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1. Introduction

Irradiation assisted stress corrosion cracking (IASCC) is caused by the synergistic effects of neutron
and gamma radiation, residual and applied stresses and high temperature water environment on the structural
materials of vessel internals. IASCC has been studied since the beginning of the 1980s and the
phenomenological knowledge on IASCC is accrued extensively. However, mainly due to the experimental
difficulties, data for the mechanistic understanding and prediction of failures of the specific in-vessel
components are still insufficient and further well-controlled experiments are needed [1]. In recent years, efforts
to perform the in-pile materials test for IASCC study have been made at some research reactors 24] At
JAERI a high temperature water loop facility was designed to install at the Japan Materials Testing Reactor
(JMTR) to carry out the in-core IASCC testing. This report describes an overview of design and specification of
the loop facility.

IASCC can be reproduced on the alloys irradiated over a certain threshold fluence of fast neutron by
means of the post irradiation examinations (PlEs). From the following two points of view, however, it is
considered that the reproduced IASCC by PlEs must be carefully distinguished from the actual IASCC that
occurs in core under the simultaneous effects of radiation, stress and high temperature water environment. First
point is the synergy of radiation and stress, because it is known that the evolution of radiation damage
microstructure in alloys is influenced by the applied stress [5]. Irradiation under a stress loading may potentially
lead to the different microchernistry and microstructure in alloys, and consequently the different IASCC behavior.
Although it is an inverse viewpoint of this synergy, the radiation induced stress relaxation or creep is acting to
reduce the internal stress in alloys and susceptibility to IASCC only in core. Secondary, from a viewpoint of
water chemistry, the radiolysis and radical species in water have influences on the corrosion process of in-
vessel materials, while it is under discussions about a possibility of the effect of radiolysis by gamma radiation
on surface of PIE specimens 6]. Since these synergies are significant to understand IASCC behavior in the
reactor core but not reproducible by PlEs, the in-pile IASCC testing has been recognized as a critical
experiment and, therefore, the new loop system was planned to be installed at JMTR.

2. Outline of JMTIR

JMTR is a tank-in-pool type reactor cooled and moderated by the light water with thermal power of 50
MW that had been operated for the material and fuel irradiation since 1969 at the Oarai research establishment
of JAERI [8]. A schematic view of the reactor is shown in Fig. 1. Pressure vessel of JIVITR is 95 m in height, 3 m
in diameter that is made of stainless steel and installed in the reactor pool. The reactor core, 156 m in diameter
and 075 m in effective height, consists of the fuel elements, control rods, reflectors and beryllium frame. The
maximum neutron flux in fuel region at the core is W 016 n/M2/S (E>1 MeV). The top closure head of the
pressure vessel provides many nozzles for in-pile loops and irradiation capsules as shown in Fig. 2.
Temperatures of inlet and outlet coolant are approximately 49 'C and 56 'C, respectively.

The core of JIVITR consists of 204 lattice positions of 0077 m square each, arranged in a square
matrix. The Be/Al reflector elements are equipped with irradiation holes. Irradiation capsules are inserted into
suitable irradiation holes in the core according to required irradiation conditions. In the core, two water loop
facilities, OWL-1 and OWL-2, had been installed in the past but decommissioned already, and then in FY 1999 a
design activity for the new water loop system started focusing on the irradiation of materials and in-pile testing
for IASCC studies. The loop facility was designed to be installed into the cubicle adjacent to the reactor pool as
shown in Fig. 3 where the dose rate was evaluated as about 0.1 -1 mSv/h and temperature will increase up to
60 C during reactor operation. Therefore, one cannot access the cubicle inside, so that the loop system has
been designed to have high reliability of component's functions and capabilities of remote monitoring and
controlling.
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3. Design Requirements for The Loop System

3.1 From the experimental viewpoint

The loop system has been principally designed in order to simulate the environment in BWR and to
perform in-pile testing efficiently. For this purpose, the following requirements must be satisfied:
• control dissolved oxygen and hydrogen concentrations to nominal values in BWR core,
• increase flow rate to simulate high flow rate of coolant water in the actual BWR core,
• supply high temperature water into five irradiation capsules simultaneously, and
• minimize pressure fluctuation due to pressurization by pumps.

Since temperature of coolant water of JIVITR is approximately 56 C, it is necessary to supply water of
around 200 C and then the temperature is increased by gamma heating in the capsule. Electric heaters
equipped inside capsules can control temperature of specimens. Typically in BWR core, flow rate is estimated at
several meters per second, however it cannot be attained in the capsule due to limitation of the capacity of
pressurizing pump and diameters of piping. It is known that the flow rate affects on the electrochemical
corrosion potential (ECP) of specimen materials 9] and condition of surface oxide film, and therefore the loop is
designed to increase flow rate as high as possible. For this requirement, maximum flow rate for each irradiation
capsule is designed to be 02 M3 /h, and M3 /h water in total is supplied to five capsules by the loop facility.
Controlling of dissolved oxygen and hydrogen concentrations (DO and DH) are essential to simulate in-core
environment of the normal water chemistry, NWC and hydrogen water chemistry, HWC of BWR operating
conditions, because ECP cannot be directly controlled in irradiation capsules. From a viewpoint of efficiency of
irradiation experiments, it has been decided that five irradiation capsules are connected to the loop facility. In the
design of system, above requirements for temperature, flow rate and water chemistry must be satisfied for the
five capsules. To perform the in-pile IASCC testing, it is significant to minimize pressure fluctuation of supply
water, because loading of specimens in the capsule will be controlled by the metal bellows actuation system and
the pressure fluctuation causes unstable and inaccurate loading.

