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Abstract. After the Floating Power Unit Akademik Lomonosov with the KLT-40S reactor plant had been 

successfully commissioned, the next step for ROSATOM was to develop optimized floating power units 

(OFPU). OFPUs powered by the RITM reactor plant are an export-oriented product, and they designed to 

operate on sites outside Russia. OFPU engineering solutions are based upon the practical design and operation 

experience in nuclear-powered icebreakers and upon problem solving to assure safety for operation of nuclear 

plants under severe northern conditions. At the nuclear fuel enrichment lower than 20%, the refueling interval 
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for the OFPU may be up to 10 years depending on Loadings. The RITM reactor refueling process has a number 

of differences compared to the refueling process of other nuclear power plants fitted with water-cooled water-

moderated power reactors. RITM plants have never been placed under the IAEA Safeguards, and capabilities 

and features of applying the IAEA Safeguards to such plants require an additional analysis. The developed 

operation model assumes that the OFPU be operated on a deployment site for a long period, and all fuel handling 

operations will be done at a specialized facility in the Russian Federation (RF). This paper is discussing the 

major fuel handling features in the life cycle of the OFPU fitted with RITM-200M4these are the critical 

features in terms of the IAEA Safeguards. Also, the paper is providing the designers’ perspective on solving the 
key non-proliferation problems through adapting the Safeguards approaches with account of the OFPU technical 

features. 
 

Keywords: the optimized floating power unit (OFPU), IAEA Safeguards, spent fuel handling, OFPU fuel 

handling concept, the RITM-200M reactor plant. 
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Figure 1. Optimized Floating Power Unit (OFPU) 
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Figure 2. Loading the RITM-200 reactor plant for the lead nuclear-powered icebreaker «Arktika» 
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Figure 3. Key measurement points (KMPs) on board the OFPU 
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&4>:9 @B:9F BEGM9EF6?SFPES CDB69D>4 84FO 6O7DG;>< (BFCD46><) CB :GDA4?G.  



12                                                          2023;13(2):6–13  �?>5а?PAаO O45@AаO 55з>?аAA>AFP / Global nuclear saf5ty 

�GL56 !.А. < 4@. �A>55AA>AF< ?@<@5A5A<O 7а@аAF<= … / Dushev S.A. et al. Features of applying safeguards … 

 

 

#D< 6O7DG;>9 BFD45BF46L97B S89DAB7B FBC?<64 @B:9F BEGM9EF6?SFPES FB?P>B 
CDB69D>4 GK9FAB= 8B>G@9AF4J<<. #DBJ98GDO CB BFABL9A<R > BCD989?9A<R 6O7BD4A<S, 
S89DAOI CBF9DP B5M97B >B?<K9EF64 < >B?<K9EF64 89?SM97BES <;BFBC4 GD4A4, 4 F4>:9 
S89DAB7B CDB<;6B8EF64 C?GFBA<S < 8DG7<9 CDBJ98GDO 6 BFABL9A<< BFD45BF46L97B 
S89DAB7B FBC?<64 A4 5BDFG "#1� A9 S6?SRFES D9?964AFAO@<, F4> >4> BFD45BF46L99 
S89DAB9 FBC?<6B <;6?9>49FES <; D94>FBDAB= GEF4AB6>< A4 F9DD<FBD<< $(, A9 ID4A<FES 
A4 5BDFG "#1� < ED4;G CB><849F CD989?O EG8A4. %BBF69FEF69AAB, G EFD4AO D4;@9M9A<S 
BFEGFEF6GRF B5S;4F9?PEF64 CB CBEF4AB6>9 CB8 74D4AF<<  ���&1 6 BFABL9A<< 
BFD45BF46L97B S89DAB7B FBC?<64. �4?PA9=L99 B5D4M9A<9 E BFD45BF46L<@ S89DAO@ 
FBC?<6B@ BEGM9EF6?S9FES 6 $(. 

