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TO THE READER 

 

Dear Reader,  

This book introduces you to Sosny R& D Company's 

products. The products mean research and 

development, supply of non -standard equipment 

and spent nuclear fuel, and radioactive waste 

management services. Since most of our products 

are technology -enabled, we deemed it necessary to 

describe the tasks set for each project, identify the 

project's position in nuclear industry, define 

scientific and engineering challenges, and 

summarize specifications and consumer -oriented 

characteristics of the end product.  

The first Sosny's projects dealt with del iveries of 

spent fuel assemblies from nuclear power plants in 

Russia, neighboring countries and beyond to 

research centers for post - irradiation examinations. 

That period was marked by deliveries of dozens of 

various spent fuel assemblies (SFA) and 

developm ent of equipment for handling the SFAs on 

the consignors' sites and in the consignees' shielded 

cells. In the early 2000s, as the threat of acquiring 

fissile materials by terrorist organizations became 

acute, Sosny R&D Company joined the international 

prog ram on repatriation of highly enriched uranium fuel from research reactors to the 

country of origin for storage and reprocessing. In parallel, we ran projects associated with 

handling leaky, damaged and destructed nuclear fuel from power reactors and its 

t ransportation to reprocessing facilities. These projects were aimed at safety enhancement of 

on-site and centralized spent nuclear fuel storage facilities. Storage facilities at Russian 

nuclear power plants were cleared from significant stocks of conformin g fuel (fit for 

transportation to the Federal Storage Facility for long - term storage) and non -conforming 

SFAs, which were shipped to a reprocessing facility.  

We see the history of development of new equipment as the history of assimilating new 

technologie s and structural materials. The first spent nuclear fuel handling projects did not 

deal with changes in physical and chemical state of the fuel composition and involved simple 

operations, such as loading/unloading, encapsulation and transportation, while r ecent 

developments implement complicated, multi -stage high - temperature processes involving 

molten salts, aggressive mixed gases, and concentrated acids. The materials used and the 

new equipment designed have to have conceptually new properties and characte ristics to 

ensure performance of the equipment in the course of time between overhauls in a high -

temperature and corrosive environment.  

We see the history of development of new equipment as the history of assimilating new 

nuclear fuels. Conventional urani um dioxide fuel, which demonstrated high reliability for 50 

years, has exhausted its potential in both cost and efficiency. In the meantime, it became 

obvious that the fuel cycle of natural uranium water -cooled reactors has its limits and needs 

plutonium a nd uranium -238 to be introduced into. The technology for handling mixed 

uranium -plutonium oxide fuel required development of special shielded glove boxes and air 
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cells to prevent radiation exposure to the personnel, especially, alpha and neutron 

irradiatio n. Even more stringent requirements are imposed on the glove boxes and cells for 

mixed uranium -plutonium nitride (MUPN) fuel, which, above all other requirements, is not 

compatible with oxygen -containing atmosphere. Maintaining both the inert atmosphere an d 

the required underpressure in a shielded cell turned out to be rather a challenge from the 

engineering viewpoint. Nevertheless, the goal was met, thus allowing one to place the MUPN 

fuel fabrication and reprocessing equipment in the glove boxes and shiel ded cells.  

We see the history of development of new equipment as the history of turning from simple 

electromechanical devices to sophisticated robotic equipment controlled by specially 

developed software. First of all, the selection of process control sens ors and equipment has 

radically changed. New projects use displacement, temperature, pressure, concentration, 

density, flux density and particle energy sensors, each type requiring development of a 

transducer and a signal conditioner. The selection of actu ators has changed significantly, too,  

placing more and more emphasis on the use of pneumatics and more precise and radiation -

resistant stepper motors. Radiation - resistant video equipment is widely used. All information 

from the equipment, glove boxes and cameras is communicated to the computer, and based 

on the math model of the process the operator takes a decision to continue or to stop the 

process.  

Over 25 years of Sosny's existence quite a stable list of products and services has shaped; 

and every year  we have to validate our competences by implementing more and more 

complicated projects and offering more efficient and safe solutions. It is not our intention to 

describe the design of each piece of equipment. It seems more important to present the 

comple xity of the task in hand and the ways of translating the concept into hardware. So, 

the book gives only the most important features of the equipment developed.  

It presents main types of the equipment developed, fabricated and delivered to 

customers by Sosn y R&D Company in the 1992 -  2017 period. Welcome to the hi -

tech world of Sosny R&D Company!  
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Shielded glove boxes for fabrication of oxide uranium fuel must ensure, as a 

minimum, a tight shielding containment to provide a separate atmosphere, 

deployment of process and auxiliary equipment, and process operations.  

