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The Evaluated Nuclear Dsta File (ENDF) is pert of a system developed
by the United States Atomic Energy Commission to improve the quality and
facilitate the use of nuclear data in applications. The basic elements of
the ENDF system are shown in Fig. 1, The widespread use of a single well
defined format reduces the number of schemes necessary to process information
or compare alternate data sets. The existing network of checking codes that
examine the consistency of the data sets and perform physical checks against
known nuclear properties helps to ensure the relimbility of the file. There
are large processing codes that use ENDF directly to prepare multigroup
constants or pointwise data sets required for one- two- and three-dimensional
diffusion theory, transport theoty, or Monte Carlo calculations.

The entire ENDF library consiats of two parts, A and B. ENDF/A con-
tains a large and varied collection of evaluations from meny sources. It
is assembled by the National Neutron Cross Section Center. The contents of
the present version of ENDF/A are shown fn Fig. 2. The ENDF/B library, on
the other hand, contains only one evaluation of the cross sections for each
material in the library, and cross sections for all significent resctions
that extend well into the MeV range. Versions A and B of the ENDF library
use the same format. Only the contents of the two iibraries differ. ENDF/B
includes data important for fast reactor cslculations, but the lack of exper-
imental information sometimes requires reliance on nuclear models or system-
atics to complete the file. For certain applications ENDF/B 1is tested {n
carefully performed and documented benchmark experiments. The informstion
from such integral experiments as well as the results of basic cross section
measurements are used tc determine ENDF revisions on a periodic basis.

*Regearch supported by U. S. Atomic Energy Commission.
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ENDF/B has been developed and maintained by the Cross Section Evaluation
Working Group (CSEWG). CUEWG was arganized im 1966 by the ARC for the putpose
of assessing data evalustion needs and capability among its conRractors and
other organizations, It consiste of a growp of working level representaiives
from national iaboratorics, fudustzial organizations, and academic institoilonn.
Since ita keglinning CSEWG han provided o forum where dets problems can be dis-
cussed and ewsluations peformed. In addition to develaping ENDF/S,

CSEWG has achieved a significant level of cooperation of the producer,
evaluator and vser of dets. The objectives of CSEWG lieted in Fig. 3 ace
diracted toused the uidessarasd svailaohiticy of nusloar dats vaviewcd and

revised on a regular basis.

The National Neutron Cross Section Center (HNCSC) at Srookhaven Nattonsl
Laboratory administers the activities of CSENG, acting as secretarist and
providing meeting facilities, pevsonnel, preparation and disteibution of
macerial as well as other rvequired services. {Fig. 4}, CS5EWG meerings are
held two times ecach year at BNL. Attendance {s limtted in order Lo ssaure
face-to-face discussion, but individuals from laboratories hoth ioside and
outside CSEWG ave invited when needed. There fa no stzempt to inglude ali
experts on a problem but only as many as are judged sesential to deal with
technical questions under discuselon. It is sssumed that laboratsry repye-
sentatives will bring to CSEWG a consensus of the hrosd dats ifaterssts of
theic laboiatory cven if the subject is curside their own specislity. In
addition to genersl CSEHG meetings, there are subcowmittee mentings organized
by each subcommittee chairwan which are held vhen CSEWG meets and st other
times during the year.

