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ABSTRACT

Experiment with spent fuels has started with the small scale reprocessing facility in NUCEF-

BECKY a 7 cell. Primary purpose of the experiment is to study the capability of long-lived nuclide

confinement both in the PUREX flow sheet applied to the large scale reprocessing plant and also in the
PARC flow sheet which is our proposal as a simplified reprocessing of one cycle extraction system.
Our interests in the experiment are the behaviors of minor long-lived nuclides and the behaviors of the
heterogeneous substances, such as sedimentation in the dissolver, organic cruds in the extraction banks.
The significance of those behaviors will be assessed from the standpoint of the process safety of
reprocessing for high burn-up fuels and MOX fuels.

I. INTRODUCTION

It is widely recognized that nuclear power is the only option for large scale power supply, so far.
That has been industrialized and has relatively smaller impact on the environment and is sustainable
into the 21st century. Full-scale ability of nuclear power can be realized by establishing fuel cycle
technology system, namely plutonium utilization system, which gives us the path to the effective use of
limited uranium resources. Research and development works on the process technology, focused on
enhancing economical and safety aspect, are very important in order to make the Pu utilization system
the more acceptable for the public and the utilities. The capability of minor nuclide confinement in
reprocessing is one of the important subjects to be studied.

Figure 1 is the picture of the inside of NUCEF-BECKY a 7 cell, in which a small scale

reprocessing facility is installed. The process equipment consists of the dissolution, off-gas treatment,
extraction cycles and effluent treatment systems. Since the installation of the facility, test runns have
been conducted to understand the basic process characteristics using un-irradiated uranium pellets and
radioactive tracers. In order to improve the remote operability and to reduce waste generation, the
original facility has been modified. After the modification, PWR spent fuel of app. 8,000MWd/tU
burn-up was introduced into the facility as the first spent fuel. Burn-up of spent fuel is planned to be
increased up to 45,000MWd/tU.

The studies are carried out according to the Annual Plan for the Safety Research of Nuclear
Facilities. Our primary aims are data collection on the behavior of long-lived radio-nuclides under the
modified PUREX type flow sheet conditions, two types of flow sheet; the JNFL flow sheet of
Rokkasho Reprocessing Plant and PARC flow sheet, the latter is our proposal to enhance further the
separation control of long-lived radio-nuclides for the future reprocessing. As for JNFL flow sheet of
Rokkasho reprocessing plant, experiment will be conducted for the flow sheet of single purification
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cycle, the condition of JNFL reprocessing plant, using high burn-up spent fuel up to 45,000 MWd/tU
Our interests in the experiment are the behaviors of minor nuchdes and the behaviors of substances
produced in the process. By taking the data, we will assess the results of safety review for the plant and
we will assess the significance of the effect of heterogeneous substances on the safety operation for
high burn-up fuels.

II. BEHAVIOR OF MINOR LONG-LIVED NUCLIDES

(1) Experiment on the head-end process

By using spent fuel of 8,000MWd/tU burn-up as the first spent fuel into NUCEF-BECKY, the
dissolution was conducted batch-wise three times, app. 500g of the spent fuel each. Initial nitric acid

concentration is 5M. Temperature is 1 0 0 1 . Dissolution behavior was studied by measuring

concentrations of U, Pu, and the other minor nuclides in the solution. Most fuel dissolved in about 100
minutes. The evolution of Kr-85 and NOx gases showed the release peaks at around 40 minutes after
the dissolution started. Concentration change with time for the gamma species and FPs were almost the
same as uranium concentration change, as shown in E&.2.

Iodine-129 was released into the dissolver off-gas and removed by the adsorbent columns of
silver impregnated silica-gel(AgS) particles. The off-gas treatment flow sheet is shown in Fjg«_3. The
system consists of one molecular sieve column, two iodine adsorption columns, and one back-up

iodine adsorption column. Operation temperature of the iodine adsorption columns is 150 °C.