As for glove boxes for fabrication  of oxide uranium -plutonium fuel (MOX), 

engineering requirements are much more stringent, because of chemical activity of 

plutonium, alpha -activity, and, though insignificant, neutron and gamma -radiation. Chemical 

reactivity of plutonium imposes significan t constraints on the composition and temperature of 

the air atmosphere. Such glove boxes are fabricated for a definite purpose and differ in 

thicker walls, special glass, a pressure relief valve connected to an active ventilation system, 

and a contaminatio n solution drain valve. The glove boxes are equipped with air - tight doors, 

antechambers and customized with mechanical equipment (rollers, conveyors, etc.). Electric 

actuators are installed outside the containment. If necessary, the table in the glove box may 

incorporate thermal vacuum furnaces for drying the product, as well as other equipment. The 

glove boxes have LED lamps. The internal underpressure is maintained at 200 Pa. The glove 

boxes may be equipped with temperature and moisture transducers. Inlet , exhaust and 

maintenance vents with electrically -driven flaps make part of the glove boxes.  

The glove boxes can be lined through tight air - locks to ensure a continuous process.  
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Pilot Facility for Vibropacking  

and Weld Sealing of Fuel Rods at SSC RIAR 

 

In 2013, a task was set to develop and fabricate shielded glove boxes and in -box equipment 

for the pilot facility for vibropacking and weld sealing of BOR -60 and MBIR fuel rods at SSC 

RIAR. The pilot facility is part of the complex for fabrication of mixed  uranium -plutonium 

oxide fuel, vibropacked fuel rods and fuel assemblies.  

 

COMPOSITION OF GLOVE BOX LINE:  

¶ an incoming inspection glove box  

¶ a glove box for thermal vacuum drying of granulate  

¶ a glove box for fuel portioning  

¶ a glove box for loading and weld sealing of the fuel in fuel rods  

¶ equipment for primary decontamination and fuel density control throughout the 

fuel column.  

 

The glove boxes maintain negative pressure of 200  Pa, temperature of 20 Áȷ and relative air 

humidity less than 15 %. The glove boxe s are equipped with a two -stage air filtering system. 

To ensure proper fabrication of fuel rods, the area has ancillary systems for vacuumizing the 

cladding, purging helium into the cladding, purging argon for welding the plug to the 

cladding, compressed a ir supply, suction -and -exhaust ventilation, feed water and 

decontamination solution supply, draining, lighting.  

The control system has digital process variables recorders. There is a capability for on - line 

graphic representation of measured variables (temp erature, pressure) and data transfer.  
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Shielded Glove Boxes for Production of MOX Fuel Pellets 

for BN-800 Reactor Facility 

 

In 2011, Sosny R&D Company developed and fabricated shielded glove boxes for MOX fuel 

production facility.  

 

COMPOSITION OF GLOVE BOX LINE:  

¶ a glove box for a uranium dioxide portioning  system  

¶ a glove box for reloading the product from an operation container into a 

transfer cask  

¶ a glove box for receiving and transferring containers with plutonium dioxide  

¶ a glove box for inspection of  container lid sealing and decontamination  

¶ a glove box for outgoing non -destructive inspection of fuel pellets.  

 

The glove boxes are designed to incorporate access doors, air - lock hatches, viewing 

windows, glove and process ports, a suction -and -exhaust ventilation, and lamps. The glove 

boxes are leak -proof and underwent positive pressure testing.  
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Development of new fuels based on uranium and plutonium nitrides  (MUPN) for fast 

neutron reactors required novel shielded boxes preventing oxidizing atmosphere.  

The main requirements for the shielded boxes for fabrication of the MUPN fuel are 

tightness and inert atmosphere with the content of oxygen and water vapor of  50 

ppm or less. These requirements add considerable complexity to the design of operating 

volume of the shielded box, since it is necessary to ensure underpressure, while preventing 

the air from the outside. At the same time, it is necessary to expel the air from the inside of 

the shielded box and replacing it by the inert gas.  

Radiation properties of non - irradiated MUPN fuel allow deploying fabrication equipment in the 

shielded boxes with inert atmosphere (most typically, nitrogen), if the process does no t 

involve high temperatures affecting structural materials. Some operations of the MUPN fuel 

fabrication, i.e. fuel rod assembling, can be carried out in boxes with air atmosphere.  
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Shielded Boxes with Inert Atmosphere for Testing 

Prototype Facilities and Prove-Out of Technologies  

for Nuclear Fuel Fabrication 

 

In 2015, Sosny R&D Company won a tender for manufacture of prototype facilities to 

develop and test core processes of the MUP N fuel fabrication. The project was the first 

experience in development of a line of glove boxes with inert atmosphere to accommodate 

the prototype equipment for fabrication of the MUPN fuel, which is sensitive to oxygen and 

water vapor.  

The prototype faci lities are intended for try -out of the powder synthesis operations and 

fabrication of the MUPN fuel pellets. The best designs will be used for commercial equipment.  

