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1. introduction

This Technote discusses scenario study results concerning a nuclear park composed of PWRs and HTRs using reactor-grade plutonium. This study was carried out in the context of the C09 Common Interest Programme( with COGEMA.

2. terminologY

	PIC
	:
	Programme d’Intérêt Commun (Common Interest Programme)

	GTMHR
	:
	Gas Turbine Modular Helium Reactor 

	SWU
	:
	Separative Work Unit

	UOX
	:
	Uranium Oxide

	MOX
	:
	Mixed Oxide

	CORAIL
	:
	Fuel  composed  of  a  mixture  of  UOX  and  MOX  fuel  rods  within  the  same 

sub-assembly

	APA
	:
	Advanced Plutonium Assembly

	EPR
	:
	European Pressurised Water Reactor

	HTR
	:
	High Temperature Reactor


3. OBJECTIVES 

This study is designed to investigate nuclear park scenarios composed of PWRs using 100% UOX and HTRs using reactor-grade plutonium. The study is programmed to end in 2070, as is the case for the CORAIL (cf. ref. 1), APA (cf. ref. 2) and HTR-U (cf. ref. 6) scenario studies. This date corresponds to the approximate programmed shutdown of the first EPR.

4. HYPOTHESES 

Hypotheses retained for this study are:

4.1 Scenarios

For such scenarios, it was decided to simulate the integration of HTRs into the French nuclear park.

The quantity of energy generated is both constant and equivalent to 400 TWhe per year from 2000.

As far as 2010: hypotheses remain identical to those used in the open cycle scenario, mono-recycling, and the CORAIL (cf. ref. 1), APA (cf. ref. 2) and HTR-U (cf. ref. 6) scenario studies. In 2010, burn-up rates for UOX and MOX fuels are respectively 60 GWd/t and 55 GWd/t (cf. chapter 11, fig. 1&2).

From 2010 to 2025: mono-recycling of plutonium in the form of MOX in PWRs is continued at an identical pace. The proportion of energy generated by MOX in the nuclear park is equivalent to 12%. From 2015, EPRs gradually begin replacing the current reactors.

Beyond 2025, the two scenarios will differ only by their proportion of HTRs in operation.

	
	Rate of introducing HTRs (from 2025 to 2031)
	Proportion of HTRs in the nuclear park 

	Scenario 1: HTR Pu (20%)
	2 GWe/yr
	20%  (80 TWhe)

	Scenario 2: HTR Pu (17%)
	1.7 GWe/yr
	17%  (68 TWhe)


4.2 HTR Concept

The GTMHR concept belonging to GENERAL ATOMICS was chosen for these scenario studies and is discussed in Ref. 3.

The retained HTR concept:

600 MWth GTMHR, 284 MWe, Pu cycle

Irradiation time in the reactor has been set at 280 effective full power days (EFPD) regardless of the loaded plutonium vector.

HTR management = yearly management strategy based on a one third core unloading, with the average unloading burn-up being a function of the quality of loaded Pu. 

4.3 Burn-up rates

Increasing burn-ups to 60 GWd/t for UOX fuel and 55 GWd/t for MOX fuel is carried out gradually. These burn-ups are reached in 2010 for UOX and 2006 for MOX (cf. chapter 11, fig. 1&2).

4.4 Fuel enrichment

The enrichment of natural uranium is carried out by gaseous diffusion with a release rate of 0.25%     (U-235 content in depleted uranium).

4.5 Fuel fabrication

No specific constraints apply as far as UOX fuel fabrication plants are concerned.

The life-span of MOX and HTR fuel fabrication plants has been set at 2 years.

4.6 Fuel reprocessing

Fuel reprocessing losses have been estimated at 0.1% for U and Pu. In priority, the oldest batches of nuclear material are reprocessed before the more recent ones.

For scenario purposes, MOX and HTR fuels are assumed to be processable.

Plant capacities are adapted in relation to Pu requirements.

Fuel reprocessing priorities are:

· Up until 2025: UOX reprocessing only, 

· 2025 to 2070: UOX and MOX reprocessing, and UOX and HTR fuel reprocessing when all MOX stocks have been reprocessed.

5. COMPUTER CODES AND MODELS

Version 5.1.4 of the COSI scenario computer code was chosen for these studies.

The CESAR evolution computer code adapted to the 4.32 COSI code was also chosen.

The CESAR database – needed for core evolution calculations – was based on a “simplified” scheme of neutronic calculations for different Pu qualities. In this “simplified” scheme, the evolution of Pu concentrations is based on the calculation of the fuel element geometry in an infinite environment (calculation in the APOLLO2 computer code). The unloading burn-up rate – used to assess unloading materials – is based on the calculation of core neutron leakage, which helps determine the keffective of the reactor core at the end of cycle.

	CESAR database No.
	fissile Pu 

%
	Pu mass/ reload (t)
	Burn-up

(MWd/t)

	874
	64.2
	293
	575

	875
	56.3
	357
	490

	876
	52.5
	397
	425

	877
	51.2
	450
	385

	878
	50.3
	497
	340


6. OPTIMISATION OF SCENARIOS

The reprocessing of the nuclear park’s fuel stocks was chosen as the optimisation parameter. Optimisation of fuel reprocessing was applied in scenario 1 (HTR Pu 20%).

Two reprocessing methods were studied between 2025 and 2070:

· UOX, MOX or HTR fuel:

· The launching of HTRs fuelled with Pu from UOX in 2025. A Pu quality (fissile Pu/ total Pu) of 62% and an annual Pu reloading at equilibrium of 12t (excluding graphite) are used. 

· The quantity of UOX fuel available for reprocessing is no longer sufficient from 2038, which implies reprocessing UOX and MOX fuel. The Pu quality at loading drops to 55% in 2068 (annual Pu reloading at equilibrium of 15t, excluding graphite).

· MOX stocks have run out in 2068. It is also necessary to reprocess HTR fuel. The Pu quality in HTRs at reloading (45%) becomes inadequate. Analysis of the use of plutonium in HTRs (plutonium from PWRs [4] and plutonium multi-recycling in HTRs [5]) revealed a threshold level for the content of fissile plutonium at loading (50%) below which the margin of core reactivity at start-up is no longer sufficient, thereby shortening the fuel cycle length. This threshold is related to the physical characteristics of HTRs. Therefore, the high proportion of neutrons in the epithermal range combined with a degraded plutonium vector – high proportion of Pu240 and Pu242 – greatly limits the mass of fuel that can be loaded, which affects the fuel cycle length.

· UOX-MOX or UOX-HTR mixture: 

In this scenario, the quantity of UOX fuel has been reduced in order to launch the HTR park. This saving in good-quality Pu makes it possible to continue the scenario beyond 2070.

· The launching of the HTR park in 2025 using Pu from a UOX-MOX mixture with respective proportions of 70% and 30% at reprocessing. A Pu quality of approximately 57% (fissile Pu/ total Pu) is obtained, which corresponds to an annual reloading at equilibrium of 15t.

· MOX fuel has run out in 2047. HTRs are fuelled with Pu from a UOX-HTR mixture with respective proportions of 98.75% and 1.25% (excluding graphite) at reprocessing. A Pu quality of about 52.5% (fissile Pu/ total Pu) is obtained, which corresponds to an annual reloading at equilibrium of 16.7t.

· UOX stocks required to meet the above-mentioned proportions are no longer sufficient in 2077, as the Pu quality falls to 45% (cf. chapter 12 - fig. 3).

