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Critical Experiments Facility and
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The nuclear criticality safety 1s becoming a key point in Japan in
the safety considerations for nuclear installations outside reactors
such as spent fuel reprocessing facilities, plutonium fuel fabrication
facilities, large scale hot alboratories, and so on. Especially a
large scale spent fuel reprocessing facility is being designed and would
be constructed in near future, therefore extensive experimental
studies are needed for compilation of our own technical standards and
also for verification of safety in a potential criticality accident to
obtain public acceptance.

Japan Atomic Energy Research Institute is proceeding a construction
program of a new criticality safety experimental facility where
criticality data can be obtained for such solution fuels as mainly
handled in a reprocessing facility and also chemical process experiments
can be performed to investigate abnormal phenomena, e.g. plutonium
behavior in solﬁent extraction process by using pulsed colums. In FY
1985 detail design of the facility will be completed and licensing
review by the government would start in FY 1986. Experiments would
start in FY 1990. Research subjects and main specifications of the

facility are described.

Keywords: Critical Experimental Facility, Nuclear Installations,
Criticality Safety Program,Solution fuel, Reprocessing,

Specification
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1. Introduction

The nuclear criticality safety is becoming a key peint in Japan
in the safety considerations for nuclear installations outside
reactors such as spent fuel reprocessing facilities, plutonium fuel
fabrication facilities, large scale hot laboratoriesg, and so on.
Especially a large scale spent fuel reprccessing facility is being
designed and would be constructed in near future, therefore
extensive experimental studies are needed for compilation of our own
technical standards and also for verification of safety in a potential
criticality accident to obtain public acceptance.

At the Japan Atomic Energy Research Institute (JAERI),
experimental studies for measurements of neutron interaction effects
and highly subcritical reactivities is performed by using the TCA
facility (a light-water moderated critical assembly) and improvements
and verifications of calculation code systems are also conducted. In
addition to the above efforts, JAERI is proceeding a construction
program of a new criticality safety experimental facility {(CSEF) where
criticality data can be obtained for such solution fuels as mainly
handled in a reprocessing facility and alsc chemical process
experiments can be performed toc investigate abnormal phenomena, €.d.
plutonium behavior in solvent extraction process by using pulsed
columns. In FY 1985 detail design of the CSEF will be completed and
licensing review by the government would start in FY 1986.

Experiments would start in FY 1990. Research subjects and main

specifications of the CSEF are described in this article.

2. Research Subjects

Criticality control related to the reprocessing of spent fuels in
Japan was based primarily on, so called, safe geometry for unlimited
fuel concentration. The control method has an advantage that the
possibility of criticality accident can be almost neglected, however,
it is clearly not applicable to large-scale plants. In design of such
plants, it is required to increase sizes of vessels or fuel amounts to
pe treated, by adopting advanced criticality control methods in which
changes in fuel composition will be limitted within the realistic

range. Counterplans against potential criticality accidents will

._.1._-
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become more important in such control conditions.
The purposes of CSEF experiments are focused on the fellowing two

items.

a) Development of advanced criticality control methods for

reprocessing facilities

This requires organic combination between process chemistry and
reactor physics. The former concerns a wide area covering basic
chemical problems, process safety analyses, development of advanced
monitoring methods, and so on. 'In the latter, the criticality safety
margin will be verified through systematic critical and subcritical
experiments with fuel svstems modeled cn process equipments in
reasonable limiting conditions, and transient behaviors of fuel
systems and fission products in supercritical states will be
demonstrated through a series of transient experiments with

realistically reasonable reactivity addition conditions.

‘b} Development of chemical process and nuclear criticality

safety analysis codes

Simulation models of elementary chemical processes such as
dissolution, solvent extraction and concentration should be developed
with first priority to clarify the conditions of abnormal conditions.
Criticality data are also required to ascertain the bias of
computational results. Statistical analyses and simulation models of
criticality accidents remain to be investigated in near future. The
effective criticality control method will be accomplished by a
accumulating such efforts in both of hardware and software.