Measurement of iodine concentration profile in the columns indicates that all the iodine which has flew
into the columns are confined. However, the amount of iodine-129 collected in columns are evaluated
to be about 63% of the iodine-129 calculated by ORIGEN code. By taking into account of the previous
experimental results for uranium and tracer test, the other part of iodine released to dissolver off-gas is
considered to be distributed in the head-end process; namely in the upper streamline of the off-gas
treatment system; a condenser, scrubber, HEPA filter, and the others consisting that part of head-end
process. The precise iodine distribution data for the spent fuel experiment have not been measured yet
successfully because of the high radio-activity. Amount of 14CO2 released in the dissolver off-gas
treatment system is also measured.

(2) Experiment on the extraction process

Distribution profiles of U, Pu and minor nuclides B7Np, "Tc, 106Ru, 137Cs and others are
measured in the extraction cycles consisted of miniature mixer-settlers. The picture in Fig. 4 shows

these mixer-settlers installed in NUCEF-BECKY ot 7 cell. The experimental extraction cycle of

JNFL flow sheet consists of six steps; co-decontamination, FP scrubbing, U/Pu partition, U recovery,
U stripping and solvent-washing steps. Uranium concentration of the feed solution was 257 g/1.
Plutonium was 897mg/l. Np was 15 mg/1. The valence states of plutonium and neptunium in the feed
solution were mainly hexa-valent which were analyzed by a spectrophotometer. The concentration of
nitrous acid was very low, less than 8x10~5 M. More than 99.9% of both uranium and plutonium, and
about 50% neptunium, 99% technetium were extracted in co-decontamination step. In Tc scrubbing
step, 90% of the technetium were scrubbed. In U/Pu partition step, more than 80% of the neptunium
was found to flow into the plutonium product.
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IE. SUBSTANCES GENERATED IN THE PROCESS

(1) Sedimentation in the dissolution process

Insoluble residues in the fuel solution are studied. Solution samples are filtrated with multi-stage
polyethylene filters of several pore sizes. Chemical analysis of the insoluble residue showed that
ruthenium(Ru), molybdenum(Mo), palladium(Pd), zirconium(Zr), Silver(Ag) and Rhodium(Rh) are
major elements. The measured figures of molar ratio between Mo and Zr suggested that polymerized
zirconium molybdate is formed in the solution. Figure 5 shows the picture of zirconium molybdate
which is dark colored and adhered on the bottom of the stainless steel dissolver. This picture is not for
the spent fuel experiment but for the un-irradiated simulated spent fuel. The similar precipitate has been
observed for the spent fuel experiment, too. Those insoluble residue is expected to be produced the
more for the higher burn-up fuel. We will evaluate the significance of those products on the safety
operation of the process.

(2) Hydrogen azide in U/Pu partition process

Distribution profiles of minor organic compound, such as hydrogen azide which is a
decomposed product of hydrazine, are measured in the U/Pu partition step. Hydrazine is added in the
Pu reductant solution as the scavenger of nitrous acid in order to stabilize the reduced trivalent
plutonium. Figure 6 shows the measured concentration profiles of azide and hydrazine. It was
confirmed that hydrogen azide concentration is far lower than the explosion limit. We will study further
the behavior of azides in the effluent treatment system.

IV. PROCESS SIMULATION

hi parallel with conducting the experiment, the computer code system ARECS as shown in Fig,
2 are under development for the process simulation. The code system consists of several unit codes;
such as dissolution and off-gas treatment code, extraction process simulation code(ESSCAR) and
others. Data-base of process chemistry are supporting the calculation code system. Those data and
calculation codes are utihzed for the evaluation of process safety for the higher bum-up fuels and a
new-type flow sheet although it is limited to PUREX-type reprocessing. Those computer codes of
process simulation and data-base of process chemistry are developed in order to establish the technical
basis for the assessment of process safety of reprocessing.

V. PROCESS SIMPLIFICATION

The other aim in the experiment is to establish a simplified flow sheet. As for the PARC flow
sheet experiment, we will study the separation efficiency and the behavior of minor nuclides in a single
extraction cycle. The concept of PARC process, which we have already proposed, is based on the
practical compromise between the process simplification and the complete partitioning of long-lived
nuclides.

