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Abstract - Since mid 70s RIAR has been performing activities on plutonium involvement in fuel cycle. These activities are 
considered a stage within the framework of the closed fuel cycle development. 
Developed at RIAR fuel cycle is based on two technologies: "dry" process of fuel reprocessing and vibropacking method 
for fuel pin fabrication. 
Due to the available scientific capabilities and a gained experience in operating the technological facilities (ORYOL, SIC) 
for plutonium (various grade) blending into fuel for fast reactors, RIAR is a participant of the activities aimed at solving 
these tasks. 
Under international program RIAR with financial support of JNC (Japan) is modernizing the facility for granulated fuel 
production, vibropac fuel pins and FA fabrication to provide the BN-600 "hybrid" core. In order to provide "hybrid" core it 
is necessary to produce (per year):  
− 1775 kg of granulated MOX-fuel, 6500 fuel pins, 50 fuel assemblies. 
Potential output of the facility under construction is as follows: 
− 1800 kg of granulated MOX-fuel per year, 40 fuel pins per shift, 200 FAs for the BN-600 reactor per year. 

Taking into account domestic and foreign experience in MOX-fuel production, different options were discussed of 
the equipment layouts in the available premises of chemical technological division of RIAR: 
− in the shielded manipulator boxes, in the existing hot cells. 

During construction of the facility in the building under operation the following requirements should be met: 
− facility must meet all standards and regulations set for nuclear facilities, installation work at the facility must not 

influence other production programs implemented in the building, engineering supply lines of the facility must be 
connected to the existing service lines of the building, cost of the activities must not exceed amount of JNC funding. 

The paper presents results of comparison between two options of the process equipment layout: in boxes and hot 
cells. This equipment is intended to provide the BN-600 hybrid core with vibropac MOX fuel produced from weapon-grade 
plutonium excess for defense needs. 
 
 
INTRODUCTION  
 
Developed at RIAR fuel cycle of nuclear reactors is 
based on two technologies: "dry" procedures of fuel 
reprocessing and vibropacking method of fuel pins 
manufacturing. 
Due to available scientific potentialities and a gained 
experience in operating process facilities for mixing 
plutonium (various grades) with fuel of nuclear reactors, 
RIAR is a participant of the activities on weapon grade 
plutonium disposal. 
Under international program RIAR in cooperation and 
with financial support of JNC (Japan) is modernizing the 
process complex for granulated fuel production and 
vibropac fuel pins and FA fabrication. The goal of 
modernization is to provide the BN-600 hybrid core with 
MOX-fuel containing weapon grade plutonium. The 
hybrid core requires about 50 FAs per year, which 
corresponds with 6500 fuel pins or 1775 kg of granulated 
MOX-fuel. 
The complex under construction has the following design 
output: 
• 1800 kg granulated MOX-fuel per year; 
• 40 fuel pins per shift; 

• 200 FA for the BN-600reactor per year. 
Taking into account domestic and foreign experience in 
MOX-fuel production, different options of the equipment 
layouts were discussed in the available premises of 
chemical technological division of RIAR (bld.180): 
• in the newly constructed shielded manipulator 

boxes; 
• in the existing hot cells. 
During construction of the complex in the building under 
operation the following requirements should be met: 
• experience gained during designing, 

manufacturing and operation of the process 
equipment and Research-Test Complex (RTC) 
must be considered; 

• complex must meet all standards and regulations 
set for nuclear facilities; 

• installation work at the complex must not limit 
other production programs implemented in the 
building; 

• engineering supply system of the complex must 
be connected to the existing service lines of the 
building; 
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• cost of the activities must not exceed amount of 
JNC funding. 