For these purposes, the experimental subjects are devided into
three areas. The immediate subjects in each area are summarized as

follows.

2.1 Critical experiments

From the view point of criticality safety, we have investigated
reprocessing plants and found the areas where the advanced criticality

control would be applicable. As an example, several possibllities of

_.ZA
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advanced criticality control would be considered as shown in Table 1
for the dissolution process. However, it requires further
experimental data on criticality and demonstration of safety margin
with possible advancement of process control methods.

The criticality safety evaluation of out-of-reactor facilities 1is
characterized by the extremely wide variety of system conditions. It
is very important to evaluate the accuracy of computer code
calculations applying to many kinds of nuclear fuel system. An
effort continued to know the bias values which should be taken into
account for the results calculated by JACS code system developed at
JAERI. Table 2 shows an attempt to classify the bias values according
to the reactor-physical properties of examined nuclear fuel systems.
The code system is proven to possess the similar performance to those
of other countries, as illustrated in Fig. 1. As shown in Table 2,
further experimental data are required to minimize the bias wvalues
especially on the systems being sensitive to neutron leakage and
non-thermal fissions. Being considered above reguirements,
experimental program using a solution critical assembly in the CSEF

has fundamental features as follows.
a) Uranyl (low-enriched) - plutonium mixture :

Nitrate solution fuels of uranyl (low-enriched) - plutonium
mixture are mainly examined to contribute to the problems in LWR and
FBR spent fuels reprocessing . These fuels are effective to carry out

critical experiments with wide variations in neutron spectrum and

leakage rate.
b) Mock up process abnormal conditions :

To mock up abnormal conditions of the chemical processes critical
and subcritical experiments are performed on the fuel systems where
parameters on fuel solution and geometry are varied as widely as

possible and reasonable.

c) Kinetic and reactivity parameters :

Neutron life time, delayed neutron fractions, reactivity

_3_
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coefficients of temperature and void are the parameters to be measured
in critical experiments to analize the results of transient

experiments explained in the next section.

In order to pursue the safety analysis on the solution critical
assembly, the experimental systems were categorized into several
groups as shown in Table 3. The experiments with systems belonging to

"phase II" will be started later than those in "phase I".

2.2 Transient experiments

Transient experiments will be performed to investigate the
transient phenomena of potential criticality accidents by using
low—enriched uranium solution fuel which is mainly used in
reprocessing plants. These experimental results contribute the safety
design and assessment of the plants. The investigation items of this

experiment are as follows:

a) Transient characteristics of criticality accident for
parameters such as fissile material, insertion rate of reactivity,

total reactivity inserted, initial neutron density, etc.
b) Mechanism and total amounts of energy releases.

¢) Spatial distribution of radiation and total fission products

release.

The reactivity insertion to the transient critical assembly is

made by

a) rapid withdrawal of a transient control rod from the core,
b) slow withdrawal of a control rod, and

¢) addition of fuel solution to the core tank.

In the experiments, such parameters are measured as number of
fissions, temperature, pressure, radiation doses, amounts of FP's and
so on. Transient phenomena are terminated by inserting safety rods or

draining the fuel solution.
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Experimental parameters and limitations are as follows:

a) Form of fuel : Uranyle nitrate solution
b} Enrichment of U : 10 wt% and 6 wt®

c¢) Concentration of fuel : Max. 700 g/1

d) Acid molarity ; Max. 6 mol/l

e) Core tank : Cylindrical tanks with 50 cm dia. and 80 cm dia.
f) Reflector : Bare {(No-reflector) or water etc.

g) Inserted reactivity : Max. 38

h) Initial temperature : Max. 80 °C

i) Initial neutron density : 0 - 1 KW eq.

Table 4. shows experimental systems and parameters. Three
experimental systems are considered as a future plan which are called
rhase II experiments. Parameters in these experiments are not

described here.