The second method of reprocessing retained for both scenarios discussed in this Technote is:

· 100% UOX until 2025,

· A UOX-MOX mixture at the time HTRs are launched with 70% UOX at reprocessing,

· A UOX-HTR mixture when MOX stocks have run out, with 98.75% UOX at reprocessing.

7. scenario STUDY RESULTS

7.1 Scenario 1 (HTR Pu 20%)

· Percentage of energy at equilibrium: 80% UOX and 20% HTR Pu,

· Fuel reprocessing: 

· 100% UOX until 2025; 

· UOX-MOX mixture from 2025 to 2046, with 70% UOX at reprocessing,

· UOX-HTR mixture from 2047 to 2076, with 98.75% UOX at reprocessing.

Results are illustrated in annex 2 (cf. chapter 12). Mass quantities are expressed in tonnes of heavy metal.

The following aspects were remarked:

The proportion of PWRs is too low to maintain a satisfactory quality of Pu required to reload HTRs beyond 2077.

The Pu inventory in 2070 represents 307.3 tonnes and is distributed within the nuclear park as such: 210.5 tonnes in fuel stocks, 62.9 tonnes in reactors and 33.9 tonnes in reprocessing plants (cf. chapter 12, fig. 4). The Pu quality is equivalent to 45.3% (fissile Pu/ total Pu). The Pu inventory does not consider Pu240 from curium present in stocks of separated minor actinides.

Concerning the quality and content of Pu in new standard MOX assemblies, the Pu content reaches 9.6% in 2030, whereas the Pu quality falls from 67.1% in 2010 to 61.9% in 2030.

The Pu quality in HTR assemblies at loading falls from 57.2% in 2025 to 52.7% in 2070 (cf. chapter 12, fig. 3).

The quantity of reprocessed fuel in 2070 is equivalent to 962.4 tonnes of UOX and 12.2 tonnes of HTR fuel (excluding graphite). Beyond this date, the quantity of UOX fuel available for reprocessing rapidly falls to 656 tonnes in 2075, which no longer makes it possible to maintain a Pu quality needed to fuel HTRs (cf. chapter 12, fig. 5&6).

Fuel fabrication requirements are listed in chapter 12, fig. 7.

In terms of radioactive waste storage requirements, 4,134 tonnes of UOX and 356 tonnes of HTR fuel need to be stored in 2070. MOX fuel has been completely reprocessed (cf. chapter 12, fig. 8).

The total mass of minor actinides in irradiated fuel and separated MA stocks represents approximately 250 t in 2070, including 178 t of Am and 13 t of Cm (cf. chapter 12, fig. 10).

Annual requirements in natural uranium have been estimated at 6,690 tonnes in 2070 (cf. chapter 12, fig. 11).


Annual requirements in separative work units (SWU) have been estimated at 5.1M SWU in 2070 (cf. chapter 12, fig. 12).

An annual flux of reprocessed uranium has been estimated at 820 tonnes and an inventory of 64,800 tonnes in 2070 (cf. chapter 12, fig. 13).

The depleted uranium inventory in 2070 has been estimated at 579,000 tonnes (cf. chapter 12, fig. 14).

7.2   Scenario 2 (HTR Pu 17%)

· Percentage of energy at equilibrium: 83% UOX and 17% HTR Pu,

· Fuel reprocessing: 

· 100% UOX until 2025; 

· UOX-MOX mixture from 2025 to 2049, with 70% UOX at reprocessing,

· UOX-HTR mixture beyond 2050, with 98.75% UOX at reprocessing.

Results are illustrated in annex 3 (cf. chapter 13). Mass quantities are expressed in tonnes of heavy metal.

The following aspects were remarked:

The proportion of PWRs is sufficient enough to maintain a satisfactory Pu quality required to fuel HTRs until 2100 – programmed end of the scenario studies.

The Pu inventory in 2070 represents 370.1 tonnes and is distributed within the nuclear park as such: 273.3 tonnes in fuel stocks, 64.2 tonnes in reactors and 32.6 tonnes in reprocessing plants (cf. chapter 13, fig. 4). The Pu quality is equivalent to 49.5% (fissile Pu/ total Pu). The Pu inventory does not consider Pu240 from curium present in stocks of separated minor actinides.

Concerning the quality and content of Pu in new standard MOX assemblies, the Pu content reaches 9.6% in 2030, whereas the Pu quality falls from 67.1% in 2010 to 61.9% in 2030.

The Pu quality in HTR assemblies falls from 57.1% in 2025 to 51.7% in 2070 (cf. chapter 13, fig. 3).

The quantity of reprocessed fuel in 2070 is equivalent to 919.5 tonnes of UOX and 11.6 tonnes of HTR fuel (excluding graphite). The quantity of UOX fuel available for reprocessing makes it possible to maintain a Pu quality needed to fuel HTRs until the end of the study in 2100 (cf. chapter 13, fig. 5&6).

Fuel fabrication requirements are listed in chapter 13, fig. 7.

In terms of radioactive waste storage requirements, 9,279 tonnes of UOX and 332 tonnes of HTR fuel need to be stored in 2070. MOX fuel has been completely reprocessed (cf. chapter 13, fig. 8).

The total mass minor actinides in irradiated fuel and separated MA stocks represents approximately 250 t in 2070, including 178 t of Am and 13 t of Cm (cf. chapter 13, fig. 10).

The quantity of curium is lower than that in scenario 1 as curium mainly comes from HTRs.

Annual requirements in natural uranium have been estimated at 6,940 tonnes in 2070 (cf. chapter 13, fig. 11).


Annual requirements in separative work units (SWU) have been estimated at 5.3M SWU in 2070 (cf. chapter 13, fig. 12).

An annual flux of reprocessed uranium has been estimated at 850 tonnes and an inventory of 60,900 tonnes in 2070 (cf. chapter 13, fig. 13).

The depleted uranium inventory in 2070 has been estimated at 589,000 tonnes (cf. chapter 13, fig. 14).

The situation in 2070 is described in the following tables: 

	HTR-Pu 20%: The situation in 2070



	Nuclear park Pu stocks 

	
	Stocks
	Reprocessing plants
	Reactors
	Total

	Pu only
	210.5  t
	33.9 t
	62.9 t
	307.3 t

	Average Pu isotopes present in the nuclear park 

	Pu 238
	Pu 239
	Pu 240
	Pu 241
	Pu 242
	fissile Pu 
 total Pu

	7.7 %
	28.6 %
	22.6 %
	16.6 %
	24.4 %
	45.3 %

	Minor actinides in irradiated fuel and separated nuclear materials 

	Am
	Cm
	Total Am + Cm (t)
	Np (tonnes)

	177.6 t
	13.1 t
	190.7 t
	58.6 t

	Average Pu quality, content and mass loaded in HTRs 

	fissile Pu 

total Pu
	Mass

(excluding graphite)

	52,7 % 
	16.7 t

	Annual fuel fabrication requirements 

	SWU
	Natural U 
	UOX

(mass of fuel rods)
	MOX 

(mass of fuel rods)
	HTR

	5.13 106
	6688 t
	656 t
	0 t
	16.7

	Annual fuel reprocessing requirements

	Mass of reprocessed UOX 
	Mass of 

reprocessed MOX 
	Mass of

reprocessed HTR 
	Pu extracted

	962.4 t
	0 t
	12.2 t
	16.7 t

	Inventory of stocks 

	Irradiated fuel 
	depleted U 
	reprocessed

U

	UOX
	MOX
	HTR
	Total
	
	

