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Abstract: 

Consistency Tests on JEF2.2 Decay Data File 

B.Nimal, J. Blachot, C.M.Diop. 

We review a lot of problems or questions about JEF2-2 and we produce a study about internal 
consistency tests on all nuclides of JEF2.2 (from H3 to Fm257). These tests are made on 
gamma, X, alpha spectra, on gamma-ray of 5 11 kev, and total energy. 

We USC data format and conventions of procedure ENDFE-6 [ENJDF 102 BNLNCS- 

44945(P.F.Rose-Cl.Dundford)] 

1. Consistency of gamma and Xspectra 

For decay heat calculations it is necessary to know En,,, 8) for total y decay heat calculation and 

spectra y and X calculations by energy groups. 

In JEF2-2 we can get three different types of photonic decay energies. 

l i& = Ephotonic = Ey •k Ex + &nn.rad. f . . . 



l ER(0) average decay heat for y spectrum 

EJW average decay heat for X spectrum 

. Spectrum y and X (STYP=O and STYP=9) 

SOMG = FD, * “c”(h * E,; ) 
i=l 

SOMX = m,* ?(Ix, * EXi ) 
i=l 

l?& is the discrete spectrum normahzation factor. 

We test consistencies between these three types of values and the values calculated with 
spectra data. 

e 
In annexes are given all tests about this study. 

1 .l oamma spectrum (annexe”spectre.qamma” -table 1) 

Internal consistency of y spectrum 

ECARG = ER(o) - ‘OMG * 100 

EW’) 
We list nuclides with IECARGI >5% 

We find 85 nuclides with IECARGI > 10% 

l 
1.2. X wectrum (annexe “spectre.X” - table 21 

Internal consistency of X spectrum 

EC- = ER(g) - ‘OMx 4~ 1,-J, 

EW) 

only nuclides with IECARXI > 5% are given. 16 nuclides have a X spectrum but ER(9) = 0. 
and 45 nuclides have IECARXI z 10% 

1.3. qamma and X wectra (annexe”spectre.qamma+X” -table 3) 

Consistency between E.,. and ER(0) + ER(9) 

E.,. and SOMG + SOMX 
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We calculate 

ECARl = 
E.,. - (ER(0) + ER(9)) *loo 

j+ 

ECAR2 = 
E’ysr - (SOMG + SOMX)* loo 

E.,. 

We list nuclides for which IECARll or IECAR21> 5 %. 

We find 282 nuclides with IECAR21 210 % (inconsistency between E.,. and 

0 
SOMG + SOMX) and 362 nuclides with IECARll >lO % (inconsistency between Etty” and 

ER(0) + ER(9)) 

For calculation of decay gamma heat we normalize gamma rays to (E.,. - ER(9) ) 

Is it correct ? 

2. Consistency of cx spectrum (annexe %pecfre.alpha” -fable 4) 

E*~,~~ is the average energy of all heavy charged particles and delayed neutrons. 

FDCL is the normalization factor for cx spectrum. 
ER(4) is average energy for CL spectrum 

We compare ER(4) including recoil energy to SOMAL with - 

SOMAL=FDa* *~Icli*Fhi 
i=l 

In annexe “spectrealpha” we list 13 nuclides with ER(4 5 1.05 and < 0.95 
SOMAL 

For normalization of a spectrum we cannot take E~~,~~ which is average energy of aJ heavy 

charged particles and delayed neutrons. 

This is the reason why we use ER(4) and not E~~,-J~ for comparisons 
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It is clear that ENDF format is not well adapted to describe all phenomena independantly: we 
need the true value of each average energy related to each physical phenomena. 

3. gamma-ray of 511 kev (annexe “raie.511 Kev” - table 5) 

The intensity of 5 11 kev y-ray is generally given in X spectrum : fst r 
For 70 nuclides there is a good agreement between these types of values. 

