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Abstract. The paper considers the efficiency and possibility of implementing into the operational practice of 

VVER-1000 power units the campaign extension mode at the sliding pressure of the second circuit. The history 

of research of Russian nuclear scientists in terms of extending the campaign of VVER reactors is considered. It 

is shown that reducing the pressure of fresh steam within the permissible limits will release additional reactivity 

due to the release of the temperature effect and generate additional energy during the operation of the unit on the 

power effect. A mathematical model of changes in the main parameters of the reactor plant has been compiled, 

including the reactivity balance equations, the Stodola-Flugel equation for the turbine, the equations of thermal 
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balance and heat transfer in the steam generator. The calculation of the expected increase in electricity 

generation for modern fuel loads of VVER-1000 reactors has been performed. The degree of compliance of the 

proposed regime with the current technological limitations of the VVER-1000 «large series» power unit is 
analyzed. The results of the analysis were confirmed by numerical experiment on a multifunctional mode 

analyzer of the VVER-1000 reactor unit developed by the MEPhI Research Institute, built on the basis of the 

ENIKAD medium and the certified diffusion neutron-physical code PROSTOR. Conclusions are drawn about 

the possibility of introducing the proposed regime into the operational practice of modern VVER-1000 power 

units.  
 

Keywords: reactor, VVER-1000, campaign, reactivity reserve, power effect, temperature effect, steam 

generator, sliding pressure. 
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Figure 1. Stepwise release of reactivity when working on power reactivity effect 
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CB?AB7B BF>DOF<S, 4 F4>:9 BF>?RK9A<S E<EF9@O #��. �4?99, CD< A96B;@B:ABEF< 
84?PA9=L97B BF>DOF<S D97G?<DGRM<I >?4C4AB6, BEGM9EF6?S?4EP D45BF4 QA9D7B5?B>4 ;4 
EK9F  1$ < &1$ CD< C?46AB@ EA<:9A<< F9C?B6B= @BMABEF< D94>FBD4 < 846?9A<S 6B 

 
2 �!().3.YC."3�<!/3.05 !9=FDBAAB-H<;<K9E><9 I4D4>F9D<EF<>< CSFB= FBC?<6AB= ;47DG;>< D94>FBD4 ��1$-1000, 
1A9D7B5?B> № 3. �?P5B@. $BEFB6E>4S �1%, 2019 7. 
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6FBDB@ >BAFGD9 8B CD989?PAB 8BCGEF<@B7B ;A4K9A<S (~ 8B 3,0  #4). #4D4@9FDO D45BFO 
QA9D7B5?B>B6, CB?GK9AAO9 6 D9;G?PF4F9 Q>EC9D<@9AF4, CD<6989AO 6 F45?<J9 2. 
 

&01;8F0 2. #>:070B5;8 @01>BK M=5@3>1;>:>2 �>;LA:>9 �-% 2 $#� ?@8 A:>;L7OI8E ?0@0<5B@0E 2B>@>3> 
:>=BC@0 
Table 2. Performance indicators of power units of the Kola NPP in the RPK with sliding parameters of the 

secondary circuit 

#4D4@9FD 

�<4C4;BA <;@9A9A<S C4D4@9FDB6 
$45BF4 5?B>4 �-230  

(89>45DP-@4DF 1977 7.) 
$45BF4 5?B>4 �-213  

(4CD9?P-<R?P 1986 7.) 
1?9>FD<K9E>4S @BMABEFP,  �F 445-279 461-300 

&9C?B64S @BMABEFP,  �F 1385-615 1395-750 

�46?9A<9 C4D4,  #4: 
� 7?46AB@ C4DB6B@ >B??9>FBD9 
 

� D97G?<DGRM9= EFGC9A< 

 

4,7-2,4 

 

2,8-1,6 

 

4,7-3,0 

 