	4,134 t
	0 t
	356 t
	4,490 t
	579,000 t
	64,800 t


	HTR-Pu 17%: The situation in 2070



	Nuclear park Pu stocks Inventaire Pu 

	
	Stocks
	Reprocessing plants
	Reactors
	Total 

	Pu only
	277273.3  t
	32.6 t
	64.2 t
	370.1 t

	Average Pu isotopes present in the nuclear park

	Pu 238
	Pu 239
	Pu 240
	Pu 241
	Pu 242
	fissile Pu 
 total Pu

	6.5 %
	34 %
	23.8 %
	15.5 %
	20.3 %
	49.5 %

	Minor actinides in irradiated fuel and separated nuclear materials

	Am
	Cm
	Total Am + Cm (t)
	Np (tonnes)

	177.5 t
	11.3 t
	188.8 t
	59.5 t

	Average Pu quality, content and mass loaded in HTRs

	fissile Pu 

total Pu
	Mass

(excluding graphite)

	51.4 % 
	16.1 t

	Annual fuel fabrication requirements

	SWU
	natural U 
	UOX

(mass of fuel rods)
	MOX 

mass of fuel rods)
	HTR

	5.32 106
	6939 t
	680.6 t
	0 t
	15.9

	Annual fuel reprocessing requirements

	Mass of 

reprocessed UOX
	Mass of 

reprocessed MOX
	Mass of 

reprocessed HTR fuel 
	Pu extracted

	919.5 t
	0 t
	11.6 t
	16.1 t

	Inventory of stocks

	Irradiated fuel
	Depleted

U
	Reprocessed

U

	UOX
	MOX
	HTR
	Total
	
	

	9,279 t
	0 t
	332 t
	9,611 t
	589,000 t
	60,900 t


8. COMPARAISON WITH OTHER SCENARIOS

Comparison of Pu-fuelled HTR scenario with the other PIC scenarios (ref. <1> <2> and <6>). This comparison is carried out in 2070.

	
	Open Cycle 
	Mono-recycling
	HTR-U
	CORAIL
	APA
	HTR (20%)
	HTR (17%)

	Pu inventory in fuel cycle 
	820 t
	599 t
	568 t
	364 t
	288 t
	307.3 t
	370.1 t

	Pu stocks
	786 t
	497 t
	448 t
	161 t
	156 t
	210.5 t
	273.3 t

	Pu waste
	< 0,2 t
	< 1 t
	< 1 t
	< 1 t
	< 1 t
	1 t
	1 t

	Pu content before fuel loading 
	-
	9.9 %
	11.9%


	11.6 %
	12.0 %

constant (hypothesis)
	52.7 % 


	51.4 % 



	Average Pu quality 

fissile Pu/ total Pu (excluding Am1)
	59,4 %
	52.9 %
	53.6 %
	47.7 %
	41.1 %
	45.3 %
	49.5 %

	Minor actinide inventory (irradiated fuel and separated material)
	Am = 135 t

Np = 64 t

Cm = 4 t
	Am = 151 t

Np = 61 t

Cm = 9 t
	Am = 152 t

Np = 59 t

Cm = 9 t
	Am = 150 t

Np = 58 t

Cm = 15 t
	Am = 139 t

Np = 57 t

Cm = 14 t
	Am = 177.6 t

Np = 58.6 t

Cm = 13.1 t
	Am = 177.5 t

Np = 59.5 t

Cm = 11.3 t

	Annual fuel 

reprocessing requirements 
	0 t


	790 t

(100% UOX)
	672 t

(83% UOX

17% MOX)
	922 t

(79% CORAIL,

21% UOX)
	910 t

(87% UOX,

13% APA)
	962.4 t

(98.75% UOX

1.25% HTR excl. graphite)
	919.5 t

(98.75% UOX

1.25% HTR excl. graphite)

	Annual Pu requirements
	0 t


	9.8 t
	12.9 t
	25.2 t


	16.4 t
	16.7 t
	16.1 t

	Annual MOX fuel fabrication requirements
	0 t


	99.5 t

(60 GWd/t)
	108.5 t

(55 GWd/t)
	218 t
	0 t
	0 t
	0 t

	Annual UOX fuel fabrication requirements
	820 t
	720.5 t
	556.5 t
	659 t
	695 t
	656 t
	680.6 t

	Waste storage requirements
	59,800 t UOX

2,115 t MOX
	5,220 t UOX

7,520 t MOX


	2,782 t UOX

5,507 t MOX

2,068 t HTR
	4,550 t UOX

957 t CORAIL
	5,790 t UOX

1,660 t APA
	4134 t UOX

0 t MOX

356 t HTR
	9279 t UOX

0 t MOX

332 t HTR

	Annual nat. U needs 
	8,360 t
	7,350 t
	7,417 t
	6,720 t
	6,760 t
	6,688 t
	6,939 t

	Annual SWU needs
	6.41
	5.63
	6.00
	5.15
	5.14
	5.13
	5.32

	Reprocessed U inventory
	14,600 t
	62,900 t
	61,500 t
	71,500 t
	63,000 t
	64,800 t
	60,900 t

	Depleted U inventory
	678,000 t
	602,000 t
	609,000 t
	558,000 t
	689,000 t
	579,000 t
	589,000 t


Comparison in 2070

Data for the MULTIMOX THTC scenario is not provided as this scenario is not viable beyond 2025 owing to the fact that the Pu content threshold limit of 12% in MOX fuel is exceeded. 

Two scenario types are illustrated in the table in the previous paragraph:

· Open cycle and mono-recycling scenarios on the left-hand side of the table,

· Multirecycling scenarios on the right-hand side of the table.

Several conclusions were drawn from this comparison:

In comparison to multirecycling scenarios, replacing UOX and MOX fuelled reactors with plutonium-fuelled GTMHR type HTRs produces the following situation in 2070: 

Scenario 1: HTR Pu 20% of the nuclear park:

· Pu inventory diminished by 307 tonnes, yet this scenario is not viable beyond 2077.

· Inventory of minor actinides in irradiated fuel and separated materials equivalent to 250 tonnes. The annual Pu-HTR production of minor actinides is equivalent to 12.6 kg/TWhe with 65% americium and 5% curium.

· Annual needs in natural uranium and SWUs are identical to multirecycling scenario needs.

Scenario 2: HTR Pu 17% of the nuclear park:

· Pu inventory stabilised at 370 tonnes, 

· Inventory of minor actinides in irradiated fuel and separated materials identical to scenario 1.

· Annual needs in natural uranium and SWUs are identical to multirecycling scenario needs.

9. CONCLUSION

This Technote provides the results of scenario studies focusing on a nuclear park composed of PWRs and GTMHR-type HTRs fuelled with plutonium. HTRs are integrated into the nuclear park from 2025. The reprocessing of HTR fuel is deemed necessary in these scenarios in order to continue operations beyond 2070.

In order to maintain a satisfactory Pu quality required to fuel HTRs beyond 2077, the proportion of PWRs at equilibrium in the nuclear park must represent at least 83% of the total electrical production.

The replacement of UOX and MOX fuelled reactors with GTMHR-type HTRs fuelled with plutonium – producing 20% of the total electrical production – generates a Pu inventory in the fuel cycle of 307 tonnes, including a stock of 210 tonnes. The americium inventory in irradiated fuel and separated materials represents 178 tonnes. The curium inventory represents 13 tonnes. 

