to counteract the fuel debris
problem and enhance remote maintainability,
The refurbishment has been found very
effective in improving the operations and

maintenance.

1. Introduction

Construction ,operation and maintenance
of Tokai Reprocessing Plant (TRP) have
played an important role for
establishment of the chop & leach PUREX
method in Japan. The experiences
obtained from activities in TRP have
contributed in forming the foundation of
FBR fuel reprocessing and waste
management technology.

TRP has reprocessed more than 500t of

Fax 0252-82-2321

spent fuel, since the hot test started in
September 1977 up to the end of 1990.
{see table 1)

In that period , several accidents such
as leakage from dissolvers and acid
recovery evaporator occurred. Measures
were taken against every accident while
investigating the causes, developing the
advanced equipment and techniques for the
repairs. Most of the activities
mentioned above were achieved by means of
in-house technology.

Much equipment has been improved,
replaced and added to, in order to operate
TRP smoothly and decrease the amount of
radicactive discharge into the

envircnment,
Equipment including the shear system

were improved or replaced duringAthe long
planned shut-down period, from June 1989
to August 1990.

This paper describes improvements to the
shear system conducted during this long
planned shut-down pericd.
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Table 1 Total reprocessed Spent Fuel in TRP

Fuel Type BYR PHR

ATR®' JPOR *}

Reprocessed
heavy Metal(tHM)

312.1 1834 5.2 8.9

=32

2,

{1)

hdvanced Thermal Reactor “FUGEN
Japan Power Demonstration Reactor

Outline of the mechanical treatment

process and shear system in TRP

Mechnical treatment process(see fig.l)
The fuel assembly is introduced into

the Enriched Uranium Mechanical

Treatment Cell {EMPC} from the fuel
storage pool by the fuel introduction
conveyor. The fuel assembly is then
transferred by the gantry grab to be
placed on the Loading Table.

The Cart of the Loading Table feeds
the fuel assembly horizontally into the

magazine.

After the magazine is closed, the
pusher in the chain magazine feeds the
fuel assembly towards the shear.

The pusher head pushes the fuel
assembly to the appropriate location in
the shear housing for the cutting off of
the first end piece, betore shearing of
the active part of the fuel assembly is
carried out.

The movable blade driven by a
hydraulic cylinder cuts off the first
end piece, which falls into the end
piece drawer. The end piece is then
lifted out of the shear, and is tipped
into a waste can.

The fuel asgembly is held tightly by

-the gag before being sheared by the

movable blade.

after cutting, the movable blade and
gag move back, the fuel is advanced by
one step, and the next cut made.

GANTRY GRAR

SPEMT FUEL CART

/ CHAIN MRGAZIKE
MAGAZINE

///////////FE]L

END FIECE
A‘ﬂ i

TASTE CAN

FUEL 1NTRO UCTION

Il

CONYEYOR7
¥

* STORAGE POOL
rd s

Fig. 1 Outline of the Hechanical Treatnent Precess

HULLS
% / easte can
— a3
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The small pieces of cut fuel fall
through a chute into the distributer
through which the pieces are loaded
into one of the dissolver baskets.

The dissolver is put into the
dissolving mode soon after it has been
filled with sheared pieces. After
dissolution , the in-cell hoist 1lifts
the hulls, inside the basket, cut of the
dissolver.

Bulls are then put into waste cans.

(2)Shear system (see Fig.2 & 3)

Shear system is composed of the
magazine, chain magazine, shear,
hydraulic cylinders, end piece drawer
and control unit,

The magazine has a hollow rectangular
structure, and is connected to the shear,
Since the cross section of - the magazine
is too large to cope with the fuel used
in Japan, the magazine had the spacer
named narrowing side to reduce the

cross section.

CONTROL UMIT

WASTE CAM

The role of the chain magazine is to
close the magazine entrance and also
to feed the fuel assembly towards the
shear. A special pushing chain is used
in the chain magazine.

The pusher head is attached and is
adjusted for the different fuel
confiquration used.

The shear is assembled inside the
shear housing together with the blade,
blade carrier, gag, and beams. The
gag and blade carrier move along the
plane of beams as guides. The blade
carrier which holds the movable blade is
driven by a hydraulic cylinder. The
gag which clamps the fuel assembly to be
sheared is also driven by a hydraulic
cylinder.

The lid restrains the internal parts

in the shear housing.
The hydraulic cylinders located

cutside the EMPC drive the blade carrier
and the gag by means of extension rods.

CHALN MAGAZINE SPENT FUEL
oPEN

Schematic View of
the Shear Systen

Fig, ?
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The end piece drawer which removes the
end pieces from the shear is installed
The end

pieces are put into waste cans .,

underneath the shear housing.

Fig. 1 Schematic View of the Shear

3. Problems of the shear system and their
improvement,
The original shear system in TRP had two
main problems. One was the fuel debris
problem and the other was the poor remote
maintainability .
the shear system {refurbishment work) was
carried out from June 1988 through January

1989, and components of the shear system

Hence, improvement of

were replaced by improved ones, as
described below,
(1}Fuel debris problem

The fuel assembly changes into smali
length of tubing together with large
amounts of crushed pellets, and 6hips
{fuel debris) during shearing.

Part of the fuel debris remains in the
shear housing and magazine. The
operation of the shear system was often
hampered by it.

In particular, chips somwetimes stopped
the assembly feeding towards the shear

because chips were jammed in the

clearance between the narrowing side and

the magazine. Fuel feeding was
interrupted dve t0 mechanical contact
made between chips, fuel, pusher, and
pusher head. Temporary remova) of fuel
debris required so much time as-to
affect reprocessing operations in TP,

50 features of improvement are as
follows:

@ A "U shaped spacer" was installed
which eliminates the clearance
between spacer and the magazine so as
to prevent the fuel debris from
jamming in the clearance between them

(see Fig.4 }

(® The pusher head was equippeé with a
scraper to remove fuel debris
autcmaticaly every time the pusher is

moved.,

® The shapes of components were
designed to avoid horizontal surfaces
and grooves, and to eliminate
clearances as much as possible so that
fuel ‘debris is not held up.

@ The shear and the end piece drawer
were equipped with a water washing
device to flush out fuel debris
effectively.

(2)Poor maintainability problem
Before the refurbishment, the exchange
of pusher head to accomodate a variety
of fuel configurations required removal
of the chain magazine from the shear
system. This exchange accompanied by
the removal of the chain magazine took

about 48 hours. The blade carrier,
which was fastened by a connection
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bolt on the end of the extension rod, Features of improvement are follows:
was often removed and attached during (D A pin connection between the blade
reprocessing campaign for cleaning-up carrier and extention rod of
the fuel debris or for exchanging the hydraulic cylinder was adopted so as
blade. It took about 12 hours to remove to make it easy to remove and attach
and attach the blade carrier. - the blade carrier.(see Fig.5)

This work affected reprocessing @ a remotely exchangeable puisher head
operations in TRP, so it was essential was designed so that there is no need
to enhance the remote maintenability in to remove the chain magazine to
order to reduce work time and effort, exchange the pusher head.

HARROW| 4G §10E r’ HAGAZ |uE
g
E
S

CHIPS JAMMED BETWEEN THE
NARROYWING SIDE AND THE MAGAZINE

NARROWING SIDE U SHAPED SPACER
CROSS SECTIONAL VIEW
ALARAALLAAY
Y S 2
uaczlvE N7
\\ MAGAZ [ NE
CHIPS = C }
N
N ) ATl Eaa

BEFORE IMPROVEMENT AFTER 1#MPROVEMENT

Fig. 4 mprovement of the Spacer
to prevent the Chips
from holding-up

APPERANCE OF
THE U SHAPED SPACER
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CELL WALL

EXTENSION ROD BLADE CARRIER

BEFORE
| MPROVEMENT

SHEAR HQUSING

/
s

[
J CONNECTION BOLY

J

CONKECTION PIN

CELL WALL

BLADE CARRIER
EXTENSION ROD /

AFTER
IMPROVEMENT
7 SHEAR HOUSING
L A . / /
A ¥
Fig. 5 lnprovenenl of Connection betyeen
the Extension Rod and the Blade Carrier
4. Effect of improvement
After finishing the refurbishment, {2)Enhancement. of remote maintainability
117tHM of spent fuel were reprocessed The refurbishment allows exchanging of
between September 1989 and December the pusher head to take only 2 hours
1990, and the removing and attaching the blade

The improvements to the shear system carrier t0 take no more than 2 hours.

have been found very effective during the
5. Conelusion

The improvements have been found to be

operation and maintenance pericd.

(IMeasures against fuel debris

U shaped spacer and pusher head very effective and have made operation of

equipped with the scraper eliminate the shear system much more reliable.
hampering the fuel feed. Water washing We will further. improve and'refurbish
deviee has not } used yet but will be the equipment to operate and maintain the

tested in the near future. mechanical treatment process effectively.

—_ 8 6 —_—
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Abstract

The computer aided system that
automatically diagnoses the status of the
extraction process is under development at
the Tokai Reprocessing Ptant(TRP), Power
Reactor and Nuclear Fuel Development
Corporation(PNC). The second extraction
cycte of TRP was chosen as the base model
of this system. It was shown in ISEC'S0
that the combinatijon of the CCT(Cause
Consequence Tree) and the determination of
the extraction profile-change by the
indication pattern of in-1ine monitors
(Table-Treatment) s the best way for the
automatic diagnosis and the cause
identification of the anomaty.'

The cause of fhe anomaly that changes Pu
profile will be identified by the change
of the indication pattern of neutron
monitors by the Table~treatment. However
this method greatly depends on how
accurately the indication pattern of
neutron monitors can be identified. In
this study the fluctuation of the
indication of neutron monitors was
examined by investigating the actual
record of the neutron monitors obtained in
the TRP's operation, and the method of
signal treatment was proposed. As a
result, it was confirmed that the cause of

319-11
0292-82-1111

the ancmaly can be identified by the
indication pattern of neutron monitors,
with an appropriate signal treatment.

Introduction

The purpose of this study is to find a
suitable method for the treatment of the
fluctuation of the indication of neutron
moniters and to develop a method to
extract information of the significant
status change from their back ground
fluctuation. The fluctuation of the
indication of neutron monitors of the TRP
includes a high frequency component
{noise) and the low frequency (long
period) component (wave). The high

“frequency fluctuation can be attributed to

the statistical error of the counting
system and can be reduced simply by
averaging the signal. It is assumed that
the causes of the Tow freguency
fluctuation are the variation of the
liquid interface in the settlers and of
the concentration of Pu. The change of
the indication pattern caused by the
anomaly can be distinguished with its
non-periodic feature, from the periodic
background fluctuation.

The actual fluctuation of every neutron
monitor was incorporated to the calculated
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change of extraction profiles (by F_A
MIXSET), and the efficiency of Table-

treatment was examined.

Location of neutron monitors at the TRP

RR1341 nRk1s0e aRki1se) aRISNI

Fig.1l shows the location of the neutron

monitors in the second extraction cycle > A4 & ¢
(partition process) of the TRP. The
neutron monitors are installed at some key
stages, to detect the change of Pu
concentration with real time. Fig.2 shows

the schematic of a neutron monitor

installation in the mixer-settler. The [—a

neutron detector is set to cover neutron
emissions from both aqueous and organic

phase. The effect of emjssion. from the x
next stages was not considered in order to — Liquld Level -
simplify the model. p— jpas—

w—w NR1501

=
[ N l
Examination of the indication of neutron A mR : neviren menftor
monitors

The change of the Pu concentration in Fig.2 The schematic of a neutron monitor
the extraction bank is monitored with instailation in the mixer-settler.

Table-treatment

mlnz 03 | 04 M’uslm eo[10f11
Extraction Exlraction
255R1 4

RaTrinate

U i}{ip
3 1IND H
UL
U strip l;
1{T~————ﬁ51lm 03[ eafos]o6 OT]%IEH
Pu strip T
- — 255R16
QESRIS gty grosscbenencacs —
Pu stream — ;U&W);  IND :
vo120 g/ .bZH, stream

Uranous Pu
strip A
tnpecutlron moniltor

Fig.1 The location of neutron monitor in the second extraction cycle of the TRP.
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neutron monitors placed at some stages.
Because the neutren monitor counts the
neutrons emitted from both phases, a
s1ight change in one phase can not be
detected, which means the profile change
of Pu may have an obscure appearance on
the monitors. We simulated their counts
{cpm) by summing the neutron emission rate
in both phases using the Pu concentration
resuit obtained by MIXSET.