2.3 Chemical Process Experiments

One of the objectives of critical experiment programs 1is to
investigate abnormal phenomena of chemical processes with nuclear
fuels which are caused by mis-operation and/or mal-function of
equipments and lead to potential criticality accidents. The
experiment is carried out in laboratory scale putting emphasis on an

accumulation of plutonium at some part of apparatuses.

For the solvent extraction process, for example, an experimental
system with pulsed columns is installed in the CSEF and behavior of
plutonium in the column at various conditions are observed. The
results are applied to develop and verify the process calculétional
model of pulsed column for the purex process. The mcdel is then used
tc discuss criticality.safety of pulsed column system in fuel

reprocessing plant.
The other objective is tc develop a process control system for

criticality safety of fuel reprocessing plant. The system is compoesed

of highly reliable in-line monitors sensitive to fissile materials, a

_Bf
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device for subcriticality measurement, an alarm system, and a computor
system.

In an advanced criticality safety design, neutron absorbing
materials will be widely utilized in soluble or solid states of which
stability and reliability will be reguired to be confirmed any time.
Then, the compatibility of the neutron absorber with nuclear fuel
materials and it's reliability in the life of equipments would be

examined also in this experimental programs.

3. Experiment Facility

Critical assemblies and equipments for chemical process
experiments such as pulsed column system are the major tools for this
research program. Nuclear fuel supply system and the other supporting
systems are also included in the same building. Uranyl nitrate
solution and uranyl-plutonium nitrate solution with various fissile
concentrations are prepared and supplied to the above experimental

systems.
3.1 Tank type sclution critical assembly

This is a general-purpose assembly fueled with 4-10% enriched
uranyl nitrate solution, and uranyl-plutonium (0-100% enriched)
nitrate solution with or without soluble poison. Maximum fuel
concentration is 1000 gU/1 and 450 gPu/l. Core tank and safety/con-
trol systems are interchangeable depending upon required core
configuration. Maximum tank capacity is 1,100 £ in case of uranyl
nitrate fuel core. Tank geometries are cylinder, slab and annular
cylinder. 1In case of cylinder core, such heterogeneous configuration
can be composed as fuel rods array immersed in nitrate solution fuel
which simulateé dissolution process in reprocessing plant. Reactivity
iz controlled basically by fuel solution level or control blade.
Excess reactivity in this assembly is less than 0.8 § and maximum
reactivity addition rate is 0.02 %4k/k/sec. Minimum critical level is
restricted to be 30 c¢cm high because of safety reactivity control.
Major specifications of this system and conceptual system flow diagram

are shown in Table 5 and Fig. 2.
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3.2 Transient Critical Assembly

This assembly is a tool to investigate phenomena caused by
criticality accidents on solution system. Initially, 6% or 10%
enriched uranyl nitrate solution fuel is used for fast and slow burst
experiments. Uranium concentration will be limited to 300 - 700 g/1.
Maximum sclution temperature is allowed up to 120°C during transient.
Reactivity control will be made by a transient control rod withdrawal

and solution fuel level increase. Maximum reactivity insertion rate

18 fissions, which

iz 3 $/100msec. Operating limit of the burst is 10
was decided considering reasohnable thickness of reactor room shielding
(2 m concrete), core tank design pressure (5 kg/csz), and
environmental radiation safety. Core tank is a cylinder of 3 m high
and max. 1 m in diameter. Water can be supplied into the annular area
surrounding the inner core tank. Several instruments such as soltuion
level detector, visual system for solution surface, thermocouples and
neutron detectors are to be installed in the core tank. Volatile
figsion products are led to gaseous waste treatment line through
vented gas hold up system. Experiment is terminated by fuel solution
dump or by safety blade insertion. Radiation beam is led to adjacent
reactor room, when this assembly is used for radiation shielding
experiments and radiation detector tests during transient. Major

specifications of transient critical assembly and conceptual system

flow diagram are shown in Table 6 and Fig. 3.
3.3 Fuel storage system

This storage system is mainly used to store the uranium and
plutonium nitrate solutions adjusted in the nuclear fuel supply
system, and rod type fuels of PWR and FBR type. The uranium and
plutonium oxide powder which are converted to solution fuels are also
stored. The design conditions for each type fuels are summarized in
Table 7.