 
1. PRINCIPLES OF THE EQUIPMENT DESIGN 
Available experience in the process equipment operation 
and state of RTC equipment have made it possible to 
propose the following concept of the complex 
organization: 
• available equipment of the fuel pin quality control 

area and area of the FA fabrication and control by 
using NDE methods (hot cell RF-2) can provide 
the goal output after completing repair; 

• fuel pin decontamination area, that was previously 
operated as RTC part, provided the set 
serviceability of the equipment, output and quality 
and must be restored with maximum application 
of previously tested and proven engineering 
approaches; 

• process equipment of the areas for granulated fuel 
production and fuel pin fabrication must be 
manufactured anew by using operating and 
maintenance experience. 

When developing statement of work for the equipment 
the following requirements were set taking into 
consideration operating experience of the process areas 
for granulated fuel production and fuel pin fabrication: 
• modularity of the equipment; 
• maintainability and service accessibility under 

remotely controlled conditions; 
• reliability. 
Modularity of the equipment implies as follows: 
• equipment unit must be self-contained device 

which provides fulfillment of completed stage of 
the technological process; 

• connecting joints of engineering service lines 
must be unified by size and type; 

• fastening of the equipment unit to the floor of the 
hot cell or the box must allow quick dismounting 
of this unit for its replacement under remote 
handling. 

Maintainability and service accessibility implies as 
follows: 
• simplicity of the equipment unit design; 
• service accessibility of components and items of 

the equipment unit under remotely-controlled 
conditions (for example, by using master-slave 
manipulators); 

• possibility of quick replacement of high-wear 
parts and components of the equipment under 
remotely-controlled conditions; 

• highest possible application of standard 
(purchased) equipments and components. 

Observance of the stated above principles when 
designing equipment will make it possible to improve 
serviceability of separate areas and, therefore, the 
complex on the whole. 

For implementing the stated above principles the 
following requirements were established in the statement 
of work: 
• process was broken down into groups of 

operations that were united in areas; 
• within each area a construction of the specialized 

glove box was provided for repairing equipment 
without its withdrawal; 

• equipment weight was limited by carrying 
capacity of in-box (in-cell) hoisting device; 

• overall dimensions of the equipment is limited by 
size of transport hatches connecting boxes (cells); 

• time necessary for remote maintaining (at worst – 
replacement) of the process equipment unit must 
not exceed 2 hours. 

The requirements in the field of application of corrosion-
resistance materials have been somewhat reduced, as the 
equipment is planned to be maintained in the box without 
its exhaustive decontamination. 

 
2. LAYOUT OF THE COMPLEX 
EQUIPMENT IN SHIELDED MANIPULATOR 
BOXES 
During the first stage of the complex development we 
considered an option of shielded boxes layout in rooms 
331 and 308, with they being supported by ceilings of 
existing hot cells (fig.1). 
The equipment for fuel production and fuel pin 
fabrication is installed in two independent lines inside 
the shielded boxes. The boxes are provided with 
shielding for staff protection in accordance with the 
radiation safety requirements. 
The boxes are equipped with visual inspection systems at 
each workplace. The visual inspection systems are 
located above the glove ports. Above the systems there 
are the ports for manual master-slave manipulators. 
Manual master-slave manipulators with sealed ports are 
supposed to be installed at each workplace as main 
service means. In the boxes gloves are applied for 
carrying out auxiliary activities and maintenance of the 
equipment. 
In order to meet the radiation safety requirements, the 
box biological shielding made from iron blocks (50 mm) 
and polyethylene sheets (50 mm) is planned to be 
equipped. Weight of separate box is as large as 45 t. 

 
2.1. Boxes of the fuel production area 
Boxes of the fuel production area (13 pieces) are unified 
by size, design, protection methods, remotely controlled 
equipment, engineering service lines and methods. 
Inter-box transporter provides communication between 
boxes. 
Overall dimensions of the boxes: length (5400), width 
(1700) and height (2500) are the same. In accordance 
with the character of the working operations some boxes 
are divided into two compartments, each being 2700mm 
long. 
The boxes are designed to have vertical sectioning of the 
working volume. The working volume for open material 



O14-03 

treatment is located on the upper level. It can be 
controlled both from the control room side and from 
room 308. The working volume is equipped with the 
crane, master-slave arms and glove ports. There is a leak-
tight floor between the upper and middle levels. The 
auxiliary equipment is installed on the middle level 
under the floor. It can be controlled only from room 308. 
Both manifolds (of exhaust ventilation and liquid 
radioactive waste drainage) are located on the lower 
level. There is a leak-tight floor between the middle and 
lower levels. 