Process simplification is required both from viewpoint of reducing materials needed for plant
construction and from viewpoint of reducing the effluent volume in the process. On the other hand,
from the viewpoint of reducing the long-term toxicity of disposed high-level radioactive waste, the
complete partitioning and transmutation system of long-lived nuclides has been proposed. This needs
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an additional facility to the back-end cycle. Our proposal, PARC concept, is the option to manage those
contradictory considerations from the practical point of view, by giving the volatile(129I, 14C) and
extractable f^Np, "Tc) long-lived nuclides the higher priority to be controlled, because those nuclides
are more influential to the environmental safety in the context of long-term effect.

The recovery rate and separation efficiency of Np and Tc will be assessed in a proposed
separation flow sheet which applies the decomposable organic reductant of butyraldehyde. Basic
principle of PARC concept has been demonstrated successfully in a glove-boxe using simulated fuel
solutions. Figure 8 shows the experimental result of PARC flow sheet for one cycle extraction process
which has been conducted in a globe-box. Neptunium is reduced selectively by an organic reductant n-
butyraldehyde before U/Pu partition step. Technetium is separated by high concentration nitric acid.
Plutonium is separated from uranium using iso-butyraldehyde which does not need hydrazine any
more. The recovery rate and separation efficiency of Np and Tc were satisfactory as the first step. The
feasibility and safety of the PARC flow sheet are studied by conducting experiments using spent fuels
in the cell. The efficiency of 129I and 14CO2 confinement in a proposed off-gas treatment system will be
assessed.

The efficiency of adsorbents for 14CO2 confinement in a proposed off-gas treatment system is
studied. We are now conducting the research on the adsorbents which captures carbon di-oxide to
collect long-lived radio-active carbon-14. Improvement has been observed as shown in Fjgtj) on the
capacity of adsorption by impregnating alkaline ions into the hydrogenated mordenites.

VI. "THERMAL Pu RECYCLE"

The utilization of light water reactors, namely thermal reactors, will be extended over a much
longer period of time in the future than expected before. The introduction of fast breeder reactors is
foreseen to be much delayed. The recovered plutonium in reprocessing plant is going to be loaded in
thermal reactors as the "thermal MOX" fuel. The public and the utilities will watch the satisfactory
results of the safety and economical achievement of plutonium recycling to the thermal reactors in the
industrial scale, first. And as the next step, they will take the option to select the more effective way of
plutonium recycling in the longer-term future.

So, we think that it is meaningful to study "a thermal plutonium recycle system" which recycles
plutonium from spent uranium fuels, mixed with plutonium from spent thermal MOX fuels by
reprocessing both spent fuels mixed in an advanced PUREX type large scale reprocessing plant.

In NUCEF-BECKY a j cell, we will conduct the study on the process safety for the flow

sheets applicable for the large scale reprocessing plant. We continue to make effort for the further
enhancement of minor nuclide confinement capability. And we continue to make effort for the
development of the simplified reprocessing process which is applicable for "a thermal plutonium
recycle system". We believe that all those efforts are useful for the establishment of fuel cycle
technology which are more popular for the public in the next generation. That is indispensable
technology for the sustainable growth of our society.

VII. CONCLUSION

Spent fuels has been introduced into the small scale reprocessing facility in NUCEF-BECKY
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a 7 cell. Behaviors of minor long-lived nuclides and the behaviors of substances produced in the

process are studied for the PUREX flow sheet applied to the Rokkasho reprocessing plant. Separation
performance and capability of long-lived nuclide confinement is studied for the PARC flow sheet
which is our proposal as a simplified reprocessing of one cycle extraction system for the future.

REFERENCES

1) "Separation of mobile long-lived nuclides in a simplified reprocessing," S.Fujine, G.Uchiyama,
T.Kihara, TAsakura, T.Sakurai, Procof GLOBAL'97, p.255(1997).

