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endf-parserpy

Simplify writing, reading and validating ENDF-6 formatted files
Translation of ENDF files to JSON files and back
Complement to tools like ENDFtk, ENDF++, DeCE, SANDY, FUDGE,

PREPRO and many more

Open-source (MIT license) and available at

https://github.com/iaea-nds/endf-parserpy
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Basic design of endf-parserpy

[MAT, 4, MT/ ZA, AWR, 0, LTT, 0, GJHEAD
. if LTT==3 and LI==0 [lookahead=1]:
ENDF file [MAT, 4, MT/ 0.8, AWR?, LI, LCT, ®, NM]CONT
else:
[MAT, 4, MT/ 0.0, AWR?, LI, LCT, ©, 0JCONT

endif
T # Legendre coefficients
if LTT == 1 and LI == 0:
[MAT, 4, MT/ 0.0, 0.0, 0, 0, NR, NE/ Eint ]TAB2
for i=1 to NE:
[MAT, 4, MT/ T, E[1] , LT, @, NL[1], 0/ {a[i,1]H{1=1 to NL[i1]} JLIST
endfor

endf-parserpy

# Tabulated probability distributions

elif LTT==2 and LI==0:

[MAT, 4, MT/ 0.0, 0.0, 0, 0, NR, NE/ Eint JTAB2 (energy_table)
Python for i=1 to NE: -
dictionary [MAT, 4, MT/ T, E[i] , LT, @, NR, NP/ mu / f]TAB1 (angtable[i])
endfor

elif LTT==3 and LI==0:
# lower range given by Legendre coefficients
. [MAT, 4, MT/ 0.0, 0.0, 0, 0, NR, NE1/ Eint ]JTAB2 (leg_int)
Jjson for i=1 to NE1:
[MAT, 4, MT/ T, E[i], LT, 0@, NL[1], O/
{al[i,jIHj=1 to NL[i]} JLIST

T # Angular distributions over two energy ranges.

endfor
# higher range represented by probability distribution
[MAT, 4, MT/ 0.0, 0.0, ©®, ®, NR, NE2/ Eint ]JTAB2 (ang_int)

for 1=NE1 to NE1+NE2-1:

_ [MAT, 4, MT/ T, E[i] , LT, @, NR, NP/ mu / f JTAB1 (angtable[i])
JSON file endfor

endif

SEND




Formalized ENDF-6 format
specification language



Computer-readable ENDF-6 format
specification: Language elements

Record type specifications (HEAD, CONT, LIST, TAB1, TAB2, ...)
Scalars and arrays (1d and multi-dimensional)
Two types of loops

If (-elif-else) statements
Sections (not MF/MT but subsection within MT sections)



Record type specification

[MAT, 1,451/ TEMP, 0.0, LDRV, 0, NWD, NXC]CONT

Exactly as done in the ENDF-6 formats manual

10



The fundamental nuisance

[MAT, 1,451/ TEMP, 0.0, LDRV, 0, NWD, NXC]CONT

CSEWG Document ENDF-102

Bnﬂnlﬂlﬂ"i" Report BNL-203218-2018-INRE

NATIONAL LABORATORY SVN Commit: Revision 215

ENDF-6 Formats Manual

Data Formats and Procedures for the Evaluated Nuclear Data Files
ENDF/B-VI, ENDF/B-VII and ENDF/B-VIII

Witter. by the Members of the Cross Sections Evaluation Working Group

Edited by
A, Trkov, M. Herman and D. A, Brown

With contributions from

N. Holden and G. Hedstrom

February 1, 2018
National Nuclear Data Center
Brookhaven National Laboratory
Upton, NY 11973-50(
www.nnde.bn
Notic: This manuscipt has becn author Ly enplayes of Brodkbaen Secuce Asociates, LLC wndes Contract No. DE
sconm s e

01010010

1110101
1111 A8 1152925 1451

00

0.000000+0 0.000000+0
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The better option:
Names and Numbers, unite!