#D< QFB@ A9B5IB8<@B BF@9F<FP, KFB, 9E?< 84AAO9 B5BDG8B64A<S @9D EBID4A9A<S < 
A45?R89A<S ;4 C9D<B8 Q>EC?G4F4J<< CB8F69D:84RF BFEGFEF6<9 A9E4A>J<BA<DB64AAB7B 
8BEFGC4 > S89DAB@G @4F9D<4?G, ?R5O9 CDB69D>< BFD45BF46L97B S89DAB7B FBC?<64 
5G8GF <;5OFBKAO@<.  

 

�O6B8O 

%GM9EF6GRM<9 CDBJ98GDO  ���&1 CB CD<@9A9A<R 74D4AF<= < CDB69D>< 
BFEGFEF6<S A9E4A>J<BA<DB64AAB7B <;NSF<S <?< C9D9>?RK9A<S S89DAB7B @4F9D<4?4 
BEAB64AO A4 BCOF9 >BA69AJ<BA4?PAOI 4FB@AOI EF4AJ<= 5B?PLB= @BMABEF< 6 
A4;9@AB@ <ECB?A9A<<. (<;<K9E>B9 @9EFB D4ECB?B:9A<S QF<I EF4AJ<= H<>E<DB64AB, 4 
C9D9@9M9A<9 S89DAB7B @4F9D<4?4 EFDB7B 89>?4D<DG9FES. � BFABL9A<< "#1� CB8B5AO9 
CDBJ98GDO  ���&1 CBFD95GRF 484CF4J<<, F4> >4> 6 D4@>4I :<;A9AAB7B J<>?4 @9EFB 
D4;@9M9A<S "#1� @B:9F 5OFP <;@9A9AB >4> 6 CD989?4I B8AB= EFD4AO, F4> < 
C9D9A9E9AB 6 8DG7B9 7BEG84DEF6B. #D< QFB@ EFD4A4-CBEF46M<> "#1�, EFD4A4 
D4;@9M9A<S "#1�, 4 F4>:9 @<DB6B9 EBB5M9EF6B 8B?:AO 5OFP G69D9AO, KFB S89DAO= 
@4F9D<4?, <ECB?P;G9@O= A4 "#1�, A9 CB869D7ES A9E4A>J<BA<DB64AAO@ 89=EF6<S@ < A9 
5G89F <ECB?P;B64A 8?S J9?9= EB;84A<S S89DAB7B BDG:<S. �4D4AFB@ A9C9D9>?RK9A<S 
S89DAB7B @4F9D<4?4 6OEFGC49F  ���&1. 

 B89?P Q>EC?G4F4J<< "#1� CD98CB?4749F, KFB 6 F9K9A<9 Q>EC?G4F4J<< "#1� A4 
C?BM48>9 6 EFD4A9 D4;@9M9A<S 8BEFGC > S89DAB@G @4F9D<4?G BFEGFEF6G9F, 4 6E9 
BC9D4J<< CB B5D4M9A<R E FBC?<6B@ CDB<;6B8SFES 6 $( A4 EC9J<4?<;<DB64AAB@ 
CD98CD<SF<<.  ���&1 @B:9F BEGM9EF6?SFP CDB69D>G GK9FAB= 8B>G@9AF4J<<, 4 F4>:9 
;4CD4L<64FP 84AAO9 B D4EK9FAOI CB>4;4F9?SI EBEFBSA<S FBC?<64 6 D94>FBD9, B8A4>B QF< 
CB>4;4F9?< A96B;@B:AB 5G89F 69D<H<J<DB64FP CGF9@ H4>F<K9E>B= CDB69D><. � C9D<B8 
Q>EC?G4F4J<< "#1� A4 C?BM48>9 D4;@9M9A<S >?RK96B9 ;A4K9A<9 5G8GF <@9FP @9DO 
EBID4A9A<S < A45?R89A<S, 4 F4>:9 CB>4;4F9?< EBBF69FEF6GRM97B B5BDG8B64A<S, 
CB8F69D:84RM97B BFEGFEF6<9 A9E4A>J<BA<DB64AAB7B 8BEFGC4 > S89DAB@G @4F9D<4?G 
"#1� 6 F9K9A<9 6E97B C9D<B84 Q>EC?G4F4J<<. "CF<@<;4J<S CBDS8>4 CDB6989A<S 
<AEC9>J<= A4 C?BM48>9 D4;@9M9A<S CB;6B?<F 484CF<DB64FP @9I4A<;@O 74D4AF<= > 
<AAB64J<BAAB@G 8<;4=AG "#1� < 4A4?B7<KAOI FD4AECBDF<DG9@OI GEF4AB6B> E 
;47DG;>B= FBC?<64 A4 ;46B89-<;7BFB6<F9?9. 

