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(%] FRENDYODSource Lines of Code

—

HEE 38,633 1,807 5,591 31,235
ENDFnJ..J’%i% 57,521 2,933 8,881 45,707

b A A 9,378 458 1,273 7,647

Ry T S—HEANY DALIE 5,329 332 749 4,248
R A T R AR A 1,532 60 221 1,251
M7 —J JLIERL 4,675 231 754 3,690
Bt FHERETE 5,750 251 727 4,772
ACEZ 74 JLYERL 35,998 1,195 5,143 29,660
&t 158,816 7,267 23,339 128,210

MVP 183,397 45,932 29,764 107,701
NJOY2016 116,609 599 5,318 110,692
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JENDL®DFESR

Version JENDL-1 | JENDL-2 | JENDL-3.1 | JENDL-3.2 | JENDL-3.3 -

a8 SEF *i**’;: RE AR RA A
NEALE 1977 1982 1990 1994 2002 2010

PN
TH )L E— 15MeV 20MeV 20MeV 20MeV 20MeV 20 MeV

A 66+6 1/3+8 305+19 318+22 335+2 405+1

VIRT—4 0) 0 59 66 114 354
— B
5 R 0) 0 0) 0) 60 318
H 0) 0) 1 1 20 95
F—%
H X [MB] 9 26 72 83 110 565
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ENDF-674—<YrDERT 31815

Etape i d

_MATMF MT Ilne

0: O

“iStart of MF1, MT451 (24> k)FBitA

alidy SEND record
_{FEND record

iiii b1 1

e oE =
1111 1099999

“Start of WF2, MTT51 (tIB/X5 X —4)

by SEND record
iFEND record

112161

Wiz
1111 28 099999

—EStart of MF3, MT1 (Z£Brm*E)

ESENb.record

77437 Start of NF3, WT2 (EMEEKELIGE)

_EFENb.record

ICE BT

1111 3 2;

MEND record
: TEND record
i\

v
665735 L

Z N N
4 2 3 5hTL

1111 3 099999

G 0 O
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ENDF-6 74— vk®D E {4l
JENDL-4.0 Fe-56M(n,2n)¥rmEm*&

MATJ, MT
2.605600+4 5. 545440+ 0 0 0 C 3 16;
-1.120270+7-1.120270+7 0 0 1 11 3 16§
11 2 0 0 0 C 3 16
1. 140470+7 0. 000000+0 1.170000+7: 1.622410-2 1.200000+7 4.800450-2 3 16§
1. 300000+7 2.138200-1 1.400000+7 3.891650-1 1.500000+7 5.134000-1 3 16
1. 600000+7 5.817500-1 1.700000+7 6.107500-1 1.800000+7 6.118000-1 3 16
1.900000+7 5.977000-1 2.000000+7 5.759000-1 o / 3 1&
' ' ' ' ' ' 3 (09999
1175 L 117h5 L 1175 L 11Hh5 L 11h5L  11HhT L
MASLEHRIA
e+1.234567/+n BHEE
e+1.23456nn (NN=38) | | (32EYFFE)
e+1.23456789
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JENDL-4.0, Fe-56 D (n 2n) ¥ &

2. 605600+4
-1.120270+7;
11

1. 140470+]7
1. 300000+7
1. 600000+
1. 900000+7

5. 545440+1
-1.120270+7
2
0. 000000+0
2.138200-1
5.817500-1
5.977000-1

0
0
0
1. 170000+7
1. 400000+
1. 700000+7
2. 000000+7

& N

0
0
0
1. 622410-2
3. 891650-1
6. 107500-1
5. 759000-1

0
1
0
1.200000+7
1. 500000+7
1. 800000+7

MF
MAT | MT
02631 3 16
112631 3 16
02631 3 16
4.800450-22631 3 16
5.134000-12631 3 16
6.118000-12631 3 16
2631 3 16

2631 3 09999

[MAT, 3, MT/ ZA, AWR, 0, 0, O,
[MAT, 3, MT/ QM, QI,
[MAT, 3, 0/0.0, 0.0,

0, LR, NR, NP/ Eint/ o(E)] TAB1

0, 0, O,

ZA, AWR : 1000.0 X Z+A, mass quantities for materials
QM : Mass-difference Q value (eV)
QI : Reaction Q value
LR : Complex or “breakup” reaction flag

0] HEAD

0] SEND

"HEAD

"TAB1

'SEND
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ENDF-6 74— vkDT—3RERAR

- T— IR
-BBUE RT 5 Z DM (Ey, 01), (B3, 03),

- L.