Under the project, Sosny engineers fabricated the shielded boxes and prototype equipment, 

developed design documents for treatment equipment and support systems, high -wear 

resistance press tools for pellet pressing, and performed acceptance tests.  
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The shielded boxes are designed to accommodate crushing, grinding, mixing and powder 

granulating machines, a furnace, presses, a particle sizer and a pellet measuring instrument.  

The prototype equipment also includes auxiliary equipment that supports funct ioning of the 

glove boxes and in -box equipment.  
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The next stage of developing future commercial equipment was designing a process tryout 

facility as part of the analytical laboratory. The designed facility is intended for validation of 

engineering sol utions and improvement of operating parameters for the core process of the 

MUPN fuel fabrication.  

The project implied all stages of developing the process tryout facility from technical 

specifications to final design documentation. Installation supervision  and final acceptance 

tests completed the project.  
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The line of shielded boxes includes the following:  

¶ powder preparation glove boxes (crushing, mixing, weighing),  

¶ powder particle sizing glove boxes,  

¶ a disc pressing glove box,  

¶ a carbothermal  synthesis furnace with a glove box,  

¶ powder granulation and preparation glove boxes,  

¶ a pellet sintering furnace with a glove box,  

¶ pellet sizing glove boxes,  

¶ scrap treatment glove boxes,  

¶ a glove box of analyzers,  

¶ a glove box for pellet interim storage,  

¶ a gas purification glove box.  

The glove boxes linked up with the furnaces for carbothermal synthesis of nitrides and pellet 

sintering are equipped with individual systems for gas/off -gas purification.  
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Facility for Carbothermal Synthesis of MUPN Fuel 

 

A facility for carbothermal synthesis of mixed uranium -plutonium nitride fuel based on 

recovery of uranium and plutonium dioxides by carbon in nitrogen flow makes part of a fuel 

fabrication/refabrication plant.  

The facility includes six horizontal - type high - temperature batch furnaces for carbothermal 

synthesis of uranium and plutonium nitrides and six cooling chambers for removal of ready -

made products without cooling down the furnace. The furnaces incorporate re torts to ensure 

tightness of the reaction zone during synthesis. A transfer system interconnects boxes, 

airlocks and furnaces.  

The mode of operation is continuous, i.e. 250 d/y, 24 h/d. The intake power is 50 kW.  
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Uranium and plutonium dioxide disk s saturated with carbon are put in boats on special trays. 

The boats are loaded through the input box filled with nitrogen. The airlocks are designed to 

replace nitrogen by argon. They are tightly interfaced with the input and transfer boxes 

through tight slide gates. The design of the slide gates ensures smooth transfer of the tray 

with the boat through the transfer system that delivers the boats to the furnace boxes. The 

furnace slide gates separate the gas medium in the boxes from that in the furnace. Th e 

boats enter the furnace for synthesis of nitrides this way. Once the synthesis reaction is 

completed, the boats with the final product enter the cooling chambers filled with argon. 

When cooled down, the boats are conveyed to the output box through the tr ansfer system.  

A peculiarity of the furnaces for carbothermal  synthesis of nitrides is that the discs undergo 

heating and hot soaking in nitrogen first and then in the nitrogen -hydrogen medium, 

whereupon argon replaces the gas mixture to cool down the discs and prevent generation of 

sesquinitrides.  

Mass- flow control lers supply the gases to the furnace retort in the full program mode.   

There are gas purifying units in a separate boxes above each furnace for carbothermal 

synthesis. The gas purifying equipment incorporates cold traps, filters, shut -off and control 

valv es, vacuum pumps and instrumentation.  
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Shielded Boxes with Air Atmosphere  

for Fuel Rod Assembling Line 

 

Fabrication of fuel assemblies for the BREST -OD-300 reactor consuming the MUPN  fuel 

requires a fuel rod assembling line with the equipment installed in dedicated rooms and 

special shielded boxes with air atmosphere. The shielded boxes furnished with required 

equipment were designed, fabricated and delivered to the Customer. The equi pment 

underwent supervised assembling, adjustment and final acceptance tests on the customer's 

site. The development was supported with radiation and nuclear safety analyses.  

 The fuel rod assembling line includes:  

¶ an area for the incoming control and prep aration of fuel rod components  

¶ an area for heat treatment and leak testing of fuel rods.  

The area for the incoming control of the fuel rod components contains furnaces for drying the 

tubes and components, equipment for assembling the fuel rods, tables and racks, and a 

control system.  

The area for heat treatment and leak testing contains boxes for fuel rod leak tests and a 

control system.  
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The unique design of the Neutron Source Facility was developed by Argon National 

Laboratory (ANL, U.S.) and National Scientific Center "Kharkov Institute of Physics 

and Technology" (KIPT, Ukraine). The Institute of High Energy Physics of the Chinese 

Academy of Science developed the accelerator.  

