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Abstract

Several countries reuse MOX fuel (reactor-grade (RG) and weapons-grade (WG) Pu) in the thermal reactors, but within no more than 30% of the total core loading. Many years of operational experience with MOX-fuelled cores along with well-developed technologies in the management of MOX fuel demonstrate possibilities in extending MOX fuel share in commercial nuclear power plants. Therefore, this paper deals increasing weapons-grade plutonium disposition rate (mPu) in the thermal reactors using differenced methods as: reducing the burnup, reducing the residence time of the MOX assemblies in the reactor, increasing the fraction of MOX assemblies in the core, and reducing the plutonium enrichment in the MOX fuel. The results showed at EOC for 100% MOX fuel that the mPu were: 1320 and 930 kg/year and the 240Pu fractions were: 31 and 45% for VVER and RBMK respectively. The mPu was increased: 930, 985, 1076 and 1590 when the plutonium enrichment was reduced: 1.8, 1.6, 1.4, 1.0 % respectively. The mPu was increased by 45% when using four UO2 fuel cycles and one MOX cycle instead of three UO2 fuel cycles and one MOX cycle. 
Key words: VVER, RBMK, MOX, plutonium disposition rate.

1. INTRODUCTION

The mixed oxide (MOX) fuel is one of the most important fuels for the advanced reactors in the future. It is flexible to be applied either in the thermal reactor like pressurized water reactor (PWR) or in the fast reactor (FR). The closed fuel cycle becomes more and more attractive in the fast development of nuclear industry. Many countries have executed or decided to execute such strategy. By using the reprocessed plutonium, the utilization efficiency of uranium, which is defined as the mass of uranium consumed duo to per kilowatt hour electricity production, is significantly increased. The previous studies have shown that utilizing of MOX fuel in the thermal reactors can increase the utilization efficiency by 20%–30% [1]. If it is applied in the fast reactors (FRs), the efficiency can be increased by 20 times [2]. 
Studying the effects which effect on increasing disposition plutonium rate in thermal reactors (VVER and RBMK) was conducted in this paper. The disposition plutonium rate of the reactor for weapons-grade plutonium is determined by the amount mPu:

Where: W is the reactor power, Pt is the fuel burnup, XPu is the fraction of plutonium in the loaded fuel.
Therefore, with the condition of the same power, the reactors with the highest fuel loading, which ensures the criticality of the reactor, have the highest disposition plutonium rate. Fast reactors have the biggest critical loading (~ 20%). Thus, at 100% MOX loading on the basis of weapon-grade plutonium, the mPu of fast reactors is 3–4 times greater than that of thermal ones. The mPu of thermal reactors can be increased by reducing the burnup, however, since this reduces the critical fuel concentration XPu, the mPu with a decrease in burnup will indeed increase if the ratio XPu/Pt increases.
For a batch fuel cycle, reducing the burnup means shorter fuel cycle length. This method of increasing mPu is difficult from an economic point of view, since the refueling requires stopping the reactor. The experience gained so far in working with MOX fuel for VVER reactors shows that, the share of plutonium in the fuel loading of a light-water reactor should be about 30% without any changing in the reactor construction [3]. Obviously, the highest mPu in such conditions (the time of one cycle remains the same for a reactor with uranium fuel ~ 1 year) can be achieved by reducing the residence MOX assemblies time to two or one year. When using MOX fuel in mixed loading, the efficiency of plutonium fuel increases due to the softening of the neutron spectrum as compared to 100% plutonium loading. This leads to the need to reduce the enrichment of plutonium and, accordingly, reduce the mPu. Under these conditions, plutonium loading can be increased by increasing the burnup in uranium fuel assemblies by switching to a four-cycle overload scheme for uranium fuel assemblies.
Channel-type reactors have great potential for increasing the mPu of weapons-grade plutonium, due to the system of continuous refueling, which can significantly reduce the fuel cycle length. This also applies to reactors with 100% MOX fuel loading and mixed loading. Of course, the reduction of the fuel cycle length is not infinite here; it is limited by the capabilities of the reloading machine. In addition, the limited time for the burning of MOX fuel based on weapons-grade plutonium is associated with the concept of “standard of irradiated fuel”, according to which the plutonium–240 content in the discharged fuel should not be less than a certain value. 

2. METHODOLOGY

The GETERA code was used to calculate the fuel burnup and radioactive inventory of important isotopes. The GETERA code has been used to solve the one dimensional neutron transport for research and power reactors [4]. It is intended for calculation of neutron space-energy distribution in nuclear reactor cells and polycells (cluster) and various neutron flux functional by the collision probability method in multigroup approximation [5]. For the present analysis, 93 groups neutron cross section library BNAB-90 (based on the ENDF/B-IV and JENDL-2 nuclear data) was used. The 93-group GETERA library was collapsed to produce a four-group cross-section data set for researcher reactors as MNSR (Miniature Neutron Source Reactor) (the upper energy boundary limits were used as: 10 MeV, 0.82 MeV, 5.53 keV and 0.625 eV) and a two groups for power reactors such as RBMK and VVER (with a 0.625 eV cutoff for the thermal group). The GETERA is a modern code and its library was updated to have 135 isotopes [5]. The code calculates the absorption, the cell-averaged diffusion coefficients, fission cross sections, the unit cell infinite multiplication factor. The code solves the burnup equations for fuel and fission products for a given specific power and then calculates the isotopic compositions and concentrations of important isotopes present in the reactor core. For the present analysis, collision probability method option was used. The GETERA code also performs calculations for the important fission product chain and various absorber event chain reactions. Fig. 1 shows the RBMK fuel channel (1-a) and the VVER fuel unit cell (1-b) modeling by the GETERA code. Fig.2 shows the RBMK fuel bundle (1-a) and the VVER fuel assembly (1-b) modeling by the MCNP code [6].

In this work, three types of the fuel cores were studied: 1- the Core with UO2 fuel, 4.4 and 2% enriched for the VVER and RBMK reactors respectively. The fuel cycle length is one year. The average burnup is 15 and 25 MW.d/kg for the VVER and RBMK reactors respectively; 2- the Core with 100% of the MOX fuel. The uranium used in the MOX fuel is depleted with a 235U content of 0.2 wt %. The weapons-grade plutonium isotopes are 93.0 % 239Pu, 6.5% 240Pu and 0.5% 241Pu.; 3- the Core with mixed assemblies (MOX and UO2). The MOX ratio in the core is 30%. The effect of cycles number on the mPu was studied for two cases: 3 cycles of UO2+one cycle of MOX and 4 cycles of UO2+ one cycle of MOX fuel (The fuel cycle length is one year). The Pu enrichments in MOX fuel were 4% and 1.8% for the VVER and RBMK reactors respectively.

	[image: ]

Fig. 1-a. RBMK fuel bundle modeling by the GETERA code. Where:1- Zr cell, 2 and 3- fuel cells, 4- graphite.
	