1M TSR ITIRTFELELY

- A
BT RO T, INTA—F3Z 52 5K
- {51 : Breit-Wigner® — {1 A (FEISETETE)

c INGA—BZDBIDINTGA—ZHIZ X, TRILF—)
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F—IUHBRDT—2RE

NBT(1)=3 NBT(2)=7 NBT(3)=10
PRI TEI2 B3
----------------- S R
NP 210 "0 togogiis | s | swa
(RA )
NR =3
AE 4=k %
ERCE
ﬁ ¥(6)9 Y7 o)
YOO
ENDFIZ5Z : : y(10)
LTS y(3)
X(1) x(2) X(3) X(5)  x(7) x(8) x(.9) X(10)
x(4) x(6)

RE5Z T, RTOES (RIFEZTHETE)




Z

T=1:

ZZZZZZ

T=2:
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T=11-15: method of corresponding points
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ENDF-6 CTHUL b NS AEE

EXNTSL(—5E)
#5272 M ¥E (linear-linear)

n(y) -
AT &

RFETEEDT=-6H D!

(2R TTEEEATE)

e INT=21-25: A= wkR—ZXNiF

(2R TR A TE)

In(x)#R 2 A (linear-log)
T=4: In(y) - x#x 2 N & (log-linear)
In(x)#R 2 A& (log-log) —
3l

A
o(E) = 7€

B
VE-T

NigE
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SciVerse ScienceDirect Nuclear Data
Sheets

Nuclear Data Sheets 113 (2017) 3145-3171 ——————ee
www elsevier com/locateinds.

Generalized Nuclear Data: a New Structure (with Supporting Infrastructure) for
Handling Nuclear Data

CM. Mattoon®, B.R. Beck, N.R. Patel, N.C. Summers, C.W. Hedstrom
FLawrenee Lovermore Natonal Labomatory, 7000 East Avenue, Ltvermore CA, United States

D.A. Brown
Nattonal Nuclear Dats Center, Upton NY, Ungied States
(Received 0 July 2013; revised received 13 September 2012; accepted 21 September 2012)

The Evaluated Nuclear Data File (ENDF) format was designed in the 1960s to accommodate
neutron Teaction data to support nuclear engineering applications in power, national security and
criticality safety. Over the years, the scope of the format has been extended to handle many
other kinds of data including charged particle, decay, atomic, photo-nuclear and thermal neutron
scattering. Although ENDF has wide acceptance and support for many data types, its limited
support for correlated particls emission, limited numeric precision, and general lack of extansibility
mean that the nuclear data community cannot take advantage of many emerging opportunities.
More generally, the ENDF format provides an unfriendly environment that makes it difficult for
new data evaluators and users to create and access nuclear data

The Cross Section Evaluation Working Group (CSEWG) has begun the design of a new Gen-
eralized Nuclear Data (or ‘GND') structure, meant to replace older formats with a hierarchy that
mirrors the undeslying physics, and is aligned with medern coding and database practices.

In support of this new structire, Lawrencs Livermore National Laboratory {LLNL) has updated it
nuelear data,/Teactions management package FUDGE to handle GND structured muclear data. FUDGE
provides tools for comverting both the latest ENDF format (ENDF-6) and the LLNL Evaluated
Nuclear Data Library (ENDL) format to and from GND, as well as for visualizing, modifying and
processing (ie., converting evaluated nnclear data into & form more suitable to transport codes)
GND structured nuclear data_

GNI defines the structure needed for storing nuclear data evaluations and the type of data that
neads 1o be stored. But unlike ENDF and ENDL, GND does not define how the data are to ba
stored in a file Currently, FUDCE writes the structured GND data to & file using the eXtensible
Markup Langusge (XML, 8 it & ASCI based and can be viewed with any tect editor. XML
is & meta-language, meaning that it has & primitive set of defini far i
data/text in a file. Other meta-languages, like HDFS which stores the data in binary form, can also
be used to store GND in & file.
we will present an overview of the new GNID data struetures long with associated

* Corresponding author, electronic address: mattoon1@illal gor

Editorial Note: All papers fn the present tssue, tncluding this paper, are printed tn black and white.
Color version 1s avatiable onktne at www. sctencedsrect. com, sse also wun. elsevter. comlocate fds.