With regards to scenario 2, with 17% of the total electrical production generated by HTRs, the Pu inventory in the fuel cycle represents 370 tonnes, including a stock of 273 tonnes. The americium inventory in irradiated fuel and separated materials is identical to scenario 1 (178 t). The curium inventory – related to the number of operational HTRs – represents 11 tonnes.

A comparison with other scenarios is discussed in paragraph 8.
10. references

<1> Scénario de recyclage du Pu dans le combustible CORAIL

SPRC/LECy-2002/317 indice 0

<2> Scénario de recyclage du Pu dans le combustible APA

SPRC/LECy-2003-300 indice 0

<3> Analyse des capacités des réacteurs à haute température (HTR) sous l’aspect de l’utilisation des matières fissiles

Rapport SERMA-R-5981.

<4> X. RAEPSAET, F. DAMIAN and M. LECOMTE, “Fuel cycle performances in High Temperature Reactor”, International Conference on Future Nuclear System - Global'99

<5> F. DAMIAN, X. RAEPSAET and M. LECOMTE, “Mastery of the Plutonium in High Temperature Reactor”, International Conference on Future Nuclear System - Global'01

<6> Etude de scénario dans un parc constitué de REP et de HTR type GTMHR fonctionnant à l’Uranium

SPRC/LECy-2003-315 indice 0

ANNEX 1 :  PWR fuel BurN-UPS

[image: image1.png]



Figure 1

[image: image3.png]



Figure 2
11. ANNEX 2 : HTR Pu (20%)

	HTR PU scenario (20%) – Energy production by fuel type (TWhe)

	
	
	
	
	
	
	

	
	Year
	UOX
	MOX
	HTR
	Total
	

	
	1990
	291
	9
	0
	300
	

	
	1995
	339
	11
	0
	350
	

	
	2000
	364
	36
	0
	400
	

	
	2005
	350
	50
	0
	400
	

	
	2010
	351
	49
	0
	400
	

	
	2015
	351
	49
	0
	400
	

	
	2020
	351
	49
	0
	400
	

	
	2025
	346
	40
	13
	400
	

	
	2030
	320
	0
	80
	400
	

	
	2035
	320
	0
	80
	400
	

	
	2040
	320
	0
	80
	400
	

	
	2045
	320
	0
	80
	400
	

	
	2050
	320
	0
	80
	400
	

	
	2055
	320
	0
	80
	400
	

	
	2060
	320
	0
	80
	400
	

	
	2065
	320
	0
	80
	400
	

	
	2070
	320
	0
	80
	400
	


[image: image4.png]



Figure 1

HTR PU scenario (20%) - Plutonium available in irradiated fuel stocks (t)

	Year
	HTR
	UOX
	MOX

	2000
	0.0
	65.2
	9.1

	2005
	0.0
	69.7
	25.0

	2010
	0.0
	70.7
	49.7

	2015
	0.0
	68.7
	79.2

	2020
	0.0
	65.8
	107.3

	2025
	0.1
	61.0
	114.9

	2030
	4.8
	67.1
	102.0

	2035
	23.5
	84.2
	80.4

	2040
	54.2
	101.5
	44.3

	2045
	76.9
	105.8
	11.3

	2050
	87.2
	92.5
	0.0

	2055
	96.3
	71.2
	0.0

	2060
	108.5
	50.0
	0.0

	2065
	120.9
	29.2
	0.0

	2070
	132.3
	11.1
	0.0

	2075
	141.6
	1.6
	0.0

	2080
	145.2
	0.0
	0.0

	2085
	145.3
	0.0
	0.0
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Figure 2

HTR PU scenario (20%) – Content and average Pu quality for fresh MOX assemblies
	
	
	
	

	
	Year
	Pu Content (%)
	Pu quality (%)

	
	2010
	8.0
	67.1

	
	2020
	8.9
	64.3

	
	2030
	9.6
	61.9


HTR PU scenario (20%) - Average Pu quality for fresh HTR-Pu assemblies 
	
	
	

	Year
	Pu quality (%)

	2 025
	57.2

	2 030
	56.9

	2 040
	55.3

	2 050
	53.1

	2 060
	52.1

	2 070
	52.7

	2 080
	45.8
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Figure 3

HTR PU scenario (20%) – Nuclear park Pu stocks (t)
	Year
	Plants
	Reactors
	Stocks
	Total
	Total (Pu+Am1) 

	2000
	19.4
	48.8
	137.7
	205.8
	211.6

	2005
	16.8
	66.8
	162.1
	245.8
	254.1

	2010
	17.9
	58.4
	203.2
	279.5
	291.0

	2015
	18.8
	75.2
	216.3
	310.3
	325.1

	2020
	20.0
	77.2
	241.6
	338.8
	357.4

	2025
	33.1
	84.6
	248.4
	366.1
	386.3

	2030
	30.1
	89.1
	254.1
	373.3
	392.1

	2035
	30.1
	59.9
	275.1
	365.2
	384.7

	2040
	30.2
	58.5
	269.4
	358.1
	379.5

	2045
	33.6
	58.5
	258.6
	350.6
	374.3

	2050
	33.6
	63.2
	246.5
	343.4
	366.6

	2055
	33.7
	63.0
	237.7
	334.3
	357.4

	2060
	33.7
	62.9
	228.5
	325.1
	348.5

	2065
	33.8
	62.9
	219.3
	316.1
	340.3

	2070
	33.9
	62.9
	210.5
	307.3
	332.6
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Figure 4
	HTR PU scenario (20%) – Fuel reprocessing requirements (t)

	
	
	
	

	Year
	UOX
	MOX
	HTR (excluding graphite)

	1990
	290.4
	0.0
	0.0

	1995
	656.9
	0.0
	0.0

	2000
	956.3
	0.0
	0.0

	2005
	1032.9
	0.0
	0.0

	2010
	988.1
	0.0
	0.0

	2015
	901.4
	0.0
	0.0

	2020
	916.9
	45.9
	0.0

	2025
	765.1
	139.5
	0.0

	2030
	530.5
	193.6
	0.0

	2035
	420.1
	180.1
	0.0

	2040
	442.3
	157.3
	1.0

	2045
	699.0
	78.3
	6.6

	2050
	967.6
	0.7
	12.3

	2055
	987.3
	0.0
	12.5

	2060
	982.0
	0.0
	12.4

	2065
	970.3
	0.0
	12.3

	2070
	962.4
	0.0
	12.2


[image: image8.emf]HTR Pu scenario (20%) - Average Pu quality loaded in MOX and HTR_Pu. 
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Figure 5

HTR PU scenario (20%) – Reprocessed Pu

	
	Year
	Reprocessed Pu

for MOX (t)
	Reprocessed Pu

for HTR (t)
	Total reprocessed Pu   (t)
	

	
	2 010
	8.8
	-
	8.8
	

	
	2 020
	9.7
	-
	9.7
	

	
	2 025
	7.8
	5.0
	12.8
	

	
	2 030
	1.8
	15.8
	17.6
	

	
	2 040
	-
	15.0
	15.0
	

	
	2 050
	-
	16.5
	16.5
	

	
	2 060
	-
	16.7
	16.7
	

	
	2 070
	-
	16.7
	16.7
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Figure 6 

HTR PU scenario (20%) -– Annual fuel fabrication requirements (t)
	
	
	
	