Fig. 1-b. VVER fuel cell modeling by the GETERA code. Where: 1- fuel, 2- clad, 3- water.



	

Fig. 2-a. RBMK fuel assembly using MCNP code; where: 1- fuel element, 2- fuel channel tube, 3- coolant water,.4 – graphite.
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Fig. 2-b. VVER fuel assembly using MCNP code; where:, 1- water tube, 2- fuel element.



3. RESULTS AND DISCUSSION

The differences in neutron-physical characteristics of the VVER and RBMK reactors when replacing the uranium fuel with plutonium were conducted. Table 1 shows the group cross sections for U and Pu isotopes and spectrum hardness ФF/ФTh for the VVER and RBMK reactors. Because the thermal cross sections are larger for plutonium than for uranium, the thermal flux in the MOX assemblies is significantly lower than that of the UO2 assemblies. As can be seen from this Table, a significant change in cross sections was accrued and increasing the spectrum hardness ФF/ФTh when transition to the plutonium fuel.

Table 1. Spectrum hardness ФF/ФTh and one group constant for UO2 and MOX in VVER and RBMK reactors

	
	VVER
	RBMK
	VVER
	RBMK
	VVER
	RBMK

	Fuel in assembly 
	ФF/ФTh
	ФF/ФTh
	

	

	

	


	UO2
	5.5
	1.85
	175
	90
	530
	225

	MOX
	13.0
	4.0
	93
	45
	300
	130



Fig. 3 shows the variation of the infinite multiplication factor (kinf) versus the burnup value calculated for UO2 and MOX fuels by the GETERA code using the model shown in Figs. 1 and 2. The kinf first decrease abruptly and then slowly as can be seen in Fig. 3. The initial fast decrease in the kinf is due to the consumption of 235U and build-up of xenon and samarium and other fission products in the core. 

	
Fig. 3-a. Infinite multiplication factors as a function of burnup for VVER reactor.
	
Fig. 3-b. Infinite multiplication factors as a function of burnup for RBMK reactor.


The infinite multiplication factors as a function of burnup for three cycles of fuel reloading in the VVER reactor for UO2 and MOX fuels can be seen in Fig. 4. The burnup of UO2 and MOX fuel reached the same value in the EOC.

Fig. 4. Infinite multiplication factors as a function of burnup for three cycles of fuel reloading in the VVER reactor.

The atom densities of 235U as a function of burnup for the UO2 and MOX fuels of the VVER and RBMK reactors are shown in Fig.5. As can be seen, the concentrations of 235U in UO2 fuel for two reactor types are decreased faster than the concentrations of 235U in MOX fuel. 

	Fig. 5-a. 235U concentration as a function of burnup for VVER reactor.
	

Fig. 5-b. 235U concentration as a function of burnup for RBMK reactor.



The atom densities of 239Pu and 240Pu as a function of burnup for the UO2 and MOX fuels of VVER and RBMK reactors are shown in Fig.6. As can be seen, the concentrations of 239Pu in MOX fuel for the two reactor types are decreased due to burnup of the MOX fuel.

	

Fig. 6-a. 239Pu and 240Pu concentrations as a function of burnup for VVER reactor.
	

Fig.6-b. 239Pu and 240Pu concentrations as a function of burnup for RBMK reactor.



Fig. 7 shows the thermal neutron spectrum for the UO2 and MOX fuels of VVER and RBMK reactors. As can be seen from this Fig, for both the reactors: the thermal neutron spectrum for the MOX fuel is lower than the thermal neutron spectrum for UO2 fuel (due to the high thermal cross sections of the plutonium ). 

	
Fig. 7-a. Thermal neutron spectrum for VVER reactor.
	

Fig. 7-b. Thermal neutron spectrum for RBMK reactor.



A comparison of the infinite multiplication factors and its components for a uranium assembly and a WG MOX assembly are shown in Tables 2 and 3. From the Table 2, the infinite multiplication factor for MOX assemblies in the VVER reactor is lower than UO2 assemblies. Therefore, the matching of the MOX and uranium core designs must consider this difference to obtain the fuel cycle lengths that are similar. In general this requires that the lifetime-averaged reactivities must match, rather than just the beginning-of-life or end-of-life reactivities. From the Table 3, the infinite multiplication factor for MOX assemblies in the RBMK reactor is higher than UO2 assemblies.

Table 2. Infinite multiplication factor for the MOX and UO2 assemblies in the VVER reactor

	Fuel in assembly 
	Kinf
	
	p
	f
	

	UO2
	1.3448
	1.8806
	0.91423
	1.2477
	0.62689

	MOX
	1.2433
	1.5990
	0.96316
	1.3283
	0.60777





Table 3. Infinite multiplication factor for the MOX and UO2 assemblies in the RBMK reactor

	Fuel in assembly 
	Kinf
	
	p
	f
	

	UO2
	1.2837
	1.7037
	0.84308
	1.0797
	0.82774

	MOX
	1.3417
	1.6535
	0.90806
	1.0840
	0.82434



Calculating and comparing the mPu (100% MOX) for the VVER and RBMK reactors while maintaining the refueling conditions characteristic of uranium loads can be seen in Table 4. The calculated results of mPu (kg/year) for two types of the reactors with a thermal power is W = 3000 MW are showed, that the mPu for the VVER is 1320 kg/year , and for the RBMK is 930 kg/year.

Table 4. Plutonium disposition rate for 100% MOX fuel

	Type of reactor
	VVER
	RBMK

	Volume density MW/m3
	119.0
	4.2

	Fuel cycle length year
	2.7
	4.2

	Burnup MW.d/kg 
	43
	22

	fissile enrichment %
	4.7
	1.8

	plutonium disposition rate kg/year
	1320
	930



Table 5 shows the plutonium isotopes (%) at EOC for the two reactors. It can be seen that in the VVER reactor the amount of 240Pu in spent fuel lower than in the RBMK type reactor. 

Table 5. Plutonium isotopes in spent fuel for RBMK (X%=1.8 and 22 MW.d/kg) and VVER (X%=4.7 and 43 MW.d/kg) 

	isotope\Reactor
	VVER
	RBMK

	239
	50
	34

	240
	31
	45

	241
	15
	13

	242
	4
	8

	Pufissile/Putotal %
	65
	47



The dependence of the mPu on the initial enrichment of MOX fuel for RBMK type reactor can be seen in Table 6. The mPu was increased by reducing the initial MOX enrichment. 

Table 6. Effect of the initial MOX enrichment on the plutonium disposition rate

	Enrichment Xfissile %
	1.0
	1.4
	1.6
	1.8

	Fuel cycle length (year)
	1.36
	2.8
	3.5
	4.2

	240Pu/Pu %
	40.0
	43.0
	44.7
	45.0

	mPu kg/year
	1590
	1076
	985
	930



The mPu can be increased by irradiating the UO2 fuel assemblies for four cycles instead of 3 cycles, and reducing the residence MOX assemblies time to two or one year. Investigation of mPu for the VVER reactor with mixed loading of uranium and MOX can be seen in Table 7. In this core design the disposition rate increased from 825 kg/year to 1195 kg/year.