2) "The separation of neptunium and technetium in advanced PUREX process," G.Uchiyama,
TAsakura, S.Hotoku, S.Fujine, Solvent Extraction and Ion Exchange, pll91,16(1998).

3) "Dissolution test of spent fuel in the NUCEF a 7 cell including dissolver off-gas treatment,"

H.Mineo, T.Kihara, Y.Nakano, S.Kimura, ATakahashi, Y.Yagi, G.Uchiyama, S.Hotoku,
M.Watanabe, K.Kamei, H.Hagiya, T.Iijima, S.Fujine, Proc. of 2nd NUCEF Inter. Symp.
NUCEF'98(1998).

- 182 -



JAERI-Conf 99-004

8

-

U

o
T3

BC

8
o
a
2so

p

^ > i .̂
o
a

a

e

W

- 183



I

i

(8,

Dissolvsr

UNO

Steam

100°C

havior of Spent Fuel

o

100 150 200

Dissolution time [ min 1
in

>
m
2
n
o
3

250

behavior of radio-nuclides to
of insoluble residue,

nuciides in dissolver solution

Fig. 2 Experiment of spent fuel dissolution in NUCEF-BECKY



00

Iodine-129 Capturing Test using
(Silver impregnated silica-gel) Column:

(8,000 MWd/tU, PWR)

Experimental Apparatus for
(0ff.ga5 Iodine Capture

Distributions of 129I in the Column
I.00E+05

o

Kr
monitor

NOx monitor
j~~l 7 cartridges

/column
Filter •§* 1.00E+04

S 1.00E+03
or
m

1.00E+02

1.00E+01

MS-3A AgS AgS Back-up
Columni Column 2 Column 3 AgSColumn4
(60°C) (150°C) (150°C) (150t)

AgS : 3.38 g / cartridge
1 cartidge: 44 mm o.d.; 15 mm in length

Column 2
Column 3

m
2
n
§

O
O

Iodine in off-gas can be captured completely by AgS
columns, but can be found in the off-gas piping walls
and in dissolver soluiton

- Obtaining data for safety evaluation of large-scale
reprocessing plant

• Distribution data of volatile and long-lived radio-nuclide (129I)
• Evaluation of treatment techniques of off-gas treatment

Fig. 3 Iodine-129 adsorption by silver impregnated silica-gel columns



00
O5

operation Data in Extraction Step
(8,000 MWd/tU, PWR)

Miniature-sized mixer-settler Concentration profiles in the co-
contactors decontamination -FP scrubbing step

organic dissolver 2M 4M
solvent solution , HNO, HNO,

; l _ . _ . l . _ 3 ]. 3

HLLW ——j Co-decontamination j£rUb scrub. • - - - y / p u

5

1Oa

10'

101

10l

10'1

c
© 10":a

= Aq. Zr

= A5.Cs

— I
"~ f

1 /Org. Np

| O

I

Org. Tc

1 1 1 1 1

Org. Pu a

I

111
111

11

partitioning
step

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Stage number [ -
• Obtaining data for safety evaluation of large-scale
reprocessing plant

• Behavior of minor elements in the first separation cycle
(decontamination factors, distribution behavior between two-phases)

m
2
o
o

Fig. 4 Experiment of the extraction cycle in NUCEF-BECKY



I

00

I

Characteristics of Insoluble Residu;
Spent Fuel Dissolution

(8,000 MWei/tU, PWR)

Zirconium Molybdate
found in the bottom
section of a dissolver

ZrMo2O7(OH)2(H2O)2 precipitates

Diameter distribution and constituent
elements of insoluble particles suspended
in dissolver solution

ra
2
n

Polyethylene
filters

Filter size [\xm]

Obtaining data for safety evaluation of large-scale

-valuation of the impact of products in the process

Fig. 5 Characteristics of insoluble residues in the ftiel solution



00
00

Distribution of Unstable Organic
U/Pu Partitioning Step

Extraction test (8,000 MWd/tU, PWR)

' 0 . 4
Diluent
(nDD) ^

• • >

I y-Pu solution ]
! from extractor iB J

Pu reductant
(hydrazine solution)

y y >

1 4

Diluent
washing

Pa |

5 9110 2(

U washing

Y

solvent
receiving tank

U/Pu PartMoning

Extractor II 1 y
Uloaded
solvent ac

Formation of Hydrogen Azides

2H5
++ HNO, - •

(Pu reductant) (U/Pu solution)

Hydrogen Azides (Org.)