This intensity can be known from p’ spectrum when the positrons are present: E > 1022kev 

RIS is the positron intensity (p+ spectrum STYP=2) 

RIS # O-3 I 
P+ 

51, 

IP+511 = FDp+ * x2 * lUSi 
i=l 

Generally there is a good agreement between 1’511 and I”SII but there is redundance,of 

informations. 

For 12 nuclides Ixm f Ip+m 

For 3 nuclides Ix511 f 0 

Ip+yl = 0 (Ms = 0) 

For 10 nuclides I’+511 # 0 no Ix5il 

Morever the intensity of 5 11 kev ‘y-ray is given with y spectrum: f15I 1 

For 3 nuclides 

For 8 nuclides 

Iym f 0 no 1’511 andno Ip+stt 

Iysll f 0 Ixsll # 0 and I’+511 # 0 

in this case what to do? 

For 4 nuclides @+HI = Iysll no 1’511 
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For 5 nuclides IPfSI1 #I7511 no 1’511 

The results about this study are detailed in annexe “raie.5 11 kev” 

4. Consistency between total energies (annexe “q.etot” - table 6) 

Qi is total energy available in the corresponding decay process and Bri is the fraction of the 
decay for the corresponding decay mode. 

NDK 
Q= CBri “Qi 

i=l 

To take into account the neutrino energy which is not in IEF2 (not included in ENDFR6 
format), we calculate only for nuclides without p+ decay (RTYP=2) 

- - 
ETOT = E~~p~~ * 2.25 + E.,. + Eqa,tf 

We have done the approximation E, = Eq*ptf * 1.25 

and we compare ETOT to Q. In annexe “q.etot” we give the list of nuclides for which 

Q > 1.2 and Q < 0.8 
ETOT ETOT 

5. Conclusion 

l The ENDFB-6 format seems not quite adapted for decay heat calculation. We don’t 
have the neutrino energy and we must know the average energy for p spectrum. For LX energy 
we don’t know the repartition between each physical phenomena. 

Perhaps it is necessary to define a procedure for knowledge of energy we must use in 
decay heat calculations. 

Morever this paper shows anomalies found with consistency tests. 



TABLE 1 spectre.gamma 

NG 

ENO) 

number of gamma rays 

average decay heat for y spectrum 

FD, normalization for gamma spectrum 

SOMG = FD, * “c”cIyi * Eyi ) 
i=l 

l 
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TABLE 2 spectre.X 

NX 

EW) 

number of X rays 

average decay heat for X spectrum 

FDx normalization for X spectrum 

a 
SOMX = FDx* E(IXi * EXi ) 

i=l 

EC*= = ER(g) - ‘OMx * 100 

EW) 
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TABLE 3 spectre.gamma+X 

NG 

ENO) 

number of gamma rays 

average decay heat for y spectrum 

NX 

EW’) 

number of X rays 

average decay heat for X spectrum 

ERGX = ER(0) + ER(9) 

EGM = E.,. . 

a ECARI = 
E.,. - @R(O) + EWN * 1oo 

E.,. 

SOMGX = SOMG + SOMX 

= m, * y(Iyi *Eyi)+FDx * !& *Eli) 
i=l 

ECAR2 = 
E.,. - (SOMG + SOMX)* loo 

E’y” 
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TABLE 4 spectre.alpha 

0 NAL number of alpha rays 

W4) average decay heat for a spectrum 

FDa normalization factor 

EAM = Eu,,, . 

SOMAL = FDa * 
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TABLE 5 raie.511 Kev 

RIS positron intensity (p’ spectrum STYP=2) 
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TABLE 6 q.etot 

NDK 

Q= CB%“Qi 
i=l 



q.etot 1 
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We review a lot of problems or questions about JEF2-2 and we produce a study about internal 
consistency tests on all nuclides of JEF2.2 (from H3 to Fm257). These tests are made on 
gamma, X, alpha spectra, on gamma-ray of 5 11 kev, and total energy. 