�6<8G A96B;@B:ABEF< 6OCB?A<FP 6 IB89 Q>EC?G4F4J<< A4 C?BM48>9 D4;@9M9A<S 
CDB69D>G H4>F<K9E>< A4?<KAB7B S89DAB7B @4F9D<4?4 6 E6S;< E BFEGFEF6<9@ 8BEFGC4 >  

A9@G, F4>4S CDB69D>4 @B:9F 5OFP CDB6989A4 CD< ;47DG;>9 FBC?<64 6 D94>FBD. % 
RD<8<K9E>B= FBK>< ;D9A<S QFB @B:9F 5OFP E89?4AB A4 BEAB69 EC9J<4?PAOI 
8B7B6BD9AABEF9= @9:8G  EFD4AB=-CBEF46M<>B@ <  ���&1. 

 

%#�%"� ��&�$�&'$/ / REFERENCES 
 

1. �B7B6BD B A9D4ECDBEFD4A9A<< S89DAB7B BDG:<S [Treaty on the Non-Proliferation of Nuclear 
Weapons]. United Nations 3 Treaty Series. Vol. 729-13. $. 184-190. URL: 
https://www.un.org/ru/documents/decl_conv/conventions/npt.shtml (84F4 B5D4M9A<S: 06.12.2022) 

2. NFCIRC/327 The Text of the Agreement of 21 February 1985 Between the Union of Soviet Socialist 
Republics and the Agency for the Application of Safeguards in the Union of Soviet Socialist Republics. URL: 
https://www.iaea.org/sites/default/files/infcirc327_rus.pdf (84F4 B5D4M9A<S: 02.10.2022) 

https://www.un.org/ru/documents/decl_conv/conventions/npt.shtml
https://www.iaea.org/sites/default/files/infcirc327_rus.pdf


13                                                          2023;13(2):6–13  �?>5а?PAаO O45@AаO 55з>?аAA>AFP / Global nuclear saf5ty 

�GL56 !.А. < 4@. �A>55AA>AF< ?@<@5A5A<O 7а@аAF<= … / Dushev S.A. et al. Features of applying safeguards … 

    

 

3. INFCIRC/153 %FDG>FGD4 < EB89D:4A<9 EB7?4L9A<< @9:8G 479AFEF6B@ < 7BEG84DEF64@<, 
FD95G9@OI 6 E6S;< E 8B7B6BDB@ B A9D4ECDBEFD4A9A<< S89DAB7B BDG:<S. URL: 
https://www.iaea.org/sites/default/files/infcirc153_rus.pdf (84F4 B5D4M9A<S 02.10.2022) 

4. INFCIRC/207 Notification to the agency of exports and imports of nuclear material. URL: 
https://www.iaea.org/sites/default/files/publications/documents/infcircs/1974/infcirc207.pdf (84F4 B5D4M9A<S: 
02.10.2022) 

5. Advances in Small Modular Reactor Technology Developments. A Supplement to IAEA Advanced 
Reactors Information System (ARIS). URL: http://aris.iaea.org (84F4 B5D4M9A<S: 01.09.2022) 

6. #9FDGA<A �.�. #?46GK<9 QA9D7B5?B>< E $' $�& -200 . �>?@>AK �B><=>9 !0C:8 8 &5E=8:8. 
%5@8O: (878:0 /45@=KE $50:B>@>2. 2019;(1):91-96.  