[MAT, 1,451/ TEMP, 0.0, LDRV, 0, NWD, NXC]CONT

Container (Python dictionary /| JSON)

12



Record mappings
endf-parserpy can do the job

[MAT, 1,451/ TEMP, .0, LDRV, 0, NWD, NXC]CONT

/ »
/ / Container (Pytho‘rNIictionary / JE\ON)

13



endf-parserpy can do the job
with number and type checking

[MAT, 1,451/ TEMP, 0.0, LDRV, 0, NWD, NXC]CONT

float / / int

v

¥

Container (Python dictionary /| JSON)

14



The human-readable loop

[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD
[MAT, 1,451/ ELIS, STA, LIS, LISO, 0, NFOR]CONT
[MAT, 1,451/ AWI, EMAX, LREL, O, NSUB, NVER]CONT
[MAT, 1,451/ TEMP, 0.0, LDRV, 0, NWD NXC]CONT
[MAT, 1,451/ZSYMAM, ALAB, EDATE, ...... AUTH ~..... ] TEXT
[MAT, 1,451/ ... REF ... , DDATE, RDATE, ENDATE, blank ]TEXT
[MAT, 1,451/ HSUB 1 TEXT

So we have a number of NWD TEXT records
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The computer-readable loop

[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD
[MAT, 1,451/ ELIS, STA, LIS, LISO, 0, NFOR]CONT
[MAT, 1,451/ AWI, EMAX, LREL, 0, NSUB, NVER]CONT
[MAT, 1,451/ TEMP, 0.0, LDRV, 0, NWD NXC]CONT
[MAT, 1,451/ZSYMAM, ALAB, EDATE, ...... AUTH ... .. ] TEXT
[MAT, 1,451/ ... REF ... , DDATE, RDATE, ENDATE, blank ]TEXT
[MAT, 1,451/ HSUB ] TEXT

The formalized version understandable by endf-parserpy

[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD
[MAT, 1,451/ ELIS, STA, LIS, LISO, ©, NFOR]CONT
[MAT, 1,451/ AWI, EMAX, LREL, O, NSUB, NVER]CONT
[MAT, 1,451/ TEMP, 0.0, LDRV, ©, NWD, NXC]CONT

for 1=1 to NWD:
[MAT, 1,451/ DESCRIPTION[i]]TEXT

endfor




17

[MAT,
[MAT,
[MAT,
[MAT,
[MAT,
[MAT,
[MAT,

Definition of arrays

1,451/ ZA, AWR, LRP,
1,451/ ELIS, STA, LIS, LISO,
1,451/ AWI, EMAX, LREL,
1,451/ TEMP, 0.0, LDRV,

1,451/ZSYMAM, ALAB, EDATE,

1,451/ ... REF ...
1,451/ HSUB

LFI,

. s s

NLIB, NMOD]HEAD
0, NFOR]CONT
NSUB, NVER] CONT
NWD, NXC]CONT
AUTH ...... JTEXT

, DDATE, RDATE, ENDATE, blank ]TEXT

] TEXT

The formalized version understandable by endf-parserpy

[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD

[MAT, 1,451/ ELIS, STA, LIS,
EMAX, LREL, 0,
LDRV, 0,

[MAT, 1,451/ AWI,

[MAT, 1,451/ TEMP, 0.0,

for 1=1 to NWD:

[MAT, 1,451/

DESCRIPTION[i]

endfor

JTEXT

LISO, ©, NFOR]CONT
NSUB, NVER]CONT
NWD,

NXC]CONT



MF1/MT451 recipe

[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD
[MAT, 1,451/ ELIS, STA, LIS, LISO, ©, NFOR]CONT
[MAT, 1,451/ AWI, EMAX, LREL, ©, NSUB, NVER]CONT
[MAT, 1,451/ TEMP, 0.0, LDRV, ©, NWD, NXC]CONT
for 1=1 to NwD:

[MAT, 1,451/ DESCRIPTION[i]]TEXT

endfor




Loops in list bodies

2.2.1.1 SLBW and MLBW (LRF=1 or 2)

[MAT, 2,151/ AWRI, QX, L, LRX, ©6*NRS, NRS
ER,, AJ,, GT,, GN,, GG, GFy,
ER,, AJ,, GTs, GNs , GGy, GFs,
ERvrs, AJvrs, GTngrs, GNygrs, GGygrs, GFngrs] LIST

19



Loops in list bodies

2.2.1.1 SLBW and MLBW (LRF=1 or 2)

[MAT, 2,151/ AWRI, QX, L, LRX, ©6*NRS, NRS

ER,, AJ,, GT,, GN,, GGy, GFy,
ER,, AJ,, GT,, GN,,  GG,, GF,,
ERvrs, AJvrs, GTngrs, GNygrs, GGygrs, GFygrs] LIST