0 
We use data format and conventions of procedure ENDFB6 [ENDF 102 - BNL-NCS- 
44945(P.F.Rose-Cl.Dundford)] 

1. Consistency of gamma and X spectra 

For decay heat calculations it is necessary to know E-,. for total y decay heat calculation and 

spectra y and X calculations by energy groups. 

In IEF2-2 we can get three different types of photonic decay energies. 

. &/,, = Ephotonic = Ey + Ex + Eann.rad. + . 

l ER(0) average decay heat for y spectrum 

J=(9) average decay heat for X spectrum 

. . Spectrum y and X (STYP=O and STYP=9) 

SOMG = FD, * F(IYi *q 
i=l 

SOMX = FD, * “c”($ * EXi ) 
i=l 

FDk is the discrete spectrum normdization factor. 

We test consistencies between these three types of values and the values calculated with 
spectra data. 
In annexes are given all tests about this study. 

14010369 
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1 .l clamma spectrum (annexe”spectre.qamma” - table 1) 

Internal consistency of y spectrum 

ECARG = ENO) - SOMG * 100 
ENO) 

We list nuclides with IECARGI >5% 

We find 8.5 nuclides with IECARGI > 10% 

1.2. X spectrum (annexe “spectre.X” - table 2) 

Internal consistency of X spectrum 

EC/&q = ER(9) -SOMX * 10(-J 

EW) 

only nuclides with IECARXI > 5% are given. 16 nuclides have a X spectrum but ER(9) = 0. 
and 45 nuclides have IECARXI > 10% 

1.3. gamma and X spectra (annexe”spectre.qamma+X” - table 31 

Consistency between E~~y~~ and ER(0) + ER(9) 

E.,. and SOMG + SOMX 

We calculate 

ECARI = 
E.,. - (ER(0) + ER(9)) * loo 

E.,. 

ECAR2 = 
E.,. - (SOMG + SOMX)* loo 

E.,. 

We list nuclides for which IECARll or IECAR21> 5 %. 

We find 282 nuclides with IECAR21 >lO % (inconsistency between E.,~~ and 

SOMG + SOMX) and 362 nuclides with IECARll >I0 % (inconsistency between E.,. and 

ER(0) + ER(9)) 
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For calculation of decay gamma heat wenormalize gamma rays to (E.y - ER(9) ) 

Is it correct ? 

2. Consistency of a spectrum (annexe “spectre.alpha” -table 4) 

E. ojj is the average energy of all heavy charged particles and delayed neutrons. 

FDa is the normalization factor for CL spectrum. 
ER(4) is average energy for a spectrum 

We compare ER(4) including recoil energy to SOMAL with - 

NCL 

SOMAL=FDa* *CICti*Eai 
1=1 

In annexe “spectrealpha” we list 13 nuclides with 
J=(4) 

z 1.05 and < 0.95 
SOMAL 

For normalization of CL spectrum we cannot take En*,!, which is average energy of&l heavy 

charged particles and delayed neutrons. 

This is the reason why we use ER(4) and not Ett,ps for comparisons 

0 
It is clear that ENDF format is not well adapted to describe all phenomena independantly: we 
need the true value of each average energy related to each physical phenomena. 

3. gamma-ray of 511 kev (annexe “raie.511 Kev” - table 5) 

The intensity of 5 11 kev y-ray is generally given in X spectrum : ?5i i 
For 70 nuclides there is a good agreement between these types of values. 

This intensity can be known from p’ spectrum when the positrons are present: E > 1022kev 

RIS is the positron intensity (p’ spectrum STYP=2) 
P+ 

RIS#O+I 51, 
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ND 
I’+,, 1 = FDB+ * C2 * RISi 

i=I 

Generally there is a good agreement between 1’5 11 and ID+51 1 but there is redundance,of 
informations. 