2,8-1,8 

%D98ASS F9@C9D4FGD4 F9C?BABE<F9?S 6 
C9D6B@ >BAFGD9, B% 

278-231 284-252 

�46?9A<9 6 C9D6B@ >BAFGD9,  #4 12,5-9,3 12,3-10,1 

&9@C9D4FGD4 C<F4F9?PAB= 6B8O, B% 220-155 220-164 

�#�, % 30-25,9 30-25 
 

1>EC9D<@9AF 5O? CD<;A4A GEC9LAO@, B8A4>B BF@9K4?BEP, KFB 6A98D9A<9 84AAB7B 
D9:<@4 A4 89=EF6GRM<9 QA9D7B5?B>< E ��1$ FD95G9F D9L9A<S DS84 F9IA<K9E><I 
6BCDBEB6, 7?46AO@ B5D4;B@ E6S;4AAOI E >BDD9>F<DB6>4@< GEF46B> F9IAB?B7<K9E><I 
;4M<F < 5?B><DB6B>, <;A4K4?PAB 6OEF46?9AAOI F4><@ B5D4;B@, KFB5O B59EC9K<64FP 
59;BC4EAGR D45BFG QA9D7B5?B>4 6 GEF4AB6?9AAOI CDB9>FB@ CD989?4I, 4 F4>:9 
CDBKABEFP BEAB6AB7B < 6ECB@B74F9?PAB7B B5BDG8B64A<S $' CD< D45BF9 6 A9CDB9>FAB@ 
8<4C4;BA9 F9@C9D4FGD. #9D9A4EFDB=>4 BEGM9EF6?S?4EP CD< EA<:9A<< 846?9A<S 6B 
6FBDB@ >BAFGD9 >4:8O9 0,2  #4. "EAB6AO9 5?B><DB6><, FD95GRM<9 6A9E9A<S 
>BDD9>F<DB6B>, BFABESFES > ;4M<F9 CB CBA<:9A<R 846?9A<S 6 C9D6B@ >BAFGD9, 
E6S;4AAB= E CBA<:9A<9@ ED98A9= F9@C9D4FGDO F9C?BABE<F9?S. 1FB ;A4K9A<9 6 D9:<@9 
E>B?P;SM97B 846?9A<S 6O5<D49FES <; GE?B6<S B59EC9K9A<S D4;ABEF< ;A4K9A<= 
F9@C9D4FGDO @9:8G «IB?B8AB= A<F>B=» < �� A9 5B?99 70  °%, <EIB8S <; CDBKABEF< 
EB98<A<F9?PAB7B FDG5BCDB6B84.  

�A4K9A<S GEF46B> CB H4>FBDG «@4?4S F9KP» BCD989?S?<EP <; GE?B6<S B59EC9K9A<S 
8BEF4FBKAB7B ;4C4E4 8B 6E><C4A<S F9C?BABE<F9?S (A9 @9A99 25 °%), CD<K9@ ;4C4E 8B 
6E><C4A<S F9C?BABE<F9?S BCD989?S?ES >4> D4;ABEFP @9:8G F9@C9D4FGDB= A4EOM9A<S, 
EBBF69FEF6GRM9= 846?9A<R C9D6B7B >BAFGD4, < F9@C9D4FGDB= F9C?BABE<F9?S «7BDSK9= 
A<F><». �A4K9A<S GEF46B> CB H4>FBDG «5B?PL4S F9KP» BCD989?S?<EP <; GE?B6<S 
ED454FO64A<S ;4M<FO 8B @B@9AF4 6E><C4A<S F9C?BABE<F9?S. 

'K<FO64S, KFB CD<AJ<C D45BFO D94>FBDAB= GEF4AB6>< ($') ��1$-1000 CB8B59A 
CD<AJ<CG D45BFO ��1$-440, 6B;@B:AB D4EE@BFD9FP CD<@9A9A<9 D4EE@BFD9AAB7B 
D9:<@4 > 89=EF6GRM<@ QA9D7B5?B>4@ ��1$-1000.  