Table 7. Plutonium disposition rate at deference refueling cycle number (UO2:MOX=2:1)

	Type of fueling
	3 cycles of UO2+1 cycle of MOX
	4 cycles of UO2+1 cycle of MOX

	Fuel cycle length, year
	1.0
	1.0

	Xfissile UO2 %
	4.4
	4.4

	Xfissile MOX %
	3.0
	4.4

	mPu kg/year
	825
	1195



4. CONCLUSION

Studying the effects on the Plutonium disposition rate (mPu) for thermal reactors (VVER and RBMK) was investigated in this paper. The results show that an increase the mPu can be achieved through differenced options. For the VVER reactor, the highest mPu in such conditions (the time of one cycle remains the same for a reactor with uranium fuel ~ 1 year) can be achieved by reducing the residence MOX assemblies time to two or one year and increasing the burnup in uranium fuel assemblies by switching to a four-cycle overload scheme for uranium fuel assemblies. For the RBMK reactor, Channel-type reactors have great potential for increasing the mPu of weapons-grade plutonium, due to the system of continuous refueling, which can significantly reduce the fuel cycle length. The neutron spectrum resulting from MOX fuel is harder than that from UO2 fuel. This harder spectrum reduces the worth of the soluble boron and control rod absorbers. The worth of absorber materials (boron and gadolinium) used in the soluble boron, burnable absorbers, and control rods is lower in MOX cores. This results in the increase in the soluble boron concentration, increased use of burnable absorbers, and a modification to the control rods to use enriched boron. The recycling of plutonium as MOX fuel derives additional energy from this resource; however, it does not speedily reduce growing plutonium inventories. Therefore, the use of another option as inert matrix fuel (IMF) in the reactors would provide a means of reducing plutonium inventories. The reduction of the accumulated plutonium by the use of IMF is a subject of great interest in the future.
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Kinf


U235 in UO2	0	1.1178E-2	2.2356000000000001E-2	3.3535000000000002E-2	4.4713000000000364E-2	5.5892000000000296E-2	6.7072000000000034E-2	7.8251000000000001E-2	0.12296000000000012	0.16768	0.21240000000000073	0.25713000000000003	0.48082000000000158	0.70464000000000304	0.9285099999999995	1.1524000000000001	1.6006	2.0488	2.4973000000000001	4.7423000000000002	5.1917999999999997	6.0911	6.9909999999999997	7.8916000000000004	8.793000000000001	9.6950000000000003	10.598000000000001	11.501000000000001	12.406000000000002	13.311	14.217000000000001	15.124000000000001	16.030999999999999	16.939999999999987	17.849	18.759	19.670000000000005	20.581	21.494	22.407	24.684000000000001	26.964999999999989	29.251999999999999	31.542999999999989	33.839999999999996	36.143000000000001	38.450999999999993	40.76500000000015	43.085000000000001	45.410999999999994	47.743000000000002	8.8910000000000248E-4	8.8883000000000028E-4	8.8856000000000785E-4	8.8828000000000713E-4	8.8801000000000537E-4	8.877400000000073E-4	8.8747000000000543E-4	8.8720000000000769E-4	8.8611000000000538E-4	8.8502000000000578E-4	8.8394000000000634E-4	8.8286000000000245E-4	8.7746000000000048E-4	8.7209000000000028E-4	8.6676000000000266E-4	8.6147000000000025E-4	8.5099000000000264E-4	8.4065000000000669E-4	8.3045000000000558E-4	7.8125000000000004E-4	7.7175000000000193E-4	7.5306000000000483E-4	7.3479000000000003E-4	7.1691000000000094E-4	6.9941000000000024E-4	6.8226000000000224E-4	6.6547000000000004E-4	6.4902000000000438E-4	6.3290000000000113E-4	6.1710000000000302E-4	6.0161000000000123E-4	5.8643000000000009E-4	5.7154000000000113E-4	5.5695000000000093E-4	5.4264000000000124E-4	5.2861000000000292E-4	5.1485000000000018E-4	5.0137000000000033E-4	4.8815000000000132E-4	4.7519000000000196E-4	4.4406000000000355E-4	4.1448E-4	3.8637000000000225E-4	3.5968000000000019E-4	3.3438000000000142E-4	3.1041000000000228E-4	2.8775000000000117E-4	2.6634000000000179E-4	2.461600000000001E-4	2.2716000000000012E-4	2.0932000000000012E-4	U235 in MOX	0	1.0678E-2	2.1354999999999999E-2	3.2033000000000193E-2	4.2711000000000034E-2	5.3389000000000013E-2	6.4068000000000139E-2	7.4746000000000132E-2	0.11745	0.16014999999999999	0.20286000000000001	0.24557000000000001	0.45883000000000002	0.67218000000000233	0.88558999999999766	1.099	1.5253999999999945	1.9520000000000046	2.3787999999999987	4.4889000000000001	4.9169	5.7709000000000001	6.6256999999999975	7.4813000000000134	8.3378000000000014	9.1951000000000001	10.053000000000004	10.912000000000004	11.772	12.633000000000001	13.494	14.357000000000006	15.219999999999999	16.084	16.949000000000002	17.815000000000001	18.681999999999999	19.548999999999989	20.417000000000005	21.286999999999917	23.446000000000002	25.610000000000031	27.780999999999914	29.956	32.138000000000012	34.325000000000003	36.518000000000001	38.717000000000006	40.922000000000011	43.133000000000003	45.349999999999994	47.572000000000003	49.800999999999995	6.0763000000000509E-5	6.0752000000000485E-5	6.0742000000000436E-5	6.0731000000000425E-5	6.0720000000000388E-5	6.0710000000000515E-5	6.0699000000000274E-5	6.0689000000000123E-5	6.0646000000000246E-5	6.0604000000000255E-5	6.0562000000000495E-5	6.0519000000000306E-5	6.0308000000000406E-5	6.0097000000000485E-5	5.9886000000000538E-5	5.9675000000000034E-5	5.9255000000000245E-5	5.8835000000000307E-5	5.8417000000000447E-5	5.6356000000000373E-5	5.5942000000000272E-5	5.5120000000000204E-5	5.4301000000000407E-5	5.3487000000000316E-5	5.2677000000000133E-5	5.1871000000000012E-5	5.1069000000000124E-5	5.0272000000000124E-5	4.9480000000000373E-5	4.8692000000000346E-5	4.7910000000000373E-5	4.7133000000000357E-5	4.6360000000000308E-5	4.5594000000000316E-5	4.4832000000000502E-5	4.4076000000000362E-5	4.3326000000000296E-5	4.2582000000000352E-5	4.1843000000000013E-5	4.1111000000000013E-5	3.9319000000000184E-5	3.7566000000000182E-5	3.5855000000000259E-5	3.4185000000000209E-5	3.2559000000000208E-5	3.0978000000000177E-5	2.9441000000000222E-5	2.7951000000000217E-5	2.6508000000000113E-5	2.5114000000000011E-5	2.3767000000000001E-5	2.2469000000000181E-5	2.1218000000000121E-5	2.0016000000000016E-5	1.8861000000000143E-5	1.7755000000000076E-5	1.669500000000011E-5	1.5683000000000117E-5	Burnup, (Mw.d/kg)