0000-3752/5 — see front matter & 2012 Elsevier Inc. All ights reserved.
oz 10.1016/.nds 2012.11.008

Z% 3k : Nuclear Data Sheets, 113, pp.3145-3171, (2012).
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GNDSZ7+—<vrDE (K4l
JENDL-4.0, Fe-56 D (n,2n) B 1& (20

RIGDEE <reaction label="29" outputChannel="n[multiplicity:’2’]
+ Feb5 + gamma” date="1987-03-01" ENDF_MT="16">

MrEFE D E 2 <crossSection nativeData="|inear”>
<linear xData="XYs” length="11" accuracy="0.001">

<axes>
<axis index= “0” [label= “energy_in” unit= “eV”
NiEENDFESE —> interpolation="1inear, | inear” frame="lab”/>
<axis index= “1” [label= “crossSection” unit= “b”
frame="1ab”/></axes>
<{data> 1.14e7 0.00000 1.17e7 0.0162241 1.20e7 0.0480045
o T 1.30e7 0.21382 1.40e7 0.3891650 1.50e7 0.5134000
=K 1.60e7 0.58175 1.70e7 0.6107500 1.80e7 0.6118000
1.90e7 0.59770 2.00e7 0.5759000 </data></|inear>

<{/crossSection>
— b7 —><outputChannel genre="NBody” Q="-11202700 eV”>

IRILF— <{product name="n" label="n" multiplicity="2"
A E{’;‘?‘ﬁ ENDFconversionFlag="MF6">
D E#= <distributions nativeData="Legendre”>

<{Legendre nativeData="LegendrePointwise”>
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FTEFR D #RAZ1E

BT =254 3 TIXErEET —2dlog-loghi & T
K&l
- LIBEDWNIED =B IZ#E R (linear-linear| 2 #) A E
c BIZIERYTS—ILNY DB TIXBIEO T —INHEEE5I1C
ERR i =] b
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- B IESEIE IEN R IE R OMTEBE T E

- DB HIEME O EEZMEEARANOEHE
ERBEHEIBERO NN EEZMEEARMNOEHE
- JE B HIEMSEE LYE EDITRILXT—IZDULVTIEIMF=3T

HAE3INnTuL\b
[JENDL-4.0 25U atiaERrmig (0 K)]

1.0x10% ¢ T ' T ' T ' I ' T ' I

'T1.0x10%

E i

£ i

#m 1.0x 100 |

I _ :

1 )x 1020 SEEHIBSE  IESEEIIBMEE: :

4L ] L ] \ | 1 | 1 l ! l L

1.0x10 1.0x1041.0x1021.0x109 1.0x10%2 1.0x104 1.0x10¢%

HEFOAFIRILE— [eV]
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HERDOMEEAERL fﬁé [ Faﬁrﬁm;a
BAIC, RIGHEEA & AL
K= BT E B — L
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T l/#——t— HEE->TLK
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ETR)ILT—FEIEOEIE