 

 4F9@4F<K9E>4S @B89?P CDB8?9A<S >4@C4A<< 

"EAB6AO9 C4D4@9FDO S89DAB= QA9D79F<K9E>B= GEF4AB6>< (31') < 6FBDB7B >BAFGD4 
E6S;4AO EBBFABL9A<S@<: 

‒ GD46A9A<S@< F9C?B6B7B 54?4AE4 < F9C?BC9D984K< 6 C4DB79A9D4FBD4I < 4>F<6AB= 
;BA9; 

‒ GD46A9A<9@ %FB8B?O-(?R79?S 8?S D4EIB84 C4D4 FGD5<AO [7]; 
‒ 54?4AEB@ D94>F<6ABEF< 4>F<6AB= ;BAO 6 EF4J<BA4DAB@ D9:<@9; 
%6S;PR @9:8G D4EK9FAO@< ;A4K9A<S@< C4D4@9FDB6 ED98 86GI >BAFGDB6 5G8GF 

E?G:<FP GD46A9A<S, I4D4>F9D<;GRM<9 EF4J<BA4DAGR F9C?BC9D984KG, CDB<EIB8SMGR 6 
C4DB79A9D4FBD4I, HBD@G?4 (2): 
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{ ÿĀ ⋅ (/Ā 2 /?6) = ÿ1� ⋅ (/7 2 /х)ÿĀ ⋅ (/Ā 2 /��) = �þ ⋅ (�7+&х2 2 ÿý)  ,                             (2) 

 789  G? 3 D4EIB8 C4D4 K9D9; FGD5<AG, >7/E; 
    h? 3 QAF4?PC<S E69:97B C4D4, >�:/>7; 
    h?2 3 QAF4?PC<S C<F4F9?PAB= 6B8O, >�:/>7; 
    G1 3 D4EIB8 F9C?BABE<F9?S C9D6B7B >BAFGD4, >7/E; 
    h3 < hE 3 EBBF69FEF69AAB QAF4?PC<< F9C?BABE<F9?S 6 7BDSK9= < IB?B8AB= A<F>4I 

$', >�:/>7; 
    � 3 ED98A<= >BQHH<J<9AF F9C?BC9D984K< 6 C4DB79A9D4FBD9, >�F/(@2·�); 
    F 3 EG@@4DA4S C?BM48P F9C?BC9D984K< 6 C4DB79A9D4FBD4I, @2; 

    &3 < &E 3 EBBF69FEF69AAB F9@C9D4FGDO F9C?BABE<F9?S 6 7BDSK9= < IB?B8AB= A<F>4I 
$', �. 

'D46A9A<9 %FB8B?O-(?R79?S 6 GCDBM9AAB= HBD@9 CD< A9<;@9AAB@ CB?B:9A<< 
%$� @B:AB ;4C<E4FP HBD@G?B= (3): 

 ��0 ⋅= �?�?0  ,      (3) 

 

789 G?0 3 D4EIB8 C4D4 (>7/E) A4 AB@<A4?PAB@ 846?9A<< D0,  #4; 
  @ 3 846?9A<9 E69:97B C4D4 C9D98 FGD5<AB=,  #4. 
�4?4AE D94>F<6ABEF< 4>F<6AB= ;BAO @B:9F 5OFP ;4C<E4A E GK9FB@ BFEGFEF6<S 

5BDAB= ><E?BFO 6 C9D6B@ >BAFGD9 6 $#�, HBD@G?4 (4): 

 Δÿ� + Δÿ� + Δÿ%'З ⋅= 0     (4) 

 

789 Δρ& 3 <;@9A9A<9 D94>F<6ABEF<, E6S;4AAB9 EB EA<:9A<9@ F9@C9D4FGDO 6 IB?B8AB= 
A<F>9; 

  ΔρN 3 <;@9A9A<9 D94>F<6ABEF<, E6S;4AAB9 E  1$, BCD989?S9@O@ 8?S ��1$-1000 

>4> EG@@4 8BCC?9DB6E>B7B QHH9>F4 < QHH9>F4, E6S;4AAB7B E <;@9A9A<9@ A47D964 
F9C?BABE<F9?S 6 D94>FBD9; 

  Δρ%'� 3 <;@9A9A<9 D94>F<6ABEF<, E6S;O649@B= D45BK9= 7DGCCB= %'�. 
�4AA4S E<EF9@4 GD46A9A<= 5O?4 D9L9A4 CD< EFGC9AK4FB@ EA<:9A<< 846?9A<S 

E69:97B C4D4 E L47B@ 0,2  #4 8B 5,6  #4 3 ;A4K9A<S, >BFBDB9 CBFD95G9F 
C9D9A4EFDB=>< ;4M<F < 5?B><DB6B> QA9D7B5?B>4 ��1$-1000. 