Concentration, (atom/cm3)


U235 in UO2	0	3.9731999999999996E-3	7.9465000000000386E-3	1.1920000000000075E-2	1.5893000000000001E-2	1.9867000000000076E-2	2.384E-2	2.7814000000000012E-2	4.3705000000000001E-2	5.9598000000000123E-2	7.549200000000035E-2	9.138700000000001E-2	0.17085	0.25035000000000002	0.32985000000000175	0.40935000000000032	0.56837000000000004	0.72741	0.88645999999999958	1.6805000000000001	1.8396999999999948	2.1577000000000002	2.4758999999999967	2.794	3.1122999999999967	3.4304999999999977	3.7488000000000001	4.0671999999999855	4.3856999999999999	4.7042000000000002	5.0227999999999975	5.3414999999999999	5.6601999999999855	5.9790000000000134	6.2978999999999985	6.6168999999999976	6.9359999999999999	7.2550999999999997	7.5743	7.8936000000000002	8.6872999999999987	9.4813000000000009	10.276	11.07	11.866000000000026	12.661	13.458	14.255000000000004	15.052000000000024	15.850000000000026	16.649000000000001	17.447999999999986	18.247999999999987	19.05	19.850999999999999	20.654000000000035	21.457999999999988	22.263000000000002	4.1985000000000004E-4	4.1975999999999998E-4	4.1967000000000024E-4	4.1957000000000002E-4	4.1948000000000002E-4	4.1939000000000001E-4	4.1930000000000022E-4	4.1920999999999999E-4	4.1884000000000013E-4	4.184700000000001E-4	4.1810000000000133E-4	4.1774000000000021E-4	4.1591000000000013E-4	4.1408000000000021E-4	4.1227000000000001E-4	4.1047000000000002E-4	4.0688000000000003E-4	4.0332000000000345E-4	3.9980000000000159E-4	3.8263000000000159E-4	3.7927000000000197E-4	3.7263000000000216E-4	3.6608000000000208E-4	3.5963000000000146E-4	3.532600000000001E-4	3.4698000000000096E-4	3.4077000000000228E-4	3.3464000000000014E-4	3.2859000000000235E-4	3.2261000000000214E-4	3.1670000000000217E-4	3.1086000000000161E-4	3.0508999999999999E-4	2.9938000000000002E-4	2.9374000000000056E-4	2.8816000000000041E-4	2.8264000000000002E-4	2.7719000000000148E-4	2.717900000000019E-4	2.6645000000000206E-4	2.5345000000000012E-4	2.4081000000000148E-4	2.2851000000000192E-4	2.1656000000000092E-4	2.0496000000000012E-4	1.9369000000000108E-4	1.8277000000000064E-4	1.7218999999999999E-4	1.6195000000000071E-4	1.5206000000000068E-4	1.4252000000000001E-4	1.3333999999999999E-4	1.2451000000000001E-4	1.1604000000000083E-4	1.0794000000000001E-4	1.0021000000000053E-4	9.2844000000000523E-5	8.5848000000000226E-5	U235 in MOX	0	3.9728999999999997E-3	7.9458000000000133E-3	1.1919000000000001E-2	1.5892E-2	1.9865000000000084E-2	2.3838000000000002E-2	2.7811000000000159E-2	4.3697000000000014E-2	5.9583000000000205E-2	7.5470999999999996E-2	9.1358000000000023E-2	0.17065	0.24996000000000093	0.32927000000000134	0.40859000000000001	0.56689000000000256	0.72521999999999998	0.8835699999999973	1.6615	1.82	2.1355999999999997	2.4512999999999967	2.7671000000000117	3.0830000000000002	3.3988999999999967	3.7149999999999999	4.0311000000000003	4.3472999999999997	4.6636999999999995	4.9801000000000002	5.2965999999999998	5.6132	5.9298999999999999	6.2467000000000024	6.5634999999999986	6.8804999999999996	7.1975999999999845	7.5147999999999975	7.8320999999999996	8.6138000000000012	9.3961000000000006	10.179	10.963000000000006	11.747999999999999	12.533000000000001	13.32	14.108000000000001	14.897	15.688000000000001	16.479999999999986	17.273	18.068999999999921	18.864999999999988	19.664000000000001	20.46399999999991	21.265999999999906	22.068999999999921	6.2150000000000345E-5	6.2143000000000194E-5	6.2137000000000493E-5	6.2130000000000396E-5	6.212300000000034E-5	6.2116000000000542E-5	6.2110000000000474E-5	6.2103000000000405E-5	6.2076000000000427E-5	6.2049000000000124E-5	6.2022000000000471E-5	6.1996000000000414E-5	6.1861000000000308E-5	6.1727000000000339E-5	6.1592000000000423E-5	6.1457000000000194E-5	6.1187000000000104E-5	6.0916000000000485E-5	6.0644000000000024E-5	5.9290000000000437E-5	5.9011000000000455E-5	5.845300000000035E-5	5.7891000000000425E-5	5.7323000000000447E-5	5.6751000000000223E-5	5.6174000000000022E-5	5.5593000000000428E-5	5.5006000000000435E-5	5.4415000000000447E-5	5.3819000000000292E-5	5.3218000000000133E-5	5.2612000000000431E-5	5.2001000000000317E-5	5.1385000000000132E-5	5.0765000000000352E-5	5.0139000000000124E-5	4.9508000000000306E-5	4.8873000000000133E-5	4.8232000000000286E-5	4.7587000000000336E-5	4.5979000000000022E-5	4.4344000000000286E-5	4.2685000000000022E-5	4.1005000000000011E-5	3.9306000000000169E-5	3.7593000000000262E-5	3.5871000000000301E-5	3.4144000000000092E-5	3.2419000000000267E-5	3.0704000000000159E-5	2.9004000000000158E-5	2.7328000000000102E-5	2.5683000000000242E-5	2.4076000000000123E-5	2.2514000000000052E-5	2.1003000000000209E-5	1.9548000000000142E-5	1.8154000000000087E-5	Burnup, (MW.d/kg)

Concentration,(atom/cm3)