The U concentration in the aqueous phase
fs monitored with density meter.
However, because the density is defined as
the combination with the nitric acid
concentration, U concentration change can
not singly be detected. The density in
the agueous phase was calculated using the
equation for uranyl nitrate solution with
the uranium and nitric acid concentration
obtained by MIXSET.

Fig.3 shows the typical example of the
actual record of neutron monitor under
steady operation conditien. The
fluctuation of the raw data is very large
and is likely to hide the slight sign of
anomalous events. Therefore, some data
treatment is required. In order to

decrease the random fluctuation to
enhance the detection sensitivity, the
data of the latest 30 points (after 30
minutes) were averaged. The fluctuation
of the averaged data was reduced to about
1/3 of the raw data's one. This averaging
treatment lowers the weight of the latest
point even in the case of anomaly, which
means that there is a kind of delay
lowering the detection timeliness.
However this delay doesn't affect the
effectiveness of the diagnosis system very
much because the change of the extraction
profile in the mixer-settlier bank 1s
rather slow. The indication of all
neutron monitors were averaged with this
method. Suitable trigger levels for
different neutron monitors under a certain
equilibrium condition were given based on
the maximun range of the fluctuation of
the averaged data. The trigger level is

defined as follows.

N+R {cpm)
N ;Standard value

R ;1/2 of the-maximum width of
the fluctuation of the 30
point average.

nR1414

steady state

cpm

R L o U U —

@ 18 286 3@ 40 5@ 68 7B 82 9@ 1@ 118 129 .
time{min)

— indication - lotal-AUG © 38 point-AUG -— +5ET UALLE --- —SET UalLE

Fig.3 The typical example of the actual record of neutron monitor under steady

operation conditon.
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The fluctuation of the density meter to
indicate U concentration was revealed to
be as low as 0.01 {g/cm®) in the actual
record, therefor the trigger level was
defined as follows,

M+0.01 (g/cm?)
M ;Standard value

Principle of the Table-treatment

Fig.4 shows an example of the reference
data table of in-line monitor's
appearance. This example includes 5
typical anomalous cases. Each in-1ine
monitor is marked when its indication
crosses over its own trigger level
(mark-on time). And the dynamic change of
the extraction profile of Pu, U and
nitric acid can be distinguished by the
pattern of marking of in-Tine monitors.
Because different anomalous events will
cause different characteristics in the
pattern of marking both in terms of time
and the stages, it is possible to
distinguish the cause of the anomaly when
a typical marked pattern appears.

The time when the first mark appears is
defined as the standard time (00:00). At

the early stage after the standard time,
there is a case when different causes
achieve same pattern, however the pattern
will become unique as time proceeds.

Characteristic marking patierns of
in-1ine monitors for the various causes of
anomalous conditions were examined by
simutation calculation to get a reference
data table. A pattern actually appears on
in-line monitors is referred to this data
tabie and the cause of the anomaly is
identified. 0.5h was chosen as an unit
time in this data table. This means, the
comparison between actual pattern and data
base will be dene at every 0.5h after the
first appearance of anomaly.

Examination of the detection fime

Fig. 4 is usablie only for code-
calculation result in which the indication
change smoothly proceeds without any
uncertainty. However, actual in-line
monitors indfcation still have & long-
period fluctuation and a noise component
even after the averaging treatment. This
fluctuation gives some uncertainty to the
mark-on time of monitors.

Variation of concentration at each bank
No.| Events U by density meter - Pu by neutron monitor
1417 414 1415 (505 0408 fi412 0414 415 k417 Q421 4501 1502 503 0504 1505 1508 Ro07 1508 1509
lecrease of 4.0 13.0 2.0 [>20 20 07.5
1 H+ cene. 11 L A
in scrub (2.0 1.0 T {18 D18 15.5
increase off 0.5 [0.5(0.571.0[2.0}4.0]6.0F5.5[5.013.5(5.5]3.5 [>20 £6.0 2.0
2 feed rate I R O O B B A o O N E R e E N B
T!lT 171 1!05(1.513.5]5.515.0/4.513.0)5.013.0 [>19.15.5 01.5
Hecrease of| 1.0 2.5 8.0 08.5
3 (V) cone. T |t |+ §T
T |1.5B7.0 §7.5
Hecraase of| 7.0 [>20 20.0 5.0
4 H+ cone. I A A
gn_strip T 13 83.0 | 8.0
ecrease of| 1.0{2.0[4.5[0.510.6]0.5]1.0¢2.5]2.0 20 20 0.510.5{1.5[0.5 9.0
S Bolvent SO B B R A B B B N I U I A A I
|__Feed rate 0.541.584.0] T 1 7 I T 10.5012.011.5 19.0>19. TI1T J1.0fT [8.5
[ ] : ecan be detected at 1 hour later from the first appearance
T, 4 t Upward and Downward deviation from standard with the time after the occurvence {Top) and

the first appearance. (Bottom)

U 3 M20.01 ( M=Standard density {g/cm®))

Pu ; NxR

{ N=Standard count rate (cpm), Re(max.count rate)=-{min.count’ rate})

Fig.4 An example of the reference data table of in-1ine monitor's appearance.
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Fig.5 shows an example of a simulated figure, the 30 points average crosses the
indication change which was obtained by lower detection limit earlier than the
adding the observed fluctuation onto the  mathematical line because of the under-
transient result by MIXSET. In this directing fluctuation. This means that

AHONITOR - (1421)

x1000
1.2

cpm

min
— MIXSET - real data © 3@ point AUG -— +8ET VALLE -+~ —SET VALLE

Fig.5 An example of a simulated anomalous case including the actual fluctuation
of a neutron monitor,

Ta’hrge Neulron manijtor
1408 MlZlHM W15 | 1417 ) 1421 | 1501 | 1502 | 1503 ] 1504 | 1505 § 1506 [ 1507 | 1508 1509
1

1.0 e
0.0 —{3 @179%“
Lo T
. CraE
29 Lz e
1.0 = ?;_' :l"‘_‘
w0 : e
5.0

6.0

10,0
L0
2.0
.0
14.0
15.0
16.0
1m0
9]
1.0
20.0 —
2L0

T : Trizger(Upward deviation) Uward eviatlon iDownward deviation

‘Fig.6 An example of the new reference data table having a range in the mark-on time.
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there should be a possible range in the
mark-on time for every monitor and case.
Therefore, we concluded that the reference
data base table as was shown in Fig.4 has
to have an time range in the mark-on
time. It was revealed that the difference
of the time caused by the remaining
fluctuation is as long as * 30 minutes in
every case. The standard time{zero time)
jtself may change its time with the same
time range making other monitor's time
range bex lh of the mathematical results.

Fig.6 gives an example of the new
reference data table having a range in the
mark-on time. Under actual operation,
computer has to see the marking pattern of
the neutron monitors with this time range
taken into its consideration. This
requires additional time to identify
different patterns, however the slow
change of the extraction status in the
mixer-settler enables the use of this
method with good reliabiiity.

Conclusion

The fluctuation of neutron wmenitor was
evaluated with actual process data of the
TRP, and a method of signal treatment was
examined. As a result, it was confirmed
that the cause of the anomaly can be
jdentified well with the actual neutron
monitor's signal.
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Hiroaki FURUKA¥A, Tomio TACHIHARA, Hironobu OKAMOTO
Power Reactor and Nuclear Fuel Development Corporation
4-33  Mursmatu , Tokai-mura
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ABSTRACT

fexote inspections of dissolver welds
after 2,000 hrs of actual dissolution of
piclear spent fuels were performed using
robots. Accelerated corrosion tests under
sluulated dissolver conditions were salso
performed to collect fundaeental date on
the corrosion behavior of the dissolver.
The results of the sccelerated corrosion
tests were compared with that of the above
resote inspections. These tests provided
{nformation for ieprovements in the
gechanical structure and maintenance
capahilities of the robots.

INTRODUCT1ON

Tvo dissolvers of the PNC Tokai
Reprocessing Plant leaked in 1982 due to
the pinhole corrosion at or near the
heated sections of welded part. Remote
repair of weld lines of dissolver barrels
using remote maintenance robots was
atteepted. In order to evaluate this
renote repair technology, resote
inspections such as the surface
gbservation for the repaired weld zone
gere performed after actual dissolution of
the spent fuels. Accelerated corrosion
tests were also performed to invesiigate
the corrosion behavior of the dissolver.
The remote maintenance robots were
protofype models for the remote repair and
inspection, and some improveeenis were

identified which included improved
handling and performence capabilities and
reduction in space required for storage of
the robots in & seall hot cell made on the
robots. That were to simplity the
handlings of the robots, to reduce the
space for hendlings and storage in the
suall hot cell.

ACCELERATED CORROSICN TEST

The test piece is shown in Fig.1. The
materials of the all parts of the test
piece were the same as that of the
repaired dissolvers. The material of the
bese part of the test plece was URANAS 65.
The test piece was made of three base
parts that were attached to each other hy
butt welds using the welding rods of
SOUDINOX 85. After the butt welds on the
test plece, a ditch was made around each
weld line to simulate the corroded weld
line of the dissolver. Then a welding
overlay using the welding rods of WEL KIG
5¥310 was performed over the weld lines
including the ditch in the same wsy of
welding the actus] dissolver. The
apparatus of the accelerated corrosion
tests is shown in Fig.2. This apparatus is
copmposed of the eleetric heater,
thermocouples, condenser, and water trap.
The test pieces were covered with heat
insulator and heated by an electiric’
heater. The tewperature of the solution
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and test pieces were measured by the
thermocouples. In order to accelerate the
corrosion the solution contained 14 mol/l
HNOs and 10-° rol/l1 (Ru®*) & . The
temperature was kept about 120 C in the
solution (boiling point) and about 140 C
outside the test piece. The sclution was
changed every 100 hrs and its heating
continued for a total of 1,200 hrs.

ACCELERATED CORROSION TEST RESULTS

The surface sppearance of the test piece
after the accelerated corrosion test is
shown in Photo.l. The base part of the
test piece was attacked uniforaly. The
butt weld was gradually attacked around
the dendrites and showed the needleshaped
corrosion in which the dendrites dropped
off from the surface. The ripple lines of
the weld overlay gradually disappeared.
The edges and the overlapped parts of the
weld overlay were especially attacked,
From 100 hrs to 200 hrs, the structure of
the dendrite hegean to be seen and the
ripple lines were seen clearly. From 300
hrs to 500 hrs, the structure of the
dendrite was seen clearly and the ripple
Iines disappeared. After 1,200 hrs, the
structure of the dendrite was seen like
needles and the width of the weld overlay
vas decreased but sealing of the ditch by
the weld overlay was still intact. These
observations on the test pieces are shown
in Tahle.l,

REMOTE INSPECTION

The operation mode of the dissolver ig
shown in Fig.3. The sheared spent fuel
®as put into the dissolver with 550 | of
pure water. Then 1,000 mols of HNO. is
added, ¥hen the temperature resched the
boiling point, 5,000 mols of HNO; was
added. Dissolution ended sfter several
hours when heating was stopped. After this
batchwise dissolution was repeated up to s
total of 2,000 hrs, remote inspections of
the repsired dissolver were perforaed. The
general view of the remote inspection is
shown in Fig.4. The surface cbservation
robot has a viewing head and lifting

device. The lifting device can move the
viewing head inside the dissolver barrel.
The viewing head is composed of the
mirror, lemp, centering device, and s
motor for turning the mirror. The mirror
reflects the surface appearance of the
dissolver to the periscope installed In
the cell wall over the dissolver.

REMOTE INSPECTION RESULTS

One of the surface observation results is
shown in Photo.2. It is the weld over lay
that was mede in 1983. Its outside wag
covered with the heating jacket. The
ground surface did not glitter and has
begun to lose its grains, Part of the
weld overlay was attacked around the
dendrites and the structure of the
dendrite was seen slightly. A decrease of
the width of the weld overlay was not
seen. Comparison of the resulis of the
remote inspection and that of the
accelerated corrosion test indicates that
the first stage of corrosion has occurred
but the seal has been kept intact. These
results sre shown in Table.2. From other
results of the remote inspections such as
ultrasonic and leak tests, no special
abnormality was recognized.

