
FIRST EXPERIENCE IN INTERNATIONAL AIR TRANSPORTATION 
OF RR SFA IN RUSSIAN-MADE TUK-19 CASKS 

 
B. A. KANASHOV, O.P. BARINKOV, A.N. DOROFEEV, S.V. KOMAROV, 

A.V. SMIRNOV  
R&D Company “Sosny” 

5a Slavsky St, 433506 Dimitrovgrad – Russia 
 

L. BIRO, M. BUDU  
CNCAN 

b.Libertatii nr.14, Sector 5, 050706 Bucharest – Romania 
 

M. CIOCANESCU  
INR Pitesti 

Mioveni, 115400 Pitesti – Romania 
 
 
 

ABSTRACT 
 

Traditionally, spent fuel assemblies (SFA) have been transported across 
the Russian Federation by rail in special railcars. New conditions required 
SFA shipments by other conveyance, i.e. road, sea and even air transport. 
The air shipment of the VVR-S research reactor SNF in TUK-19 casks from 
Magurele, Romania in June 2009 was the first experience after new 
Russian and international regulations for the safe transport of radioactive 
material came into effect. The preparatory stage of the shipment focused 
on the issues associated with radiation and nuclear safety both during the 
loading and transport operations. The project covered development of a 
technology and equipment for SFA loading into TUK-19 casks and that for 
the air shipment. The SFAs were loaded into the TUK-19 casks with a 
specially designed transfer cask, and the SFA-containing packages were 
transported in specialized freight 20-foot ISO-containers. The safety of the 
loading and transport operations was ensured both by reliable engineering 
solutions, and selected conveyances and routes. The paper shows that the 
loading and the air shipment of the Romanian SFAs in TUK-19 casks does 
not contradict Romanian, Russian and international regulations for the safe 
transport of radioactive material. The outcomes of the SNF shipment from 
Romania confirmed correctness of the solutions and demonstrated high 
environmental safety. 

 
Introduction 
 
The project on return of the VVR-S reactor SFAs from Magurele, Romania, to the Russian 
Federation was unique in all respects. Firstly, standard technologies for loading SFAs into 
Russian-made TUK-19 casks were not applicable on the IFIN-HH site from the safety point of 
view. Secondly, all attempts to use overland or sea routes through transit countries were 
unsuccessful. This gave birth to a challenging idea to transport SFA packages by air. 
Investigations showed that there were no regulatory restrictions for the shipment of the 
Romanian SFA packages. However, the final decision in favor of the air transport was taken 
only after a great deal of workload was done to justify safety of the package design and 
shipment. 
To solve the task, it was necessary to: 

– develop a procedure and equipment for loading SFAs into TUK-19 casks on the IFIN-
HH site with minimum exposure of the staff and enhanced safety; 

– develop an overpack for transportation of TUK-19 packages by various conveyances; 



– substantiate safety of the package design for air shipments; 
– substantiate safety of the shipment itself. 

 
1. Development of Procedure and Equipment for Loading SFAs into TUK-19 
Casks 
 
An unquestionable advantage of the Russian-made TUK-19 cask is the fact that it offers 
flexibility of the SFA loading procedure. The TUK-19 cask operation manual provides for two 
main ways of loading: 

– underwater loading of the spent fuel with a TUK-19 cask on the bottom of the pool; 
– loading of an SFA-containing basket from the storage pool into a TUK-19 cask by air. 

The first option requires a capacious pool and a powerful crane that are available only at 
large research centers. The second option requires reliable equipment and skilled personnel 
that have practical experience in handling Russian-made TUK-19 casks. As a rule, personnel 
of foreign Russian-origin research reactors, which are older than 50 years and which have 
obsolete load-lifting mechanisms, do not have experience in handling the TUK-19 cask and 
are not able of ensuring proper safety, especially in case of an emergency. 
For the above mentioned considerations the decision was 
made to use a transfer cask to load the Romanian SFAs 
into TUK-19 casks. Russian specialists that have 
experience in handling the TUK-19 casks developed a 
procedure and the design of equipment. The transfer cask 
was fabricated at NRI Pitesti, Romania, and underwent 
functional tests under Quality Assurance Program. Then, it 
was delivered to Magurele, where personnel training and 
demonstration tests were conducted. The key and most 
complicated element of the technology is the transfer cask 
(Fig.1) with an automatic grapple for basket reloading 
operations by a remote electronic control. The 
demonstration tests, training and subsequent actual SFA 
loading operations demonstrated safety of all the process 
steps both under normal and accident conditions. The 
entire operation of SNF loading from the cooling pool into 
one TUK-19 cask takes about 1 hour. The maximum 
individual radiation dose after loading one TUK-19 cask 
does not exceed 0.05 mSv. 
 
2. Development of Overpack 
 
To support multimodality of the shipment, an overpack 
was developed on the basis of a 20-foot ISO-container 
(the special ISO-container) that accommodates three 
TUK-19 casks (Fig.2). The TUK-19 casks are fastened 
in the special ISO-container with turnbuckles capable of 
withstanding accelerations and vibrations typical of all 
modes of transport. The special ISO-container 
underwent expert review at the Russian Maritime 
Register of Shipping (RMRS) for compliance with 
standards. After successful tests at test facilities certified 
by RMRS, a certificate of approval for cargo transport 
was issued. Moreover, a dry run of the procedure for the 
overpack handling on the consignee’s site (PA “Mayak) 
and on all conveyances including aircraft was carried 
out. 
 

