Minutes of the ALLEGRO 8th Project Coordination Team meeting

March 26-27, 2018

ÚJV Řež, a. s., Řež, Czech Republic
Administrative building, Floor -1, Room 07

Version 4
The meeting was attended by:   
A. Vasile (CEA, France), 
L. Bělovský, M. Gren, R. Korycansky, P. Vacha.  (ÚJV Řež, a. s., Czech Republic), 
G. Mayer, A. Keresztúri.  (MTA-EK, Hungary), 
P. Ponya, (BME-NTI, Hungary)
J. Malesa, (NCBJ, Poland), 
B. Hatala, P. Dařílek, S. Bebjak, B. Kvizda, (VUJE, a.s., Slovak Republic).

Agenda
	
	March 26, 2018, Monday

	9:45
	Welcome
	B. Hatala

	9:50
	Approval of the Agenda
	ALL

	10:00
	Review of actions
	All

	10:20
	Status of ALLEGRO reference documents:
1. Design and Safety Roadmap
2. Safety requirements
3. Design Specifications
4. Research and Development Roadmap
5. Business plan
6. ALLEGRO Database 

7. ALLEGRO Fuel Related Acceptance Criteria
8. ALLEGRO Oxide Core Design Criteria
	

	10:40
	Phase 2 VINCO neutronic assembly benchmark results
	Dařílek

	11:15
	Coffee break 
	

	11:30
	UOX core design criteria
	Vasile

	12:10
	Status of the UOX core neutronic design
· BME (MTA EK)
· UJV
· VUJE
	
Ponya
Gren
Dařílek

	12:40
	Lunch
	

	13:40
	Selection of promising core configuration
	ALL

	14:15
	UOX core behaviour in accident conditions
	Vácha

	14:45
	Coffee break 
	

	15:00
	Demonstration of a methodology applying successive thermal hydraulic and neutronic calculations for improving the MOX core design
	Keresztúri

	15:40
	Results of Hungarian national project 
thermal-hydraulics calculations
	Mayer

	16:20
	Discussion
Review of ALLEGRO decay heat removal strategy
	Mayer

	17:00
	End of the first day
	

	
	March 27, 2018, Tuesday
	

	9:00
	Welcome
	

	9:05
	ALLEGRO Transient analysis
	Kvizda

	9:45
	BEPU analysis of SBO + 1DHR (RELAP5-3D, ATHLET) 
	Kvizda/Batki

	10:15
	Proposal of the paper
 VINCO TH benchmark
 in a journal, probably Nuclear Engineering and Design
	Kvizda

	10:30
	Coffee break 
	

	10:50
	Short-term workplan for the ALLEGRO
	ALL

	12:30
	Lunch
	

	13:30
	Feedback from the visit of S-ALLEGRO 
and status of STU Helium Loop. 
Future experimental programs
	

	
	Status of ALLEGRO website
	ALL

	
	IAEA Benchmark Analysis on Physics Start-Up Experiments of China Experimental Fast Reactor (CEFR)
(Meeting 11-14 June 2018, Vienna)
	ALL

	
	H2020 project proposal - Project ALFA
Call “NFRP-2018-2: Model development and safety assessments for Generation IV reactors”
	Hatala

	
	Feedback from GIF activities
	Hatala/Vasile

	
	Feedback from CATHARE seminar
	Vasile

	
	Nuclear days – NUGENIA/ESNII 
(Meeting 10-12 April 2018, Prague)
	Belovsky

	15:00
	Coffee break
	

	15:15
	Summary of the new actions
	

	
	Preparation of the presentation to the Steering Committee
	

	
	Wrap up and discussions, next meeting
	

	16:30
	End of the meeting
	






The meeting was opened by the hosting organisation represented by L. Bělovskýý. B. Hatala chaired the meeting. After welcome speech the agenda was approved.
The review of ALLGERO reference documents was done. 
1. ALLEGRO Design and Safety Roadmap (CEA- done)
2. ALLEGRO Safety Requirements (VUJE - done)
3. ALLEGRO Design Specification - update (UJV update is needed)
4. ALLEGRO R&D Roadmap (UJV will be developed)
5. ALLEGRO Business Plan (VUJE will be developed)
6. ALLEGRO V4G4 Concept Database - update (VUJE will develop it in accordance with VINCO document - “Summary input data of ALLEGRO demonstrator for thermal-hydraulics benchmark exercise”)