ARETIRIILF—OEMEE, WS HENEELE
INVE| IR TEANTEIZ—HT HERTIEAELY
- COEIR)ILF—EEOMBEEDLINVEINALDT NIE
BNHIEXZEETAHIETHATES

L ISTGAD &S (S BB KA B HIHE L, TOEBOHET
INEIDSFNBTES

[JENDL 4.0 ZSSUMETWE&EE#E (o K)] [JENDL 4.0 157Gdﬁ&§1ﬁ5%&ﬁma (o K)]
~108 -

104€
3 ﬁ@ ﬂ%h\ﬂ’*ﬂ" 1t *}ttﬁO) u%( IR
50 E5ATVBHE 1100 | INVBID ST D
10| v {100 |
107 AHLE EaEe |\ 1
_45_ 1 L E.tj 1 | .TJEtTjZ . l L 10-4 I | . ! . ] . l . 1 . 1 L
10707 102 100 102 10  10° 104 102 10° 102 10* 106
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g < 0N JE I% O) 1:3'2 *E CJ: L) 20 21 / input(tape20), output(tape21)
J\ —_ ‘pendf tape for JENDL-4.0 HOO1' / identifier for PENDF
7] 75\L)'~<L\ 125 / mat
. 1.00e-03 0.00 [ err, temp
- NJOYDIY=a7I% 0 /
= H &7 - broadr / command
J'-'/V—C:E’I ﬁtFL'“(L\ 20 21 22 / input(tape20), output(tape21)
1 125 1 / mat
* THEMR®D—&RD 1.00e-03 | err
ANT=R2ERT—H | 2°° reme
TJ7A4)LDOFEMN thermr / command
23 22 25 / endf, pendf(in), pendf(out)
nJL&)f&L\t«E*Lf&L\ 1125814122290 /mat_e, mat_p, bin no, temp no,
inela opt, ela opt, principal atom no,
mtref, pri opt
296.0 / temp
1.0E-3 5.0 / err, max ene
stop /
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[52%E] NJOYDY—R I (1)

- N{E D x;,y;, D
T—3NDNA.
=P (X,,Y,) D
_‘—’)'l’i'ﬁ[”?
557005
« BLDT—R3%
a(n)THY&Y
I 5=, [0
T—3%HoT
WNDSD DY
[Z<Ly

[ACER®D—E}]

nbtl=nint(a(7))
intl=nint(a(8))
nbt2=nint(a(9))
if (nbt2.ne.nbtl+1)&
call error('chekit’,'wrong type of nr=2 file 5 mt.",' ")
if (intl.ne.1)&
call error('chekit’,'wrong type of nr=2 file 5 mt.",' ")
if (a(nw).ne.zero.or.a(nw-1).ne.a(nw-3).or.a(nw-2).ne.a(nw-4))&
call error('chekit’,'wrong type of nr=2 file 5 mt.",' ")
a(6)=a(6)-1
a(b)=1
a(7)=a(6)
nw=nw-4
nwm=nw-1

do |:9,nwm }/_ a(g)s a(lO)%X#“‘}jo
a(i)=a(i+2)

enddo
a(nw)=0
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[5}5%] [BROADR®D—ER]

c **locate next node for stack

120 et=e(k)**2/alph
NJ OYOD\/_Z{gIJ (2) if (eet.gé.zhnng) 30 to 130
if (k.ge.nhigh) go to 130

¢ P“J7°5—TIE 7f)§ U G)MEEOD test=sigfig(et,7,0)

ffﬁ ﬂz'f td) —f:ﬂ} ?f (abs(es(2)-test).lt.small*test) go to 126
CIHRLE—EORIEEET | it erorsepesty 9o 0130

SAL S I E LR IEL test=sigfig(et 3.0)

NS EZH R if (abs(et-test).lt.small*test) go to 130

. . if (abs(et-therm).lt.small*therm) go to 130

¢ I%%]-SOHB%—CS%%ﬂZ’“:% do 125 i=1,nreac

=it dn=s(i,k+1)-s(i,k)

o $S— ) —= if (abs(dn).It.abs(s(i,k))/1000) dn=0
-HADTATSLEFED :f ggnig(e.nz)eroa; t?l(esrgl ) )

% <{ TldgotoX LA E Y] -l
LTS e
- gotoXIF/\T DRK endif

_ if (dn.ne.di(i)) go to 130

CATFUREE AHERL | s conime
DT=H[Z[Fwhile XXX T 126 k=k+1
EZMZHNENHD go to 120

130 es(1)=sigfig(et,7,0)
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EEZT —F0IES X T LFRENDY DB

