
The Prototype Gen-IV SFR (PGSFR) developed by KAERI also adopts this system for the same 
reason. This passive shutdown design concept is combined with a group of secondary control rod 
drive mechanisms (SCRDM). The system automatically releases the control rod assembly (CRA) 
around the set temperature, and then drops the CRA by gravity without any external control signals 
and any actuating power in an emergency of the reactor.  

This paper describes the parametric design study of a passive shutdown system, which consists of a 
thermal expansion device, an electromagnet, and a secondary control rod assembly head. The 
conceptual design values of each component are also suggested. Parametric calculations are 
performed to check the suitability of the performance requirements of the thermal expansion 
device and electromagnets. 

The thermal expansion difference is calculated in the range of 1.7 ~ 2.6 mm for the 2.86 m long 
expansion device of the PGSFR, an additional design study to trigger off the CRA by utilizing the 
limited length is ongoing.  

The electromagnetic forces on the CRA with a 1 mm air gap are in the range of ~ 300 N. Thus, the 
thermal expansion difference of the thermal expansion device to trigger off the CRA shall be 
controlled within 1 mm at the setting temperature. Design feasibility tests using the several test 
mockups of the thermal expansion device as a passive concept of the PGSFR are being performed. 

vii. Romania 

ALFRED Demonstrator – Safety Rods System 
D. Gugiu, INR 

The main goal of the ALFRED project is to play the role of a demonstrator for the European concept 
of a LFR, able to prove the safety and reliability in all operating conditions through the use of some 
simple engineering solutions while reducing to the largest possible extent the uncertainties related 
to all development stages: design, construction and operation.  

The ALFRED core has been designed taking into account in a comprehensive approach the main 
goals to be achieved, the safety performances required as well as the main technological constraints 
that should be fulfilled.  

In this context and taking into account the topic of the meeting, the presentation is focused on the 
safety rod system that has been successfully adapted from the CDT-MYRRHA project.  

The SRs targeted performances and their worth will be briefly presented.  

Moreover, some results of the preliminary safety analysis will be provided with a focus on the most 
representative DBA and DEC events, as well as conclusions regarding the safety performances. 

viii. Russian Federation 

Passive Safety Components for Lead-Cooled Reactor Facilities 
M.K. Sarkulov, NIKIET 
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There is a specific range of engineered features used traditionally in nuclear technology. As a rule, 
main reactivity control systems use conventional active actuators with solid-body control members 
and/or liquid systems with active injection of liquid absorber. 

Other operation principles are normally chosen for additional systems. 

Currently, the traditional approach to improving the reliability of a reactor facility suggests an 
increase in the number of safety components and systems which provide for mutual assurance or 
assist each other. 

There is a great variety of additional reactivity control members designed for the reactor facility 
control and shutdown, including hydrodynamic members in the form of rods (acting from the 
coolant flow); floating-type members (absorbers and displacers); storage-type and liquid members 
(used in separate channels); bulk members (pebble absorber); gas-based members (with a gas 
absorber); shape-memory members and others. 

Many of these use fluids either as the reactivity control agent (RCA) (liquid, gas, pebbles) or the 
actuation material (liquid or gas). 

Hydrodynamic systems were introduced at Beloyarsk NPP Units 1 and 2 and proposed for use in 
other facility designs.  

Gases and bulk materials have not been commonly accepted: the former because of the high cost of 
high-efficiency gaseous absorbers, and the latter because of the complecated monitoring of the bulk 
material position. 

It is rather difficult and not always necessary to use the same engineering approaches in new lead-
cooled reactor facilities as in traditional ones. 

For example, hydrodynamic systems will require to introduce a separate channel for the active flow 
rate control and a circulation line. Liquid systems injecting the RCA into the coolant cannot be used 
because of the difficulty of the uniform RCA introduction and dissolution in the lead coolant and the 
potentiality of compounds to be formed with lead as well as the complexity of its further 
purification. 

At the same time, the properties of lead make it possible to use it also for the performance of safety 
functions. 

Liquid devices using albedo properties of lead and devices with floating solid-body RCA using 
Archimedes force as the driving force may be also considered as main safety features for lead-
cooled reactors. 

Dynamic processes in the BREST-OD-300 lead-cooled reactor facility are highly inertial thanks to its 
physical and neutronic properties. This makes it possible to reduce requirements to the speed of 
response of safety systems and to switch from active devices with external power sources to 
passive safety features. 
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Similarly to the development of traditional safety systems, passive safety components (devices) 
shall be designed according to the essential requirements of the nuclear regulations of the Russian 
Federation. 

Along with moving away from the traditional approach to ensuring safety, certain regulatory 
requirements need to be revised. Some of these have been introduced in response to the 
peculiarities of traditional safety system devices and are inapplicable to new devices. For example, 
in view of the expectedly (justified) low probability of failure, the requirement for periodic 
serviceability inspections of event-actuated passive devices is often needless. 

ix. Slovakia 

Proposal of movable reflector for fast reactor design 
B. Vrban, Slovak University of Technology 

Since the transient behaviour of the reactor core depends also on the fraction of neutrons that leak 
out of the core, the core control and reactivity management may benefit from a system of partially 
moveable reflector incorporated in the design. In fast reactors a larger migration area leading to a 
significant leak of neutrons can be observed because especially the transport cross-sections are in 
general smaller as compared to light water reactors. The utilization of a moveable reflector system 
in conjunction with dedicated safety control rods can increase the ability of accident managing due 
to enhanced escaping neutrons which otherwise would be reflected back into the fuel zone. The 
paper demonstrates the possibility of better controlling the transient reactor by additionally 
moving selected reflector subassemblies equipped with the neutron trap. The main purpose of the 
analysis of the Gas-cooled Fast Reactor (GFR) presented in the full paper is investigation of the 
kinetic parameters and of the control and reflector rod worth, as well as optimization of the parts 
used for partial reflector withdrawal. The results found in this study may serve for future design 
improvements of other designs such as the liquid metal cooled fast reactors are. 

x. Sweden 

Autonomous Reactivity Control (ARC) Systems  
Staffan A. Qvist, Uppsala University 

The next generation of nuclear energy systems must be licensed, constructed, and operated in a 
manner that will provide a competitively priced supply of energy, keeping in consideration an 
optimum use of natural resources, while addressing nuclear safety, waste, and proliferation 
resistance, and the public perception concerns of the countries in which those systems are 
deployed. These issues are tightly interconnected, and the implementation of passive and inherent 
safety features is a high priority in all modern reactor designs since it helps to tackle many of the 
issues at once. To this end, the Autonomous Reactivity Control (ARC) system was developed to 
ensure excellent inherent safety performance of Generation-IV reactors while having a minimal 
impact on core performance and economic viability. Properly designed, the ARC-system can act as a 
thermostat in the core, autonomously controlling temperature without the need for any operator 
action, electrical systems or indeed any moving mechanical parts. This actuation responds to 

14 
 