For the criticality safety of the storage system, the dimension of
a single unit such as a slab tank and an annular tank is limited to
satisfy the safety criteria. 1In addition, the neutron interactions
between multiple units in a cell are evaluated by using validated
calculational codes such as Monte carlo code KENO-IV, and one

dimensional transport code ANISN.

..,474,
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A typical'calculational result is presented in Fig. 4, where the
neutron multiplication factor of the storage racks which contain PWR

fuel rods is shown as a function of water content ratio in the inner

region.
3.4 Nuclear fuel supply system

The CSEF has a nuclear fuel supply system which consists of
'pre—treatment, adjustment, purification, conversion, solvent recovery
and off-gas treatment processes. Uranyl nitrate solution and
uranyl-plutonium nitrate solution with various fissile concentrations
are prepared in the system and supplied to critical assemblies. The

total system is shown in Fig. 5

4. Schedule of the Program

After the licensing review by government and construction of the
facility, experiments are tc be initiated in 1990.

Experiment schedule is shown in Table 8.
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Table 5 MAJOR SPECIFICATIONS OF TANK TYPE SOLUTION CRITICAL ASSEMBLY

CORE CONFIGURATIONS CAPABILITIES
CORE TANK:CYLINDER(Max. Im¢ x 1.5mH) | POWER Max. 200 W
SLAB. ANNULAR CYLINDER
INTEGRATED POWER:Max. 3 kWh/year
FUEL TURANYL NITRATE
ENRICHMENT CORE PRESSURE I atm
4 -
CONCENTRATON CORE TEMPERATURE:Max. 90°C
Max. 1000 gt/
YOLUME REACTIVITY :CONTROL BLADE,
Max. L1100 1 CONTROL FUEL SOLUTION LEVEL
URANYL-PLUTONIUM NITRATE
Pu ENRICHMENT REACTIVITY ‘Max. 0.02 ¥ 4k/k/sec
0 - 100 % -ADDITION RATE
CONCENTRATION . -
Max. 450 gPu/| EXCESS ‘Max. 0.8 $
VOLUME REACTIVITY
Max. 300 |
SHUTDOWN METHOD :SAFETY BLADE [INSERTION,
POISON ‘SOLUBLE, FIXED POISON - FUEL SOLUTION DUMP

REFLECTOR:WATER, CONCRETE, SUS .etc.

Table 6 MAJOR SPECIFICATIONS OF TRANSIENT CRITICAL ASSEMBLY

CORE CONFIGURATIONS CAPABILITIES
CORE TANK:CYLINDER(Max. 0.8m¢ x 3 mH) | POWER (BURST) ‘Max. 1 x 10'® fiss.
: INTEGRATED POWER :Max. 0.23 MWh/year
FUEL TURANYL NITRATE CORE PRESSURE ‘Max. 5 kg/cm G
ENRICHMENT CORE TEMPERATURE :Max. 120°C
0% 6% REACTIVITY ‘Max. 3 $/100msec
CONCENTRAT1ON INSERTION RATE
Max. 700 gU/1 REACTIVITY TRANSIENT ROD,
YOLUME INSERTION METHOD FUEL SOLUT!ION SUPPLY
Max. 700 1 SHUT DOWN METHOD :SAFETY RODS,

REFLECTOR:BARE, WATER, etc.