Sosny Research and Development Company designed, fabricated and delivered critical 

components of the facility and performed a part of safety assessments.  

The project involved several research, design, construction and production companies of 

Ukraine, the USA, Russia, Germany, China, and Kazakhstan.  

 

  



20 

The Neutron Source Facility is intended for studies using fast, thermal and cold neutrons in 

different areas of the fundamental and applied science, as well as for training of nuclear 

engineers.  

The subcriti cal assembly is designed to ensure the maximum density of the neutron flux, 

while excluding a criticality accident.  

It is operated by an electron beam.  

 

 

 

 

 

 

 

 

 

 

 

 

 

      Subcritical assembly 
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Housing for subcritical assembly 

 
 

 

Housing for the neutron-generating target 

 
 

 

Beryllium reflectors 

 

Sosny R&D Company designed, fabricated and 

delivered the critical components and systems 

for the Neutron Source Facility, i.e.  

¶ the subcritical assembly vessel and internals 

including the core baseplate, a  neutron 

generating target, graphite and beryllium 

reflectors, neutron absorbing rods, 

irradiation ampules, neutron channels, racks 

for irradiated fuel assemblies. The 

equipment was made of beryllium, high -

density reactor graphite, and special 

aluminum all oy ;  

¶ fuel handling machine (a system for 

reloading the fuel, reflectors and irradiated 

ampules in the core) ;  

¶ cooling pools for irradiated fuel assemblies 

and targets with systems for water leakage 

control and return, water makeup and 

cleanup and underwater video surveillance ;   

¶ on-site transfer casks with automatic 

electrically -driven grapples for the transfer 

of irradiated fuel assemblies and targets 

from the subcritical assembly into the 

cooling pool ;   

¶ radiation monitoring system for the Nuclear 

Source Faci lity ;  

¶ a criticality accident alarm system for the 

fresh fuel and irradiated fuel storage 

facilities ;  

¶ life -support systems for the Neutron Source 

Facility (radioactive ventilation, active drain 

systems , power supply, etc.).  
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    Control panel of the fuel handling machine 

 
Cooling pools for irradiated fuel assemblies  
and targets 

 

 

                           

 

On-site transfer casks 
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One of the methods to enhance fast reactor safety and economic parameters is 

improving structural materials and design of fuel assemblies and their components.  

Hot cells for remote disassembling and non -destructive examinations of spent fuel 

assembling pr ovide accurate data on the fuel rod performance in the reactor.  

Non -destructive examination systems are intended for operation under intensive ionizing 

radiation in the hot cells, dry storage vaults and cooling pools at nuclear facilities.  
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Examinations:  

¶ cladding OD  

¶ gamma emission rate  

¶ cladding flaws  

¶ cladding thickness  

 

 

Automated Equipment for Non-Destructive Examinations  

of Irradiated Fuel Rods and Absorbers  

from BN-800 Reactor Facility at Beloyarsk NPP 

 

 

 

 

 

 

 

The non -destructive examination 

system includes in -cell equipment 

and an information and control 

system, as well as a set of 

grapples, a radiation - resistant 

video surveillance system, a set of 

qualified standard samples and 

measurement techniques.  

A mechanical module is the base 

for the in -cell equipment designed 

for holding, centering, vertical 

movement and axial rotation of 

items under examination. The 

vertical positioning is ensured 

within Ñ0.15 mm at a movement 

rate of up to 3 m/min.  

An eddy -current inspection 

module and an outer diameter 

measuring module are installed 

on the base of the mechanical 

module and can be used either 

simultaneously, or independently. 

An adjustable collimator  for the 

gamma -measuring channel is 

built in the base.  

A video surveillance system 

allows observing operation of the 

equipment and the item inside 

the hot cell.  

What is examined?  

Fuel rods and absorbers from 6 to 32 mm OD 

and up to 2500 mm long  
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The module for measuring the outer diameter profile of fuel and absorber rods is designed to 

determine their cross dimensions in two mutually perpendicular sections simultaneously with 

two pairs of linear transducers. The module has a START -STOP scan mode ensuring 

measurements within Ñ10 Õm and a NON-STOP mode ensuring measurements within 

Ñ20 Õm. The non -stop scanning time for one fuel rod at a maximum movement rate does 

not exceed 1 min.  

The gamma -measuring channel is designed to measure relative gamma intensity of 

radioactive isotopes during the vertical movement of the fuel/absorber rod under 

exam ination. The in -cell part of the channel is a collimator with a slot that can be remotely 

adjusted within 50 Õm. The channel is based on an HPGe-detector and a multichannel 

analyzer with a resolution of 1.8 keV close to the energy line of 1332 keV (60Co) a t the input 

statistic load below 1Å105 s-1. 