$4EK9FAO9 7D4H<><, CB?GK9AAO9 CD< D9L9A<< E<EF9@O GD46A9A<= (2)-(4), 

CD<6989AO A4 D<EGA>9 2. 
 

 
$8AC=>: 2. "68405<K5 @57C;LB0BK @01>BK @50:B>@0 2 $#� =0 A:>;L7OI8E ?0@0<5B@0E 

Figure 2. Expected results of the reactor operation in the RPK on sliding parameters 
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!4 84AAB@ QF4C9, CD< EA<:9A<< @BMABEF< 8B 2800  �F < 846?9A<S 6FBDB7B 
>BAFGD4 8B 5,6  #4, @B:AB CB869EF< ?B7<K9E>GR K9DFG < CDB<;69EF< A9>BFBDO9 
ED46A9A<S E $#� CD< CBL47B6B@ EA<:9A<< @BMABEF<. �B;A<>49F 6BCDBE, ;4K9@ :9 
CB86B8<FP ?B7<K9E>GR K9DFG 6 E9D98<A9 D4EK9F4, >B784 6 $#� E CBEFGC9AK4FO@ 
EA<:9A<9@ @BMABEF< BAB CDB<EIB8<?B 8B 2362  �F? 

"F69F ;4>?RK49FES 6 FB@, KFB 84?PA9=L99 EA<:9A<9 C4D4@9FDB6 6FBDB7B >BAFGD4, 
4 >4> E?98EF6<9, < @BMABEF<, B8AB;A4KAB CBFD95G9F C9D9A4EFDB=>< 89=EF6GRM<I 
;4M<F < 5?B><DB6B> F9IAB?B7<K9E>B7B B5BDG8B64A<S, KFB @B:9F 6O;64FP BCD989?9AAO9 
;4FDG8A9A<S CD< 6A98D9A<< A4 89=EF6GRM<9 5?B><. 1FB D9L49@4S ;484K4, B8A4>B A9 
CB@9L49F 6OCB?A<FP ED46A9A<9 86GI $#� < 6 QFB= FBK>9, F4> >4> CD98?4749@O= $#� 
CD< E>B?P;SM<I C4D4@9FD4I 6FBDB7B >BAFGD4 @B:9F F9BD9F<K9E>< B>4;4FPES 
QHH9>F<6A99 89=EF6GRM97B G:9 A4 84AAB@ QF4C9, @B:9F A9 CBFD95B64FP C9D9A4EFDB=>< 
5?B><DB6B> < 84?PA9=L97B EA<:9A<S @BMABEF<, < @B:9F 5OFP CBF9AJ<4?PAB 6A98D9A < 
6 F4>B@ 6<89. 

 

$9;G?PF4FO D4EK9F4 64D<4AFB6 CDB8?9A<S >4@C4A<< 

&4><@ B5D4;B@, 8BCB?A<F9?PAB9 6D9@S D45BFO D94>FBD4 ��1$-1000 6 D9;G?PF4F9 
EA<:9A<S 846?9A<S E 6,27 8B 5,60  #4 BJ9A9AB >4> 27 QHH9>F<6AOI EGFB>, KFB 
;A4K<F9?PAB 8B?PL9, K9@ CD< CDB8?9A<< >4@C4A<< <ECB?P;G9@O@ ECBEB5B@ (;4 EK9F 
 1$), A4 >BFBDB@ CD< EA<:9A<< 8B QFB= :9 @BMABEF< (B>B?B 2730   �F) 
8BCB?A<F9?PA4S 6OD45BF>4 EBEF46<F 6E97B 13 QHH9>F<6AOI EGFB>. 