Pu239 in UO2	0	1.1178E-2	2.2356000000000001E-2	3.3535000000000002E-2	4.4713000000000364E-2	5.5892000000000296E-2	6.7072000000000034E-2	7.8251000000000001E-2	0.12296000000000012	0.16768	0.21240000000000073	0.25713000000000003	0.48082000000000158	0.70464000000000304	0.9285099999999995	1.1524000000000001	1.6006	2.0488	2.4973000000000001	4.7423000000000002	5.1917999999999997	6.0911	6.9909999999999997	7.8916000000000004	8.793000000000001	9.6950000000000003	10.598000000000001	11.501000000000001	12.406000000000002	13.311	14.217000000000001	15.124000000000001	16.030999999999999	16.939999999999987	17.849	18.759	19.670000000000005	20.581	21.494	22.407	24.684000000000001	26.964999999999989	29.251999999999999	31.542999999999989	33.839999999999996	36.143000000000001	38.450999999999993	40.76500000000015	43.085000000000001	45.410999999999994	47.743000000000002	0	4.1384000000000427E-9	1.6235000000000138E-8	3.5813000000000388E-8	6.2354000000000612E-8	9.5359000000000887E-8	1.3436000000000092E-7	1.7892000000000137E-7	4.0515000000000307E-7	6.9278000000000491E-7	1.0257000000000021E-6	1.3919000000000082E-6	3.477800000000022E-6	5.6986000000000381E-6	7.9203000000000587E-6	1.0112000000000001E-5	1.4382000000000072E-5	1.8499000000000085E-5	2.2473000000000281E-5	4.0203000000000123E-5	4.3434000000000133E-5	4.9627000000000282E-5	5.5437000000000398E-5	6.0897000000000484E-5	6.6033000000000403E-5	7.0867000000000526E-5	7.5420000000000426E-5	7.9710000000000604E-5	8.3752000000000725E-5	8.7563000000000246E-5	9.115600000000067E-5	9.4543000000000521E-5	9.7737000000000559E-5	1.0075000000000001E-4	1.0359E-4	1.0626000000000056E-4	1.0878000000000001E-4	1.1116000000000001E-4	1.1340000000000086E-4	1.1550000000000069E-4	1.2018E-4	1.2417999999999999E-4	1.2758999999999999E-4	1.3051000000000021E-4	1.3297999999999999E-4	1.3508000000000069E-4	1.3683000000000087E-4	1.3830000000000073E-4	1.3950000000000073E-4	1.4049000000000001E-4	1.4129000000000002E-4	Pu240 in UO2	0	1.1178E-2	2.2356000000000001E-2	3.3535000000000002E-2	4.4713000000000364E-2	5.5892000000000296E-2	6.7072000000000034E-2	7.8251000000000001E-2	0.12296000000000012	0.16768	0.21240000000000073	0.25713000000000003	0.48082000000000158	0.70464000000000304	0.9285099999999995	1.1524000000000001	1.6006	2.0488	2.4973000000000001	4.7423000000000002	5.1917999999999997	6.0911	6.9909999999999997	7.8916000000000004	8.793000000000001	9.6950000000000003	10.598000000000001	11.501000000000001	12.406000000000002	13.311	14.217000000000001	15.124000000000001	16.030999999999999	16.939999999999987	17.849	18.759	19.670000000000005	20.581	21.494	22.407	24.684000000000001	26.964999999999989	29.251999999999999	31.542999999999989	33.839999999999996	36.143000000000001	38.450999999999993	40.76500000000015	43.085000000000001	45.410999999999994	47.743000000000002	0	5.2581000000000763E-13	4.1662000000000563E-12	1.3879000000000174E-11	3.2419000000000472E-11	6.2343000000000828E-11	1.060200000000014E-10	1.6564000000000221E-10	6.0186000000000727E-10	1.4305000000000136E-9	2.730100000000033E-9	4.5571000000000334E-9	2.2653000000000292E-8	5.6526000000000456E-8	1.0603000000000096E-7	1.7044000000000136E-7	3.4101000000000276E-7	5.6218000000000357E-7	8.2822000000000613E-7	2.6835000000000294E-6	3.1279000000000319E-6	4.0785000000000271E-6	5.0983000000000389E-6	6.1758000000000375E-6	7.3018000000000526E-6	8.4686000000000683E-6	9.6696000000000895E-6	1.0900000000000089E-5	1.2153999999999999E-5	1.3429000000000079E-5	1.4720000000000088E-5	1.6025000000000115E-5	1.7340000000000108E-5	1.8664000000000138E-5	1.9994000000000141E-5	2.1327000000000052E-5	2.2662000000000143E-5	2.3997000000000052E-5	2.5330000000000156E-5	2.6660000000000158E-5	2.9889000000000222E-5	3.3071000000000253E-5	3.6191000000000257E-5	3.9235000000000291E-5	4.2192000000000425E-5	4.5052000000000327E-5	4.7811000000000373E-5	5.0460000000000374E-5	5.2998000000000396E-5	5.5418000000000397E-5	5.7718000000000514E-5	Pu239 in MOX	0	1.0678E-2	2.1354999999999999E-2	3.2033000000000193E-2	4.2711000000000034E-2	5.3389000000000013E-2	6.4068000000000139E-2	7.4746000000000132E-2	0.11745	0.16014999999999999	0.20286000000000001	0.24557000000000001	0.45883000000000002	0.67218000000000233	0.88558999999999766	1.099	1.5253999999999945	1.9520000000000046	2.3787999999999987	4.4889000000000001	4.9169	5.7709000000000001	6.6256999999999975	7.4813000000000134	8.3378000000000014	9.1951000000000001	10.053000000000004	10.912000000000004	11.772	12.633000000000001	13.494	14.357000000000006	15.219999999999999	16.084	16.949000000000002	17.815000000000001	18.681999999999999	19.548999999999989	20.417000000000005	21.286999999999917	23.446000000000002	25.610000000000031	27.780999999999914	29.956	32.138000000000012	34.325000000000003	36.518000000000001	38.717000000000006	40.922000000000011	43.133000000000003	45.349999999999994	47.572000000000003	49.800999999999995	8.0531000000000482E-4	8.0499000000000022E-4	8.0469000000000005E-4	8.0439000000000042E-4	8.0410000000000041E-4	8.0381000000000018E-4	8.0353000000000043E-4	8.0326000000000464E-4	8.0223000000000046E-4	8.0126000000000524E-4	8.0035000000000522E-4	7.994700000000034E-4	7.9541000000000225E-4	7.9155000000000295E-4	7.8775000000000123E-4	7.8397000000000492E-4	7.7649000000000012E-4	7.6907000000000288E-4	7.6170000000000003E-4	7.2637000000000385E-4	7.1932000000000332E-4	7.0550000000000235E-4	6.919100000000038E-4	6.785300000000039E-4	6.653900000000003E-4	6.5246000000000032E-4	6.3976000000000104E-4	6.2729000000000257E-4	6.1504000000000029E-4	6.0302000000000435E-4	5.9122000000000384E-4	5.7965000000000132E-4	5.6829999999999999E-4	5.5718000000000358E-4	5.4629000000000038E-4	5.3561000000000092E-4	5.2516000000000422E-4	5.1494000000000192E-4	5.0494000000000287E-4	4.9515000000000247E-4	4.7202000000000241E-4	4.5019000000000124E-4	4.2966000000000353E-4	4.104E-4	3.9237000000000234E-4	3.7554000000000157E-4	3.5985000000000194E-4	3.4527000000000006E-4	3.3175000000000148E-4	3.1922999999999999E-4	3.0766000000000002E-4	2.9699000000000148E-4	2.8717000000000006E-4	2.7813000000000224E-4	2.6983000000000172E-4	2.6222000000000002E-4	2.5524E-4	2.4884000000000012E-4	Pu240 in MOX	0	1.0678E-2	2.1354999999999999E-2	3.2033000000000193E-2	4.2711000000000034E-2	5.3389000000000013E-2	6.4068000000000139E-2	7.4746000000000132E-2	0.11745	0.16014999999999999	0.20286000000000001	0.24557000000000001	0.45883000000000002	0.67218000000000233	0.88558999999999766	1.099	1.5253999999999945	1.9520000000000046	2.3787999999999987	4.4889000000000001	4.9169	5.7709000000000001	6.6256999999999975	7.4813000000000134	8.3378000000000014	9.1951000000000001	10.053000000000004	10.912000000000004	11.772	12.633000000000001	13.494	14.357000000000006	15.219999999999999	16.084	16.949000000000002	17.815000000000001	18.681999999999999	19.548999999999989	20.417000000000005	21.286999999999917	23.446000000000002	25.610000000000031	27.780999999999914	29.956	32.138000000000012	34.325000000000003	36.518000000000001	38.717000000000006	40.922000000000011	43.133000000000003	45.349999999999994	47.572000000000003	49.800999999999995	6.0615000000000306E-5	6.0695000000000252E-5	6.077400000000035E-5	6.0853000000000415E-5	6.0933000000000428E-5	6.1012000000000445E-5	6.1091000000000124E-5	6.1170000000000012E-5	6.1486000000000394E-5	6.1802000000000395E-5	6.2117000000000517E-5	6.2431000000000433E-5	6.3988000000000133E-5	6.5531000000000345E-5	6.70600000000005E-5	6.8576000000000341E-5	7.1553000000000133E-5	7.4478000000000475E-5	7.7353000000000572E-5	9.0481000000000003E-5	9.3075000000000758E-5	9.8079000000000577E-5	1.0291000000000003E-4	1.0755999999999999E-4	1.1205000000000072E-4	1.1637000000000053E-4	1.2053000000000001E-4	1.2452000000000001E-4	1.2836999999999999E-4	1.3205000000000072E-4	1.3558000000000005E-4	1.3897000000000003E-4	1.4219999999999999E-4	1.4529000000000001E-4	1.4824000000000065E-4	1.5105000000000069E-4	1.5373000000000003E-4	1.5626000000000076E-4	1.5867000000000081E-4	1.6094000000000069E-4	1.6590000000000092E-4	1.7013000000000005E-4	1.7367000000000069E-4	1.7656000000000041E-4	1.7883000000000092E-4	1.8052000000000077E-4	1.8168000000000088E-4	1.8234000000000067E-4	1.8255000000000067E-4	1.8234000000000067E-4	1.8175000000000068E-4	1.8083000000000091E-4	1.7960000000000103E-4	1.7811000000000066E-4	1.7640000000000095E-4	1.7448000000000067E-4	1.7239999999999999E-4	1.7019000000000002E-4	Burnup, (Mw.d/kg)