The eddy -current test module is designed to inspect the fuel rod cladding for any flaws and 

magnetic inclusions.  

Three eddy -current test channels are used to make the results more informative. Two of 

them are ba sed on a miltiplex eddy -current test instrument ROHMANN ELOTEST PL500 with 

a frequency range of 10 Hz -  12 MHz. The test instrument has two transducers connected to 

it: an absolute one to characterize the cladding in the region under inspection (thickness or 

magnetic properties), and a differential one to compare the parameters in the inspected 

region with those in the adjacent areas in order to detect any flaws.  

The third channel is a pulse generator activating the eddy -current transducer and controlling 

the data record process. The flaw location is determined within Ñ 2 mm. 

The in -cell equipment is operated by a measuring and control system allocated over the 

area: the secondary transducers are located in a shielded cabinet in the short - term access 

room, while the control equipment is deployed in the control room.  

The information and control system includes a workstation, two monitors, a UPS and other 

indicator and control units. The workstation 

ensures manual and automatic modes of 

operation through a de dicated software package 

including system configuration and experiment 

design programs, as well as a measurement 

results viewer.  

The software is based on .NET Framework 4 

that runs on Windows 7 Professional x86. The 

operator can change the movement range a nd 

rate for the movable units, as well as select the 

type of the inspection object, the list of plug - in 

modules, the gamma spectrum rate and other 

parameters.  

The workstation displays on - line parameters, 

location of the movable units, error messages 

and me tric oscillograms.  

The system controls the movable units and 

measuring equipment by a pre -set algorithm 

allowing for a hold and resumption of the 

process and recording the measurement 

results.  
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Examinations:  

¶ clad ding OD  

¶ cladding flaws  

 

Automated Profilometry and Eddy-Current Test System  

for SSC RIAR Hot Cell 

 

The system is intended for non -destructive examinations, dimensional measurements and 

flaw detection in various fuel rods. It has a modular design enabling alterations of its 

configuration for various inspection tasks. A magnescale transduc er controls the vertical 

coordinate of the carriage within Ñ100 Õm. 

The cladding profilometry module is based on two liner encoders with T -shaped styluses. The 

styluses can be replaced with ball - tipped probes, their position about the axis controlled to 

ensure inspection of intricate -profile objects. The crosswise size is determined within Ñ 10 

Õm. 

The eddy -current test module is based on the pulse method using a differential encircling, 

differential surface or absolute encircling eddy -current transducer to  magnetize the 

examination object with a controlled intensity. The results are compared with those obtained 

from scanning of the flaw standard samples.  

The information and control system is deployed in the control room and ensures operation of 

the system in the manual and automatic modes. The software package includes system 

configuration and experiment design programs, as well as a measurement results viewer.  

 

  
What is examined?  

Fuel rods from 4  to 20  mm OD  

and up to 1 500 mm long  
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Examinations in shielded cells appeared to be the only way to adequately assess the 

health of fuel assemblies after irradiation in power -grade reactors in the design 

development phase. In this case, the shipping and examination cost is comparable 

with the cost of a fuel assembly.  

Currentrly, the NPP -2006 project involving new knockdown VVER -1000 FAs uses SFA 

inspection and repair stands. They are intended for obtaining  on- line information on the 

post -operation health of the spent fuel assemblies, determining causes of failures, and 

searching for leaky fuel rods, thus facilitating taking a decision on the SFA serviceability, 

storage conditions and upgrades for the fuel d esign and fabrication quality management.  

The SFA inspection and repair stands are equipped with measuring instruments for visual 

examinations, dimensional tests, and detection of leaky fuel rods. In addition, the stands can 

remove failed fuel rods and ins tall replacements. The operations with the spent fuels are 

performed under water in conditions typical of reactor pools.  
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The measuring module includes four data channels: for visual examinations, dimensional 

measurements, eddy -current flaw detection and leak detection. The components of the 

measuring module are corrosion - resistant.  

All examinations are performed with a measuring module. The module moves measuring 

instruments vertically and horizontally relative to a fuel assembly.  

The measur ing module includes four data channels: for visual examinations, dimensional 

measurements, eddy -current flaw detection and leak detection. The components of the 

measuring module are corrosion - resistant.  

 

Measuring module 
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The TV channel  enables visual examinations along the 

entire length of a fuel assembly and all its surfaces 

communicating videos from the TV camera to a video 

recorder.  

The dimensional measurements channel  is intended for 

measuring flat - to - flat dimensions (to an accuracy of 

Ñ0.1 mm), bowing (to an accuracy of Ñ0.5 mm) and twists 

(to an accuracy of Ñ0.1 degree) of fuel assemblies and 

their components.  