"8A4>B, C9D9A4EFDB<6 5?B><DB6>< < ;4M<FO < EA<;<6 846?9A<9 6FBDB7B >BAFGD4 
8B 4,76  #4, 4 @BMABEFP 8B 2364  �F (<@9AAB 8B QFB7B ;A4K9A<S EA<:49FES @BMABEFP 
6 $#� ;4 EK9F  1$ 6 A4EFBSM99 6D9@S), @B:AB CB?GK<FP 7BD4;8B 5B?99 6AGL<F9?PAO= 
D9;G?PF4F. �BCB?A<F9?PAB9 6D9@S D45BFO D94>FBD4 6 D9;G?PF4F9 QFB7B EA<:9A<S 
BJ9A9AB 6 61,0 QHH9>F<6AOI EGFB>, KFB CBKF< 6 864 D4;4 8B?PL9, K9@ CD< CDB8?9A<< 
>4@C4A<< ;4 EK9F  1$ A4 >BFBDB@ CD< EA<:9A<< 8B QFB= :9 @BMABEF< 6OD45BF>4 
EBEF46<F 30 QHH9>F<6AOI EGFB>. 

!B EFB<F GK<FO64FP, KFB C9D9A4EFDB=>4 5?B><DB6B> @B:9F 5OFP CDB5?9@4F<KA4, 
CBE>B?P>G 5G89F CDBF<6BD9K<FP 89=EF6GRM<@ D97?4@9AF4@ < DG>B6B8EF64@ CB 
Q>EC?G4F4J<<, 6 K4EFABEF<, A4 FGD5<AG. �9DBSFAB, F4>4S C9D9A4EFDB=>4 CBFD95G9F 
8BCB?A<F9?PAOI <EE?98B64A<=. 

�?S 5B?99 89F4?PAB7B ED46A<F9?PAB7B 4A4?<;4 D9:<@4 CDB8?9A<S >4@C4A<< A4 
E>B?P;SM9@ 846?9A<< 6OCB?A9AB @B89?<DB64A<9 31' 6 EC9J<4?<;<DB64AAB@ 
CDB7D4@@AB@ B59EC9K9A<<. 

 

 B89?<DB64A<9 64D<4AFB6 CDB8?9A<S >4@C4A<< A4 @AB7BHGA>J<BA4?PAB@ 
4A4?<;4FBD9 D9:<@B6 ��1$-1000 

&D9A4:9D !�3'  �(� < """ «1!��" &%"» «'K95A4S ?45BD4FBD<S. 
$94>FBDA4S H<;<>4, GCD46?9A<9 < 59;BC4EA4S Q>EC?G4F4J<S 31'. #DB9>F 320» 3 

CD98EF46?S9F EB5B= <AF97D<DB64AAO= CDB7D4@@AB-F9IA<K9E><= < GK95AB-@9FB8<K9E><= 
>B@C?9>E. "EAB6AO@ >B@CBA9AFB@ FD9A4:9D4 S6?S9FES @B89?P 31' E D94>FBDB@ ��1$-

1000, D4;D45BF4AA4S A4 54;9 4FF9EFB64AAB7B A9=FDBAAB-H<;<K9E>B7B >B84 «#$"%&"$» 
[8]. �4K9EF6B < CD4>F<K9E>4S ;A4K<@BEFP <ECB?P;B64A<S FD9A4:9D4 CB8F69D:89A4 
D97G?SDAO@ CD<@9A9A<9@ A4 �1% $BEE<<.  B89?P 31' B59EC9K<649F D9L9A<9 
@AB7BK<E?9AAOI ;484K, F4><I >4> [9-10]: 

‒ 4A4?<; H<;<K9E><I CDBJ9EEB6, CDB<EIB8SM<I 6 4>F<6AB= ;BA9 6 LF4FAOI 
D9:<@4I, 6 D9:<@4I E A4DGL9A<S@< ABD@4?PAOI GE?B6<= Q>EC?G4F4J<< < CDB9>FAOI 
464D<=AOI D9:<@4I, <I 6;4<@BE6S;< E CDBJ9EE4@< 6 8DG7<I E<EF9@4I QA9D7B5?B>4 