REMOTE HAINTENANCE FLOW

The remote maintenance flow and the robot
functions are shown in Fig.5. The grinding
using the grinding robot with the
periscope is the gurface treatment for the
repair part hefore the weld overlay s
nade. The ground surface is ohserved
using the surface observation rohot snd
the periscope after grinding. Then the
weld overlay using the welding robot is
performed on the butt weld line and the
electron bhear weld line Including the
points where leakage had occurred. Then
the surfece observation, dye penetration
test, ulirasonic test, and leak test were
performed in sequence wsing each robot,
The lesk test is to observe the bubbles
from the leak points when applying alr
pressure to the heating jacket of the
dissolver filled with the water.
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{YPROVEMENTS OF THE ROBOTS

411 of the robots have been developed to
be prototypes for use inside the small hot
gell. The eovements of the robots are
couplicated and the time required for
remote maintenance is long. Also the cost
of renovation of these robots [s enormous.
fo solve these problems, the aulti-use
type robot was developed with improvementis
gshich expanded the capability of the
robots. The general view of the muiti-use
type rohot is shown in Fig.8. The
pulti-use type robot consists ol the
gultipurpose lifting device and 7 heads.
Esch head has & funetion such as grinding,
velding, surface observation etc. Each
head can be connected remotely to the
muliipurpoge lifting device by the remote
connector. The electric connector, water
goupler and air coupler are installed into
the remote connector. The operation of the
renote connector to join or detach the
pultipurpose lifting device with a head
can be done by a manipulator and the
in-cell crene. The multipurpose lifting
device includes the spiral shaped cable
ghich is for cokmon use to supply all
utilities to each head.

EVALUATION TEST OF THE LIFTING DEVICE

Prior to fsbrication, the evaluation tests
of the lifting device were performed for
noise and remote operational functions. If
electronic noise is generaied in the
resote connector, the spiral shaped cable
of the lifting device by the electric
current of the power source of the welder
or the motor, it influences the TV and the
ultrasonic testing signals. The
experimental multipurpose lifting device
including the remote connector and the
spiral shaped cable was fabricated and
tested. Also the experimental head
including the motor and the ultrasenic
probe was also fabricated and connected to
the TY camera and the welding
torch. The general view of the test of the
influence of the noise on the ultrasoenic
testing signals is shoen in Fig.7. The TV
camers and the welding torch were also

connected with the experimental head to
determine the effect.of the welder on the
TV signzl. The controllers for these
apparatuses were joined with the
exper imental lifting device by the cables
whose length are the same as that of the
real robot syster. The noise was
investigated when the spiral shaped cable
was expanded, drawn and half expanded.
¥hen the motor was rotating, the Influence
of the noise on the ultrasonic testing
gsignals was very slight and the Influence
of welding on the TY was also very slight.
The test of the remote operational
function of the remote connector was
perforued using the crane and the
anipulator. The results indicated that
the experimental head could be joined and
detached to the experimental multipurpose
litting device remotely.

ASSEMBLY OF THE RCBOT

The functions of the robots cannot be
maintained remotely. And the direct
waintenance of the robot results in large
difficulties mentioned above and the high
cost of the maintaining individuazl robots
for desired function, we developed =2
single robot with differeat heads for each
function. These heads can be easily
changed by & menipulator and the in-cell
crane. This system slso improves the
in-cell storage problee for the robot.
Improvements were also made in the
operation and replacement procedures for
asseebly heads including procedures for
replacenent of parts within each assembly
head such as the mirror, lawp, ultrasonic
testing probe, strainer, and motor for the
lifting device.

EXPANSION OF THE CAPABILITY

The gscope of the resote repair and
inspection of the robots is restricted to
the large dismeter( ¢ 270 mue) portion of
the dissolver barrel. In order to expand
the use of the scope into the small
diameter (¢220 wm) portion of the
dissolver barrel, evaluation tesis ot the
experisental miniaturized heads were
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perforued. These heads were the surface
observation head, grinding head, ®elding
head, dye penetration testing head and
washing head. The washing head can wash
the inside surface of the dissolver barrel
with a water jet and then pump the wmater
out to 8 drain. The functional and
operational conditions of these heads were
evaluated when used in the small or large
diageter portions of the dissolver barrel.
Frouw the results of this preliminary
evaluation, these heads require some
changes for practical use as follows.
(1)The surface observation head; .
The installation angle of the lamp and the
lamp reflector.

(2)The grinding head;

The stroke of the grindstone.

(3)The welding head;

The stroke of the torch and the heat
quantity.

{4)The dye penetration testing head;

The installation sngle of the nozzles
vhich gpray the dye penetration testing
liquids.

CONCLUSION

The corrosion rate of the repaired weld
zone of the barrels was negligible even
after 2,000 hrs actusl dissclution of the
spent fuels, The sealing by the weld
overlay has. been kept intact after 2,000
hrs of ectua] digsolution of the spent
fuels. Improvements such as the provision
of modular asseably heads for the robots
vere expected to iEprove the remote
maintenance, to reduce the personnel
exposure in the case of direct maintenance
of the robots, and to reduce the overall
cost of the systen,
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Table 1 Accelerated corrosion flow

st step 2nd step Ird step
appearance | dendrites begin dendrites are seen dendrites are seen
peculiarity | to be seen clearly like needles
veld overiay ripple 1ines are | ripple lines decrease of the width
seen disappeared
{100~200hrs) (300~500hrs) {1,200hrs)
ature
colia temper
100 -1900]
Phata.1 Test piee after accalerated corrosion test 20-jaoo]
quantity of solution
L0100
1 T T T T L
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. distributer
/7
:q /Z e
7
per iscope
]BI controller

Large dismeter |
(¢ 27002)

Seall diameter
{ ¢ 2200m)

dissolver

v
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Table 2 Results of the remote inspection end sccelerated corrosion test

appearsnce littter ; obscured ; dendrites :ripple lines : reduction
peculiarity E | are seen idlsappeared H of width
! ! ! !
corrosion test (hr) 100 200 500 1,200 ——
actusl dissolver{hr)————=— 2,000 ~--reeemccimrmmmcccce e crieseeeadacccmemma
operation
grinding periscope, grinding robot
}
surface observation periscope, surface observation robot
12
overlaid weld welding robot
}

surface observaticn
dye penetration test
leak test

i

ultrasonic test

periscope, surface observation robot
periscope, dye penetration testing robot
TY¥ robot

ultrasonic testing robet

Fig.5 Rexzote zaintenance flow and functional rebots
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Development of Highly Reliable Air Purge and Declogging System
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DEVELCPMENT (OF HIGHLY RELIABLE AIR PURGE AND DECLOGGTNG SYSTRM
AT THE TOEAT REPROCESSING PLANT

N.TANAKA, Y.FUXUARI, T.TACHIHARA, H.OKAMOTO
Power Reactor and Nuclear Fue] Development Corpotation(PNC)
Ibaraki, Japan

1, ABSTRACT

[n the Tokai Reprocessing Plant the process
parameters such as level, density, flow rate
end pressure of radioactive fluid .are measured
rostly by the air purge measurement system.
This system is used extensively in the nuclear
industry, because only the dip-tube is installed
in the radioactive fluid vessel, and the detec-
tor itself has no moving part, so that |t is
zaintenance free in the hot cell. Also, this
smmmisvaimm%mtfm'menmﬂ%rmMQ“
ial control and the process operations.

However, it is well known that the end part
of the dip-tube is often clogged by the salt
accunulated from the process solution in the
Purex-process. The clogging of the dip-tube
end mekes the process parameters measurement
abnormal, so that the process operations may be
influenced.  Therefore, much maintenance work
is routinely required for removing the clog in
order to have reliable measurement data.

Furthermore, when the operator remove the
clog by blowing sir through the dip-tube, there
is a possibility of an inverse air flow in case
of operational error at the instrumentation
meintenance ares, resulting in contamiration of
that area.

Ye invented s method for detecting the clo-
gging of the dip-tube end befors the neasureme—
nt data are abnormal. We also developed an
autonatic declogging system without any inverse
air flow from the in-vesse! atmosphere to the
instrumentation maintenance area.

This development provides a reduction in a
maintenance manpower,reduces the risk of radio-
active contamination and to increase measureme—
nt reliability.

2. INTRODUCT 10N

Clogging of the dip-tube in the air purge
measurement system can be monitored by monitor—
ing the number of bubbles purged from the dip-
tube in any time period this suggests that mon-
itoring of the bubbling frequency could be used
to determine, the degree of clogeing and thus
provide information to prevent abnormal process
parameter measurements.

The present paper deals with the method of
detecting the clogging before measurement data
are abnormal.

3.CLOGRING OF THE DIP-TUBE

Back pressure in the dip-tube begins to in-
crease when a hole diameter of the clogging
sait is about 2mm,after that, the back pressure
increase rate becomes larger and larger, and at
last it exceeds the full range of the transmit-

~ter.  The typical clogging of the dip-tube is

shown in Photo 1I.

Photo 1 TYPICAL CLOGGING OF THE DIP-TUBE

—-102-
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When the long tube shown in Fig.l is clogg-
ed, the back pressure(P ) incresses. It incre-
ases the level data ( Pc=Po/©) and the density
data( (Pr-P:)/h ).  After this the signals of

both transmitters 1 and 2 increase respectively.

Thus this clogging makes measurement data abno-
rpal and may interfere with the nuclear materi-
al control and the process operations.

TRANSHITTER-1

'—®— TRANSHITTER-2

— PURGE AIR
P f——"
Frorecpeeses LOKG TUBE
= °% 0%
D° Pl oo -~
....... ik A
BUBBLES o | PIPTUBE
=]
BsITY: O o e,
)
VESSEL 9

Fig.1 AIR PURGE MEASUREMENT SYSTEM

A.METHOD OF DETECTING THE CLOGGING

The output signal from the pressure sensor
is the direct current voltage which corresponds
to the liquid level in the vessel. And the
gignal overlaps the alternating current signal
by the bubbles purged from the dip—tube in a
certain period. The inner diameter of the dip-
tube decreases in case of clogging, the charged
bubbles become small and the number of bubbles
purged from the d1p-tube in a certain period,
i.e.bubbling frequency, is changed. The press-
ure Tluctuation due to bubbling and the power
spectrum without clogeing ere shown in Fig.2
and Fig.3. The pressure. fluctuation —due.to

bubbling and the power. spectrum w1th clogslns H:ff'Qi

are shown in Fig.4 and Fie.5..
The. relation between the bubbllng frequency

H end the inner dismeter R at the end part of g

the dip-tube is shown in Equation 1. ' The

relation between the amplitude AL 'of the wave .~

of the back pressure fluctuation and the inner
diameter R is shown in Equation 2.

Also, the measurement data is abnormal when
2 hole diameter in the dip-tube is less than 2
mi.

Therefore, we can . detect the clogging by
monitoring the bubbling frequency and the ampl-
itude.

{27301 (Rrcosds 1 (:+(ﬁ2pg(1 BdlRreosdd Jopr "
1.641pgR cosd¥

SRR ¢ )

(err?.Px(l §41R+cosds Fo r)) 1.707 , 0.20394r
I.641pgR cosdy Reosdd’

vereernensseransaneonsarsasssensras(2)
,where  H: Bubbling frequency (Hz)
AL: Amplitude (mmH20)
F: Purge air flow rate (n*/s)
R: Inner diameter of the dip-tube (m)
r: Surface tension {N/m)
0 Density (kg/u®)
g: Gravity scceleration (n/d
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wa FLUCTUATION
- DUE TO
BUBBLING
WITHOUT
" CLOGGING
: Fig.3 POWER
i b SPECTRUK
YITHOUT
MM CLOGGING
" |

o PHH W & bam LIN e 1aly

FlS’ 4 PRESSUE
o FLUCTUATION
wa ©DUE 10
" BUBLLING
HITH
CLOGCING

# A Lin [EXFEIT

-2h

Fig.5 POWER

e . SPECTRUN

FITH
© CLOGGING

gl

a PHILSE A han LIN Lty

—103-



PNC PN8410 91-082

b. EXPERIMENT

The diagram of & highly reliable air purge
oand declogging system is shown in Fig. 6. Such
cozponents as differentisl pressure transpitte-
rs, constant-Tlow-rate regulators, valves, cop-
per tubes and so on are mounted on racks and
connected with each other using tube fittings.
The experimental vessels are shown in Photo 2
and the computer unit and transmitter rack are
shown in Photo 3.  The air way diverges from
the upper point, goes through the selector
device, then to the pressure sensor. The elec-
tric signal of the pressure sensor is sent to
the computer unit. The declozzing system is in-
stalled between the dip-tube and the transmitt-
er. This system is controlled with instrument-
ation pressurized air and the electric signal
from the computer unit.