The eddy - current flaw detection channel  identifies 

defect s (cracks, corrosion, hydrogenation, etc.) on the 

outer and inner surfaces of fuel rod claddings. The fuel rods 

undergo eddy -current testing after having been taken out 

of a fuel assembly. The instrumentation sensitivity 

conforms to foreign standards in pl ace (ASTM E426 -98,  

JIS G 0583 -2004, etc.).  

The cladding leak test channel  uses the principle of 

water detection under the fuel rod cladding. A fuel 

assembly is searched for leaky fuel rods after its head has 

been removed. The cladding leak test equipment  detects 

leaky fuel rods in a fuel assembly with a burnup of up to 

30   MW*day/kgU. The method for detection of leaky fuel 

rods in spent fuel assemblies is covered by patent 2262757 

RF G21 ɗ17/06, 17/07. 

 

 

The inspection and repair stands developed by Sosny  R&D Company are operated 

at the Kalinin NPP, Russia and the Temelin NPP, the Czech Republic.  

In 2015 - 2017, control and measuring equipment for four inspection stands was 

fabricated, tested and delivered to the units under construction at Leningrad NPP 

an d Novovoronezh NPP.  

 

  





33 

 

 

The choice of equipment and technologies for preparation of spent nuclear fuel of any 

type of reactors f or transportation is dictated, firstly, by the fuel type and health and, 

secondly, by the way of its storage.  

The fuel type (oxide, metallic, etc.) and health (intact, leaky, damaged) are 

important in choosing equipment for personnel radiation protection and ensuring a favorable 

radiological environment in the working areas. The way of SNF storage (wet, dry) governs 

methods of personnel biological protection from direct and scattered neutron and gamma 

radiation.  

Preparation of the spent fuel for transporta tion is aimed at making it loadable/unloadable 

and transportable to the consignee's site.  

As a rule, this is done through repackaging, i.e. placing the spent fuel in special canisters, 

which in their turn are loaded into baskets and then into casks.  

Alth ough the technologies and equipment used are abundant, they have much in common. 

In particular, working platforms for personnel, as well as long - length tools and process 

control equipment are used to handle the spent nuclear fuel in storage pools. Drying t ight 

canisters for temporary storage and transportation is an issue to address in the underwater 

repackaging technology.  For the spent fuel stored dry, it is necessary either to transfer it to 

a hot cell (if available) or to use remotely controlled manipu lators.   

In SNF preparation projects Sosny engineers use almost all the above technologies 

and equipment.  

 

  



34 

 

  

The project on spent fuel assemblies failure mitigation at Paks NPP, 

Hungary implemented the technology involving a working platform, 

long-length tools and tight water-filled canisters, which had been 

stored under water for several years and then dried out. 



35 

 

 

 

 

The working platform  installed above the storage pool 

was used for loading the spent fuel from aluminum 

barrels and the fuel parts of reactor channels into 

transport canisters.  

 

The shielded room  

served to cut off the 

fuel - free upper 

parts of the reactor 

channels.  

The damaged SNF was 

repackaged into special untight 

canisters  of unified design 

differing only in height and 

weight. Prior to loading into the 

transport casks, the canisters 

with the SN F were moved 

underwater onto racks.  

 

 

Special long - length tools  were used to cut the 

aluminum barrels and reactor channels under water, 

handle the canisters and load them into the transport 

casks.  

 

 

Safe loading of the SNF canisters into TUK -19 casks 

through their top required the use of a  transfer cask , 

while the SKODA VPVR/M cask was loaded by pulling the 

SNF-containing basket through the bottom access port in 

the standard way.  

  

tǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ŘŀƳŀƎŜŘ ǎǇŜƴǘ ƴǳŎƭŜŀǊ ŦǳŜƭ ŀǘ ±ƛƴőŀ LƴǎǘƛǘǳǘŜΣ {ŜǊōƛŀ ǊŜǉǳƛǊŜŘ ŀ 

combined technology involving a working platform and a small room as a shielded cell. 



36 

 

 

 

 

The fuel bundles were  dried  by leaving them in the hot cell to drip under increased 

temperature.  

The ampules with t he fuel bundles were loaded into the transport casks using a standard 

transfer cask and a special adaptor shield.  

 

 

 

 

Tight ampule for transportation of fuel rod bundles  

from leaky RBMK-1000 SFAs  

For removal of the spent fuel from RBMK-1000 units at Leningrad 

NPP, a hot cell was used to load fuel rod bundles from leaky SFAs 

into ampules and to tighten the dried fuel. 
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Removal of the AM reactor SNF  (the world's first nuclear power plant) from the 

Institute of Physics and Power Engineering, Obninsk turned out to be the most 

complicated from the viewpoint of variety of the fuel types and health.  

The main stock of the spent fuel at the storage facility was basically the AM - type fuel rods, a 

significant part of them damaged externally. All fuel rods that were subject to removal to the 

reprocessing facility were considered conventionally leaky. The f uel rods were stored in 

untight canisters in dry storage vaults. The AM fuel rods (except for experimental ones) were 

the same in design, but different in the fuel composition.  