FUEL SOLUTION DUMP
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Tahle 7 DESIGNING CONDITIONS OF NUCLEAR FUEL STORAGE SYSTEM

SYSTEM

FORM OF FUEL

FORM OF STORAGE

ROD TYPE FUEL
TEMPORARY STORAGE

PYR ROD FUEL
ENRICHMENT of U-235
1-6 wt}
LENGTH: 1470 mm
0.0. 9.5 mm

CONTAINER BOX

U-POWDER FUEL STORAGE

POWDER or PELLET of U0zor Ulj3
ENRICHMENT OF U-235

Nat.- 5 wtk DRUM CAN
B - 10 wt} 10_GALLON CAN 7
Pu-POWDER FUEL STGRAGE | POWDER of Puljor PuQ;-U0; TRANSPORT/STORAGE

4-5 CANS of POWDER/CONTAINER

CONTAINER in the
CONCRETE PIT

U-SOLUTION FUEL
STORAGE

URANYL NITRATE SOLUTION
ENRICHMENT of U-235
4,6 and 10 wt?
CONC. of FUEL
400 gU/]

SLAB TANK STORAGE

Pu-SOLUTTON FUEL
STORAGE

PLUTONIUM NITRATE SOLUTION
ENRICHMENT of Pu-240
about 5.20,25 wik%
CONC. of FUEL
250 gPu/s!
URANYL N{TRATE SOLUTION
CONC. of FUEL
400 gl/!

ANNULAR TANK STORAGE

Table 8

Experiment Schedule

1990 1991

1992 1993 1994

1995 1996 ] 1997

Critical & Subcritical

txperiment

Uranium Fuel

Plutonium Fuel

|
I

]

Bagic Parameters Test

—

Capsule Test

—

Interaction System Test

 I— |

! {Phase II}

Basic Parameters Test!

——1

Capsule ’I‘estl

—1

i
Dissolver Simulation Test

Interaction |System Test

Transient

Experiment;

Uranium Fuel

e

Criticality Accident Simulation Test

}
|
1
—
|
|

{Phase II)
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10 FUEL
 Pu02
REFLECTOR
LIGHT WATER
THICKNESS OF
— 5} REFLECTOR
5 M(SDE%JE?T%'E
JAERI : ESTIMATED CRITICAL VALUE ", LIGHT WATER
% ) / Pu/ Pu
o JAER! : ESTIMATED CRITICAL LOWER LIMIT VALUE : 100,00 %
= : _ PARAMETER
g 2 : HANDBOOK DATA
= a WEST GERMANY
= o AHSB
< 10' |- o TID-7016 REV.2
L)
| ! 1 1 ] 1 ] ] ] i I 1 | 1 ]
5 922 5 15'2 51°2 510 2 5 o> 2 5
CONCENTRATION (g/cm?)
Fig.1  Comparison of estimated critical dimensions of infinitely long homogeneous

PuQ, - H,0 solution cylinder with those reported by foreign countries
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Fuel Pre-tregtment
Racsivin Process
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T s
Storage rack
A
1.0— 6x8 _Bx6 ]
m - .
- inner region
BY
o &
0.9 — el 6x6 6xB
‘6 W
-+ € §3.5 >
Q
]
(s
. Lattice pitch : 3.5
E 0.3 PWR type fuel : 144 rods
8
2
=
-
= 0.7
=
w ]
Z q
= b4
]
S 0.6 Uog Pellet
[£3]
Clad.(Zyrealoy-4)
Spacer {Acrylic resin)
0.5 — N
L Unit Ccm]
T I ] ] 1 f ! 1 ; ! I .
0 50 100 (pyi1)

Yoid) )
! yater content ratie (X2

Fig. 4 Dependance of multiplication factor on the waler content ratio

(Storage system for PWR type fuel rods)

Goseous  Waste
Treotment Sysfem

Off-gas
Treafment
Process

/

Chemical
fiake-up System

Critical

Fusl
Shipping

Assemblies
i
—eme B Adjustment
— Process
A
Conversion Purification Solvant Recovery
Process Process ™= Process

\ Jreotment _System

Fig.5 NUCLEAR FUEL SUPPLY SYSTEM