Hydrazine (Aq.)

-40

30

20

10

u
oo

2

Stage number of Extractor II [ - ]
Concentration of Hydrogen Azides:
1/1000-1/100 of the explosion-limit

>
mnc
3

o

Fig. 6 Distribution behavior of hydrogen azide and hydrazine in U/Pu partition step



INPUT
Composition of Spent Fuels:

High Burn up UOX
Thermal MOX

T EiglnertBUWtikSlaUu

OUTPUT
• Evaluation of Reprocessing for

New Type Fuels
> Simulation of Transient Behaviour
of Individual Long-lived Nuclides

• Simulation of New Flow Sheet

00

Simulation Code of
Continuous Dissolver

&
Offgas Treatment

DI6I

*

Simulation Code of
Extraction Process

Evaluation Code of
Solvent
Degradation

Evaluation Code
of Ions Valency ESSCAR

OUTPUT
Basic Technical Data

en
2
Oo
3

O

o

DATABASE
Fundamental Data, Chemical Data

Computer code system ARECS
(Advanced Reprocessing Evaluation Code System)

Fig. 7 Development of the computer code system ARECS



o
I

Extraction Step of PARC Process
Separation data in a system of U-1 (Np separation): selective reduction

by an organic reductant n-butyraldehyde

Np(VI) -* Np(V)

(Tc separation):
separation by concentrated HNO3

(U/Pu partitioning): selective reduction

by an organic reductant iso-butyraldehyde

Pu(IV) -> Pu(lll)

(Solvent regeneration):

solvent washing by butylamine derivatives

Pu-RI solution
Irradiated
solvent
30% TBP/nDD
(1.5X1CJSR)

Np oxidant
O.Sg/LNH.VO,

3M HNO,

Simulated
dissolver solution

U 250g/L
Pu 2.68g/L
H* 2.9N
Tc 5Bmg/L
Np 137rng/L

FP scrub

I
1 5

Np

oxidation
Co-decontamination

14 16

FP
scrub.

HLLW
u
Pu
Np 8.0%
Tc 1.0%

Extractor I

Np solution
U 2.6 %
Pu 3.0%
Np 73.0 %
Tc 90.0%

Np reductant
i-butyraldehyde

Np scrub
3M HNO,

Tc scrub
6M HNO3

Np separation Tc separation

Extractor II

Tc solution
u 3.1 %
Pu 0.6%
Np 16.0 %
Tc 8.0%

r u leuLJCTcnlT"™
ISO- Pu scrub

3M HNO,

unirradiated
solvent

30% TBP/nDD

Pu solutioi
u -
Pu 92.0%
Np 1.0 %
Tc 1.0%

1 5

U scrub U/Pu partitioning JL

I Extractor I

|U loaded solvent!

tn

no
3

Fig. 8 Development of the extraction cycle for PARC process concept



Research of Adsorbents Capturing Volatile
Long-lived Radionuclides (14CO2)

C02 adsorption capacity of
modified hydrogenated mordenite

Experimental apparatus for
adsorption test

Air-

N 2 -

NOx-
Flow
controllers

500

1

Adsorption column

Hydrogenated
mordenite (H-M)

Natural mordenite

2M NaOH + H-M

2
n
o

o
o

10 15 20

Time[hr]

Breakthrough curves of CO2 adsorbents

•Technology to reduce release rate of 14CO2

- Dissolver off-gas treatment combined with the iodine
adsorbent, AgS

Fig. 9 Research and development on the adsorption of MCO2