Concentration, (atom/cm3)


Pu239 in UO2	0	3.9731999999999996E-3	7.9465000000000386E-3	1.1920000000000075E-2	1.5893000000000001E-2	1.9867000000000076E-2	2.384E-2	2.7814000000000012E-2	4.3705000000000001E-2	5.9598000000000123E-2	7.549200000000035E-2	9.138700000000001E-2	0.17085	0.25035000000000002	0.32985000000000175	0.40935000000000032	0.56837000000000004	0.72741	0.88645999999999958	1.6805000000000001	1.8396999999999948	2.1577000000000002	2.4758999999999967	2.794	3.1122999999999967	3.4304999999999977	3.7488000000000001	4.0671999999999855	4.3856999999999999	4.7042000000000002	5.0227999999999975	5.3414999999999999	5.6601999999999855	5.9790000000000134	6.2978999999999985	6.6168999999999976	6.9359999999999999	7.2550999999999997	7.5743	7.8936000000000002	8.6872999999999987	9.4813000000000009	10.276	11.07	11.866000000000026	12.661	13.458	14.255000000000004	15.052000000000024	15.850000000000026	16.649000000000001	17.447999999999986	18.247999999999987	19.05	19.850999999999999	20.654000000000035	21.457999999999988	22.263000000000002	0	1.3142000000000156E-9	5.1423000000000491E-9	1.1318000000000097E-8	1.9675000000000198E-8	3.00570000000003E-8	4.2320000000000468E-8	5.6327000000000522E-8	1.2742000000000112E-7	2.178200000000018E-7	3.2251000000000333E-7	4.3775000000000224E-7	1.0958000000000059E-6	1.7996000000000103E-6	2.5069000000000175E-6	3.2078000000000292E-6	4.5836000000000437E-6	5.9236000000000529E-6	7.2290000000000531E-6	1.3253000000000068E-5	1.4371000000000051E-5	1.6530000000000121E-5	1.8585000000000131E-5	2.0542000000000011E-5	2.2407000000000228E-5	2.4185000000000122E-5	2.5880000000000196E-5	2.7496000000000199E-5	2.9036000000000181E-5	3.0505000000000193E-5	3.1907000000000235E-5	3.3243000000000258E-5	3.4517000000000178E-5	3.5732000000000233E-5	3.6889000000000276E-5	3.7992000000000242E-5	3.9042000000000261E-5	4.0042000000000034E-5	4.0993000000000337E-5	4.1897000000000307E-5	4.3959999999999999E-5	4.5767000000000438E-5	4.7346000000000383E-5	4.8721000000000132E-5	4.990800000000035E-5	5.0927000000000124E-5	5.1794000000000372E-5	5.2522000000000369E-5	5.3128000000000024E-5	5.3623000000000113E-5	5.4020000000000374E-5	5.4331000000000426E-5	5.4566000000000494E-5	5.4735000000000444E-5	5.4847000000000371E-5	5.4912000000000534E-5	5.4937000000000447E-5	5.4930000000000397E-5	Pu240 in UO2	0	3.9731999999999996E-3	7.9465000000000386E-3	1.1920000000000075E-2	1.5893000000000001E-2	1.9867000000000076E-2	2.384E-2	2.7814000000000012E-2	4.3705000000000001E-2	5.9598000000000123E-2	7.549200000000035E-2	9.138700000000001E-2	0.17085	0.25035000000000002	0.32985000000000175	0.40935000000000032	0.56837000000000004	0.72741	0.88645999999999958	1.6805000000000001	1.8396999999999948	2.1577000000000002	2.4758999999999967	2.794	3.1122999999999967	3.4304999999999977	3.7488000000000001	4.0671999999999855	4.3856999999999999	4.7042000000000002	5.0227999999999975	5.3414999999999999	5.6601999999999855	5.9790000000000134	6.2978999999999985	6.6168999999999976	6.9359999999999999	7.2550999999999997	7.5743	7.8936000000000002	8.6872999999999987	9.4813000000000009	10.276	11.07	11.866000000000026	12.661	13.458	14.255000000000004	15.052000000000024	15.850000000000026	16.649000000000001	17.447999999999986	18.247999999999987	19.05	19.850999999999999	20.654000000000035	21.457999999999988	22.263000000000002	0	1.0799000000000139E-13	8.5174000000001329E-13	2.8299000000000395E-12	6.599300000000105E-12	1.2677000000000128E-11	2.1544000000000274E-11	3.3644000000000428E-11	1.22190000000001E-10	2.9060000000000296E-10	5.5516000000000742E-10	9.2784000000000897E-10	4.6466000000000547E-9	1.1699000000000105E-8	2.2142000000000219E-8	3.5926000000000285E-8	7.3227000000000554E-8	1.2295000000000066E-7	1.8448000000000164E-7	6.5148000000000403E-7	7.7285000000000534E-7	1.0406000000000064E-6	1.3387000000000097E-6	1.6651000000000124E-6	2.0175000000000158E-6	2.3942000000000011E-6	2.7934000000000231E-6	3.2133000000000294E-6	3.6529000000000231E-6	4.1106000000000213E-6	4.5848000000000124E-6	5.0747000000000355E-6	5.5794000000000528E-6	6.098000000000038E-6	6.6296000000000466E-6	7.1734000000000532E-6	7.7287000000000485E-6	8.2947000000000207E-6	8.8709000000000763E-6	9.4564000000001082E-6	1.0942000000000084E-5	1.2473000000000041E-5	1.4041000000000068E-5	1.5639999999999999E-5	1.7263000000000099E-5	1.8903000000000141E-5	2.0554999999999999E-5	2.2214000000000157E-5	2.3873000000000213E-5	2.552800000000001E-5	2.7173000000000229E-5	2.8803000000000205E-5	3.041500000000022E-5	3.2003000000000276E-5	3.3564000000000006E-5	3.5093000000000235E-5	3.6586000000000202E-5	3.8041000000000248E-5	Pu239 in MOX	0	