	Year
	UOX
	MOX
	HTR

	1990
	865.2
	30.3
	0.0

	1995
	1171.5
	77.1
	0.0

	2000
	1032.3
	118.7
	0.0

	2005
	943.8
	135.6
	0.0

	2010
	828.0
	120.0
	0.0

	2015
	786.0
	118.4
	0.0

	2020
	717.6
	106.9
	0.0

	2025
	694.1
	74.0
	10.3

	2030
	665.8
	24.7
	14.3

	2035
	656.0
	0.0
	15.0

	2040
	656.0
	0.0
	15.2

	2045
	656.0
	0.0
	15.9

	2050
	656.0
	0.0
	16.7

	2055
	656.0
	0.0
	16.7

	2060
	656.0
	0.0
	16.7

	2065
	656.0
	0.0
	16.7

	2070
	656.0
	0.0
	16.7
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Figure 7

HTR PU (20%) scenario -– Waste storage requirements for irradiated fuel (t)
	
	
	
	

	Année
	UOX
	MOX
	HTR

	1990
	9414
	0
	0

	1995
	10813
	218
	0

	2000
	11789
	527
	0

	2005
	11371
	1007
	0

	2010
	10609
	1550
	0

	2015
	9847
	2115
	0

	2020
	8945
	2565
	0

	2025
	8340
	2591
	15

	2030
	8734
	2170
	46

	2035
	9920
	1510
	113

	2040
	11145
	711
	187

	2045
	11451
	162
	241

	2050
	10424
	0
	270

	2055
	8782
	0
	291

	2060
	7141
	0
	312

	2065
	5539
	0
	334

	2070
	4134
	0
	356
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Figure 8

HTR PU scenario (20%) -– Minor actinides flux in reprocessing (t)
	
	
	
	
	

	Year
	Am
	Np
	Cm
	Total

	1990
	0.15
	0.13
	0.01
	0.29

	1995
	0.44
	0.27
	0.02
	0.72

	2000
	0.70
	0.39
	0.02
	1.11

	2005
	0.82
	0.45
	0.03
	1.30

	2010
	0.88
	0.49
	0.04
	1.41

	2015
	0.94
	0.53
	0.05
	1.52

	2020
	1.41
	0.65
	0.08
	2.15

	2025
	2.06
	0.68
	0.13
	2.87

	2030
	2.32
	0.56
	0.16
	3.04

	2035
	2.19
	0.46
	0.19
	2.84

	2040
	2.21
	0.47
	0.22
	2.90

	2045
	2.53
	0.69
	0.21
	3.43

	2050
	2.84
	0.92
	0.20
	3.97

	2055
	2.81
	0.93
	0.22
	3.96

	2060
	2.70
	0.93
	0.23
	3.85

	2065
	2.59
	0.91
	0.24
	3.74

	2070
	2.53
	0.91
	0.24
	3.68


[image: image12.emf]HTR Pu scenario (20%) - Waste storage requirements for irradiated fuel (t)

0

2 000

4 000

6 000

8 000

10 000

12 000

14 000

1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

Mass (T) - UOX et MOX

0

50

100

150

200

250

300

350

400

450

500

Mass (T) - HTR-Pu

UOX

MOX

HTR_PU


Figure 9

HTR PU scenario (20%) -– Minor actinides mass in irradiated fuel and separated stocks (t)
	
	
	
	
	
	
	

	
	Year
	Am
	Np
	Cm
	Total
	

	
	1990
	3.2
	3.5
	0.3
	7.0
	

	
	2000
	12.4
	8.4
	0.9
	21.8
	

	
	2010
	27.3
	14.4
	2.2
	44.0
	

	
	2020
	45.0
	21.0
	3.7
	69.7
	

	
	2030
	66.0
	28.5
	5.5
	100.0
	

	
	2040
	93.3
	35.7
	7.7
	136.7
	

	
	2050
	120.3
	43.1
	9.1
	172.4
	

	
	2060
	149.2
	50.7
	11.2
	211.1
	

	
	2070
	177.6
	58.6
	13.1
	249.3
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Figure 10

HTR PU scenario (20%) -– Annual and cumulated natural Uranium needs (t)
	
	
	
	
	

	
	Year
	 Annual needs (t)
	Cumulated needs (t)
	

	
	1990
	6284
	8.13E+04
	

	
	1995
	8341
	1.29E+05
	

	
	2000
	7926
	1.70E+05
	

	
	2005
	8081
	2.10E+05
	

	
	2010
	7978
	2.50E+05
	

	
	2015
	7346
	2.89E+05
	

	
	2020
	7286
	3.26E+05
	

	
	2025
	7017
	3.61E+05
	

	
	2030
	6748
	3.96E+05
	

	
	2035
	6688
	4.29E+05
	

	
	2040
	6688
	4.62E+05
	

	
	2045
	6688
	4.96E+05
	

	
	2050
	6688
	5.29E+05
	

	
	2055
	6688
	5.63E+05
	

	
	2060
	6688
	5.96E+05
	

	
	2065
	6688
	6.30E+05
	

	
	2070
	6688
	6.46E+05
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Figure 11

HTR PU scenario (20%) -– Annual and cumulated SWU needs
	
	
	

	Year
	 Annual needs (106SWU)
	Cumulated needs (106SWU)

	1990
	4.42
	59.2

	1995
	5.75
	86.6

	2000
	5.63
	115.2

	2005
	5.97
	143.9

	2010
	6.06
	174.0

	2015
	5.63
	204.0

	2020
	5.59
	232.1

	2025
	5.38
	259.4

	2030
	5.17
	285.7

	2035
	5.13
	311.4

	2040
	5.13
	337.0

	2045
	5.13
	362.7

	2050
	5.13
	388.3

	2055
	5.13
	413.9

	2060
	5.13
	439.6

	2065
	5.13
	465.2

	2070
	5.13
	490.9


[image: image15.emf]HTR Pu scenario (17%) - Average Pu quality loaded in MOX and HTR_Pu. 

Content Pu for HTR

50

52

54

56

58

60

62

64

66

68

70

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

Average Pu quality (%)

8.0

8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

12.5

Content (%)

HTR_Pu quality

MOX quality

MOX content


Figure 12

HTR PU scenario (20%) -– Annual flux and inventory  for reprocessed Uranium (t)
	
	
	
	
	

	
	Year
	Annual flux
	inventory
	

	
	1990
	308
	1.18E+03
	

	
	1995
	627
	3.31E+03
	

	
	2000
	913
	7.36E+03
	

	
	2005
	984
	1.22E+04
	

	
	2010
	937
	1.70E+04
	

	
	2015
	849
	2.15E+04
	

	
	2020
	900
	2.58E+04
	

	
	2025
	837
	3.02E+04
	

	
	2030
	663
	3.39E+04
	

	
	2035
	546
	3.68E+04
	

	
	2040
	549
	3.95E+04
	

	
	2045
	717
	4.27E+04
	

	
	2050
	897
	4.69E+04
	

	
	2055
	911
	5.14E+04
	

	
	2060
	906
	5.59E+04
	

	
	2065
	896
	6.05E+04
	

	
	2070
	821
	6.48E+04
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Figure 13

HTR PU scenario (20%) -– Annual flux and inventory  for depleted Uranium (t)
	
	
	
	
	

	
	Year
	Annual flux
	inventory
	

	
	1990
	5.59E+03
	7.54E+04
	

	
	1995
	7.19E+03
	1.10E+05
	

	
	2000
	6.92E+03
	1.44E+05
	

	
	2005
	6.57E+03
	1.77E+05
	

	
	2010
	6.57E+03
	2.10E+05
	

	
	2015
	6.63E+03
	2.42E+05
	

	
	2020
	6.60E+03
	2.75E+05
	

	
	2025
	6.38E+03
	3.07E+05
	

	
	2030
	6.12E+03
	3.38E+05
	

	
	2035
	6.03E+03
	3.68E+05
	

	
	2040
	6.03E+03
	3.98E+05
	

	
	2045
	6.03E+03
	4.28E+05
	

	
	2050
	6.03E+03
	4.59E+05
	

	
	2055
	6.03E+03
	4.89E+05
	

	
	2060
	6.03E+03
	5.19E+05
	

	
	2065
	6.03E+03
	5.49E+05
	

	
	2070
	6.03E+03
	5.79E+05
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Figure 14