The system works as follows, at first, the

INSTREMENTATI0N A(3
-

il
I

Fig.6 HIGHLY RELIABLE AiR PURGE '

AND DECLOGGING SYSTEM

!

Ll
21 J

-

{
1
i
|
|
{
i

]

selector device selects the measurement loop
which detects the bubbling frequency and the
amplitude. Next the pressure sensor detects the
wave of the bubbling. And the computer unit
calculates the bubbling frequency and the ampl-
itude from this wave. The computer unit then
Judges whether the end part of the dip-tube is
clogged by the above-mentioned method, fhen
clogging of the end part of the ~dip-tube is
detected, the computer orders the clog to be
blown out by an electric.signal without any in-
verse air flow fron the in-vessel atmosphere tg
the instrumentation maintenance eres.

We measured the bubbling frequency and
the amplitude when the inner diameter of the
dip-tube decreased by clogging from the salt
accumulated from the cold test solution.
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6.RESULTS

The relation between the bubbling frequency
and the innner diameter of the end part of the
dip-tube is shown in Fig.7 (initial condition,
air purge flow rate:7N1/h, inner diameter: 15mm).
The bubbling frequency increases as a hole dia~
meter in the dip-tube decreases from salt clog-
ging.The bubbling frequency is 1.6Hz at the in-
ner diameter of 15mm, after that the bubbling
frequency hecomes larger and larger,and at last,
it gets to 4Hz at the inner diameter of 4.bmm.
Then the bubbling frequency decreases, and at
last it gets to 2.3 Hz at the inner diameter of

Imm. .
\

. s DIRECTIOX OF CLOGEING

Q  EIPERINZNFAL ¥ALODE
©  THEORET(CAL VALLY

BUBBLING FREQUEKNCY{a)

1
0 LS 5.8 1.3 10.0 1.8 5,0
INNER DIAMETER (mm)

Fig.7 RELATION BETWEEN THE BUBBLING FREQUENCY
AND INNER DIAMETER DUE TO CLOGGING

The relation between the amplitude and the
inner diameter is shown in Fig.8 (initial cond-
ition, air purge flow rate: 7Ni/h, inner diame-
ter: 15mm ). The amplitude begins to increase
when the hole diameter in the dip-tube about 4
mm, after that the amplitude increase rate
becomes larger and larger, and at last, it gets
to 4.3mmHe0 at the inner diameter of Zmu
{ 4mmH20 at 15mm ).

n
#——— DIRECTION OF CLOGGING

a \ ©  EIPERINERTAL TALDE
. ®  THEORETICAL wALLE

{mmHZO)

AMPLITUDE

¢ 1.5 5.0 T.5 1R 1.5 139
INNER DPIAMETER {mm)

Fig.8 RELATION BETWEEN THE AMPLITUDE AND THE
INNER DIAMETER DUE TO'CLOGGING
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The relation between the back pressure and
the decreasing diameter of the end part of the
dip-tube is shown in Fig.3. - The back pressure
in the dip-tube, i.e. measurement data, begins
to increase when 2 hole diameter in the clogg-
ing salt is about Zumm.

L2 1]
) e J|RRCTIOT OF CLOSEING

vy

QO BAPINIKERTAL YALOE
a ——  ATEXAGE

STAREALD

plYision

a o (00120
oe (£ 4, 2amd 0}

MEASUREMENT DATA
@
a
a
o

] 2.5 3.8 1.5 16.0 1.5 158
[NNER DIAMETER {(mm)

Fig.$ RELATION BETYEEN THE MEASUREMENT DATA
AND THE INNER DIAMETER DUE TO CLOGGING

Also, the relation between the magnitude of
the power spectrum and the inner diameter of
the end part of the dip—tube is shown in Fig.10.
The magnitude increases as the hole diameter in
the dip~tube decreases. In other words the
bubbles purged from the dip—tube are more and
more certain as the clogging occurs.

————— - RECTHON OF CLOGG NG

{eBYV)

MAGRITUDE

DO BIFELINENTAL YALUE

«54 o

INNER DIAMETER {(mm)

Fig.10 RELATION BETWEEN THE MAGNITUDE AND
THE INMER DIAMETER DUE TO CLOGGING

The nuzber of discharged bubbles at regular
conditions is shown in Fig.1l and at lmm of in-
ner diameter is shown in Fig.12, Many bubbles
are purged from the dip-tube in & given peried
at inner diameters greater than 4mm and a lot
of little bubbles are purged from the dip-tube
in a longer period at less than 4mm of inner
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diameter.In other words, the bubbling frequency
Increases as the inner diameter decreases from
[5um to 4mm, after that, the bubbling frequency
decreases. Also,the amplitude is constant when
the inner diameter decreases from 15mm to 4mm,
after that, the amplitude increases.

This indicates the method of detecting the
clogging by monitoring the bubbling frequency
and the amplitude is very effective.

-

DiP-TUBE

-

Fig.11 DISCHARGED BUBBLES SITUATION
INNER DIAMETER: 4~15mm

9 o,
e,
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O
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ocg

——
°%§% CLOGE] HG §§g
o

o

£s

Q

Fig.12 DISCHARGED BUBBLES SITUATION
INNER DIAMETER: <dmn

7.CONCLUSION

This system allows us to detect the clogging
of the dip-tube before it makes the process pa-
rameters measurement abnormal and to do declog-
ging automatically without any inverse air
flow from the in-vessel atmosphere to the ing-
trumentation maintenance area. The air purge
measurement system is hetter for nuclear mater-
ial control and process operations. The air
purge measurement system may glso have some

leakage, the number of bubbles purged from the
dip-tube in & certain period, i.e. bubbling fr-
equency, s changed. fe can detect the
leakage in the air purge measurement system by
monitoring the bubbling frequency.
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8. APPENDIX
Derivation of the Equation of the relation
between the bubbling freaquency and the inner
diameter and the relation between the amplitu-
de and the inner diameter.1) ¢) 3) &)

1)Bubbling Frequency-lInner Diameter
The bubble’'s form under the plate is shown
in Equation 1

r=(1/2) ogh®(1.641R/(1. 641R+h)) (1)
~he(re(r2+ 2081 B4R 1T )/pg(l sm%

r: Surface ten31on (N/m)
o Density (kg/m™)
g: Gravity acceleration(n/s®)
R: Max. radius (=)

h: Hight of the bubble (m)

{Assuaption 1)
fhen the max.radius equal the ocuter radius of
the dip-tube, the bubble discharges from the
end part of the dip-tube. But the max. radius
ig shown in Equation 3 because the outer diam-
eter i3 much larger than the inner diameter.

R=dous /2-- e (2)
B=dm o cos45 (d out »d in ) ......... (3)

,where doue : Outer diameter (m)
din ° Inner diameter (m)

(Assumption 2) The form of the bubble is oval.
(Assumption 3) The bubble contacts with the

inside of the dip-tube.

Cross section of the oval is shown in

Equation 4
GURY + (y/h) =lreressensersenmncesensenssssa(4)
x=b=d(in) /2 reseseesereneens (6) —Equation 4

Y(=a)=h(1=(b/RY. Yorrreseeitemrenersrsssonss (B)

Volume (¥(m®))of the oval is shown in
Equation 7

VE(4/3) TR heoesermesvnsnesanrarensnessianessss(T)
After all, the bubbling frequency is shown in
Equation 8

HoF/Yosersmseerermasmsenessssvasnssssransesssnenasens(§)
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,where F: Purge air flow rate (@*/s)
2)Amplitude-Inner Diameter
The distance (c{a))from the end of the dip-
tube to the top.of the bubble is shown in
Equation 9.
c:a+h--..----n.uoun.----.--uuuu.".--...-uu(g)

The relation between the inside pressure and
the surface tension is shown in Equation 10.

Ap:Zr/Ruo.-u.....-.--uuu.n.n....---uuuun(lo)

, where
Ap: (Inside pressure)-(outside pressure) (N/u *)

After all, the amplitude is shown in
Equation 11.

ALzt Apressssssssnsssmaserisssssasasssssnssens([ 1}

d aw kb
d
b
—
«———— DIP-TUBE
R o
«— BUBBLE

Fig.13 CHARGED BUBBLE FROM THE DIP-TUBE
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RADIATION CONTROL SYSTEM AT TOKAI REPROCESSING PLANT

K. TAKASAKT , M. EBANA , T.NGMURA

Power Reactor and Nuclear Fuel Development Corporation
4-33 , Muramatu , Tokai-mara
Naka-gun , Ibaraki-ken , 319-11, lapan

Telephone :

ABSTRACT

At Tokai Reprocessing Plant(TRP), radiation
control for workers and workplaces has been
carried out effectively in consideration of
the ALARA principle by the automated
mositoring system and area survey. Until now
no excessive exposure over the dose equivalent
limits has occurred, and annual collective
dose equivalent in plant operations was less
than 1 man * Sv.

INTRODUCTION

TRP comsists of the Main Plant where spent
fuels are processed, waste management
facilities and product storages. Various
kinds and levels of radicactive materials are
treated in these facilities, where the
monitoring of the workplace is conducted by
the automated monitoring system and area
survey. Radiological protection for workers
has been carried out effectively more than one
decade. In this paper, we present the concept
and the outline including experiences of
radiation control at TRP.

CONCEPT AND METHOD FOR RADIATION CONTROL

Radiation control at TRP is based on the
authorized regulations in Japan and the ALARA
principle. Occupational exposure is limited
in the regulations, i.e. effective dose
equivalent limit of 50 mSv in a year, and is
also provided the criteria of the controlled
area as shown in Table 1. Beside the
regulations, we have some standards for
minimizing exposure of workers and localizing
air and surface contamination.

The controlled area is divided into three
types of area, which are called Green Area
Amber Area and Red Area respectively,
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according to the control level at TRP. Green
Area and Amber Area are those for operation
and maintenance works, the control levels of
which are shown in Table 2. Red area is the
cell type rooms containing instruments or
vessels with high level of radioactivity,
where workers usually prohibited entering
except for repairing or replacing the
installations. To minimize exposure and avoid
excessive exposure of an individual in plant
operation, investigation levels for dose
equivalent are set over ihree months, e.g 3
mSv for effective dose equivalent.

RADIATION MONITORING

Measurements of radiation fields are
conducted for the purpose of avoiding
excessive exposure of workers and confirming
that working environment is satisfactory for
operations. Bxposure rates and concentrations
of airborne radicactive materials are
measured continuously by the automated
monitoring system The schematic diagram of
the system is shown in Fig, 1. The system
includes area monitors for gamma-rays and
neutrons, dust monitors for a and B
particles, criticality detection systenms,
gtc. High reliability is needed for the
eriticality detection system since warning
of the system seriously affect safety of
workers and the process. "2 out of 3§’
detection sysiem is applied to judge critical
state. The specifications of monitors are
shown in Table 3, and the number of monitor
charnels in Table 4. The safety control rooms
were placed separately in facilities, because
the auxiliary facilities were installed by
degrees. Signals of detectors are centralized

. to the health physics panels in the safety
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control room The system is also equipped
with warning devices for workers. Alarm
signals of facilities are centralized to the
central safety control room Detection limits
and warning levels are set according to
intensity and energy of radiation and the kind
of radicactive material treated in the area.
For dust monitors, key nuclides are chosen to
set these levels, i.e. plutoniem-239 for an «
-particle dust monitor and strontium-90 for a
B-particle dust monitor. Although these dust
monitors are influenced by natural radicactive
nuclides, the influence is minimized by means
of filtering the supplied air into the
facilities.

To support the automated monitoring system,
area survey of external radiation, airborne
radioactive materials and surface
contamination is carried oet periodically. The
frequency and the points of the monitoring
are shown in Table 5.

Dose equivalent rates of fixed points in
each facility are measured with survey meters
daily, weekly or monthly. In low dose-rate
areda, e.g the boundary of controlled area
tgs cumulative doses are measured quarterly by
TLD s.

Airborne radioactive materials in workplaces
are weekly sampled by the air sampling
systems. Filtered samples are measured by the
low background proportiomal counters, and
concentration of the workplaces is estimated.
Surface contamination at fixed points in the
workplaces is estimated by smear sampling
daily or weekly.