P. Dařílek presented the results of VINCO neutronic assembly benchmark. VINCO neutronic benchmark was oriented on burnup of 2D numerical models of ALLEGRO fuel assembly at infinite lattice with zero buckling at basic calculations, with MOX and UOX fuel. Detailed comparison of benchmark results is divided into four parts as follows:
· Comparison of solutions with ENDF library and zero buckling
· Comparison of solutions with JEF library and zero buckling
· Library effect - comparison of solutions with both libraries  and zero buckling, performed with identical remaining inputs by code SERPENT
· Buckling effect  - comparison of solutions with zero and critical buckling, performed with identical remaining inputs by two codes (ERANOS with JEF, HELIOS with ENDF)
General comparison of results shows, that:
· Difference of kinf can reach almost 1900 pcm for MOX fuel, differences for UOX are 2-times smaller,
· At MOX fuel calculated by both libraries high differences exhibit Cm-242 and U-236, but there are also library specific actinides with high differences; at UOX fuel calculated by both libraries high differences exhibit Pu-242, but there are also library specific actinides with high differences,
· Doppler RC exhibits acceptable differences up to 130 pcm.K-1,
· Pellet expansion RC exhibits differences up to 379 pcm.K-1,
· He-dilution RC exhibits huge differences up to 22832 pcm.(g/cm3)-1,
· PNL exhibits huge differences up to 49 % MV,
· β exhibits huge differences up to 70,7 pcm.
Switch in calculations from JEF to ENDF library causes decrease of kinf, increase of PNL, very big decrease of β, small change of Doppler and Pellet expansion RC, huge change of He-dilution RC, change of selected actinides concentrations and change of macroscopic cross section at selected groups. 
Switch in calculations from critical to zero buckling causes increase of kinf, small increase of Doppler RC, increase of PNL, decrease of β, Small change of Pellet expansion RC, huge change of He-dilution RC, change of selected actinides concentrations.
Close curves of kinf, actinides concentrations, Doppler RC, Pellet expansion RC and β at ERANOS-UJV and SERPENT solutions with JEF library confirms potential of these code complexes. Among utilised codes ERANOS has the best validation at fast spectrum and SERPENT is the most recent spectral code still under development. These calculation tools can have very good potential for realistic forecast of ALLEGRO and GFR reactors behaviour.
Benchmark results will be published at the journal - for instance Nuclear Engineering and Design.
A. Vasile presented UOX core neutronic specification for V4G4 oxide core in comparison with reference GFR 2400 core and reference CEA 2009 MOX core.
		Parameter
	 
	Reference 
GFR 2400
GOFASTR D1.1-1
	Ref. CEA 2009 MOX core
GOFASTR D1.1-16
ESNII+ D6.1.1.2
	V4G4 xxxx oxide core specifications

	Thermal power
	MW
	2400
	75
	20 - 75

	Power density
	MW/m3
	100
	100
	≤ 100

	Pu content / U enrichment
	% / %
	16.3 / 0.7
	25 / 0.7
	< 30 / < 20

	Maximum fast neutron flux, 
(E>0.1 MeV)
	n/cm2/s
	12.4 1014
	8.4 1014
	> 5.0 1014

	Maximum neutron damage (SiC) 
for 365 FPED
	dpa
	18.7
	15
	> 8

	Mean He core inlet/outlet temperature
	°C / °C
	400 / 880
	260 / 530
	> 250 / > 500