12. ANNEX 3 : HTR Pu (17%)

HTR PU (17%) scenario - Energy production by fuel type (TWhe)
	
	
	
	
	
	
	

	
	Year
	UOX
	MOX
	HTR
	Total
	

	
	1990
	291
	9
	0
	300
	

	
	1995
	339
	11
	0
	350
	

	
	2000
	364
	36
	0
	400
	

	
	2005
	350
	50
	0
	400
	

	
	2010
	351
	49
	0
	400
	

	
	2015
	351
	49
	0
	400
	

	
	2020
	351
	49
	0
	400
	

	
	2025
	348
	40
	11
	400
	

	
	2030
	332
	0
	66
	398
	

	
	2035
	332
	0
	68
	400
	

	
	2040
	332
	0
	68
	400
	

	
	2045
	332
	0
	68
	400
	

	
	2050
	332
	0
	68
	400
	

	
	2055
	332
	0
	68
	400
	

	
	2060
	332
	0
	68
	400
	

	
	2065
	332
	0
	68
	400
	

	
	2070
	332
	0
	68
	400
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Figure 1

HTR PU scenario (17%) - Plutonium available in irradiated fuel stocks (t)

	Year
	HTR
	UOX
	MOX

	2000
	65.2
	9.1
	0.0

	2005
	69.7
	25.0
	0.0

	2010
	70.7
	49.7
	0.0

	2015
	68.7
	79.2
	0.0

	2020
	66.2
	108.0
	0.0

	2025
	63.6
	119.4
	0.1

	2030
	73.4
	113.9
	4.1

	2035
	94.4
	100.5
	20.0

	2040
	116.5
	72.4
	46.6

	2045
	136.4
	31.0
	73.4

	2050
	141.8
	4.9
	88.6

	2055
	129.7
	0.0
	93.8

	2060
	111.3
	0.0
	101.0

	2065
	93.1
	0.0
	113.9

	2070
	76.1
	0.0
	129.9

	2075
	63.1
	0.0
	146.8

	2080
	54.0
	0.0
	162.9

	2085
	46.2
	0.0
	174.4

	2090
	38.7
	0.0
	181.7

	2095
	31.2
	0.0
	188.4

	2100
	25.8
	0.0
	193.2


[image: image19.emf]HTR Pu scenario (17%) - Waste storage requirements for irradiated fuel (t)

0

2 000

4 000

6 000

8 000

10 000

12 000

14 000

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

Mass (T) - HTR-Pu

0

50

100

150

200

250

300

350

400

450

500

Mass (T) - HTR-Pu

UOX

MOX

HTR_PU


Figure 2

HTR PU scenario (17%) – Content and average Pu quality for fresh MOX assemblies
	
	
	
	
	

	
	Year
	Pu Content (%)
	Pu quality (%)
	

	
	2010
	8.0
	67.1
	

	
	2020
	8.9
	64.3
	

	
	2030
	9.6
	61.9
	


HTR PU scenario (17%) - Average Pu quality for fresh HTR-Pu assemblies
	
	
	

	Year
	Pu quality (%)

	2 025
	57.1

	2 030
	56.9

	2 040
	55.3

	2 050
	53.3

	2 060
	51.3

	2 070
	51.4

	2 080
	51.9

	2090
	51.7

	2100
	51.7


[image: image20.emf]HTR Pu scenario (17%) - Minor actinides flux in reprocessing (t)
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Figure 3

HTR PU scenario (17%) – Nuclear park Pu stocks (t)
	Year
	Plants
	Reactors
	Stocks
	Total
	Total (Pu+Am1) 

	2000
	19.4
	48.8
	137.7
	205.8
	211.6

	2005
	16.8
	66.8
	162.1
	245.8
	254.1

	2010
	17.9
	58.4
	203.2
	279.5
	291.0

	2015
	18.8
	75.2
	216.3
	310.3
	325.1

	2020
	20.0
	77.2
	241.6
	338.8
	357.4

	2025
	30.5
	83.9
	251.8
	366.2
	386.8

	2030
	25.7
	84.8
	266.4
	376.9
	397.3

	2035
	25.7
	56.2
	294.3
	376.2
	398.2

	2040
	25.7
	54.8
	296.2
	376.7
	401.1

	2045
	25.8
	54.8
	296.4
	377.0
	404.1

	2050
	28.7
	57.6
	291.3
	377.6
	406.7

	2055
	32.5
	60.6
	283.8
	376.9
	405.2

	2060
	32.5
	64.2
	278.3
	375.0
	402.8

	2065
	32.6
	64.2
	276.0
	372.8
	400.8

	2070
	32.6
	64.2
	273.3
	370.1
	399.1

	2075
	29.0
	64.2
	274.2
	367.3
	398.2

	2080
	29.0
	58.8
	276.9
	364.7
	398.2

	2085
	29.1
	58.7
	274.3
	362.0
	397.7

	2090
	29.2
	58.7
	272.0
	360.0
	397.3

	2095
	29.2
	58.8
	270.1
	358.0
	396.9

	2100
	29.2
	58.8
	268.3
	356.3
	396.6
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Figure 4

HTR PU scenario (20%) – Fuel reprocessing requirements (t)
	
	
	
	

	Year
	UOX
	MOX
	HTR (excluding graphite)

	1990
	290.2
	0.0
	0.0

	1995
	656.9
	0.0
	0.0

	2000
	956.3
	0.0
	0.0

	2005
	1032.9
	0.0
	0.0

	2010
	988.1
	0.0
	0.0

	2015
	901.4
	0.0
	0.0

	2020
	901.6
	39.2
	0.0

	2025
	719.1
	119.7
	0.0

	2030
	471.3
	168.1
	0.0

	2035
	367.6
	157.5
	0.0

	2040
	347.4
	148.9
	0.0

	2045
	439.0
	116.2
	2.2

	2050
	711.2
	49.9
	7.6

	2055
	942.2
	0.0
	11.9

	2060
	965.5
	0.0
	12.2

	2065
	961.3
	0.0
	12.2

	2070
	919.5
	0.0
	11.6

	2075
	855.9
	0.0
	10.8

	2080
	808.7
	0.0
	10.2

	2085
	797.9
	0.0
	10.1

	2090
	796.1
	0.0
	10.1

	2095
	796.0
	0.0
	10.1
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Figure 5

HTR PU scenario (17%) – Reprocessed Pu

	
	Year
	Reprocessed Pu

for MOX (t)
	Reprocessed Pu

for HTR (t)
	Total reprocessed Pu   (t)
	

	
	2 010
	           8.8   
	-
	8.8
	

	
	2 020
	           9.7   
	-
	9.7
	

	
	2 025
	           7.8   
	4.3
	12.1
	

	
	2 030
	           1.8
	12.8
	14.6
	

	
	2 040
	            -     
	12.7
	12.7
	

	
	2 050
	            -     
	13.8
	13.8
	

	
	2 060
	            -     
	16.1
	16.1
	

	
	2 070
	            -     
	16.1
	16.1
	

	
	2080
	            -     
	14.4
	14.4
	

	
	2090
	            -     
	14.2
	14.2
	

	
	2100
	            -     
	14.2
	14.2
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Figure 6