- HER(ZHEEFITT2013FE E LY R KT —20IE
VAT LDRAEZFIB

- FRom Evaluated Nuclear Data librarY to any application
« CHZEEFEHETHETO—FDILERESREMEA MR L
c HDCH+O—FELEDFE OB KEDEIANESHIC
« TANTF—RZERAW-REREE
« BIVFRA, BEAVNBABTT AN —RZRAWV-LEDRIIEE
« TAMr—RERAWSIETOA—NEEICHINT DEENBRZIC
s A—HF—DZ—XEF R
- JENDLZESBEHTEFENDEEZES. FRENDYRFIC /R R
[FRENDYRAZE D {4l ]
JAEA
SRR ED— N TRGr
BT —ARREGITRE
FRFARNRD
‘ e - tH
FRENDYRFEF—L

a—H—
-JENDLEE L
BT—40B 7045 LWG

A IN—: K2 BEIT.
TSN RFA—DH—

FRAFEKZDIMS
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- ENEORT AU R T LOURBR EEEZFDOWLEINLL
- PANES mﬁmjuiﬁ%ll@%:*i“mﬁiﬂz
c A—H—BHIZLBETAT ) DVER - #REEHA AT BEIC

c FHMEA T —AD O KETEOI—FETDETEEET
BESCEMTESL =, BT —2 B X7 LTZ T THL,
JENDLYORFEI—RFDA——HOEMA AT me SIS
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FRENDY D HIN R / AT~ /

S475)
CGEFIRLE—ELTHILONE __V__
I—FRADACESA TS UMERERS | FER=aR
FT5ER "
- R TIEMVPS AT SYIZIEIER G Ry F5—ihAtY O AL
. SEEROABERIEL. v=aTIL v
e R b R R E D VR
SEESHIATIERMED s Y
HHEEDTIKTE S ERE T O
ACEZ7 4 ILDAERK ZEHE
[ =& v v
|:| kit / MCNP/PHITSF // ZHETETR /
HEES (75 54951
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FRENDY®D A AfzX

-FRENDYTIEZFEFEED A N
- FRENDYH B D A Bz
- NJOY99MD A K

- ANBEHROBERIEZTEIR
c EXDIA—FTIIR%T—2UES AT LIZFEBELIZAT
HITNIEADZENGD ST SETEREBRICNIES S
ZEMVE[REIC
- FRENDY#BE DA DK TIX, ZIEIT7MILBDHT
ACEZ 74 JLHMER AT BE
- HREEZT IAHILMEELTHE
s YLANRELGEEXZBRICEKEL-NIEL AT EE
« $FIZRARMEFRE DA AT —RIEFBNLGRED
BN, AABHRDIZEAEXTBEFMIZ/ERLAIREIC
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[5%] FRENDY®D A A4

[FRENDY® A A4

s NJOYIZEERTLUUTIVIE  cssupACET 7 JLIER]
/-\ jj ﬂ'gl—llt ace fast mode

CART—EEZ+AAAT—ERE | il fie

nucl_file_name U235.dat

HHOTWA=H. /FT—420 /* ace file */

SRZEAZLAOT LY ace file_name U235.ace
N . temp 296.0 // temp [K]
NFEAEDANT—3%
FRENDY A B ENE R [FRENDY® A /1451
- HREZRE (KKDOACEZ 741 JLIERK]
- NJOYD KIIZET—43% ace_therm_mode //process TSL data
FECERTET H_EEA[EE nucl_file_name HOO1.dat
. s nucl_file_name_tsl H_in_H20.txt
« AAVKMEC++ERIL ace_file_name H in_H20.ace
o “IPLIBED . E T THEENT- temp /*temp data */ 296.0 // [K]

fEEMaA
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(%]
FRENDY®/)—X 4l
- goto X D E Ry F1)

EL1=-%IT

c YT UINER A E
g €
- EATIRIEZL TS D
ERAICIEAELDT LY

[Doppler Broadening D #&fiz4LEf 4]

int_chk = check_energy grid_distance

(ene_pre_pre,

P.6607) | new_ene_part[j-1], new_ene_part[j],
'EMJ\ new_sig_part[j-1], new_sig_part[j],

mid_ene, mid_sig);

while(int_ chk <0 || j<new_ene_part.size()-1) {

if(int_chk >=0) j++;
else{
insert_middle_energy_grid
(j, new_ene_part, new_sig_part,
mid_ene, mid_sig);