 
Fig.1. Transfer cask 

 
Fig.2. Overpack for TUK-19 cask 

transportation 



3. Safety Justification of Package Design 
 
New Russian (NP-053-04) and international (TS-R-1) safety regulations (hereinafter, the 
Regulations) allow for air shipments of low specific activity radioactive fissile materials in 
Type B packaging. Since the activity of four “hottest” SFAs did not exceed the value of 
3000A2 specified in the Regulations, it was decided to certify the package as Type B(U). 
As the Regulations require, the packages containing fissile materials to be shipped by air 
shall ensure nuclear safety after two series of additional enhanced tests simulating air 
crashes. For this purpose, VNIIEF (Sarov) specialists made calculations of dynamic 
deformation and a strength analysis of the TUK-19 cask under impacts simulating normal 
and accident transport conditions including an air crash. 
The calculation results show that under an impact on an individual package (a drop from a 
height of 9 m, a drop of a 500 kg mass onto the package from a height of 9 m, falling onto a 
bar from a height of 3 m) it maintains its containment and integrity and enables removing the 
SFA-containing basket from the cask and the SFAs from the basket. 
When an individual package falls on a target at a velocity of 90 m/s at different angles, the 
screw joint between the cask body and the lid fails. In the process, the cask integrity 
(containment) is maintained, the basket and the SFAs get deformed, and the SFAs and the 
fuel rods get destructed. In most cases of the impact onto the target, the SFA-containing 
basket will not spill out of the cask. When deformed, the lid can get stuck in the body. 
Nuclear safety. In compliance with the certification procedure currently used in the Russian 
Federation, experts of Nuclear Safety Department of SSC-IPPE (Obninsk) performed an 
independent assessment of the package nuclear safety. In the worst case of an impact onto 
a target, Keff is 0.872±0.001 that does not exceed the regulated value of 0.95. 
Calculations of radiation level. Results of the radiation level calculations and 
measurements for the TUK-19 cask containing four SFAs with the maximum radiation 
characteristics under normal conditions demonstrate that the radiation dose rate on the 
surface of the package (0.158 mSv/h) is much less than that established in the Regulations 
(2 mSv/h). 
Thermal state of the package. Since the maximum total decay heat in the package 
containing four SFAs did not exceed 9 W, the temperature on the external surface of the 
TUK-19 cask under normal conditions was lower than 40°. 
Loss of radioactive contents. The calculation results show that the loss of radioactive 
contents from the TUK-19 cask under regular and normal transport conditions in a period of 
1 hour can make up 5.7⋅103 Bq that accounts for ~ 0.06% of the A2 value for the mixture 
(1.0⋅1013 Bq). Under accident conditions the loss of radioactive contents from the TUK-19 
cask in a period of one week will not exceed 0.005% of the A2 value for the mixture. 
 
4. Safety Justification of Shipment 
 
Radiation risks. Accidents with a probability higher than 10-7 per one shipment a year were 
considered as design-basis accidents. The TUK-19 cask was assumed to be a hazardous 
industrial object during SNF transportation. So, NPP regulations were applied that require the 
population exposure preventive measures during events with a probability higher than  
10-7 per year. 
Accidents with a probability lower than 10-7

, but higher than 10-10 per one shipment a year, 
were considered as beyond design-basis events. Such accidents may involve the population 
protective measures. The criterion for taking protective measures was accepted equal to 
0.1 Sv. The same level was taken as the maximum personnel dose during design-basis 
accident. 
Initial events and their probabilities as applied to SNF air shipment from Bucharest to 
Yekaterinburg were analyzed; in principle, radiation accidents are not excluded for these 
events. The risk analysis shows (Fig.3) that safety of the escort personnel and the population 
is ensured under normal conditions of the air shipment of the SFAs in the TUK-19 cask. The 
acceptable risk criterion for the escort personnel is satisfied due to the SNF package design 



peculiarities and radiation monitoring, and for the population through observance of 
regulatory requirements. 
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Fig.3. Severity of consequences on the INES scale vs. probability of events for risk 

assessments during the air shipment of TUK-19 packages with VVR-S reactor SFAs 
 
It was found out that there are no probable events (Р>1⋅10-7) that can be assessed as 
accidents on the INES scale. In Fig.3 it is seen that probable events (1, 3, 8) are considered 
to be incidents, and events with harder consequences (4-7) are low probable. Event 2 (crash 
in river) is low probable and do not have serious consequences, i.e. it is considered as an 
incident. 
Certificate of Approval for Package Design and Shipment 
RUS/3104/B(U)F-96T was issued after all safety 
justification activities. 
In the morning on June 30, 2009, the AN-124-100 aircraft 
(Fig.4) with the consignment on board took off. The flight 
route lied over the Black Sea to avoid crossing the 
airspace of third countries; when it lied over the land, it 
passed by large populated localities and hazardous 
industrial facilities. After an interim refueling stop in 
Ulyanovsk, the aircraft successfully landed at the Koltsovo 
airport, Yekaterinburg, Russia, from where the 
consignment was delivered to PA “Mayak”. 
 
Conclusions 
 
No doubt, the project on air transportation of the VVR-S reactor SFAs from Romania in 
Russian-made TUK-19 casks was ambitious. However, the objectives set by the project 
participants inevitably made them pay much attention to safety issues. The project was under 
surveillance of Russian and Romanian competent authorities from beginning to end. So, 
safety justification issues were widely discussed by experts of the nuclear power industry at 
Russian and international meetings. VNIIEF experts played a decisive part in the safety 
justification process.  
The project on removal of the VVR-S reactor SFAs from Romania demonstrated that air 
transportation of low specific activity SNF packages is feasible and safe. 

 
Fig.4. AN-124-100 aircraft 