HTR PU scenario (17%) -– Annual fuel fabrication requirements (t)
	
	
	
	

	Year
	UOX
	MOX
	HTR

	1990
	865.2
	30.3
	0.0

	1995
	1171.5
	77.1
	0.0

	2000
	1032.3
	118.7
	0.0

	2005
	943.8
	135.6
	0.0

	2010
	828.0
	120.0
	0.0

	2015
	786.0
	118.4
	0.0

	2020
	718.7
	106.9
	0.0

	2025
	704.2
	74.0
	8.8

	2030
	686.7
	24.7
	12.2

	2035
	680.6
	0.0
	12.8

	2040
	680.6
	0.0
	12.8

	2045
	680.6
	0.0
	13.1

	2050
	680.6
	0.0
	14.1

	2055
	680.6
	0.0
	15.4

	2060
	680.6
	0.0
	16.1

	2065
	680.6
	0.0
	16.1

	2070
	680.6
	0.0
	15.9

	2075
	680.6
	0.0
	15.0

	2080
	680.6
	0.0
	14.2

	2085
	680.6
	0.0
	14.2

	2090
	680.6
	0.0
	14.2

	2095
	680.6
	0.0
	14.2

	2100
	680.6
	0.0
	14.2
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Figure 7

HTR PU (17%) scenario -– Waste storage requirements for irradiated fuel (t)
	
	
	
	

	Année
	UOX
	MOX
	HTR

	1990
	9414
	0
	0

	1995
	10813
	218
	0

	2000
	11789
	527
	0

	2005
	11371
	1007
	0

	2010
	10609
	1550
	0

	2015
	9847
	2115
	0

	2020
	8976
	2579
	0

	2025
	8541
	2678
	13

	2030
	9243
	2381
	39

	2035
	10779
	1840
	96

	2040
	12416
	1135
	159

	2045
	13938
	449
	219

	2050
	14360
	68
	258

	2055
	13422
	0
	276

	2060
	12005
	0
	292

	2065
	10593
	0
	311

	2070
	9279
	0
	332

	2075
	8275
	0
	355

	2080
	7578
	0
	378

	2085
	6969
	0
	399

	2090
	6392
	0
	420

	2095
	5815
	0
	440

	2100
	5395
	0
	455
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Figure 8

HTR PU scenario (17%) -– Minor actinides flux in reprocessing (t)
	
	
	
	
	

	Année
	Am
	Np
	Cm
	Total

	1990
	0.15
	0.13
	0.01
	0.29

	1995
	0.44
	0.27
	0.02
	0.72

	2000
	0.70
	0.39
	0.02
	1.11

	2005
	0.82
	0.45
	0.03
	1.30

	2010
	0.88
	0.49
	0.04
	1.41

	2015
	0.94
	0.53
	0.05
	1.52

	2020
	1.34
	0.64
	0.08
	2.06

	2025
	1.85
	0.63
	0.11
	2.59

	2030
	2.04
	0.49
	0.13
	2.67

	2035
	1.97
	0.41
	0.15
	2.53

	2040
	1.97
	0.39
	0.17
	2.52

	2045
	2.14
	0.47
	0.17
	2.78

	2050
	2.61
	0.71
	0.17
	3.49

	2055
	2.98
	0.91
	0.18
	4.07

	2060
	2.99
	0.93
	0.20
	4.12

	2065
	2.91
	0.92
	0.21
	4.03

	2070
	2.75
	0.88
	0.20
	3.83

	2075
	2.58
	0.82
	0.20
	3.59

	2080
	2.50
	0.77
	0.19
	3.46

	2085
	2.50
	0.77
	0.19
	3.46

	2090
	2.50
	0.77
	0.18
	3.45

	2095
	2.49
	0.77
	0.18
	3.44

	2100
	2.48
	0.77
	0.18
	3.43
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Figure 9

HTR PU scenario (20%) -– Minor actinides mass in irradiated fuel and separated stocks (t)
	
	
	
	
	
	
	

	
	Year
	Am
	Np
	Cm
	Total
	

	
	1990
	3.2
	3.5
	0.3
	7.0
	

	
	2000
	12.4
	8.4
	0.9
	21.8
	

	
	2010
	27.3
	14.4
	2.2
	44.0
	

	
	2020
	45.0
	21.0
	3.7
	69.7
	

	
	2030
	66.0
	28.5
	5.5
	100.0
	

	
	2040
	92.6
	35.9
	7.3
	135.8
	

	
	2050
	119.1
	43.5
	8.4
	171.0
	

	
	2060
	147.2
	51.3
	9.8
	208.4
	

	
	2070
	177.5
	59.5
	11.3
	248.3
	

	
	2080
	208.0
	68.1
	12.5
	288.5
	

	
	2090
	236.9
	77.0
	13.9
	327.7
	

	
	2100
	264.4
	86.2
	15.0
	365.6
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Figure 10

HTR PU scenario (17%) -– Annual and cumulated natural Uranium needs (t)
	
	
	
	
	

	
	Year
	 Annual needs (t)
	Cumulated needs (t)
	

	
	1990
	6290
	8.13E+04
	

	
	1995
	8341
	1.29E+05
	

	
	2000
	7926
	1.70E+05
	

	
	2005
	8081
	2.10E+05
	

	
	2010
	7978
	2.50E+05
	

	
	2015
	7346
	2.89E+05
	

	
	2020
	7309
	3.26E+05
	

	
	2025
	7142
	3.62E+05
	

	
	2030
	6976
	3.97E+05
	

	
	2035
	6939
	4.32E+05
	

	
	2040
	6939
	4.66E+05
	

	
	2045
	6939
	5.01E+05
	

	
	2050
	6939
	5.36E+05
	

	
	2055
	6939
	5.70E+05
	

	
	2060
	6939
	6.05E+05
	

	
	2065
	6939
	6.40E+05
	

	
	2070
	6939
	6.75E+05
	

	
	2075
	6939
	7.09E+05
	

	
	2080
	6939
	7.44E+05
	

	
	2085
	6939
	7.79E+05
	

	
	2090
	6939
	8.13E+05
	

	
	2095
	6939
	8.48E+05
	

	
	2100
	6939
	8.73E+05
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Figure 11

HTR PU scenario (17%) -– Annual and cumulated SWU needs 
	
	
	

	Year
	 Annual needs (106 SWU)
	Cumulated needs (106 SWU)

	1990
	4.42
	59.2

	1995
	5.75
	86.6

	2000
	5.63
	115.2

	2005
	5.97
	143.9

	2010
	6.06
	174.0

	2015
	5.63
	204.0

	2020
	5.60
	232.1

	2025
	5.48
	259.8

	2030
	5.35
	286.8

	2035
	5.32
	313.4

	2040
	5.32
	340.0

	2045
	5.32
	366.6

	2050
	5.32
	393.2

	2055
	5.32
	419.8

	2060
	5.32
	446.4

	2065
	5.32
	473.0

	2070
	5.32
	499.6

	2075
	5.32
	526.2

	2080
	5.32
	552.8

	2085
	5.32
	579.4

	2090
	5.32
	606.0

	2095
	5.32
	632.6

	2100
	5.32
	652.0
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Figure 12

HTR PU scenario (17%) -– Annual flux and inventory  for reprocessed Uranium (t)
	Year
	Annual flux
	inventory