 
2.2. Box of the fuel pin fabrication area 
The area under consideration (except zone of source 
material preparation) represents only one box. An 
individual approach was used for designing this box 
taking into account the capabilities of the installed main 
and auxiliary equipment. Its total length is 20000 mm.  
This box is sectioned by means of leak-tight partition 
walls provided with transport hatches. Main and 
auxiliary operations of a certain purpose are supposed to 
be performed in each individual compartment. Both main 
and auxiliary equipment is installed in the compartments 
to perform fabrication of fuel pins, decontamination of 
their outer surface, cutting of rejected fuel pins, 
maintenance of the equipment units and decontamination 
of units before their removal from the box. 
Compartments 1, 2 and 4 are equipped with the crane 
(Q=50 kg). The current project provides for installation 
of 2-4 master-slave arms in each compartment. Crane 
(Q=100 kg) is installed in compartment 3. 
The compartments differ in height and width. The floors 
of the compartments are located on different levels. This 
is related to the different cladding orientations in the 
process of the activities. The fuel column can be 
vibropacked, only if the cladding is upright. The 
preparation of a fuel portion, decontamination and 
cutting of the rejected fuel pins are performed, when the 
fuel pin is in a horizontal position. 
The compartments are unified by design, protection 
methods and remote handling equipment. Compartments 
1 and 4 are intended for the open MOX fuel treatment. 
Their width is 1200 mm, height — 3250mm: length — 
6300mm. Compartment 2 meant for filling the cladding 
with fuel has the following overall dimensions: width — 
1200mm, height — 5500mm, length — 2700mm. Width, 
height and length of compartment 3 (the activities related 
to sealed fuel pins) are 1400, 5500 and 6400mm, 
respectively. There is no room under the box in 
compartment 3. All the equipment is installed on the 
platform level. The auxiliary boxes for maintenance and 
decontamination of the equipment units have the 
following dimensions: width — 600mm; height — 
2500mm; length — within 1000 — 1500mm. 
The box is located on the platform in room 331 on level 
+9,9. The partitioning with a ceiling is built along the 
platform perimeter. Above the box up to the partition 
ceiling there are walls constructed in order to divide the 
room into the control rooms for constant attendance by 

staff and maintenance zone licensed for short-term stay 
of personnel. 
The box is designed on the basis of vertical sectioning of 
the working volume. The box, meant for the open 
material treatment, is located on the upper level. Its 
service can be performed both from the control and 
maintenance rooms. The upper level is separated from 
the middle one with a leak-tight floor. The auxiliary 
equipment (interim storage tanks, heaters and etc.) is 
located under the floor on the middle level in the room 
under the box. Its service can be done only from the 
maintenance room. There is a load-bearing platform 
between the middle and lower levels. 
Under the partition platform there is the auxiliary 
equipment for the working operations - vibrator, tanks 
for fuel pin decontamination, welding machine, - as well 
as cabinets with control and distributing devices and 
power electro-technical equipment. The engineering 
service lines providing the area serviceability are also 
located here: working media feed-pipes and drainage 
pipes for liquid radioactive waste. Electric circuits of the 
main and auxiliary equipment as well as signal cables 
from the monitoring instruments to the control racks are 
laid in ductings located under the elevated floor of the 
control room. This is the lower level. 
The exhaust ventilation manifold is located above the 
box. 
The control room is used for the box servicing. The 
maintenance rooms are used to perform maintenance and 
auxiliary operations as well as transportation. 