7. #DB9>F<DB64A<9 E<EF9@ B5D4M9A<S E FBC?<6B@ < 97B ID4A9A<S 8?S 4FB@AOI Q?9>FDBEF4AJ<=. 
%9D<S %F4A84DFB6 59;BC4EABEF<  ���&1 № SSG-63.  ���&1. �9A4 (2020). URL: 
https://www.iaea.org/publications/13524/design-of-fuel-handling-and-storage-systems-for-nuclear-power-plants 
(84F4 B5D4M9A<S: 01.09.2022) 

8. (989D4?PAO9 ABD@O < CD46<?4 �BE4FB@A48;BD4 $( BF 09.07.2001 №7 6 B5?4EF< <ECB?P;B64A<S 
4FB@AB= QA9D7<< «"EAB6AO9 CD46<?4 GK9F4 < >BAFDB?S S89DAOI @4F9D<4?B6» (!#-030-01). URL: 
http://gostrf.com/normadata/1/4293852/4293852184.htm (84F4 B5D4M9A<S: 02.10.2022)  

9. �4D4AF<<  ���&1. �?BEE4D<=. %9D<S @9:8GA4DB8AB7B >BAFDB?S № 3. 2001. URL: https://www-
pub.iaea.org/MTCD/Publications/PDF/Glossary_russian.pdf (84F4 B5D4M9A<S: 06.12.2022) 

 
�%&"+!��� (�!�!%�$"��!�3: 
%F4FPS 6OCB?A9A4 59; CD<6?9K9A<S 6A9LA<I 
<EFBKA<>B6 H<A4AE<DB64A<S. 
 

FUNDING: 
The article was written without attracting external sources 
of funding. 

�"!(���& �!&�$�%"�:  
�BAH?<>FO <AF9D9EB6 BFEGFEF6GRF. 
 

CONFLICT OF INTEREST: 
There are absent conflicts of interest. 

�!("$ �*�3 "� ��&"$�): INFORMATION ABOUT THE AUTHORS: 
%9D79= �A4FB?P96<K �GL96, 7?46AO= >BAEFDG>FBD 
B5BDG8B64A<S B5D4M9A<S E FBC?<6B@ �" «"��  
�HD<>4AFB6», 7. !<:A<= !B67BDB8, $BEE<=E>4S 
(989D4J<S; e-mail: dushev@okbm.nnov.ru 

Sergey A. Dushev, Chief Designer of Fuel Handling 
Equipment, Joint Stock Company «Afrikantov OKB 
Mechanical Engineering», Nizhny Novgorod, Russian 
Federation; e-mail: dushev@okbm.nnov.ru 

�7BDP �SK9E?46B6<K ,@9?96, A4K4?PA<> 
89C4DF4@9AF4 6A9LA9Q>BAB@<K9E>B= 89SF9?PABEF< < 
D4;6<F<S AB6OI 5<;A9EB6 �" «"��  �HD<>4AFB6», 
7. !<:A<= !B67BDB8, $BEE<=E>4S (989D4J<S; e-mail: 
shmelev@okbm.nnov.ru 

Igor V. Shmelev, Head of the Division for Foreign 
Economic Activities and Business Development, Joint 
Stock Company «Afrikantov OKB Mechanical 
Engineering», Nizhny Novgorod, Russian Federation; e-
mail: shmelev@okbm.nnov.ru 

#469? �A4FB?P96<K �BD5GAB6, ;4@9EF<F9?P 7?46AB7B 
>BAEFDG>FBD4 $' ��$ CB CDB9>FG ��&-40 �" «"��  
�HD<>4AFB6», 7. !<:A<= !B67BDB8, $BEE<=E>4S 
(989D4J<S; e-mail: gorbunov@okbm.nnov.ru 

Pavel A. Gorbunov, Deputy Chief Designer of PWR Plants 
for the KLT-40 Project, Joint Stock Company «Afrikantov 
OKB Mechanical Engineering», Nizhny Novgorod, Russian 
Federation; e-mail: gorbunov@okbm.nnov.ru 

!489:84 �?9>E4A8DB6A4 %4?PA<>B64, A4K4?PA<> 
BF89?4 EBCDB6B:89A<S <A69EF<J<BAAOI CDB9>FB6 
�%   �" «"��  �HD<>4AFB6», 7. !<:A<= !B67BDB8, 
$BEE<=E>4S (989D4J<S; ORCID: https://orcid.org/0000-
0001-8827-867X ; e-mail: salnikovana@okbm.nnov.ru 