To detect contamination promptly and to
avoid its spread, Hand foot cloth monitors are
set up at the gates of Amber Area, controlled
area and principal rooms where alpha
radicactive material is treated. Workers have
a duty to check contamination of their body
surface and instruments.

Individual external exposure by gamma rays.
beta rays and neutrons is measured with a TLD
badge. And the tissue dose equivalent of
fingers is measured with a ring type TLD in
compliance with the radiation work. Internal
exposure of an individual in plant operation
is estimated from air contaminations. Since
concentrations of airborne radioactive
materials in workplace are determined by the
methods mentioned above and is kept in low
levels. 'a routine program of bicassay or
whole-body counting is provided only for
personnel working in plutonium or uranium
processing area.

In case of a work in a high radiation area
or a contaminated ares, e.g. repairing work
in Red Area, 2 special radiation work plan
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needs to be authorized, including procedures
of the work, the radiation monitoring program
the choice of radiation protection apparatus,
etc. Advice on radiation protection are given
to the plan in consideration of minimization
and optimization of exposure of workers.

CONSEQUENCES OF RADIATION CONTROL

At TRP more than 500 tons of spent fuels
have been reprocessed since beginning of the
hot test in 1977. Auxiliary facilities, e g
Waste Management Facilities, Plutonium
Conversion Facility, were built after the hot
test. According to increase of facilities,
workers have increased. The number of worker,
collective dose equivalents and the
reprocessed fuels from 1977 to 1890 are shown
in Fig. 2. Higher collective dose eguivalents
in 1979, 1983, 1984, 1988 and the first half
of 1989 were derived from the large
maintenance works. From 1980 to 1982 and from
1985 to 1986 TRP was operated for a year. In
plant operation the average collective dose
equivalent was about 0.7 man +Sv in a year
and the average exposure of an individual was
about 0.6 mSv. These values resulted from
external exposure, and internal exposure was
less than the recording levels. This depended
upon good house keeping of facilities in
respect of radiation control, earlier
detection of air and surface contamination
and prompt countermeasures for radiological
protection, localization and elimination of
confaminat ion

CONCLUSION

The radiation control has been carried out
effectively by the automated monitoring
system and area survey. Occupational exposure
has bees minimized enough and until now no
excessive exposure over the dose equivalent
limits has occurred.

huxiliary facilities are located around the
Main Plant. And each automated monitoring
system of these facilities is independent from
that of the Main Plant. For the purpose of
efficient monitoring works, radiation
monitoring data of the auxiliary facilities
are being centralized to the central safely
control room and processed with a computer
system
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Table 1

The criteria of controlled area

Dose Equivalent Rate
Outside of Boundary

a-particles

Surface Contamination Air Contamination

A-particles

300 1 Sv/week

4x107'Bg/cm®

4 Ba/ce? DAC x 3/10

Table 2

The levels of controlled area at TRP

Dose Equivalent
Rate

Surface Contamination Air Contamination

a-particles B-particles

Green Area = 12.5 ulv/h

Amber Area = 500 uSv/h”

< t1;><10"‘_]3q/cmz < 4x%107'Bg/em®  <DAC x 8/10 x 1/5

+ = 25 pSv/h in routine operation area

Table 3 The specification of monitors
Monitoring Monitor Detector Range of Detection
External Dose Gamma-ray Area Monitor  GM Counter 14 5v/h~ 10 mbv/h

Equivalent Rate

Neutron Area Monitor

BF, Proportional Counter 1w Sv/h~ 50 mSv/h

Concentration
of Radioactive
Materials

B-ray Dust Monitor

Plutonium Dust Monitor

GM Counter

(Filter Sampling)

Si Solid State Detector
(Filter Sampling)

~10"*Ba/cm?

~10"%Bg/cn’

Critical incident

Criticality Detection
System

Plastic Scintillation Counter —
{Gamma-ray Detection}

Enriched Uranium target type —
Si Solid State Detector
(Neutron Detection}

—111=
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Table 4  The nember of monitor channels

Facility. Gamma-ray Area MNeutron Area -Beta-ray Dust Plutonium Dust Criticality
Monitor Monitor Menitor Monitor Detection System
Main Plant 44 3 25 7 4
Dther Auxiliary 27 - 17 6 -
Processing Facilities
Plutonium Cenversion 18 4 - i7 8
Facility
UDs Storages T - - - -
Waste Management 96 - 45 - -
Facilities

Table 5 The number of survey points

Facility Gampa-ray Gamma-ray Gamma-ray TLD Air Sniffer Smear  Smear
(Daily)  (Weekly) (Monthly) (Quarterly) (Weekly) (Dally) (Weekly)

Main Plant

Other Auxiliary

11

10

Processing Facilities

Plutonium Conversion
Facility
UD; Storages

Waste Management
Facilities

4

19

35
48
23

7

109

14
14

3

23

98
64
3
6

141

108
99

58

215

20
27

21

66

55
52
40

6

128
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Fig.1 Semantic diagram of automated monitoring system
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EFFEGT OF HEAT FROM HIGH-LEVEL WASTE ON PERFORMANCE

OF DEEP GEOLOGICAL REFOSITORY

J. OKAMOTO, T. FUJITA, K. HARA AND N. SASAKIL
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B-33, Muramatsu, Tokal-mura

Neka-gun, Ibaraki-ken, 319-11, JAPAN

ABSTRACT

The estimation of the increase of the temperature
in the vicinity of a repository, is an lmpertant
issue for the designing end the performance assessment
of the repository. The transient heat analyses were
carried out in order to evaluate the heat effects on
the engineered barriers and.the host rock, and the
coupled thermo-hydraulic enslysis was earried out to
evaluate the effects of the groundwater flow on the
temperature distribution of the host rock.

The transient heat snelyses Por near-field and
far-field were conducted by two dimensienal and three
dimensional model. The results from these analyses
showed that the increase of the temperature within the
engineered barrlers was mainly dependent upon the
heat release properties of the HLW, the occupled area
of the pnokagns and the thermal conductivity of the
host rock, The maximum temperature of the engineered
barrlers and the host rock does not exceed the
temporaturs Lo change Lhe crystallizablon of Lha woala
glass or the alteration of thelr minerals by
adjusting the oocupied aren of the waste packoge.

As the results of the coupled thermo-hydraulic
analysis, the temperature distribution and its
temporal change showed a good accordance with the
transient heat analysis, so that the effect of the
grounduater flow on the temperabure distribution is
considered to be negligible, Hydraulic gradient of
the convective flow In the vieinity of the repository
was estimated to be spproximately 1/10,000.

INTRODUCTION

The high-level radioactive waste (HLYW) will be
disposed In a designed underground repos=itory
constructed deep in a selected geological environment.

The safety of the repository -depends on the
performance of. the overall waste disposal system and
the isclation effectiveness of the system depends on
a number of natural and emplacement-induced effects
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(ref. 1}. lent generated frem the HLW 13 included in
this effecbiveness. The englneered barriers and the
surrounding host rock will be affected by the thermal
effects from the HLYW.

By the heat generated from the HLW, the Increase
of the tempersture of the englneered barriers and the
host rock in the vicinity of a repository depends on
the heat relesse properties of the waste, the size,
the shape and the thermophysical propertles of each
engineered barrier, the occupled area of the packages
in & repository, as well as the heabt transfer
properties of the host rock. The increese of the
temperature of the engineered barrlers and the host
rock is-an important issue for ‘the designing and the
performance assessments of the repository. This paper
presents the results of the transient heat transler
analyses to evaluate the heat effects on the
engineored barriers and the hosb rock In the viclnity
of a repository.

BASIC ASSUMPTION

The heat transfer apalyses were carried out on
the basic conditions az shown in Table 1. Vitriffed
high-level radioactive waste confined within a
canister 1s enclosed in a carbon steel overpack sfter
interim storage for the period of 30 to 50 years and
1s emplaced within a buffer material at a depth of
several hundreds of meters or more below the grourd
surface (ref. 2). Humber of waste packeges in a
repogitory is supposed to be approximately 40,000,
estimated to be generated until 2,030 in Japan.

The thickness of the carbon steel overpack 1s set
to 30 om considering not only the mechanlical strength
to withstand the rock pressure at a repository depth
but also the corrosion rate of the earbon steel (ref,
2.).

The thickness of the buffer material around the
carbon steel overpack is set to more than 30 cm to
heve the enough retardabion of the migration.
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Table | Basic conditions

[tem Basic condition

Total rumber of
disposal waste
package

40, 000pieces

lleal release rate G70W
of waste package slter inlerim slorage of 30 years

Period of Interim J0~5lyears

storage

Yltrifled waste lxternal diameier ! & 440m
llteht ! 1350mn
Welght Y AR

Overpack Bxternal diameter ! ¢ 1040mn
Thickness ! 300w
[leight ! 1950mn
Beight T 11, 500kg
Haterial ¢ Carbon steal

Bulfer material Compacted sodium bentonile
Minimum thickness ! 30cm

Alowable maximm @ [HC
temparature

THERMAL ANALYSIS
CondlGions

Transient heat transfer analyses of near-fleld
and far-fleld with twe and three dimensional models
vere carried out to [dentify the sensitivity parameter
to suppress the maximum temperature at the buffer
naterial (ref. 3). Influence ef the following
parameters were studied:

-occupied area per waste package

~interim storage perlod of the vitrifled waste
-nunber of waste packeges within borehole
-thickness of the buffer material

~thermal conductivity of the host rock

~heat eapacity of the host rock

-disposal depth

Analytical model
Hear-field apalysis

ilear-fleld analyses vere carried out with Ehe
nodels of an axisymmetric FEM and a three dimenslonal
FEM.

The geometry of the near-field used for the
analysis is shown in Figure 1. Figure 2 shows the
axisymmetric FEM mode) for the near-field. The
temperature gradient of the host rock is assumed to be
3 °C/100 m. The repository is located at the depth
of 1,000 m below the ground surface, and the initial
femperature at the depth is assumed to be U5C. The
upper bouadary is -located at 200 m above the
repository, end the temperature of the ground surface
is assumed 15°C. The lower boundary is assumed to be
located at 200 m below the repository, and the

Disposal tunnel i;
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g n
Overpack | Ei
Vitrified vastd >\ o
Buffer material™ i Rk
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g 2
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T < g
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el .-:
i
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Fig.1 Geometry of near-field used for analysis
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Fig.2 Model for near-field

Isothermal condition fs located at the depth of 2,000
n below the ground surface (GL-2,000 m). The sides
boundaries are assumed to be adlabatic.

Figure 3 shouws the three dimensional model for
the disposal in a tunnel. The diameter of the tunnel
is assumed 3 m and the waste package is located at the
center of the tumnel., The boundary conditfon of the
ground surface Is assumed to be a heat tramsfer
surface, the lower boundary is located at 200 m below
the repository and the boundary condition is
isothermal. All sides boundaries are assumed to be
adiabatic because of the symmetry of the model.
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The three dimensionel analysls with the pit
disposal model was carried out in order to compare
with the results of the axlsymmetric model. All
boundary conditions are assumed to be the same as
those for the disposal in a tunnel.

Beat transfer surface

0L 0 y5r,
Bgffer material

Host rock Overpack

Vitrified waste

OL-1000n or GL-500a

e ‘af:£:70verpack Vitrified waste

] I D) ] e
a Waste package o |——‘[&J
| I
Adiabatic boundary L .!!’:l’“
at all sides A0y lunitom)
Lt

Tsothermal boundary

Lt the bottom w e pogel width varies
g,oq‘;,/ -._.%0)0 according to the occupled
el #Jdﬁb: area per waste package

Temperakture gradlent 37 /100m
Fig. 3 Model for the disposal in tunnel

Far-field analysis

The far-fleld onalysis was carried out with Lhe
oxlsymmekric FEM modal ss shown in Figure Ni. Tin
alinpn of Lhe ropository im nssumed Lo bo a dlise wilh
the radius of 1,125 m because of the axlsymmetrie
analysis, Radius of the repository is determined as
an equivalent area to the area based on the
assunption of a 30 years interim storage period,
40,000 pleces of the waste packages for inventory, the
100m' /package occupled area, and the repository
tunnel helght of 5 m. The location of the repository
considered is two cases, one 13 500 m depth below the
ground surface, and another s 1,000 m depth. The
ground surface is assumed to be & heat transfer
surface, the lower boundary is isothermal, and the
sldes boundaries are adiabatle.