 
2.3. Engineering structure of the complex 
After completing development of the technical project of 
the process and shielded equipment the complex safety 
was evaluated under external actions of natural and man-
caused characters. Evaluation was made in compliance 
with the requirements of the effective regulating 
documentation. 
Evaluations showed that the areas located in rooms 308 
and 331 did not meet safety criteria under design 
earthquake and plane crash. In order to meet these 
criteria it was proposed that containment covering the 
areas should be constructed. Besides, for reducing 
containment cost to the minimum a proposal was made 
to integrate both areas (MOX-fuel production and fuel 
pin fabrication) under the same containment (fig.2) 
without changing design of the box. 
During architectural engineering pedestrian overpasses 
on the roof of building 180 around the constructed areas 
were designed to organize main and emergency 
(evacuation) exits from control rooms. 

 
2.4. Analysis of areas layout in the shielded boxes 
Layout of the complex equipment in the shielded 
manipulator boxes seems to be more attractive and cost-
effective. However, having analyzed this option at a 
design stage a conclusion was made that construction of 
the containment over the complex would be required to 
observe the effective regulations. During installation of 
the areas it will be necessary to perform activities both 
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on erection of heavy metal structures on high levels and 
connection to the existing engineering service lines. 
Therefore, it will have to stop operation of all existing 
service lines and all work being performed under various 
programs. Besides, cost estimation of the activities 
exceeded budget of the contract with foreign partners. 
Possible schedule of the project implementation also 
raised doubts. 
That is why, after consultations and concurrence with 
JNC the decision was made to consider feasibility of the 
process equipment layout in the available hot cells in 
building 180. 

 
3. LAYOUT OF THE COMPLEX 
EQUIPMENT IN AVAILABLE HOT CELLS 
BLD.180 
3.1. Purpose and layout of the areas 
The following areas are part of the engineering complex: 
• Storage area of source materials and finished 

products — is meant for storage of source 
materials used in MOX-fuel production, 
fabrication of vibropacked fuel pins and 
temporary storage of fabricated fuel assemblies; 

• Area of loading and maintenance(glove-boxes in 
rooms 331 and 308) — is meant for performance 
of auxiliary operations in production of 
granulated MOX-fuel such as: 
− Loading of source materials into the 

process chain; 
− Maintenance of the primary and auxiliary 

hot-cell equipment; 
− Decontamination of the hot-cell equipment 

and its units. 
• Area of cathode deposit production (hot cell KR-

01) — is meant for production of mixed oxide 
uranium-plutonium fuel granulate and electrolyte 
regeneration; 

• Area of granulate washing (hot cell КМ) — is 
meant for granulate purification from captured 
salts using water and regeneration of washing 
solution; 

• Area of vacuum treatment and fuel batch 
preparation (a part of hot cell RF-01) — is meant 
for final purification of granulate from impurities, 
its size fractioning and making of fuel batches 
from separate fractions as well as temporary 
storage of fuel batches; 

• Area of nondestructive fuel examination and 
sample preparation (glove boxes in rooms 101/5 
and 101/6) — is meant for nondestructive 
examination of fuel, preparation of representative 
samples and it also serves us a transport junction 
in transportation of samples; 

• Preparation area of component materials and 
claddings — is meant for making sets of pellets 
for upper and lower breeding zones, plugs, spring 
pins and preparation of claddings and component 
materials for fuel pin fabrication processes; 

• Loading/unloading area (glove-box in room 331) 
— is meant for loading of the component 

materials, claddings, container with uranium 
metal powder into the hot cell and unloading of 
finished fuel pins from the hot cell and their 
delivery to the decontamination area; 

• Fuel pin fabrication area (a part of hot cell RF-
01) — is meant for fabrication of fuel pin with the 
vibropacked fuel column based on BN-600 MOX-
fuel; 

• Fuel pin decontamination area (glove-box in 
room 331) — is meant for surface 
decontamination of the finished fuel pins from 
radioactive contamination; 

• Quality control area (hot cell RF-02) — is meant 
for quality control performance using 
nondestructive examination methods (density 
distribution control in fuel column, plutonium 
distribution control in fuel column and fuel pin 
integrity control); 