3.9728999999999997E-3	7.9458000000000133E-3	1.1919000000000001E-2	1.5892E-2	1.9865000000000084E-2	2.3838000000000002E-2	2.7811000000000159E-2	4.3697000000000014E-2	5.9583000000000205E-2	7.5470999999999996E-2	9.1358000000000023E-2	0.17065	0.24996000000000093	0.32927000000000134	0.40859000000000001	0.56689000000000256	0.72521999999999998	0.8835699999999973	1.6615	1.82	2.1355999999999997	2.4512999999999967	2.7671000000000117	3.0830000000000002	3.3988999999999967	3.7149999999999999	4.0311000000000003	4.3472999999999997	4.6636999999999995	4.9801000000000002	5.2965999999999998	5.6132	5.9298999999999999	6.2467000000000024	6.5634999999999986	6.8804999999999996	7.1975999999999845	7.5147999999999975	7.8320999999999996	8.6138000000000012	9.3961000000000006	10.179	10.963000000000006	11.747999999999999	12.533000000000001	13.32	14.108000000000001	14.897	15.688000000000001	16.479999999999986	17.273	18.068999999999921	18.864999999999988	19.664000000000001	20.46399999999991	21.265999999999906	22.068999999999921	3.342000000000001E-4	3.3411000000000156E-4	3.3402000000000117E-4	3.3393000000000002E-4	3.3384000000000002E-4	3.3376000000000011E-4	3.3367999999999999E-4	3.3358999999999998E-4	3.3327999999999998E-4	3.3297000000000139E-4	3.3268000000000002E-4	3.3240000000000016E-4	3.3106000000000005E-4	3.2975000000000251E-4	3.2846000000000215E-4	3.2717000000000179E-4	3.2461000000000225E-4	3.2204000000000206E-4	3.1948000000000133E-4	3.0697000000000168E-4	3.0441000000000219E-4	2.9934000000000042E-4	2.9427000000000012E-4	2.8920999999999998E-4	2.841600000000001E-4	2.7913000000000162E-4	2.7410000000000151E-4	2.690900000000015E-4	2.6410000000000138E-4	2.5911000000000131E-4	2.5415000000000143E-4	2.4920999999999998E-4	2.4428000000000004E-4	2.3938000000000006E-4	2.3451000000000092E-4	2.2965000000000103E-4	2.2483000000000217E-4	2.2004000000000148E-4	2.1528000000000001E-4	2.1056000000000056E-4	1.9916000000000104E-4	1.8803000000000117E-4	1.7720000000000097E-4	1.6672000000000087E-4	1.5662000000000084E-4	1.4695999999999999E-4	1.3778000000000005E-4	1.2909999999999999E-4	1.2095999999999998E-4	1.1338000000000023E-4	1.0640000000000072E-4	1.0000000000000053E-4	9.4206000000000649E-5	8.8991000000000693E-5	8.4340000000000063E-5	8.0227000000000558E-5	7.6618000000000343E-5	7.347400000000032E-5	Pu240 in MOX	0	3.9728999999999997E-3	7.9458000000000133E-3	1.1919000000000001E-2	1.5892E-2	1.9865000000000084E-2	2.3838000000000002E-2	2.7811000000000159E-2	4.3697000000000014E-2	5.9583000000000205E-2	7.5470999999999996E-2	9.1358000000000023E-2	0.17065	0.24996000000000093	0.32927000000000134	0.40859000000000001	0.56689000000000256	0.72521999999999998	0.8835699999999973	1.6615	1.82	2.1355999999999997	2.4512999999999967	2.7671000000000117	3.0830000000000002	3.3988999999999967	3.7149999999999999	4.0311000000000003	4.3472999999999997	4.6636999999999995	4.9801000000000002	5.2965999999999998	5.6132	5.9298999999999999	6.2467000000000024	6.5634999999999986	6.8804999999999996	7.1975999999999845	7.5147999999999975	7.8320999999999996	8.6138000000000012	9.3961000000000006	10.179	10.963000000000006	11.747999999999999	12.533000000000001	13.32	14.108000000000001	14.897	15.688000000000001	16.479999999999986	17.273	18.068999999999921	18.864999999999988	19.664000000000001	20.46399999999991	21.265999999999906	22.068999999999921	2.5200000000000179E-5	2.5227000000000143E-5	2.5254000000000145E-5	2.5281000000000218E-5	2.5308000000000012E-5	2.5335000000000187E-5	2.5362000000000002E-5	2.5389000000000153E-5	2.549600000000012E-5	2.5604000000000167E-5	2.5711000000000144E-5	2.5819000000000191E-5	2.6354000000000012E-5	2.6887000000000242E-5	2.7420000000000181E-5	2.7951000000000217E-5	2.9007000000000209E-5	3.0058000000000158E-5	3.1104000000000162E-5	3.6134000000000247E-5	3.7153000000000252E-5	3.9166000000000011E-5	4.1159999999999999E-5	4.3135000000000013E-5	4.5092000000000428E-5	4.7030000000000348E-5	4.8948000000000013E-5	5.0846000000000292E-5	5.2723000000000417E-5	5.4579000000000034E-5	5.6413000000000397E-5	5.8224000000000024E-5	6.0012000000000522E-5	6.1776000000000392E-5	6.3516000000000508E-5	6.5230000000000133E-5	6.691700000000043E-5	6.8576000000000341E-5	7.0207000000000339E-5	7.1809000000000315E-5	7.5587000000000495E-5	7.9164000000000545E-5	8.2526000000000748E-5	8.5655000000000914E-5	8.8536000000000956E-5	9.1153000000000067E-5	9.3494000000000742E-5	9.5546000000000742E-5	9.7302000000000025E-5	9.875600000000099E-5	9.9910000000000268E-5	1.0077E-4	1.0134E-4	1.0163000000000001E-4	1.0168000000000023E-4	1.0148000000000001E-4	1.0108000000000001E-4	1.0050000000000003E-4	Burnup,(MW.d/kg)
Concentration, (atom/cm3)