— Esirijdthe

Tbe

o b 1
i_Neat transfer surface 15T

=T

45T

nline

fﬂ Repository®

Adiabatic boundary
{Hritohie

{sothermal boundary

__________________ ¥ S |
M 30 years Interim storage periocd
Cocuplied area of 100w /package

Fig. & Model for far-field

Results

Near-field apalysis

Flgure 5 shows the time dependency of the near-
field temperature in the case of a 30 years interlm
storage period of the HLW and the 100 m' /package
occcupled area. The thickness of the buffer material
15 30 cm, the thermal conductivity of the host rock is
2.5 kcal/mhC, end the heab capacity of the host rock
1s 525 kcal/m T 1in this case. The temperature
inside the buffer material comes up to bthe maximunm
after 10 to 50 years after disposal and decresses

after that. Buffer_paterial

.............. @ Yitrilled vaste ™

120 : [

8 ]UO _--..-----.-..-.@--.....-.......
) irecn
E e
1]
® -
g | e
g -
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i 1
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Time (year)
Conditions:

Occupled sren per waste packnge;
A= 100(nf /pnckage)
Intnrim storngn perled;30 (yenr)
Number of packages per borehole;
H= 1 (packnge)

Thermal comductlvily;

Rock A= 2.5 keal/mh
Buffler
materfal A= 0.78 kcal/mhT

Fig. 5 The time dependency of near-field
temperature

Figure 6 shous the relationship between the
maximum temperature within the buffer materiel and
the occupled area per borehole, with the interim
storage period of the HLY and the numbér of packages
per borehole. Assumed 1007 for the allowable maximum
temperature of the buffer material, the ocoupied area
per borehole is increasing with the number of
packages per borehole. However, the occeupied ares
per peckege does not change so much. The occupied
area per package mainly depends on the interim
storage period. The cccupled srea per package is 85a
/package in the case of a 30 years interim storage
period.

The effect of the occupied area on the maximum
temperature of the buffer materfal for the pit
disposal is shown in Figure 7, with the results of
the axisymmetrie medel under the same condltjons.
From this figure, the results of both analyses are a
good agresment although the temperature within the
near-field obtained from the axisymmetric model is
somewhat lower than that of the 3D model.

—117~-—

Tock



PNC PN8410 91-082

Flgure 8 shous the effect of the occupied area on
the maximum temperature of the buffer material for
the tunnel disposal. Assumed 100°C for the allowable
paxloum temperature of the buffer maoterial, the
occupled area of the package to suppress the maximum
temperature, is in need 100 m'/package though that for
the plt disposal is BOn' /package. The naximunm
temperature of the buffer material with a constant
sceupied area is higher than that ln pit disposal,
beesuse of the larger fhickness of the buffer
paterial. However, if the partial alteration of the
buffer material [s allowed, the tunnel disposal is not
necessarily inferior to the pit disposal in terms of
the occupled area.

A
g

%T:ihterlm storege perlod (year)
in:number of packages
! per borehole.

(&)
B
—
o
-{
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o
@ H
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uy
21,61
s}ﬂl
E] ,:.'
i
B bxol
55 TS
= x O

50 100 150 200 250
Occupled area per borehole (n'/borehole)

Fig. 6 Max. temperature within the buffer mat.
and occupied area per borehole
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Fig, 8 Relalivnship belween the temperalure
amd the gocupied area per waste pachage
(tunnel disposal)

Far-field anaiysis

Figura 9 shows the temperature distributlon of
tha far-field in tha case ol the repository at a depth
of 1,000 m. The bemperature at the depbh of Lhe
repository becomes the maximum, approximately 75T, at
the time of 50 years after disposal. tHowever, the
thermal effects from the HLW is almost negligible

"after 10,000 years. The temperature after 1,000 years

is estimated to be approximately S5C. This means
the increase of 10°C from the initial temperature. An
tncrease of the temperature at a point 500 m from the
repository is estimated to be less than 2T . The
case of the repository depth at 500 m was simulated.
The temperature distribution iz almost simllar as the
case of the repository depth at 1000 m, and the
thermal effects from the HLW 1s negligible after
10,000 years, though the maximum temperature at the
depth of the repository is spproximately 60 T after
50 years.

Figure 10 shotts the effect of the thermal
conductivity of the host rock on the maximum
temperature. Although the temperature of the
repository are affected by the value of the thermnl
conducklvity of the host roek, the incrense of thes
temperatura at a point where the vertical distance is
10¢ m from the repository is little affected by the
thermal conductivity and 1%t is estimated to be
approximately 1 to 3C.
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Repository at the depth of 1000 m
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Fig. 9 Time dependency of the far-field
temperaturs
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COUPLED THERHO-HYDRAULIC ANALYSIS
Conditlons

Coupled thermo-~hydraulic analysis was carried oub
to evaluate the effeot of the groundwater Flow on the
temperature distribution (ref. 5). The occupled area
of the package 1s assumed to be 1004 /package, and
the number of disposed waste packages are 40,000
pleces.

Analytical model

The effect of the heat genereted from the HLW was
studled with the axisymmetric medel on the assumption
of a 30 years interim storage period, and instant
emplacement and elosure. The topographic gradient is
assumed to be O to observe the groundwater movement
induced only by the heat from the repositery. The
access shaft within the model is assumed to be locabed
at the center of the repository and the diameter of
that is assumed to be 15 m, so that the area is
equivalent to the total area of 5 access shafts of
diameter 5.5 .

Tue kinds of repository models sre considered ip
order to evaluate the effects of the superimposed heat
source. One Is two layered repository model leccated
at B00O m and 1,000 m, and the other is & single
layered model. Also, two kinds of repository depth
are considered, one is located at 500 m and the other
is located at 1,000 m as shown in Figure 11. The
analysis were carried out with these models under the
same boundary conditions. The lower boundary is
located at 3,000 m below the repository, and the
conditions are impervious and isothermal. The right
side boundary ls located at 3,000 m from the edge of
the repository. The conditions of both sides are
impervious and adiabatic. The boundaries of the
ground surface are the isobarie condition and tha
heat transfer surface.

-

F rel1g5n S0z
. lenl Lresmafer sirfnee
EE’“_‘“.@E‘\ mil isobaric boundary
A TR
= §
5 Disturbed zone t=0n g
&{6L.-1000 :
Sbr 6L-560s}| ‘Repository | | g
~— u
S 1 k
g /R
o 5 ]
a8 o
& 2 9 9
= la ‘g g
=] [ I o_
: g2 ™~ £
Tor-tocon |EF 3
or 6L-3500m =

[mpervious and isothermal boundary

r:rodius of Lhe reposiiory

Fig. 11 Nodel for the coupled analysis
Results

Figure 12 shows the time dependeney of the
temperature in the case of the repository at a depth
of 1,000 n together with the results of the
axlsymmetric thermal analysis under the same
conditions. The thermal conductivity of the host rock
is 2.5 keal/mh T, the thermal capacity is 530 keal/
mC, and the hydraulie conduotivity of the host rock
1s 1.08~6 cm/s in this case. The result of the
coupled analysis is approximately la agreement with
the result of the axisymmetric analysts, The maximum
temperature within the far-rield based on the coupled
analysis is estimated to be 75% after 30 to LD years
from disposal.
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Figure 13 shows the groundwater fluxes and
{sothermg at the Elme of 1,000 years ofter the heat
releases uhder the same conditlorn in Figure 12.
Though the groundwater flow is affected by the heat
generated from the HLW, the hydraulic gradfent within
the host rock dus to the convection Ls less than
110,000,

access shaft & disturbed zone
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DISCUSSION

Three kinds of analyses with different analytical
methods, were carried cut in order to evaluate the
temperature effects on the engineered barrjers and the
surrounding host rock.
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Based on the analyses, the increase of the
temperature within the engineered barriers is mainly
dependent upon the heat relesse properties of the
HLW, the occupied area of the package, and the
thermal conductivity of the host rock. If the
temperature limit of the bulfer materlial is assumed to
be 100 T to minimize the alteration of the chemical
properties (ref. 1), it can be achieved by adjusting
the cccupied area of the yaste package. The
temperature of the bulffer material becomes less than
100°C in the case of the occupled area of the package
with more than 100 w' /package, a 30-years interim
storage period, and a thermal conductivity of the
buffer matertal of 0.78 keal/mh'C under the dry
conditlon.

For the waste glass, the orystallization of a
vaste glass Is considered if the temperature exceeds
a transformation temperabure of approximetely 500 C
(ref. 1). However, the maximum temperature within
the vaste glass becomes under 150 € 1in the
simulation. Therefore, the erystallization of the
waste- glass can be negligible.

For the surrounding host rock, granite, clay, and
tuff are stable under 300T, 150C and 2007,
respectively (rel. 1). The temperature of the host
rock becomes its maximum, approximately 60 to 90°C, in
the thermsal analyses as shown In Figure 7 and Figure
8. Therefore, the host rock is considered to bs
stable and the maximum temperature will be adjusted
by a repository lay-out. However, the thermal
stresses by the heat generated from the HLW, should be
consldered regardiess of whether it is negligible or
not.

Figure 14 shows the time dependency of the near-
fleld temperature of both 2D analysis and 3D apalysis
in the tase of the pit disposal at a depth of 1,000 m
sfter a 30 years interim storage pericd. The oceupled
area 1s 100m /package. From this figure and Figure
7, the results of 20 analysis show 8 good accordance
with thoze of 3D analysis. Therefore, the 20 snalysls
can be avallable for the parameter analysis about the
heat transfer.

IHI - e e e m e e e e P gy e

Temperature (°C)
g

50 - . N
—~—: JIh anelysig
" ----: 2D unalysis
LOT ORI TIGE 7L 0Es . i

Time Cyear}

Fig 14 Ting dependency of the near-field
temperalure of 20 and 3 analysis
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Figure 15 shows the temperature distributlon of
2D analysis and coupled analysis. From this flgure
and Figure 12, the temperature distribution and ils
temporal change around the repository shows a good
accordance with the results of coupled thermo-
hydraulic analysis. The results show a good agreement
with the results of the IAEA technical document (ref,
1). Therefere, an effect of the groundwater on the
temperature distribution is considered to be
negligible.

COUPLED ANALYSIS
——r—THERMAL ANALYSIS

WOIYEARS LATER
HOVEARS LATER
1000, .
- 10200
E YEARS LATER
=
a,
S a0
r A
<o B TORY
LT
1%
-4neg, - -4 e
X 50.0 w1

Fig. 15 Temperature distribution of 20 and
coupled analysis

CONCLUSIONS

The conclusions obtained from this study are
described as follows,

1} The governing factor for sfizing the repository is
the maximum temperalure acceptable to the buffer
materiel. The maximum temperature mainly depends upon
the perfiod of the interim storage of the wastes, the
occupled area per waste package, the depth of the
repository, and the thermal conductivity of the host
rock.

2) Crystallization of the vitrified waste can be
nogligible because the temperature does nob excesd
the limit for crystallization. The host roek around
the reposi{tory keeps stable against Lhe heat
geinraked from Lho ILW,  llownver, khe slrasses dun ko
the heab should bo considered regardless of whobher it
1s nrgligible or wot.

3) The near-field amelysis with two dimensional model
is consldered to be valid for the sensitlve analysis
of the heat transfer because of the good agreement
ulth the detailed three dimensional analysis. The
temperature disiribution in the host rock is little
affected by the convective flow. Therefore, the
effect of the groundwater I'low on the heat transfer
uithin the hozt rock is considored to bo negligible.
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ABSTRACT

In the Tokai Reprocessing Plant (TRP},
iodine removal [s carried out by alkaline
scrubbers and iodine removal filters {AgX) in
the ventilation system. The objective of this
experiment is {o select the adsorbent
adequate for the secondary iodine removal
filter and examine the optimum operating
conditions.

Performance experiments of four types of
todine adsorbents, silver faujasite (AgX),
silver mordenite (AgZ), silver nitrate
impregnated silicic acid (AgS) and alumina
(AgA), were conducted in the ventilation
system during the spent fuel reprocessing
campaigns of the TRP.

Input gas was the actual off-gas treated by
atkaline scrubbers before going to the
secondary iodire removal filter at the TRP.
Performance experiments were implemented for
four weeks with the actual vse of that filter.
After that room air was flowed through the
adsorbents.

The following results were obtained.

(1} In performance, zeorite adsorbents were
superior to silver nitrate impregnated
materials.

(2) It was believed that the performance is
effected by the material characteristics of
the adsorbent under the scarce iodine
concentration experienced in this test.