	1990
	308
	1.18E+03

	1995
	627
	3.31E+03

	2000
	913
	7.36E+03

	2005
	984
	1.22E+04

	2010
	937
	1.70E+04

	2015
	849
	2.15E+04

	2020
	880
	2.58E+04

	2025
	777
	3.00E+04

	2030
	586
	3.33E+04

	2035
	478
	3.58E+04

	2040
	451
	3.81E+04

	2045
	511
	4.05E+04

	2050
	704
	4.36E+04

	2055
	870
	4.77E+04

	2060
	891
	5.21E+04

	2065
	887
	5.66E+04

	2070
	849
	6.09E+04

	2075
	790
	6.50E+04

	2080
	746
	6.88E+04

	2085
	736
	7.25E+04

	2090
	735
	7.61E+04

	2095
	735
	7.98E+04

	2100
	734
	8.25E+04
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Figure 13

HTR PU scenario (17%) -– Annual flux and inventory  for depleted Uranium (t)
	
	
	

	Year
	Annual flux
	inventory

	1990
	5.59E+03
	7.54E+04

	1995
	7.19E+03
	1.10E+05

	2000
	6.92E+03
	1.44E+05

	2005
	6.57E+03
	1.77E+05

	2010
	6.57E+03
	2.10E+05

	2015
	6.63E+03
	2.42E+05

	2020
	6.61E+03
	2.75E+05

	2025
	6.48E+03
	3.07E+05

	2030
	6.31E+03
	3.39E+05

	2035
	6.26E+03
	3.70E+05

	2040
	6.26E+03
	4.02E+05

	2045
	6.26E+03
	4.33E+05

	2050
	6.26E+03
	4.64E+05

	2055
	6.26E+03
	4.95E+05

	2060
	6.26E+03
	5.27E+05

	2065
	6.26E+03
	5.58E+05

	2070
	6.26E+03
	5.89E+05

	2075
	6.26E+03
	6.21E+05

	2080
	6.26E+03
	6.52E+05

	2085
	6.26E+03
	6.83E+05

	2090
	6.26E+03
	7.14E+05

	2095
	6.26E+03
	7.46E+05

	2100
	6.26E+03
	7.68E+05
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Figure 14

FICHE DE VÉRIFICATION DU DOCUMENT

TITRE DU DOCUMENT : SCENARIO STUDIES WITHIN A NUCLEAR PARK COMPOSED OF PWRs AND GTMHR-TYPE HTRs USING REACTOR-GRADE PLUTONIUM

Rédacteur : P.BOURDOT

	

Domaines* de la Vérification
	Résultats **


	
1)
Vérification scientifique et technique
	
	
	

	Les documents de références et les documents applicables sont-ils mentionnés ?
	Oui
	Non
	SO

	L’étude s’appuie-t-elle sur une analyse de l’état de l’art ?
	Oui
	Non
	SO

	Le problème est-il clairement posé ?
	Oui
	Non
	SO

	Les hypothèses sont-elles clairement définies ?
	Oui
	Non
	SO

	Les données sont-elles appropriées et validées ?
	Oui
	Non
	SO

	Les méthodes employées sont-elles justifiées et validées ?
	Oui
	Non
	SO

	Les ordres de grandeur sont-ils cohérents ?
	Oui
	Non
	SO

	Les conclusions sont-elles justifiées ?
	Oui
	Non
	SO


	
2)
Vérification de la clarté et de la cohérence d’ensemble
	
	
	

	Le Titre est-il explicite et pertinent ?
	Oui
	Non
	

	Le Résumé est-il autoporteur, clair et conclusif ?
	Oui
	Non
	

	Le Résumé est-il cohérent avec l’Introduction et la Conclusion ?
	Oui
	Non
	

	Les Mots Clés sont-ils pertinents et exhaustifs ?
	Oui
	Non
	

	L’Introduction indique-t-elle suffisamment : les objectifs contractuels, le contexte technique, les objectifs techniques précis, les enjeux, …
	
Oui
	
Non
	

	L’Introduction présente-t-elle l’articulation de la présentation ?
	Oui
	Non
	

	L’enchaînement des étapes de la présentation est-il compréhensible  ?
	Oui
	Non
	

	La Conclusion précise-t-elle clairement le degré d’atteinte des objectifs contractuels ?
	Oui
	Non
	

	La Conclusion ouvre-t-elle des perspectives ?
	Oui
	Non
	SO


	
3)
Vérification des exigences de la PR1 G1 du MQ DER
	Conformité

	Modèle de NT
	C
	NC
	

	Contenu des « cartouches » : page 1, page 2 et page courante
	C
	NC
	

	Plan du document et Pagination
	C
	NC
	

	Clarté de la mise en forme (traitement de texte)
	C
	NC
	

	Respect de l’orthographe et de la grammaire françaises
	C
	NC
	

	Formules, Figures, Tableaux, … (titres, unités, échelles, légendes, …)
	C
	NC
	SO


	

Bilan de la Vérification
	
	
	

	Les modifications demandées ont toutes été prises en compte par le Rédacteur
	Oui
	Non
	SO

	Les modifications identifiées en PJ n’ont pas été suffisamment prises en compte par le Rédacteur et nécessitent l’arbitrage de l’Approbateur
	
Oui
	
Non
	
SO


**
C et Oui

Jugé Satisfaisant par le Vérificateur

**
NC et Non

Jugé Non Satisfaisant par le Vérificateur : modifications demandées au Rédacteur

**
SO


Jugé Sans Objet par le Vérificateur (la rubrique ne s'applique pas)

Nb de pages en PJ à la Fiche de Vérification : 

	Vérificateur : JY.DORIATH
	Domaines* : 1, 2 et 3
	Date :
	Visa :


* En standard, le Vérificateur couvre les 3 domaines. Cette cellule peut faciliter la gestion des Vérificateurs multiples, pour s’assurer de cette couverture (chacun barre le domaine qu’il n’a pas couvert).

( Programme d’Intérêt Commun (PIC)





�PAGE \# "'Page : '#'�'"  ��INSERER CODE BARRE GCAO





[image: image32.emf]HTR Pu scenario (20%) - Annual flux and inventory for depleted Uranium (t)

0

2 000

4 000

6 000

8 000

1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

Annual flux (t)

0.00E+00

1.00E+05

2.00E+05

3.00E+05

4.00E+05

5.00E+05

6.00E+05

7.00E+05

8.00E+05

9.00E+05

1.00E+06

inventory (t)

Annual flux (t) inventory (t)

[image: image33.emf]HTR Pu scenario (20%) - Annual flux and inventory for reprocessed Uranium 

(t)

0

200

400

600

800

1 000

1 200

1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

Annual flux (t)

0.00E+00

1.00E+04

2.00E+04

3.00E+04

4.00E+04

5.00E+04

6.00E+04

7.00E+04

inventory (t)

Annual flux (t) inventory (t)

[image: image34.emf]HTR Pu scenario (20%) - Annual  and cumulated SWU needs

0

1

2

3

4

5

6

7

1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

Annual needs (10E6 SWU)

0.00E+00

1.00E+02

2.00E+02

3.00E+02

4.00E+02

5.00E+02

6.00E+02

Cumulated needs (10E6 SWU)

Annual needs (10E6 SWU)

Cumulated needs (10E6 SWU)

[image: image35.emf]HTR Pu scenario (20%) - Energy production by fuel type

0

50

100

150

200

250

300

350

400

1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

TWhe

HTR

MOX

UOX

_999598773

_1051429716