	Core fraction for refueling 
	
	1 / 3
	1
	TBD

	Core management
	FPED
	3 x 481
	1 x 660
	TBD

	Fissile height
	cm
	165
	86
	≤ 100

	Number of fuel S/A
	
	516
	81
	≤ 120

	Fuel volume fraction
	%
	28
	36
	TBD

	Cladding inner / outer diameter (20°C)
	mm / mm
	8.16 / 9.16
	5.66 / 6.68
	> 5.5 / > 6.5



P. Ponya presented results of ALLEGRO UO2 core parametric neutronic calculations (MCNP) performed in cooperation with UJV (M. Gren - ERANOS). The UOX core calculations focused onto configuration characterized with 6 rings (compared to 5 rings in the CEA2009 MOX core), i.e. 111+6 FAs, fuel stack length H=86-118 cm and fuel pellet diameter D increased up to 30% compared to the CEA2009 MOX design. 
The results indicate a set of feasible configurations H-D in terms of criticality (based on Keff cca 1.03). The agreement between the two codes is very good. Moreover, the influence of various control assembly layouts onto Keff was investigated as well as the fuel cycle length and SiC dpa for selected core configurations. 
P. Dařílek presented table “UOX core configurations” with conclusion that amount of neutronic calculation and modification has been done and there is no reason to generate other core configuration without T-H verification

P. Vácha presented the results of transient analysis with the aim to compare peak cladding temperatures (PCTs) in four configurations: 1) UOX, H=94cm, D=DREF+26%, 1) UOX, H=118cm, D=DREF+14%, 3) CEA2009 MOX + 1 ring, and 4) CEA2009 MOX (cca double power density compared to the previous three cases) in the same transient (75 MWth, LOCA 1‘‘ on one cold leg + SBO, 1 N2 accumulator available, 3 DHR loops available in natural circulation). 
He concluded that the calculated PCTs in all four configurations were very similar. The PCTs are driven mainly the thermal power of the reactor, the impact of the volumetric power density onto the PCT is smaller than expected (cca 40 °C).

A. Keresturi presented a methodology applying successive thermal hydraulic and neutronic calculations for improving the MOX core design. According the roadmap the iterations are necessary between safety analyses of the most relevant initiating events and the core design. 
CATHARE scoping calculations were performed by varying the initial core power and radial peaking factor, while the core geometry was unchanged. The results showed that the original 75 MW core power of the ALLEGRO reactor has to be decreased significantly, to 35 MW, even if the uncertainties are not taken into account.
Extrapolation of the scoping calculations showed that the original 75 MW core power can be preserved if the number of assemblies is increased from 81 to 117 and the power peaking factor is decreased. 
Power peaking decrease could be achieved by radial profiling of the Pu content. The corresponding neutronic KIKO3DMG core design calculations proved that the DPA rate can be increased this way by 58 % comparing with the 35 MW core.
Additional scoping ATHLET analyses focusing only on the hot channel are promising that a further about 50% increase of DPA rate can be obtained if the lattice pitch is decreased by 15%. However, the applied crude approximations in these latter hot channel calculations makes the further CATHARE and KIKO3DMG neutronic core design calculations necessary.