Formalized version

[MAT, 2,151/ AWRI, QX, L, LRX, 6*NRS, NRS /

{ER[K], AJ[k], GT[k], GN[k], GG[k], GF[k]}{k=1 to NRS} JLIST

20



Conditionality: If statements

4.2.1 Legendre Polynomial Coefficients (LTT=1, LI=0)

When LTT=1 (angular distributions given in terms of Legendre polynomial coefficients),
the structure of the section is:

[MAT, 4, MT/ ZA, AWR, O, LTT, O, OJHEAD (LTT=1)

[MAT, 4, MT/ 0.0, AWR, LI, LCT, 0, OJCONT (LI=0)

4

[MAT, 4, MT/ 0.0, 0.0, O, O, NR, NE/ E,;,]TAB2

[MAT, 4, MT/ T, F,, LT, 0, NL, 0/ a(FE,)]LIST
4, MT/ T, FE,, LT, 0, NL, 0/ a;(F5)]LIST

[MAT, 4, MT/ T,Eyg, LT, 0, NL, 0/ a;(Eng)]LIST

[MAT, 4, 0/ 0.0, 0.0, O, 0, 0, OJ]SEND

# Legendre coefficients

if LTT == 1 and LI == O:
[MAT, 4, MT/ 0.0, 0.0, 0, 0, NR, NE/ Eint ]TAB2
for i=1 to NE:
[MAT, 4, MT/ T, EJi] ; LT, 90, NLJ1], @/ {aj3,1]}{1=1 to NL]Lil} JLIST
endfor

21



Allowing for nesting: Sections

[MAT, 10, MT/ ZA, AWR, LIS, 0, NS, O]HEAD
for k=1 to NS:
(subsection[k])

[MAT, 10, MT/ QM, QI, IZAP, LFS, NR, NP/ E / sigma ]TAB1
(/subsection[k])
endfor
SEND

22



Allowing for nesting: Sections

[MAT, 10, MT/ ZA, AWR, LIS, 0, NS, O]HEAD
for k=1 to NS:

(subsection[k])
[MAT, 10, MT/ QM, QI, IZAP, LFS, NR, NP/ E / sigma ]TAB1

(/subsection[k])
endfor
SEND

ZA AWR LIS NS subsection
(array / dictionary)
subsection[1] subsection[2]

N T

s QM Ql IZAP
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Current status and functionality of
endf-parserpy
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What ENDF-6 formats can already be read,
written, validated and translated?

e Already implemented:
MF1,2,3,4,5,6,7,8,9,10, 12, 13, 14, 15, 32, 33, 34, 35, 40
o Still missing:
- MF 23, 26, 27, 28: Photo- and electro-atomic data

— MF 30: Data covariance matrices obtained from parameter
covariances

— MF 31: Covariances of average number of neutrons per fission
(nu-bar)

- A few small gaps (e.g., MF1/MT460)

https://github.com/IAEA-NDS/endf-parserpy/tree/main/endf _parserpy/endf recipes


https://github.com/IAEA-NDS/endf-parserpy/tree/main/endf_parserpy/endf_recipes
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Features

e Reading and writing
— Fortran or C-style scientific notation
— Flexible field width (possibly different from 11)
— Tricks to increase precision for given width:
o prefer_noexp: prefer “0.0123” over “1.2E-4" if more precise
e abuse_signpos: “ 123.4567890" = “123.45678901"
o skip_intzero: “0.123456789" — “.1234567890"
e Parsing
— Accept/Ignore zero mismatches (0.0 in recipe vs != 0 in file)
— Accept/lgnore inconsistent redundant variables specs
— Accept/lgnore inconsistent non-zero number mismatches
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How to use it for ENDF-6 format
verification?