The cooperative effoct that began in 1966 produced Yerzion 1 of the
ENDF/B library in July 19668. The mafn emphasts a2 that Zime was the gathet-
ing of as much data as possidle in the new format. The Library consisted
of some old evalustions borrowed in their entirety, some new evalustions,
and some hastily conceived data sets which were in many ways deficient,
Testing of the data showed discrepancies, psrticularly in the underprediction
of Keff in fast criticals. Version 2 of the ENUF/R Liboary was fpsued in
April of 1971. The distinctive characteristic of this version was the
simultaneous cvaluation of the fissile and fertile siemenzs by & vask force
of evaluators, The data sets vere consistent with the best mizroscopic
differential dats and cross section vatios. The vesulis were atill dlscrepant
with integral Senchmark c¢slculations but discrepancies varied systematicaliy
with changes in f{sctopic concentrations and conclusions sould be dvawn as
to which cross sections were playing an fmportant rele. The third version
of ENDF/B appeared in February 1972. Within cthe experimental ervors of the
best microscopic cross section measurements, dats weve chowen that gave
results consistent with cavefully perlformed and documented intepral banch-
mark enperiments. in addition, attenzion waw glven to more caraful specis
fications of benchmarks and o the intercompsrison and scbsequent revision
of group-constant prepsration codes. This latter effort helped fo raduce
uncertainties caused by disparate merhods ured st diffevent lsbozatories.
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Within CSEWG several subcommittees sasiat with the determination of the
format and content of ENDF/B. At present CSEWG includes the subcommitiees
shown in Fig. 5. The two main entry points fato the ENDF/3 system are the
Data Testing and Codes and Formats subcommittees. The fiasl decisions re-
garding the balance botween the physice and user nceds are made in those

subcommittees.

The Data Testing Subcomnittee {13} through its Phase I {miccoscopic)

and Phase 1I {inizgral} daza taszine nracadores ravieus date aets considered

for EVDF/B, resolves sl! physics questions regarding data, and provides the
NNCSC wita guldeiines for prepavations of versioma of the ENDE/B library.
As part of the review dats sets ave checked to eee whether recent experi-
mental data were considered, wheather data sets sre complete aver the re-
guired enepgy range and whether obwiocus errvors have been eliminated. This
committee is roiponsible for the acceprance, modification, or rejection

of all data scts. Data sets approved by the subcosmittee become part of
the ENDF/B library. Another fmportant vesponatbility of the Data Testing
Subcommittes is the determination of the wvalldity of ENDF/B data in
certain applications. The major areas of Phase II testing ave the follow-
ing: a} fast criticals, b} thermal veactors, ¢} doaimeryy, &) ahielding,
and e) buraup and decay heat of fisslon products. These results sre used
in making recormendations for further evalustions and basic dela peasute-
ments.,  This Subcommitzee scarches for cgses thet can properly be termed
"penchmerk experiments” fn order to test ENDP/D in many areas and aid fos
development into an spplication-independent dats file.

The Codes and Formats Subcomsiziee {2) estzblishes fomms in which
nuclear data may be included ia ENDF/B so as to achieve the best balance
between the detall necessary for specifying physies information snd the
simpliciry required to faciiitsze {ts uge. In addition o these responsi-
bilitdes the Cedes and FPormats subcoemsitzes improves the sccuracy of codes
which uae ENDF/S data directiy and mske recommendacions for the development
of additional processing or dats manipulation codes, Numerous inaccurscice
in code algorithms and simple coding srrors have been discoversd by
processing "tedium’ materials. Tedium materials are a set of ideslized
moterials created (n the ENDF/B format for the purpose of testing processing
codes.

Other subcommitzees or ad hoc commiltees are sppointed as needed. The
Hotmalization and Standards Subcommiztew (3} has the responsibility for
continual review of cross sections defined as standards. The Shieldfng
Subcommittee (&) concerns {tself with tne improvement of data-for shieldiag
applications. It fnteracts with two other dota centers hesides the
sistional Neutron Cross Section Center: The Radiation Shielding Information
Center at Oaxk Ridge and the Photonuclesr Dats Center at the Nationsl Buresu
of Standards. Hany imporiant problems have been discussed by the Resonance
Region Subcommittes (5) including the use of the Probability Table method
in the unresoived resonance rogion ond the criticel exsmination of the need
for muitilevel formalisms in reactor anslysis. The Fisstion Products
Subcommittee {6) has concerned itself with cstablishing & library of cross
sections for burnup calculat ione and nuclesr structure data for decsy heat
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calculations. Thts povtion of the ENDF library fs cxpanding rapidly. 1In
the evaiustions nuclear model caleulations are used to supplement experi-
mental evidence and the Huclear Model Codes Subcommittee (7) asssists in