G. Mayer presented partial results of Hungarian national project dedicated to thermal hydraulics and CFD calculations.
The hot duct break was proposed as a critical transient. The analysis was performed by CATHARE code. The result of 48 hot duct break transients was presented. The calculations were performed at different Reactor power and Radial peaking factors.
In the next part the CFD results of hot duct break was presented. The aim was evaluate the pressure loss coefficient at break.
In the next discussion the decay heat removal strategy in reference ALLEGRO design (CEA 2009) was discussed and I&C setpoints were discussed.
B. Kvizda presented the general engineering tool for evaluation whether the core can be cooled in different stages which are described by coolant flow rate through assembly (or coolant speed), coolant pressure and assembly power. The result is the theoretical space within which the ALLEGRO core is coolable. This tool can be used for engineering judgement for different core and assembly geometry. 
The next presentation was dedicated to the ALLEGRO uncertainty and sensitivity study on SBO + 1 DHR. This work was done together with Bálint Batki (MTA EK). The sensitivity study was done by RELAP5 3D (full scope analysis), ATHLET (core only) and SUSA 3.5 – Software for Uncertainty and Sensitivity Analyses. The result shows that the strongest influence on PCT has decay heat uncertainty evaluated by neutronic calculation. According this result, the decreasing of neutronic calculation uncertainty is highly needed. The results of this analysis will be presented at conference BEPU 2018 (Bes Estimate Plus Uncertainty international Conference, May 12-18, Luca, Italy, http://www.nineeng.com/bepu/).
B. Kvizda informed about preparation of the article to be submitted in dedicated journal (possibly Nuclear Engineering and Design) summarising the work and outcomes of the VINCO TH benchmark exercise. The contributors from MTA EK and NCBJ have shown an interest to improve their CATHARE2 ALLEGRO models to fully meet criteria given in TH Benchmark Specification and recalculate the LOCA and SBO transients. VUJE will gather new results and coordinate paper preparation with MTA EK.
The proposal for research agreement for IAEA Benchmark Analysis on Physics Start-Up Experiments of China Experimental Fast Reactor (CEFR) was signed by VUJE, a.s. and BME-NTI. The kick-off meeting will be 11-14 June 2018 in Vienna.

[bookmark: _GoBack]Feedback from CATHARE seminar	
Next CATHARE user club meeting will be on 12-13 June 2018 and New version of the code (CATHARE3) is available. The update of CATHARE license is needed three years. 
Nuclear days – NUGENIA/ESNII (Meeting 10-12 April 2018, Prague)	
B. Hatala, L. Bělovský and A. Vasile will have the contribution at this meeting


The next 9th PCT meeting will be held in Budapest on June 25-26, 2018.
The 26thSteering Committee will be held in Budapest on June 27, 2018
The seminar on the results of the Hungarian nuclear research program will take place on June 28, Budapest. 
The VINCO meeting on the remaining subjects will be held on June 29.


Status of actions of the ALLEGRO Project Coordination Team meetings
	
	Action
	Who
	When
	Status

	PCT7.1
	Update of document “ALLEGRO Oxide Core Design Criteria”
	Belovsky Dařílek, Vasile Gren 
	December 2017
	done

	PCT7.2
	Fill up the table with neutronic data

	Gren, Darilek
	December 2017
	done

	PCT7.3
	Static Thermo-aerolics numerical model

	Bebjak
	January 2018
	done

	PCT7.4
	Selection of the core configuration 
	
	
	

	PCT7.5
	Reactivity worth in experimental positions of UOX, steel and MC (central and periphery position)
	Ponya
	Nomvember 2017
	done

	PCT7.6
	Summary of transient calculations (RELAP5, CATHARE, MELCOR)
	Mayer,
Vacha, Kvizda
	January
2018
	

	PCT8.1
	Upload the reference documents to  ALLEGRO Server
	Hatala
	April 2018
	

	PCT8.2
	“ALLEGRO V4G4 Concept Database“ 
update
	Kvizda
	June 2018
	

	PCT8.3
	Update of document 
“Design specifications“
	Belovsky
	April 2018
	

	PCT8.4
	Development of document
ALLEGRO R&D roadmap 
DRAFT 0
	Belovsky
	June 2018
	

	PCT8.5
	Update the table
„Promising UOX core configurations“
	Darilek
	June 2018
	

	PCT8.6
	Update of CATHARE license
	ALL
	
	

	PCT8.7
	Review of I&C setpoints
and decay heat strategy
	Mayer
	
	

	
	
	
	
	

	
	
	
	
	



6