Format verification example:
Debugging inconsistent variable specs

from endf_parserpy import BasicEndfParser
parser = BasicEndfParser()

endf_dic = parser.parsefile(endf_filepath)
28



Parser output for inconsistent
variable specification

52

-

4.2.1 Legendre Polynomial Coefficients (LTT=1, LI=0)

When LTT=1 (angular distributions given in terms of Legendre polynomial coefficients),
the structure of the section is:

[MAT, 4, MT/ ZA,|AWR)| O, LTT, O, OJ]HEAD (LTT=1)
[MAT, 4, MT/ 0.0,|AWR,)| LI, LCT, O, OJ]CONT (LI=0)
[MAT, 4, MT/ 0.0, 0.0, O, O, NR, NE/ E;,;]TAB2

[MAT, 4, MT/ T, FE,, LT, 0, NL, 0/ a(F;)JLIST
[MAT, 4, MT/ T, E,, LT, 0, NL, 0/ a;(FE5)]LIST

47



Inconsistent variable specification in
mathematical expressions

[MAT, 32,151/ AJ, PJ, 0, 0, 6*+NCH, NCH/
PPI,, Ly, SCH, , BND, , APE,, APT,,
PPI,, Lo, SCH» , BND» , APE,, APT,,

[MAT,32,151/0.0, 0.0, 0, NRSA, 12%NX, NX /
ER, GAM, ,, GAM; 4, GAM3 4, GAMy 1, GAM; 4,
GAMg 1, , GAMncm1,

30



Format verification example #2:
Wrong sequence of records

31



Format verification example #2:
Not a TAB2 record

4.2.1 Legendre Polynomial Coefficients (LTT=1, LI=0)
When LTT=1 (angular distributions given in terms of Legendre polynomial coefficients),
the structure of the section is:

[MAT, 4, MT/ ZA, AWR, O, LTT, O]HEAD (LTT=1)

[MAT, MT/ 0.0, AWR, LI, LCT, O]CONT (LI=0)

[MAT, MT/ 0.0, O. NE/ Ein] TAB2

[MAT, 4, MT/ T, E 0/ a(F;)JLIST

[MAT, MT/ T, ) 0/ a;(F5)]LIST

4,
4,
4,
4,
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How to use it for ENDF-6 file analysis,
reading and writing?



Covariance retrieval example

parser = BasicEndfParser()

endf_file = os.path.join('auxiliary_data', 'IRDFF-II_Cf252_spectrum.endf')

cf252_endf = parser.parsefile(endf_file)

# get fTission spectrum

mf3 = cf252_endf[3][261]

en = np.array(mf3['xstable']['E']) / 1e6

xs = np.array(mf3[ 'xstable']['xs']) * 1e6
dopet data to reconetruct covariance matriy

mf33 = cf252_endf[33][261]
E = mf33['subsection'][1]['ni_subsection'][1]['E']
F = mf33['subsection'][1]['ni_subsection'][1]['F']
# reconstruct covariance matrix
energies = np.array(tuple(E.values())) / 1le6
n = len(energies)-1
covmat = np.full((n, n), 8.0)
for i in F.keys():
for j in F[i].keys():
covmat[i-1, j-1] = F[i][i]
b 1yt T
covmat[j-1, i-1] = F[i][37]

34
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https://github.com/IAEA-NDS/neutron-standards-database/blob/main/codes/
database_modifications/use_irdff _cf252_ spectrum.py


https://github.com/IAEA-NDS/neutron-standards-database/blob/main/codes/database_modifications/use_irdff_cf252_spectrum.py
https://github.com/IAEA-NDS/neutron-standards-database/blob/main/codes/database_modifications/use_irdff_cf252_spectrum.py

Provenance checking:
FENDL proton sublibrary

Material Source Emax
[M o\

1-H-1 JENDL-1 3000

) TSN JLEN ]

-

I-I-2  ENDF/B-VII 150

1-H-3  ENDF/B-VII 20 _ _

2-He-3  ENDF/B-VII 20 from endf_parserpy.endf_pars ort BasicEndfPars

3-Li-6 JENDL-4.0/HE 200 from endf_p 2bugg :;:‘ Lt s import compare_ utn ects
3-Li-7  JENDL-4.0/HE 200 parser = BasicEn dfParser( ) _ _ |

4-Be-9  ENDF/B-VII 113 fen I:ZH__':I df = parser.parsefile(fendl_filename)
5-B-10___ENDF/B-VIL 3 other_endf = parser.parsefile(other_endffile)

o R0 =]

5-B-11  ENDF/B-?777? 200 del fendl endf[1][451]

del other endf[1][451]
compare_objects(fendl_endf, other_endf, fail_on_diff=False)