3.2 From the safety viewpoint

A trouble of the loop facility to be avoided is a loss of pressure in irradiation capsules that may cause
an increase of temperature in the capsule and damage of specimens, although even in case of such trouble the
pressure boundary of capsule is designed to be sound without any fracture of component. The following
measures are taken in the design to guarantee the safe operation of the facility and reactor:
• restrict a reactivity insertion to the reactor core lower than 0.5 %ok/k during any accident,
• limit the calorific value of each capsule lower than 1 00 kW,
• keep the minimum flow rate in the irradiation capsule even in case of pump stop,
• make countermeasures to a safety use of hydrogen and oxygen gases for bubbling, and
• minimize an accumulation of radioactive crud in piping to reduce radiation exposure.

To increase the system safety against the loss of pressure, the surge tank system was employed that
can supply water to the capsule without pumping for a limited time. The surge tank system has also a benefit to
reduce pressure pulsation of water. A hydrogen concentration of the hydrogen/helium mixed gas for bubbling
into the water make-up tank was considered to keep safe operation of the facility. To diminish the amount of
radioactive crud, type 316 stainless steel is used for all high temperature components and a pre-filming
procedure is applied during pre-operation of loop facility. A seismic effect on the facility was evaluated and it was
designed to resist an earthquake with the maximum horizontal acceleration of 04 G.

4. Specifications of the Loop Facility

Since the loop facility is designed for material irradiation under BWR conditions, the maximum
operational parameters are as follows; temperature: 320 C pressure: 10 MPa and flow rate: M3 /h.
Temperature of specimens in the irradiation capsule will be controlled at 288 'C. The temperature inside capsule
is mainly controlled by means of the saturation temperature control technique developed at JMTR 6 for the
base irradiation of specimens. Flow rate is an important parameter to be controlled at specimen surface
because it affects the ECP and heat balance in the loop system. To simulate NWC and HWC conditions of
BWR, DO and DH can be controlled at levels up to 200 ppb and pprn respectively. As typical values of inlet
water to irradiation capsules, conductivity of inlet at room temperature: <0.1 mS/cm, pH: 5.5 to 70, sulfate ion
(SO4 2-): <5 ppb are required.

2



Fig. 4 shows a flow diagram of the facility that consists of the following four sections:
• water make-up section,
• pressurization and heating section,
• in-pile irradiation section, and
• water purification section.

In the water make-up section, the levels of DO and DH are controlled by the bubbling of
oxygen/helium and hydrogen/helium mixture gases and pure helium gas into a water make-up tank. The tank
has a volume of 2 M3 and its own small purification loop with ion exchanger. High purity water from the make-up
section is pressurized by two high pressure pumps with three cylinders and plungers. Double diaphragm type
pump is employed and a space between two diaphragms is filled with pure water to avoid the contamination of
loop water by oil in case of fracture of inner diaphragm. Flow rate of supply water can be controlled by remote
operations of plunger strokes. Maximum flow rate and pressure are designed to be 0.5 M3 1h and 10 Mpa,
respectively. As described above, from the safety viewpoint, it is significant to avoid a loss of pressure, so that
three pressurizing pumps are equipped and two of them are used normally and one is backup. In addition, the
electricity for one of the pair pumps is supplied by a diesel generator to provide for the loss of commercial
electricity. Furthermore, to reduce a pressure fluctuation of water, the three plungers system of high-pressure
pumps has a benefit, and a surge tank with a volume of 0.8 M3 can absorb the small pressure pulsation by
pumping. In the tank, helium gas is filled as a cover gas and its pressure is controlled to balance the water
pressure. The surge tank system has an advantage comparing with the accumulator system because in case of
troubles of pumps, the gas pressure in surge tank can keep the loop pressure for a certain time. High-pressure
water from the pumps is heated up by a regenerative heat exchanger and pre-heated up to about 190 C and
then supplied to the irradiation capsules.

In the capsule, temperature of water is increasing during flowing down to the bottom of capsule by
gamma heating of structural materials and specimens. In the saturated temperature capsule as described
elsewhere [1 0], temperature can be controlled by changing water pressure and temperature of inlet water, but to
irradiated five capsules simultaneously it is necessary to control the inlet temperature separately. Therefore, the
heating section has five heaters for each capsule line. Outlet water from the capsule is flowing to the heat
exchanger and cooler and then to the water purification section after depressurizing by regulating valve.

The water purification section consists of filters, ion exchangers and water chemistry monitoring
equipments. A crud filter with hollow fiber modules traps solid particles in the water. Dissolved ions are, then,
fixed in a mixed bed ion exchanger tank to keep conductivity of water below 01 [IS/cm. The water chemistry of
outlet water from the in-pile section is monitored after depressurizing and cooling that includes monitoring of
conductivity, DO, DH and pH. In addition, before cooling it is also monitored by the high temperature water
chemistry monitoring system equipped electrodes to measure the conductivity, ECP of stainless steel specimen
and pH. Purposes of the measurements are to monitor the water chemistry at a position as close as possible to
the irradiation capsules in core. Together with these on-line monitoring, analyses of batch samples from the
sampling lines are carried out by ion chromatography and total organic carbon (TOC) analyzer.

5. Experimental program using the loop facility

Design of the in-pile loop facility for IASCC study has been completed in 2001. The installation and
commissioning tests at JMTR are performed by the end of FY2001 under the framework of collaborative
research program between JAERI and the Japanese electric utilities. The loop system can supply high
temperature water into five irradiation capsules simultaneously to simulate BWR environment. To carry out in-
pile crack initiation and propagation tests, specimen-loading techniques are under development at JAERL In
2002, base irradiation of the specimens will be started, and first in-pile IASCC test is scheduled t to start in
2003.
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