}

PRD
A

if(j>1)ene_pre pre =new_ene_part[j-2];

else ene_pre_pre =-1.0;

mid_ene = 0.5*(new_ene_part[j] +
new_ene_part[j-1]);

D
it

mid_sig = calc_xs_obj.calc_doppler_broadened xs

(mid_ene);

int_chk = check_energy grid_distance

(ene_pre_pre,

new_ene_part[j-1], new_ene_part[j],
new_sig_part[j-1], new_sig_part[j],
mid_ene, mid_sig);
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- RRER. BT —20E FFHEART I oWEESATS
J~. BASEFYIE S B S S — (2013).

- D. E. Cullen, “4 Nuclear Data Preparation,” Handbook of
Nuclear Engineering, Springer (2010).

- R. E. MacFarlane and A. C. Kahler, “Methods for Processing
ENDF/B-VII with NJOY,” Nuclear Data Sheets, 111, pp.2739-
2890 (2010).

- Hi54A
: /J\M%Jl . RTFIFYE F—EF (1996).

- M. E. Dunn and N. M. Greene, “POLIDENT: A Module for
Generating Continuous-Energy Cross Sections from ENDF
Resonance Data,” NUREG/CR-ORNL/TM-2000/035 (2000).

- BAEh 4 T EREL A
- BHIER, A EFRELRIORKEITRKOBTEBDRESR
BT —4%=1—X,108 (2014).

- MR, RIRER., B P FarEl A ABRKFRZFIEICS 25
=8 BTF—A—1—2. 108 (2014).
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- A. Trkov, et. al, “ENDF-6 Formats Manual,” CSEWG
Document ENDF-102, BNL-90365-2009 Rev.2 (2011).
- “Introduction to ENDF format,” LA-UR-98-1779 (1998).
- http://t2.lanl.gov/nis/endf/

- GNDS

- C. M. Mattoon, et.al, “Generalized Nuclear Data: a New
Structure (with Supporting Infrastructure) for Handling
Nuclear Data, Nuclear Data Sheets, 113, pp.3145-3171
(2012).

- GNDS &Fudge
- https://ndclx4.bnl.gov/qgf/project/gnd/
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- R. E. MacFarlane, “The NJOY Nuclear Data Processing
System Version 91,” LA-12740-M (1994).

- http://t2.lanl.gov/nis/codes/njoy99/

- NJOY2012

- A. C. Kahler, “The NJOY Nuclear Data Processing System,
Version 2012,” LA-UR-12-27079 (2012).

- http://t2.lanl.gov/nis/codes/NJOY12/

- NJOY2016

- A. C. Kahler, “The NJOY Nuclear Data Processing System,
Version 2016,” LA-UR-17-20093 (2016).

- https://njoy.qgithub.io/
- NJIOYFERFDSZEH
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- FRENDY

- K. Tada, et. al, “Development and verification of a new
nuclear data processing system FRENDY,” J. Nucl. Sci.
Technol., 54, pp.806-817 (2017).

- PREPRO
- IAEADEFELTWSET—20EL X T L
- https://www-nds.iaea.org/public/endf/prepro/
- AMPX
- ORNLABAFE L TLVASCALER DT —2NIES X F L

- D. Wiarda, “AMPX-6: A Modular Code System for Processing
ENDF/B,” ORNL/TM-2016/43 (2016).

- GRUCON
- O 7 DKurchatoviAR AT FHFEL TS T —2 0B X7 L
- https://www-nds.iaea.org/grucon/
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- Evaluated Nuclear Data File (ENDF)
-HBRORT 54T 3 OEEET 4G EET Ak

LT<Ma S Ah

- BT —AEIOMEEZLLRT HESTEIER

- https://www-nds.iaea.org/exfor/endf.htm

- Sigma

- ENDFERIFRICIR T —42Z2T Ay HEEIEF
- http://www.nndc.bnl.gov/sigma/

- X F (WebhR)
- ZIEDFBEIORRIE

y

0%

- RIEDERNTYEEZTRSESITER
- http://wwwndc.jaea.go.|p/CN14/index.html
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