Nadezhda A. Salnikova, Head of the SMR Projects 
Support Department, Joint Stock Company «Afrikantov 
OKB Mechanical Engineering», Nizhny Novgorod, Russian 
Federation; ORCID: https://orcid.org/0000-0001-8827-
867X ; e-mail: salnikovana@okbm.nnov.ru 

�?9>E9= �@<FD<96<K �5DBE<@B6, A4K4?PA<> 5RDB 
B5BDG8B64A<S B5D4M9A<S E 3& 8?S �% @4?B= @BMABEF< 
< EG8B6OI $' BF89?4 >BAEFDG<DB64A<S >B@C?9>EB6 < 
B5BDG8B64A<S C9D9;4DS8>< FD4AECBDFAOI 31' < �% �" 
«"��  �HD<>4AFB6», 7. !<:A<= !B67BDB8, $BEE<=E>4S 
(989D4J<S; e-mail: abrosimov-ad@okbm.nnov.ru 

Aleksey D. Abrosimov, Head of Group Design Department 
for Refueling Systems and Equipment for Propulsion 
Nuclear Power Facilities and NPPs, Joint Stock Company 
«Afrikantov OKB Mechanical Engineering», Nizhny 
Novgorod, Russian Federation; e-mail: abrosimov-
ad@okbm.nnov.ru 

�?48<@<D �?48<@<DB6<K  4?P96, <A:9A9D 2 
>4F97BD<< BF89?4 EBCDB6B:89A<S <A69EF<J<BAAOI 
CDB9>FB6 �%   �" «"��  �HD<>4AFB6», 7. !<:A<= 
!B67BDB8, $BEE<=E>4S (989D4J<S; ORCID: 
https://orcid.org/0000-0002-5023-6455 ; e-mail: 
malev.vladimir@okbm.nnov.ru 

Vladimir V. Malev, Engineer (Category 1) of the SMR 
Projects Support Department, Joint Stock Company 
«Afrikantov OKB Mechanical Engineering», Nizhny 
Novgorod, Russian Federation; ORCID: 
https://orcid.org/0000-0002-5023-6455 ; e-mail: 
malev.vladimir@okbm.nnov.ru 

&4FPSA4 �?9>E996A4 &47<DB64, <A:9A9D 3 >4F97BD<< 
BF89?4 EBCDB6B:89A<S <A69EF<J<BAAOI CDB9>FB6 
�%   �" «"��  �HD<>4AFB6», 7. !<:A<= !B67BDB8, 
$BEE<=E>4S (989D4J<S; ORCID: https://orcid.org/0009-
0006-9418-9298  ; e-mail: tagirova.t@okbm.nnov.ru 

Tatyana A. Tagirova, Engineer (Category 3) of the SMR 
Projects Support Department, Joint Stock Company 
«Afrikantov OKB Mechanical Engineering», Nizhny 
Novgorod, Russian Federation; ORCID: 
https://orcid.org/0009-0006-9418-9298 ; e-mail: 
tagirova.t@okbm.nnov.ru 

 
#BEFGC<?4 6 D984>J<R 16.12.2022 
#BE?9 8BD45BF>< 04.04.2023 
#D<ASF4 > CG5?<>4J<< 13.04.2023 

 
Received 16.12.2022 
Revision 04.04.2023 
Accepted 13.04.2023 

 

https://www.iaea.org/sites/default/files/infcirc153_rus.pdf
http://aris.iaea.org/
https://www.iaea.org/publications/13524/design-of-fuel-handling-and-storage-systems-for-nuclear-power-plants
http://gostrf.com/normadata/1/4293852/4293852184.htm
https://www-pub.iaea.org/MTCD/Publications/PDF/Glossary_russian.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Glossary_russian.pdf
https://orcid.org/0000-0001-8827-867X
https://orcid.org/0000-0001-8827-867X
https://orcid.org/0000-0001-8827-867X
https://orcid.org/0000-0001-8827-867X
https://orcid.org/0000-0002-5023-6455
https://orcid.org/0000-0002-5023-6455
https://orcid.org/0009-0006-9418-9298
https://orcid.org/0009-0006-9418-9298
https://orcid.org/0009-0006-9418-9298