Since cutting of the fuel rods posed risk of a radioactive release and could a ccumulate a 

significant amount of secondary radioactive waste, a decision was made to use a large -size 

reinforced concrete cask ȸUȰ-108/1 that can accommodate full - length fuel rods of the AM 

type.  

The VM - type spent fuel assemblies were placed into tight ca nisters before loading into 

TUK-19 transport casks.  Loading of the spent fuel into the canisters, installation of the 

canisters into the casks and temporary storage of the casks took place in a separate building 

at Institute for Physics and Power Engineeri ng. That building houses a hot cell, crane 

facilities, active ventilation and radioactive waste drains.  

To prepare the spent fuel of the AM and VM types for transportation, several dozens of types 

of equipment and systems were designed, delivered and commi ssioned including the 

following:  

¶ TV systems for inspection of inventory items at the SNF storage facility and 

process control in the hot cell,  

¶ a criticality accident alarm system (CAAS) for the hot cell,  

¶ ancillary equipment for the transfer and installatio n of the TUK -108/1 and 

TUK-19 casks;  

¶ tight canisters for loading deformed and healthy VM - type SFAs in the TUK -19 

casks and the AM - type fuel rods in the TUK -108/1 cask;  

¶ a set of in -cell equipment for handling standard baskets, unloading the spent 

fuel from  them, cutting off upper end pieces of the VM - type SFAs, and packing 

the VM - type SFAs and AM - type fuel rods into canisters. Electric and pneumatic 

drives allowed remote control of the equipment from the panels in control 

rooms.  

 

  

A basket tilter 

Equipment for SNF packaging into canisters 
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Most of the spent fuel from the EGP - 6 reactor at Bilibino NPP has been stored in 

on - site dry storage in cooling pools for a long period of time. The design of the 

power plant does not provide for a technology or equipment for on - site and off -

site transportation of the spent fuel assemblies.  

The technology developed to prepare the site for transportation of the spent fuel to a 

reprocessing facility included removal of SFA -containing canisters from the dry storage pools 

by remote manipulators, cutting of the SFAs into structural and fuel parts, packaging of the 

fuel parts into shipping ampules, purging and tightening of the ampules by welding their lids. 

The SNF -containing ampules were supposed to be loaded into transport casks through a 

transfer cask.  

 

 

 

Mockup facility for cutting canisters and packaging 
spent fuel assemblies into ampoules 
 
 
 
 
 
 
 
 
 

Mockup manipulator for removal  

of canisters with SFAs  

from dry storage pools 
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A unique repackaging technology was developed for preparation of the spent 

fuel for shipment from the Dalat Nuclear Research Reactor at the Dalat Institute 

of Nuclear Research, Vietnam. The peculiarity was that the spent fuel was 

loaded in to a SKODA VPVR/M cask not through the bottom access port in the 

storage pool, which is a commonplace, but from the top access port.  

 

The choice of the technology resulted from the impossibility to install a heavy SKODA 

VPVR/M cask right above the storage  pool because of the limited lifting capacity of the 

equipment available.  

So, the technology envisioned development of equipment for SFA unloading from the storage 

pool and loading it into a transfer cask, the transfer cask itself, a support plate and an 

adaptor for aligning the transfer cask with cells of the inner basket in the transport cask. The 

spent fuel was dried right in the cask.  

 

 

 

 

Transfer cask for loading SFAs into SKODA VPVR/M cask  

through the top access port 
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Preparation of liquid spent fuel (uranyl sulphate solution enriched to 90% in 

uranium - 235) from the IIN - 3M reactor, Tashkent, Uzbekistan for shipment to 

the Russian reprocessing plant was a peculiar RRRFR project. Even with other 

solution - type reactors operating in Russia, there had never been a technology 

available for transportation of liquid spent fuel.  

 

 

A set of equipment was designed to discharge the liquid fuel from the reactor vessel into 

temporary storage canisters in batch quantities with a concomitant measurement of the  

discharged fuel volume, to store the fuel before transportation, and to pump the fuel from 

the temporary storage canisters into transport canisters by batches.  

 

 

 

Safe loading of the canisters with the liquid 

spent fuel into the transport cask required 

development of a transfer cask .  

 

 

 

 
The SKODA VPVR/M cask making part of the 

TUK - 145/C package  for transportation of 

canisters with the liquid SNF  was provided 

with special polyethylene impact limiters 

installed into its vacant cells, as well as at 

the top and at the bottom of each canister to 

ensure additional dynamic protection of the 

radioactive content.  
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In all projects, development of techn ologies and equipment goes in 

parallel with all possible safety assessments for steady -state and 

accident conditions, i.e. strength, nuclear, radiation and thermal 

studies. Justifying experiments and calculations of fire and 

explosion safety received parti cular attention.  