For 12 nuclides IX51 I t rp+51 I 

For 3 nuclides I’s,, go 

I’+y, = 0 (RIS = 0) 

For10 nuclides P+511 # 0 no 1’511 

Morever the intensity of 51 lkev y-ray is given with y spectrum: I?,, 1 

For 3 nuclides 

For 8 nuclides 

ITS11 +o no 1’511 andno Ip+5tt 

1’511 #o 1’511 # 0 and I’+511 f 0 

in this case what to do? 

For 4 nuclides Ip+m = Iysll no 1'511 

For 5 nuclides I’+511 #I’511 no IX511 

The results about this study are detailed in annexe “raie.5 1 lkev” 

4. Consistency between total energies (annexe ‘q.etot” - table 6) 

Qi is total energy available in the corresponding decay process and Bri is the fraction of the 
decay for the corresponding decay mode. 

Q=~ri *Qi 
i=l 
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To take into account the neutrino energy which is not in JEF2 (not included in ENDFB6 
format), we calculate only for nuclides without p+ decay (RTYP=2) 

ETOT = E-,p” * 2.25 + E.,~~ + E~~,~~ 

We have done the approximation E, = E~~p~~ * 1.25 

and we compare ETOT to Q. In annexe “q.etot” we give the list of nuclides for which 

Q > 1.2 and Q < 0.8 
ETOT ETOT 

5. Conclusion 

The ENDFB-6 format seems not quite adapted for decay heat calculation. We don’t 
have the neutrino energy and we must know the average energy for B spectrum. For CL energy 
we don’t know the repartition between each physical phenomena. 

Perhaps it is necessary to define a procedure for knowledge of energy we must use in 
decay heat calculations. 

Morever this paper shows anomalies found with consistency tests. 
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TABLE 1 spectre.gamma 

NG number of gamma rays 

ENO) average decay heat for y spectrum 

FD, 
normalization for gamma spectrum 

SOMG = FD, * NCG(IY, * % ) 
i=l 
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TABLE 2 spectre.X 

NX 

ER(9) 

number of X rays 

average decay heat for X spectrum 

FDx normalization for X spectrum 

II, 
SOMX = FD,” &Xi * EXi ) 

i=l 

EC*= = EW) - SOMX * I()() 

EW) 
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TABLE 3 spectre.gamma+X 

NG 

WQ 

number of gamma rays 

average decay heat for y spectrum 

e 
NX number of X rays 

EN% average decay heat for X spectrum 

ERGX = ER(0) + ER(9) 

EGM = Eu,. 

ECARI = 
E,,,. - 

e 
@R(O) + EW’)) * 1oo 

E.,. 

SOMGX = SOMG + SOMX 

= FD, * “c”(IYi ‘Eyi)+FDx * F($ *Exi) 
i=l i=l 

ECAR2 = 
E.,u - (SOMG + SOMX)* loo 

E’),” 
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TABLE 4 spectre.alpha 

e NAL number of alpha rays 

ER(4) average decay heat for a spectrum 

FDa normalization factor 

EAM = E,,,\, . 

SOMAL=FDa* *rIai*Ehi 
1=1 

14010389 



. 



TABLE 5 raie.511 Kev 

RIS positron intensity (p’ spectrum STYP=2) 

14010391 



Printed by Bernadette Nimal - LEPP from Duck 

raie.511 KEV 1 



E= 
E= 
E= 
E= 
E= 
E= 
E= 
E= 
E= 

5.1: 

r&.51 1 KEV 



SP. G E= 



INll?.F branch. 
SP. BETA.+ E= 
SP. BET&.+ E= 
SP. BETA+ E= 
SP. BETA+ E= 
SP. BETAI+ E= 

Printed by Bernadette Nimal- LEPP from puck 

JUtl16 1997 14% raie.511 KEV 

raie.511 KEV 4 



TABLE 6 q.etot 

NDK 

Q= CBri”Qi 
i=l 
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