UO2	2.08765	1.9582999999999999	1.837	1.7231999999999943	1.6164000000000001	1.5162499999999999	1.42235	1.3342000000000001	1.2514999999999936	1.1388	1.03305	0.93996000000000002	0.85266000000000064	0.75334499999999993	0.64038499999999998	0.54715000000000003	0.45162000000000002	0.35252500000000031	0.24310000000000001	0.16817499999999988	0.12339000000000012	8.4064500000000431E-2	5.7272500000000004E-2	3.6259000000000055E-2	1.8051000000000001E-2	7.3208000000000014E-3	2.3208E-3	0.38466134831460896	0.41307803514377051	0.44895110732538351	0.48091705989110672	0.51383172147001954	0.54838751289989685	0.58634169416941762	0.62509730679156972	0.6581613749999996	0.68849931224209382	0.77452571860817487	0.87888407728181572	0.98175972120322796	1.1340531538408221	1.3559955995599526	1.6235027708771255	2.0298437500000004	2.8066383397441452	5.3676947506071357	9.8111451273662098	14.047734074390769	17.463603275704994	18.238548335098788	15.695367726690948	9.7344988200223579	4.097536578082968	1.1231351258186841	MOX	2.08765	1.9582999999999999	1.837	1.7231999999999943	1.6164000000000001	1.5162499999999999	1.42235	1.3342000000000001	1.2514999999999936	1.1388	1.03305	0.93996000000000002	0.85266000000000064	0.75334499999999993	0.64038499999999998	0.54715000000000003	0.45162000000000002	0.35252500000000031	0.24310000000000001	0.16817499999999988	0.12339000000000012	8.4064500000000431E-2	5.7272500000000004E-2	3.6259000000000055E-2	1.8051000000000001E-2	7.3208000000000014E-3	2.3208E-3	0.38064561797752888	0.40565383386581438	0.43394003407155046	0.46306823956442911	0.49316924564796938	0.52381176470588242	0.55586127612761294	0.58592658079624782	0.60275749999999961	0.39462475928473423	0.18654175491679328	0.6488286142571662	0.8211316947909022	0.96706613003955277	1.1348909668744662	1.2617552073380458	1.2615937499999947	0.76472958225244037	1.1094890715486641	2.8938209862117321	4.4225844377939056	5.6568165416836456	5.9823423755353984	5.1963621147976999	3.2386678673456752	1.3623632054344526	0.36983303171320231	Energy, (MeV)
Spectrum

UO2	2.08765	1.9582999999999999	1.837	1.7231999999999943	1.6164000000000001	1.5162499999999999	1.42235	1.3342000000000001	1.2514999999999936	1.1388	1.03305	0.93996000000000002	0.85266000000000064	0.75334499999999993	0.64038499999999998	0.54715000000000003	0.45162000000000002	0.35252500000000031	0.24310000000000001	0.16817499999999988	0.12339000000000012	8.4064500000000431E-2	5.7272500000000004E-2	3.6259000000000055E-2	1.8051000000000001E-2	7.3208000000000014E-3	2.3208E-3	5.8119573033707994E-3	6.2464536741214218E-3	6.7639097103918593E-3	7.2622831215971165E-3	7.7900580270793265E-3	8.3535727554180182E-3	8.9753399339934613E-3	9.6266850117096864E-3	1.0263861250000051E-2	1.1067737276478681E-2	1.2486524962178521E-2	1.423875749500334E-2	1.6086230741012543E-2	1.9116154326556101E-2	2.4341547488082284E-2	3.2739356009936951E-2	5.0491666666666712E-2	9.7891314071026025E-2	0.26091686904539652	0.53596728207525057	0.80667742625053784	1.0398519029839035	1.117474784691199	0.98761445308654161	0.63083716308533111	0.27466221260077633	7.8244592381937261E-2	MOX	2.08765	1.9582999999999999	1.837	1.7231999999999943	1.6164000000000001	1.5162499999999999	1.42235	1.3342000000000001	1.2514999999999936	1.1388	1.03305	0.93996000000000002	0.85266000000000064	0.75334499999999993	0.64038499999999998	0.54715000000000003	0.45162000000000002	0.35252500000000031	0.24310000000000001	0.16817499999999988	0.12339000000000012	8.4064500000000431E-2	5.7272500000000004E-2	3.6259000000000055E-2	1.8051000000000001E-2	7.3208000000000014E-3	2.3208E-3	5.8365745318352145E-3	6.246966453674163E-3	6.7105775127768424E-3	7.1923520871143608E-3	7.7035647969052505E-3	8.2419700722394119E-3	8.8228261826183031E-3	9.4034484777517705E-3	9.9024962500001059E-3	7.6973658872077043E-3	4.6640468986384066E-3	1.2043854097268577E-2	1.470146184886289E-2	1.7595545069738441E-2	2.1919325265860011E-2	2.7478664246130317E-2	3.5209375000000209E-2	3.5338402361570806E-2	8.4440977022230509E-2	0.23168518345407821	0.36972167592988736	0.48794954660977047	0.52811725694284539	0.46758073249975524	0.29722978511986375	0.12819459166915487	3.5929808686659938E-2	Energy, (MeV)
Spectrum
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