(3) Performance of adsorbents were influenced
by increases of NOx (NO, NO:) concentration.
(4) The adsorbed iodine was fixed stably even
in air flow.
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INTRODUCTION

Radioactive iodine ('2°1) is a long half-
life nuclide (t1,2=1.57X107y), so it is
important to reduce the amount of it released
to the environment as much as possible. So
reduction of the amount of iodine released to
the environment has been the main objective
of the TRP since hot operation began in 1977.

In the TRP two ways had been taken to reduce
the amount of released iodine. One is to trap
gaseous iodine in alkaline solution by the
scrubbers, and the other is to install iodine
removal filters {Ag¥) in the ventilation
system for back up. These ways had
contributed to reducing the radioactive iodine
release. ’

However AgX has poor acid resistance and
adsorbents containing 38wtX silver ‘! are
expensive. Therefor AgX is not always
effective for use in a reprocessing plant.
Recently other adsorbents, AgZ, AgS and Agh
were developed and used in the reprocessing
plant " 22" The performance of these
adsorbents has been reported by works in many
laboratories but the use in reprocessing plant
is not always effective and 2lsc comparison
of various synthetic adsorbents are few.
Under the actual off-gas conditions in the
reprocessing plant, degradation of the filter
adserbent by exposure to NOx (NG, NO:), water
vapor and other influential nuclides is a
problem. Moreover, in the removal of icdine
from ventilation system, there is often a
problem of adsorbed iodine on the adsorbents
being relieased by weathering.
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Anvhow, for reducing the amount of
radioactive iodine released, it is necessary
to select the proper adsorbent for the
reprocessing plant and to examine the optimum
gperating conditions. For these reasons the
TRP has been carrving out experimenis and
investigations on performance of various
adsorbents.

This paper describes the results of recent
gxperiments.

ADSORBENTS

Adsorbents for the experiment were four
types; silver faujasite (AgX), silver
mordenite (AgZ}, silver nitrate impregnated
silicic acid (AgS) ™' and activated alumina
{Agh) ®

AgX is used in the iodine removal filter of
the TRP at present. AgZ holds silver in the
same way as AgX with sodium ion exchanged for

silver ion on a moleculer sieve mordenite type.

AgZ is different from the zeorite strucfure
and has a high ratio of alminosilicate
AgS is amorphous silica impregnated with
silver nitrate and marketed under the trade
name AC-6120®" ¥, AgA is activated alumina
impregnated with silver nitrate @'
Specification of these adsorbents are shown in
Table 1. Adsorbents of AgX, AgZ, AgS and AgA
are shown in Photos 1-4.

Photo 1, AgX

Fhoto 3. AgS

Table 1. The Specification of adsorbents

Agk 1 Agl i AgS iAgA
Silver :
Holding ion exchanged f impregnated
Active silver ion E silver nitrate
Ingredient (Ag* ) : (AgNO3)
Silver {387 1.4 i 12 12475
Content wt¥ § wtd o owt¥ 1 wt¥
Density .16 : 0.67 : 0.66 :1.53

g/m2 § g/mé § g/mé §g/m12
Particle : : ;
Form beads E pelletsg beads Ebeads
Particle |10~16:10~16 | 1~2 :10~16
Size MESH: MESH { mmep ! MESH
Specific | 315 : 500 65 i 9
Surface m/g i omt/g iom/g i omi/g
*Pressure I7.1 E 7.8 1 45 inu
Drop mmq mmAq ;- mmAq ; data

The above data are quoted from the catalogs of

adsorbents.

¥ At bed length; 50mm, linear velocity; 20cm/s,
temp. ; 30 °C

Photo 4. Agd
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INPUT OFF-GAS

The actual jnput off-gas is composed of
shearing off-gas (S0G), dissolver off-gas
{DOG), HAW vessel off-gas (HAW VOG) and other
vessel off-gas {VOG). Each of these is ireated
by an alkaline scrubber, the other vessel
off-gas (YOG} is also treated with an iodine
removal filter. As a result, the iodine
concentration in the off-gas is very small.

The input off-gas is-highly influenced by
the chemical form in the process and NOx in
high active waste disposal.

S0G. : Shearing Off-gas
— DOG : Dissolver Off-gas

: lodine Removal
Filter

[] : HEPA Filter

Fig.1 Flow diagram of the off-gas ventilation

S0G - YOG : Vessel Off-gas
DOG — -_—‘ {:} _ to stack
HAW VOG [ T
= 0ff-gas sampling
YOG —

A flow diagram of the off-gas ventilation
system is shown in Fig. L.

EQUIPMENT

The experimental equipment for adsorption
and fixation is shown in Fig. 2 ’

Each line has am adsorption column with the
adsorbent materials, a charcoal sampler to
measure the amount of iodine at the exit of
adsorbent materials, a pump to suck the
sampling off-gas and a.flow meter.
Temperature and relative humidity indicators
are fixed with a heating plate that can
contro! the off-gas temperature for
experiment. By setting one paper and two
cartridges {(a charcoal-soaked paper and two
charcoal cartridges) the total iodine
discharged to the off-gas was trapped and
measured.

ANALYTICAL METHOD

Quantitative analysis of iodine-129 included
in sample is possible by measuring 7 -rays
from iodine-129 in the sampie with 7 -ray
spectrometer. The method for measuring it is
te place the materials into the exclusive
container. After 3000 seconds the amount of
iodine~129 is measured by analysing. This
method is only applicable for samples of more
than 1. 9Bq.

TEDA impregnated charceal was used for
collecting the iodine samples,

system
T! ’[' — e
‘ fdsorpilion Charcoal
Eﬁg%usl — B} Lolumn Sampler Flow Heter Pump
(Y R R X
I: any .4 No.1
- ! r——b< D Db t—m—{ P
- i t 3
Off-gas Line | I
TP ; LR
N v B b Db (b
——— )
- ._[)q._..._..
— - AgS ¥o.3
L e Dbt = Pt
D ——mane ]
Room Ain — | —P<— .
Line Mgk —
" jaati a4
G I e i S e e e S
TIC [T {E;
- Admitted Todine
I Sampler
Do — »
— s ey

Fig.2 Schematic Diagram of Equipment
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PROCEDURE AND CONDITION

The experiment consisted of adsorption and
air flow runs.

Adsorption run operated under conditions
that we close to the actual use of &
ventilation system The objective is to select
an adsorbent adequate to handle reprocessing
plant off-gas.

Therefore the input eff-gas was heated to
50°C and fiowed at 104 /min (linear velocity:
1Tem/s ).

The experiment operating conditions are
shown in Table 2

Table 2. Experimental Operating Conditions
Column Parameter
Bed Length 50  mm

Diameter 35.5 mm

Input Off-gas Paramefer

Linear Velocity 17 en/s
Flow Rate 10 £ /min
Temperature 50°C
Operating period

Adsorption 28 days
Air flow 12 days
{Room Air 6 days)
{50 °C Air 6 days)

The adsorption run was carried out for four
weeks (28days) by flowing actual off-gas
through four kinds of adsorbent materials.
Buring the experiment time, the DF {amount of
iodine entering the adsorbent divided by the
amount exiting) was obtained by exchanging
charcoal every two days. During the test run
of adsorption the related process in the TRP
was monitored.

After the experiment the adsorbent materials
were removed the equipment and kept in a
vinyl sack and preserved for a fixed time,
finally the materizls were examined for their
fixation ability

The performance of each adsorbent was
determined by comparing the decontamination
factor (DF) for each material.

DF=Co(admitted iodine)/C{discharged iodine)

The amount of iodine was measured by
analyzing the charcoal in the equipment.
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RESULTS OF ADSORPTION RUN

Input conditions of the experiment are shown
in Table 3.

lodine concentration was very small with
average concentrations of 1.3 X107°Ba/m ¢
during the adsorption run.

Table 3. Results of Input Conditions

Input Condition

Total Time 655. 4h
Total Flow 393, 4m?
Todine
Concentration av. 1.3x107*Bg/m 2
Total Admitted . 5,0%10° Bg
Normal 0ff-gas
Temperature av. 29°C
Refative Humidity av, 30 %

DF data and the amount of adsorption are
shown in Table 4. And DF data of every sample
along with process operation, input iodine
and NOx concentration are shown in Fig. 3.

Table 4. DF of adsorbents
AgX Agl AgS AgA

. DF P 66 66 36 26

CMax OF 105 86 T9 47
Min. DF | 48 58 26 21
Adsorptioni
Amount P43 4.3 3.7 3.1
( x10°Bg) !

Adsorption: 85 85 72 62
Rate (%) !

The results showed that the performance of
zeorite adsorbents AgX and AgZ were better
than silver nitrate impregnated AgS and AgA.
Also the AgZ showed performance stability
during the adsorption runs.

lodine was adsorbed in farger quantity on
AgX and AgZ than on AgS and AgA.

After the experiment, the appearance of the
adsorbent materials were carefully observed.
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The AgX, AgS and AgA changed color fo a
reddish light brown in depths of 5-10mm from
the front surface and gradually got lighter
changing to a yellowish white. The Agl was
colored a blackish brown before the experiment,
but it's color changed to a yellowish light
brown in depths of 5-Tmm from the front
surface and then turned to a yellowish white.
These changes of color are believed to be the
effect of the NOx and iodine adsorbed. However
these changes of color were only on the
surface. So it is considered that there was
litile use of the silver,

The NOx concentration was measured by the
chemi-luminescence method **' . However this
method is not reljable above 2000ppm because
conversion efficiency of NO; to NO degrades at
high concentrations. NOx data were adopted
for reference and plotted on Fig 3.

After this experiment, the equipment for NOx
measurement by the ultraviolet ray '’
adsorption method was set up in the plant.
According to this method, NOx (NO, ND.) was
measured to a maximum of 5000ppm in the
process. (The NO was 3200ppm and the NO. was
1800ppm. ) The NO concentration rose to 3200ppm
from 300ppm while NO: rose to 1800ppm from
500ppm. Thus it appears that the NOx
concentration is primarily controied by NO.
It is estimated that the DF of all adsorbents
degraded with rising NOx concentrations as
shown in Fig.3. Also AgX which has no acid
resistance showed performance equal to Agl.
We also believe that the degraded performance
of AgS and AgA is caused by the rising
concentration of NO in. NOx.
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Fig.3 Performance of Adsorbents and Process Operation in The TRP
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The dependency on iodine concentrations
could not be shown precisely because of the
small amount of jodine in the system

[t was not possible to determine the effects
of process operations on the adsorption of
jodine on to the materials tested because of
the overlap of the process operations.

FIXATION ABILITY

When the same materials were placed in the
equipment and room air flowed through it for
12 days. During the first 6 days the air was
no heated. The air was heated to 50°C for the
last 6 days. Table 5 shows the result of
analysis in charcoal taken every 2 days.

In AgX 5.1Bq (**°1) was measured in normal
air flow, this is 0.1% of the total amount.
In the AgZ and AgS the discharged iodine was
below the defection level.

In AgA 11.1Bg ('*®1) was measured for both
normal and hot air, this is 0.4% of the total
amount.

These results indicate the following.

(1) The iodine is physieally captured by
zeorite in Agk

(2} The discharged iodine from AgA increases
at room temperature.

{3) lodine trapped on silver adsorbemts is
fixed stably.

Table 5. lodine of Discharging

(Bq/Sample)}
AgX AgZ AgS Agh
First @| 2.2 ND ND 3.0
half @[ ND ND ND 2.5
@ 29 ND ND 2.9
Second @! ND ND ND ND
hali & NI ND ND 2.7
®| ND WD ND ND
Total 51 ND ND L1
Rate of 0.1% 0% 0% 0. 4%
discharge

N D ; Not Determined
Detection level:l. 98g

CONCLUSIGN .

The following resuits from iodine removal
experiments of the actual off-gas were
obtained.

1. The fodine trapping efficiency of the
zeorite adsorbents AgX and AgZ, was superior
to silver nitrate impregnated material AgS and
Agh.

Under the conditions close to actual use in
the TRP and within the limits of these
experiments, AgX and Agl appears to be
adequate adsorbents for the secondary iodine
removal filters in the ventilation system of
the TRP.

2. With the small iodine concentration in
these experiments, it is believed that there
is an effect of material characteristics on
adsorbents, such as specific surface, pore
size, pressure drop, silver content ete.
However it is necessary to collect more
detailed data to verify this.