The basic ways to prevent hazardous concentrations of hydrogen 

and oxygen are dilution or removal of gases with water radiolysis 

products, as well as a short -erm SNF encapsulation.  

 

 

 

 

 

 

 

Sosny's experience in implementing technologies for preparation of nuclear fuel for 

transportation provides solid ground for development of non - standard methods for 

handling tricky SNF that meet up - to - date safety, reliability and efficiency 

requirements.  

  





43 

 

 

In April 2003, during cleanup of the VVER -440 fuel in Unit 2 tank at Paks NPP, 30 fuel 

assemblies were damaged. As a result of mitigation measures, more than 5 tons of 

the spent fuel was loaded into ventilated wate r- filled canisters and placed in the 

cooling pool at the Paks NPP for interim storage.  

The decision to transport the damaged SNF to Mayak PA for reprocessing evoked 

calculations and experiments to justify the way of preparing the SNF -containing canisters for 

transportation.  

Simulations of the SNF storage in a tight canister were performed in shielded cells at SSC 

RIAR to investigate behavior of the destructed fuel and to determine the amount of 

remaining moisture in a canister that could ensure safe SNF h andling throughout the 

campaign. Data from the experiments allowed justifying safe modes of the SNF 

transportation.  

Concentration of hydrogen in the canister was shown not to exceed the safe value of 0.05  % 

in two years of storage provided that the residua l pressure did not exceed 0.6 kPa in dried 

tight canisters with the damaged VVER -440 SNF.  

Thermal vacuum drying of the SNF without water pre -draining was decided upon to minimize 

the personnel exposure, amount of radioactive waste generated and work time. The analysis 

demonstrated nuclear and radiation safety of the proposed option employing accumulation of 

the spent fuel and fission product particles on filters. Noteworthy is the fact that the gaseous 

fission products release during drying did not 

require any special personnel and 

environment protection measures.  

From these studies, technical requirements for 

the equipment to be used for preparation of 

the SNF canisters for transportation were 

elaborated. A technology and process 

procedures were developed,  too.  
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Depending on the condition and form, the damaged fuel was stored in the Paks cooling pool 

in canisters of two types . Original pressurizers were installed in the canister lids to 

regulate internal pressure.  

During preparation of the SNF canisters for the transportation, the canister lids for wet 

storage had to be dismantled and replaced by tight lids for interim wet storage and 

transportation.  

The canister lid is a 2 -piece unit: the outer lid has a handling element similar to the head of 

the VVER -440 fuel assembly in design, and the inner lid is designed to tighten the canister.  

 

 

Storage canisters for damaged VVER-440 SNF 

 

 

The working platform  that had been used to remove the damaged fuel from the cleanup 

tank was modified to be employed during preparation of SNF for shipment.  

 

 

Modified working platform 
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Heating module 

 

Special equipment  was developed for drying the SNF canisters, i.e.:  

¶ equipment for dismantling the pressurizers,  

¶ equipment for replacing the canister lids,  

¶ equipment for thermal vacuum drying, gas filling and tightening the canisters ,  

¶ equipment for flushing and liquid resistance measurement of the filtering and 

compensatio n unit,  

¶ canister leak tester,  

¶ support systems (lighting, video surveillance, communication),  

¶ baskets for installing the canisters in the TUK -6 shipping cask.  

Long - length tools were used for wet 

dismantling of the pressurizers, 

replacem ent of the lids and leak testing of 

the canisters in the cooling pool.  

A shielding cask ensured protection from 

ionizing radiation during canister drying 

and tightening operations. The electric 

heaters inside the heating module heated 

up the canister body.  The heaters were 

arranged vertically, in three rows of five. 

Each heater had two independent heating 

elements and two thermocouples 

connected to independent control circuits. 

A dedicated heating module was designed 

for each type of canister.  

A steam -gas m ixture came from the SNF 

canister to the condenser unit through the 

filtering and compensation unit. The filter 

stack in the filtering and compensation 

unit captured radioactive aerosols and 

SNF particles continuously carried away 

by gas stream from the ca nister during 

drying operations. Aerosols are volatile 

fission products ( 137 Cs and 134 Cs) and 

activation products ( 60ȷɔ). Coaxial filtering 

elements made of porous nickel and 

connected in series were used in the filter 

stack.  

The retention rate was 99.999  % related 

to the spent fuel particles larger than 

0.01  ȉm. The retention rate for cesium -

137 was 99.95 % and cobalt -60ï94 %.  

The condenser unit included two water -

cooled condensers. Since drying causes 

contamination of cold surfaces, provision 

was made in  the design for switching 

between the condensers without shutting 

down the process. The condensate was 

drained in the collection tank.   






































