35



Provenance checking:
FENDL proton sublibrary

Material Source Emax
[M o\

1-H-1 JENDL-1 3000

) TSN JLEN ]

-

1-H-2 ENDFRE-VII 150
1-H-3  ENDF/B-Y 20 _ _
2-He-3  ENDF/B-VII ] fro arserp '_-;-' endf_parser impol t BasicEndfParse i

3-Li-6 JENDL-4.0/HE 20 Trom enc _'j:_ Serpy.debugging_utils import compare_objects
3-Li-7 JENDL-4.0/HE 200 l :_ _ _ |
4-Be-9  ENDF/B-VII 113 Tn— |H _en |1T = p: ser.parsefile(fendl filename)
5-B-10  ENDF/B-VII _3 other~epdf = ser.parsefile(other_endffile)

o R0 =]

5B-11  ENDEF/B-7777? 200 del fendl utliT 1] 451 ]

compare_objects(Tendl_endf, other_endf, fail_on_diff=False)

l del other_endf [1][451]

TENDL-2011

208, 209
208, 209

JENDL-2007/HE

36



Provenance checking:
FENDL proton sublibrary

Material Source Emax
(MeV]

3=

1-H-1 JENDL-1 3000
1-H-2  ENDF/B-VII 150
1-H-3  ENDF/B-VII 20 _ _ _
5 He-3  ENDE from endf_parserpy.endf_parser 1u|'|t BasicEndfParser
3-Li-6 JENDL-D8HE from endf_p >bugging s import compare_objects
3-1i-7 JENDL-4.0/HE parser = BasicEndfPars () _ _ |
4-Be-9  ENDF/B-VII » fendl_endf = parser.parsefile(fendl _filename)
5-B-10 ENDF/B-VII 3 other_endf = parser.parsefile(other_endffile)
5-B-11  ENDF/B-?7777 200 tel_fendl_endf[1][451]

del other_endf[1][451]

compare_vkjects(fendl_endf, other_endf, fail_on_diff=False)

Zﬂ%ﬁlﬁ&"ln&&ﬂ't\ﬂl—l

FENDL 3.2b = ENDF/B.VII.O

'S

Irr"_l
LA

Y Oh

W W W W

MM

o0 Q0
o

-F—'-F—'-
W0 W0 =] =]

W W W W

N N

3.
3.
3.
3.

E)E}

Comparison with ENDF/B-VII.1

37
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Correcting and creating ENDF-6
formatted files

-0.76387 -763870.0
-0.76387 -763870.0

-4.0329 -4032900.0
-4.0329 -4032900.0

Update dictionaries and write out ENDF file

fendl _endf[3][50]['QI"] other_endf[3][50]['QI"']
fendl _endf[3][50]['QM" ] other_endf[3][50]['QM"']
fendl _endf[3][650]['QI'] = other_endf[3][650]['QI"]

fendl _endf[3][650]['QM'] = other_endf[3][650]['QM" ]
parser.writefile('corrected_file.endf', fendl_endf)




Bonus: Cu-63 checking

151

.000000+0 0.000000+0 156292532151"

1518
32 , 151
1
.000000+0 0.000000+0 3292532151"

1522
32 , 151

.000000+0 0.000000+0 148292532151"

1819
32 , 151
1
.000000+0 0.000000+0 2292532151"

1822
32 , 151

.000000+0 0.000000+0 204292532151"
2231

32 , 151 / 0.0 , 0.1
.000000+0 0.000000+0 0292532151"

2232
32 , 151
.100000+1-9.810000+2 0.000000+0 0.000000+0 0.000000+0 0.000000+0292532151"

10: ' 3.10°
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Summary and conclusions

New Python package endf-parserpy enables reading and writing of ENDF-6
formatted files as well as format verification and JSON translation

Package relies on a formalized version of the ENDF-6 format specifications
in the manual

Already rather comprehensive coverage of the ENDF-6 format (photo-
atomic MF numbers and MF 30 and 31 missing)

Flexible reading and writing capabilities (flexible field width, Fortran or C-
style scientific format, etc.)

Easy manipulation of ENDF-6 files by leveraging Python dictionary
manipulation capabilities (adding, removing, replacing MF/MT numbers
are one-liners)

Several examples of how to leverage this package (ENDF-6 format
verification, ENDF file comparisons, modifications)

Available on IAEA-NDS GitHub account under MIT license
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