3. An increase of NOx concentration in the
process effected the performance of the
adsorbents. It is necessary to investigate
the effect of NO and NO, respectively in
further experiments.

4, After the adsorption rum, the result of
flowing room air through the adsorbent
materials indicated that effluent iodine was
hardly detected. It was recognized that the
adsorbed fodine was fixed stably by
chemisorption.
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ABSTRACT

Photochemical technologies are generally expected
that it will contribute to advanced nuclear fuel re-
processing process technologies by means of using
selective excitation of objective elements with pho-
ton energy and following redox reactions in solution.

In this work,as the beginning of the basic pho-
tochenical studies in the field of nuclear fuel re-
processing,feasibility studies of separation between
Pu and Np by using photo-oxidizatien,reduction reac-
tions have been carried out. The results indicate
that there is a possibility of photochemically
induced valency adjustment to separate Np from Pu in
nitric acid solutien.

INTRODUCTION

In the conventional nuclear fuel reprocessing
technologies,chenical redox reagents have been used
to adjust valencies of U,Pu. For example,U{IV} pro-
duced by eléctrolytic reduction or hydroxylamine(HAN)
and sedium nitrite are used to adjust Pu valencies
to Pu{I) and Pu{IV) respectively. However,these
chemical reagents cause secondary waste solution.

The several studies of redox reaction using photo
chenical technologies for nuclear fuel solution as
subustitues for these reagents have been reported.
In these reports,there are two kinds of studies
which are basic.photochenical studies of U,Pu and
o *and its application studies to nuclear fuel rep-
rocessing**Y The applicabilities of the photochemic-
al technologies have been confirmed from the these
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studies. However,photo-redox reactions are genera-
11y complicated and such as complex reactions which
are consist of direct reactions
Lhv Lhe
Pu(IM}---- Pu(I¥)----->Pu(VI)
and also indirect reactions,

Pu(VI) + NOz+ @ --—> Pu(IV} + NO3
are sinultaneously oceured by vhoton energy.

Therefore,basic data concerning a variatien'of
the oxidization-reduction potential by photon-excit-
ation,the rate of reaction and other fundamental
theories have to be accumulated to control the vale-
neies of objective elements arbitarily.

In this work,the several basic tests of light
exposure for Pu and Np in nitric acid solution were
carried out to evaluate the photochemical behaviors
of their valencies. The valencies of Pu and Np in
nitric acid selution are ordinarily Pu(HI),Pu(IV),
Pu(VI} and Np(IV),Np(V),Np(VI).

The distribution coefficients of their valencies
betveen 30¥ TBP/dodecane and nitric acid are shown
in Fig. 1. As shoun in this Fig.,Pu{IV),and Np(VI)
are easely extracted to TBP. However,Pu(II) and Np{V}
which are not shown in it are scarcely extracteﬂ and
their distribution coefficients are about 10 and 107
respectively. Therefore,if their valencies can be
controlled into the following like conditions
@ Pu(IV)-Np( V) or @ Pu(M)-Np(VI),their elements
are effectively mutually separated.
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distribution coelflcienl
belween 30XTBP/dodecans
and nitde 1eld

EXPERIMENTAL CONDISION

A : Preparation of Test Sanmple
The concentrations of Pu and Np test nitrie acid
solutions were adjusted to 1X10™ mel and 1X107mel
respectively and they were mixed. The purity of o-
radicactivity of Np-237 in Np test sample sclution
vas 99.8 %.

Pu test sample solution were prepared by dissolv-
ing NBS-949 Pu metal- of which abundance ratic of Pu-
239 and Pu-241 were about 97 atom ¥ and 0.065 atom §
respectively. Therefore,the «-activity contribution
of Am-241 compared to the total e-activity of Pu is
Jower than 1 %¥.

The valencies of Pu and Np test miked solution
were completely adjusted to Pu{HI) and Np(V) with
hydroxylanine{Nll, 0F) and hydrazine(N;H;} as shown in
Fig.2 which was the result analyzed by the extracti-
on chromatographic method.

0000
’ Sampls Conditl
PuE), Ne{ ¥} " oo
15000 - [ R
LA LTRLY
Ford 1.4 M0,
= Duant 1, w0,
g Carteg Rots Lullrd/min
L 1o00a }- Frsathn Tire, WG
by Jrem
g o e )
000 |-
2 : PPN -
] 3 (1] 135 0 1)

Eiytien tlime {mla)

Fig, t Yalwncy snalysls of mized solulion with
Pu and Np by exleaction chremilograph

B ! Test Instrument
The light exposure instrument syste=m which was

used in this work is shown in Fig.3. This system
consists of the Hg lamp light source and the part of
a sanple cell with a temperature stabilizer and a
wixing stirrer to stabilize the temparature of the
saople solution and to homogenize it during light
exposure.

Sxmpln coll witd Pemperatlura
stubllitar -and mizing atirrer

Light sxpesure psvrer (He Lamp}

Flg. 3 Oulllne of inslrument of light
axpesurs last

C : Analytical Method
C-1 : Extraction Chromatograph

As a conventional technique of the valency amaly-
sis of Pu and Np,colorimetry method has been usually
used. However,if concentration of an objective elem-
ent in a sample solution is less than 10" mol, the
nethod is not generally applicable.

Therefore, the nev method which consisted of the
extraction chromatograph and the radicactivity amal-
ysis of an each valency fraction was used.

First of all,a sample solution is injected inte
the extraction chromatograph column which is filled
with Gas-Chrom Q made by Applied Science Corp. and
impregnated with TBP. Each valency fractionm of Pu
and Np is obtained according to specific retention
time with the fraction collector.

Then, & -radicactivity of the each fraction is
measured by & counting system with InS detector.
Consequently,the extraction chromatograph as shown
in Fig.4 is obtained. The horizontal and vertical
axis show an elution time and e« -radicactivity(CPH)
respectively.
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Fig. 4 Schemalic diagram of exiraction
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Pig.0 shows the result of the extraction chromat-
ographic analysis of the Pu,Np mixed solution which
contains Pu{Il),Pu(IV),Pu{V) and Np{V). Each vale-
ney is eluted in opposite order of an adsorption
tendency with TBP.

20080
Ssmpin Condition PUI)
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15000 |- I
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g Duting Frts  Lbwefmdn
el Averllon Tere. 2T
PR T - 216
H
]
Pu{lLNR{Y)
5000
¢

Elution lime {min)

Fig. 5 Yalency analysis of mixsd solvtion with
Py and Kp by exiraclion chromaztegraph

C-Z : Pluse Height Analysis

The fraction of Pu{ill} and Np(V) nized solution
of which valencies are simultaneously eluted as
shown in Fig.5 is analyzed by @ spectrometry to
distinguish between Pu{Il) and Np{V). Fiz.§ shows
the result of @ spectrometric analysis. As shown in
this Fig.,Pu and Np are distinguished according to «
ray energy from their nuclides and the mixture ratio
is quantitatively determined.
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RESULTS AND DISCUSSION

Fig.7T shows the step flow of the light exposure
tests for Pu and Np in this work. First,the initial
valencies condition of Pu,Np nixed sample was adjus-
ted to Pu(HI),Np{V) and their concentrations were
1X10"201,1%10°m0l respectively .

Lm.uun; Vilences to PolD) and Np(V)

Adjusting Acidly o ,1TN, TH, N ]
_
Lighl Exposure wilh Hg Lamp,
Exposure Rale ; £.5% and 1015w
Anifyzing Abundance Ralio of Each Valeney
by Clvomategreph and 2-Counting Method

Fig. 7 Step Mow of light exposure Lesls

At the second step,the acidities of several alig-
uots of the initial sample were adjusted to about
Q.2N, 18 and 3N.

Rext,the light exposure tests were carried out
with the exposure rates of 0.5¥ and 0.015¥ using the
Hg lamp.

At the final step,the radicactive analyses of the
each fraction from the extraction chromatograph col-
un were carried out. As shown in this fig.,the para-
neters of these tests are the acidity of the sample
solution and the rate of light exposure.
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Pig.8 shows the resulbs of the light exposure
tests under the conditions of which the parameters

are 3N nitric acid and 0.5W exposure rate.
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Fig, 8 Rodox raaction of Pu by Hghl oxposure

The horizontal and the vertical axis in this Fig.
show the exposure time(energy) and the abundance
ratio(¥) of the each valency in the element respect-
ively.

This result indicates that 0.5¥ of the light exp-
osure rate was too strong so that Pu{Ill) momentarily
decreased untill about zere percent level and Pu(IV)
oppositely momentarily increased. After several min-
utes, Pu(IV¥) gradually decreased and on the contrary,
Pu(VI) gradually increased. In other words,it shous
that Pu({IH) was momentarily oxidized to Pu(lV) and
seemingly,Pu(I¥) was gradually oxidized to Pu(VI)
under such as the conditions due to the egquilibrium
of the oxidization-reduction reactien.

Fig.9,10,11 show the results of the light exposu-
re tests under the conditions of the light exposure
rates ; 0.0154 and of the acidities ; 0.17N,1N,3N.
These Fig. show that Pu(ll) was more slowly oxidized
to Pu(IV) than at the case of Pig.8 and the rates of
these oxidizations became faster according to the
increase in acidity.
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Fig. ¥ Redox reaction of Pu by light exposure
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Particularly,the results of Fig.1l were characte-
ristic in the redox reaction because Pu(Il} was
momentally completely oxidized to Pu{IV). Furthermo-
re,there was little Pu{Il)} and Pu{VI) issued from
the oxidization of Pu{IV) and the equilibrium state
reached within about 10 minutes after the beginning
of light exposure.

The result of the dark Eest without light exposu-
re was also shoun in Fig.ll. This result shows that
Pu(lll) was very slowly oxidized to Pu(IV) and it
took about twe hours untill the equilibrium state.

Fig.12 shows the result of the extraction chroma-
tographic analysis of the sample at the equilibrium
state when the exposure energy was 56 J/ml in Fig.1l.
From this result,it was alse found that the valenci-
es of Pu were controlled to Pu(IV) and there was
little Pu(HE) and Pu{VI).
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Fig. 11 Valeacy analysis af mixed solvtion with
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Then, this Fig. shows that Np(V) in the initial
saople was not oxidized and also was not reduced by
light exposure under these conditions.

Such as controlled valencies condition,Pu(IV)and
Np(V),is most suitable for the separation between
Pu and Np.

These photochenical behaviors were caused by the
direct excitation with photon energy for an objecti-
ve ion,redor reactions with the photolytic producls
such as HNO, ,NO, from HNO, and other excited species.

The supposed theories for these results should be
discussed in several aspects of the standard electr-
ode potentials for all of coexistbing element species,
excitation level by photon energy and wave length
characteristic of exposure light,ete on the basis of
the data obtained from furthermore detail photochen-
ical tests.

CONCLUSION AND RED PLAN IN THE NEXT STEP

From this work,follewing conclusions were ¢btain-
ed

¢ Results of Photochenical Behaviors of Pu and Np

D Py« Pu(lE) is oxidized to Pu(IV) and until Pu(VI)
by light exposure.

- As to the oxidization of Pu{M)->Pu(IV),the

- more the acidity of nitric acid solution
increase,the more the reaction is easily
proceed in the range of G.1N->3N IINO, .

* On the other hand,in the case of the react-
ion of Pu{IV)->PU{VI), the more the acidity
decrease,the more the generation rate of
Pu{VI} increase in the range of 0.1H->34
HND, .

@ Np + Np({V) is not oxidized to Np{VI} and also
is not reduced to Np(IV} by light exposure
in HNO, of Q.IN->3M.

€ Conclusion
- It is defined that there is a possibility
of removal of Np from Pu,Np mixed solution
which is adjusted to Np(V) and Pu(HI) by
using photochemical reactions with the ade-
quate rate of light exposure and the adequ-
ate acidity of HNO,.

From above the discussions and conclusions,follo-
wing R&D of the next step are planed.

% R8D Plan in The Next Step

* The continued photochenical studies for the
removal technologies of several percent of
fip contained in Pu production solution sim-
ulating the reprocessing process.

* The studies of photochemical behaviors of U,
Pu and Mp in a mixed nitric acid solution.
* The studies of selective separation Eechno-
logies of objective elements{lU,PU,TRI and
FP} by using photochemical techniques with

a selective wave length of laser.

* The development of the gquantitative analys-
is method of trace amounts of an objective
element by the laser-induced thermal lensi-
ng spectroscopy.
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