• Metallographic examination area (glove-boxes in 
room 101/4) — is meant for metallographic joint 
weld control of fuel pins; 

• Dismantling area of rejected fuel pins (glove-box 
in room 331) — it is intended for extraction of 
fuel and pellets in the upper and lower breeding 
zones from the rejected fuel pin, temporary 
storage of refabricated fuel, prior quality control 
over fabrication process of fuel pins using 
destructive methods (gas sampling from the fuel 
pin plenum and transfer of the joint weld sample 
of the fuel pin to the metallographic examination 
area); 

• Area of fuel assembly fabrication and control (hot 
cell RF-02) — is meant for assembling of fuel 
assemblies from individual fuel pins, quality 
control of fabricated fuel assemblies and 
temporary storage of finished products; 

• Reloading area (glove box in room 331) — is 
meant for fuel assembly transfer from the area of 
its fabrication and control into the shipping 
container TK-C2 and temporary storage of 
finished products; 

• Area of fuel quality control (analytical 
laboratory) — is meant for analytical control of 
fuel quality (destructive analysis). 

Layout of areas in hot cells is presented in fig.3. Figures 
4 and 5 shows location of auxiliary boxes. 

 
3.2. Analysis of the areas layout in the available hot 
cells 
During the analysis of the available hot cells it has been 
established, that all requirements for complex 
organization in the operating building will be met, if the 
areas are located in hot cells, viz.: 
• Available hot cells are in complete agreement 

with all standards and rules regulating nuclear 
reactors (for example, safety conditions under 
external actions of natural and man-caused 
characters, conditions of personnel radiation 
protection etc); 
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• Equipment in each complex area can be installed 
independently on activities carried out in other 
areas; 

• As equipment is located in the rooms meant for 
process equipment installation, engineering 
supply systems of the complex is connected to the 
existing engineering service lines; 

• Cost of activities is within budget of JNC funding. 
 
CONCLUSIONS 
Having analyzed equipment layout in the shielded 
manipulator boxes and in the available hot cells of 
building 180 a decision was made, that the complex 
would be housed in the existing hot cells of Chemical 
technological division of RIAR. 
To date RIAR in cooperation with other Russian 
(SverdNIIKhimMash) and foreign (HWM, Germany) 
partners has accomplished development of design 
documentation for main and auxiliary equipment. 
Besides, RIAR in cooperation with UPMK (Ozersk), and 
HWM, Germany, started manufacturing of the 
equipment. 
Cell RF-02 (the quality control area and the area of fuel 
assembly fabrication and control) is ready for 
modernizing equipment meant for fabrication of fuel 
assemblies with 96 mm across flats dimension. 
Cell KM (the area of granulate washing) is ready for 
equipment installation. 

Cell RF-01 (the area of vacuum treatment and fuel batch 
preparation and the fuel pin fabrication area) is being 
prepared for installation work. 
Cell KR-01 is currently under operation, so no work is 
under way there. Preparatory work is being performed in 
the room under cell. 
Box of the fuel pin decontamination area is ready for the 
equipment installation. 
Rooms 331 and 308 are being prepared for installation of 
auxiliary boxes of the complex. 
Stepwise commissioning of the complex is planned: 
• 1-st milestone - March, 2004 – areas located in 

cells RF-2, RF-1, KM, auxiliary areas; 
• 2-nd milestone – December, 2004 – the area 

located in hot cell KR-1, the maintenance-loading 
area. 

 
List of figures: 
1. Layout of boxes in rooms 308 and 331 (fig.4 from 

TP — phase 1, box option) 
2. Layout of the boxes in room 331 (fig.2 from 

Layout — phase 1,box option) 
3. Layout of the complex areas in hot cells (fig.2 

from TP — phase 2, hot cell option) 
4. Layout of auxiliary boxes of the fuel production 

area (fig.4 from Layout — phase 1, hot cell 
option) 

5. Layout of auxiliary boxes of the fuel pin 
fabrication area (fig.18 from TP — phase 2, hot 
cell option)
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