 
3  AB7BHGA>J<BA4?PAO= 4A4?<;4FBD D9:<@B6 D94>FBDAB7B BF89?9A<S 3-7B QA9D7B5?B>4 �4?<A<AE>B= �1%. 1A<>B 
&%", !�3'  �(�. 2008 7. https://www.eniko.ru/etssite/projects/mfaro3.php  
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@B7GF B59EC9K<64FPES K9D9; HBD@<DB64A<9 7D4A<KAOI GE?B6<= CB C9F?S@ C9D6B7B 
>BAFGD4 <?< A4CDS@GR CD< @B89?<DB64A<< CB?AB7B B5N9@4 B5BDG8B64A<S 31';  
‒ CDB7AB;<DB64A<9 Q>EC?G4F4J<BAAOI I4D4>F9D<EF<> B5BDG8B64A<S 4>F<6AB= ;BAO 

< C4D4@9FDB6 FBC?<6AB7B J<>?4; 
‒ D4EK9FAB= CB889D:>< CDB6989A<S C?4AB6OI Q>EC9D<@9AFB6 CB BCD989?9A<R 

I4D4>F9D<EF<> E4@B;4M<M9AABEF< < C4D4@9FDB6 E<EF9@O GCD46?9A<S < ;4M<FO 
D94>FBD4 (%'�); 
‒ <EE?98B64A<S 4?7BD<F@B6 %'� 6 D4;?<KAOI D9:<@4I; 
‒ <;GK9A<S H<;<K9E><I BEB59AABEF9= ��1$ < HBD@<DB64A<S J9?BEFAB7B CBA<@4A<S 

CDBJ9EEB6 6 4>F<6AB= ;BA9 D94>FBDAB= GEF4AB6>< 6 IB89 CDBH9EE<BA4?PAB= CB87BFB6>< 
EFG89AFB6 < D45BFA<>B6 4FB@AB= BFD4E?<. 

$4;D45BF>4 FD9A4:9D4 BEGM9EF6?S?4EP 8B 2013 7., < CD98EF46?9AA4S 6 A9@ @B89?P 
QA9D7B5?B>4 G:9 BF?<K49FES BF AOA9 89=EF6GRM<I QA9D7B5?B>B6 6 DS89 CB>4;4F9?9=. 
�?46AO@ B5D4;B@, QA9D7B5?B> 6 CD98EF46?9AAB= @B89?< D45BF49F A4 @BMABEF< 100% BF 
AB@<A4?PAB= @BMABEF< (F9C?B64S @BMABEFP 3 3000  �F), >B784 89=EF6GRM<9 EF4AJ<< 
CDBL?< @B89DA<;4J<R B5BDG8B64A<S < B5BEAB64A<9 59;BC4EABEF< < D45BF4RF A4 
@BMABEF< 104% (F9C?B64S @BMABEFP 3 3120  �F). %BBF69FEF69AAB, < FBC?<6AO9 
;47DG;>< F4>:9 A9E>B?P>B BF?<K4RFES. "8A4>B, CD<AJ<C<4?PAOI BF?<K<=, >BFBDO9 
@B7?< 5O CB6?<SFP A4 D9;G?PF4FO @B89?<DB64A<S 6 ED46A9A<< $#� 3 A9F. &D9A4:9D 
B59EC9K<649F A9B5IB8<@O9 8?S CDB6B8<@B7B K<E?9AAB7B Q>EC9D<@9AF4 >4K9EF6B < 
8<A4@<K9E><9 I4D4>F9D<EF<>< E<EF9@ < Q?9@9AFB6 �1%.  

�EIB8AB9 EBEFBSA<9 @B89?< 5?B>4 3 D45BF4 QA9D7B5?B>4 A4 100% BF AB@<A4?PAB= 
@BMABEF< 6 A4K4?PAO= @B@9AF FBC?<6AB= >4@C4A<<. &BC?<6A4S ;47DG;>4 EBBF69FEF6G9F 
22-= >4@C4A<< QA9D7B5?B>4 2 �4?<A<AE>B= �1%. #B?B:9A<9 10-= 7DGCCO "$ %'� 3 

90%. �O?B CDB6989AB @B89?<DB64A<9 6O7BD4A<S FBC?<64 CD< 46FB@4F<K9E>B= CB87BA>9 
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Figure 3. VVER-1000 power plant during the campaign extension period 
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Figure 4. Main temperatures of VVER-1000 reactor plant during the campaign extension period 
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