the detemmination of which codes are useful and attempts to isolate
problems connected with the adoption of these complex cedes to different
computers. & recent cencern of CSEMG s the assignment of error quantities
to the evaleotions. The purpose of the Ervor Quantities Subcosmittee (8)
is to study and make vecommendations on the meens and procedures for in-
cluding errors or confidence limits to be used in sensizivity studies that
determine the importance of cross section accuracy i{n specisal applications.
indtislly, simplified procedures will be used since an exact specificazion
of exrcrs and their relation to other quantities is very complex. The Non-
Neutron Data Subcownittes {9} has been successful in %elping to form recoms-
mendations for fneluding other than aeutron-inducad and photon-induced
reaction dats into the files., Charged-pasticle crose sections of interest
to shielding and fusion applicstions mey be insluded in & future EZNDF/B
librarey.

Yerafon 3 of the ESDF/B library has now been used extenetively, There
is general confidence that ENDF/B~IRI is consistent with the best differ-
entinl intepgral dats svailable st the time of its development. The rosulzs
of calculating several fast reactor benchmarke sre shown in Fig. 6. There
is significant improvement in the results over those obtsined using ENDF/B-
11 data. The agreement between cslculaced and messured spectral indices {s
alse quite satisfactory but there is not yet satisfactory sgreement for all
cther parameters. Nevertheless, today in the I, 5., ENDE/B.II1 is the chief
source of dats for fast resctor design.

Version & is due for zelease fo esrle 1974, The starting point for
the evalustions of the £iaaile and fertile elements s the flssfon cross
section of 233U, This cross section is chasen from the best nicroscopic
data over the entire energy renge to represent an accrrate messurement
standard. Using it as a refevence, the remsining cross ssctione for 235y
and other fisaile and fertile elements are chosen to be within probable
ervor limits of the best differenctial cross section and ratic seasuremsnts
and consistent with the best integral messuvements.

The materisls inciuded in the ENDE/3-IV library can be thought of as
Fiteing intc four general categories (Fig. 7): genersl purpose, scattering-
law, fission product, and dosimetry files. The file of genersl astecials
should be sufficient for thermsl and fast raactor, shielding, space, and
weapons spplications. To complete the dats requivaments for specislized
areas such as dosimetry, scsttering-law, and decay hest studies the genersl
file 18 supplemented by specisl purpese files. The dats sets in the
dosimelry files, for example, instead of being complets in all significant
reactions sy are materiale in the general file, might only specify the
sctivation cross section for a single fsctope. Kew areas such as blomsdicsl
and fusion studies will require evan more specislized evaluations.
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In ENDF/B-1V the general purpose file will contain data for over 100
materials, the dosimetry file will contain 32 materials, the scattering-
law fiie 10 materials, and the flasion product file several hundred
nuclides. Special attention has been given to data sets for shielding
applications. Over 30 materisls will have gmms-production data fiies
that are consistent with the neutron data portion of the file, In
addiclon there are photon-interaction data for all materials. Sowme of
the thermal cross sections will be signtficantly improved in ENDF/B-IV
but further reevalustion is expected in this somewhat neglected ares efter
another round of data testing. Also, in ENDF/B-IV the library wiill contein
uncertainty assigaments to dara but initially only for a limited number of
materials.

In conclusion, ERDF/B is the result of & large national cooperative
effort to develop and revise on a regnlar basias and up-to-date library
that provides fer all its users a highly accurate data base. Recently,
an American Nucleor Society study group recowmmended ENDF/B be used aos
a standard reference file for fast reactor design and also recosmended
data be preprocessed into standard group librsries. The avallabilicy
cf a widely tested reference data base should {mcrease the relfabiltiey
of the cost analysis and the operational and safety design of fast
reactors.
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Fig. 1

ELEMENTS OF THE ENDF_SYSTEM

1.

2,

UNIQUELY DEFINED FORMAT
CHECKING CODES
PROCESSINGC CODES
COMPLETE DATA SETS

DATA TESTING

REGULAR REVISION OF DATA
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CONTENTS OF ENDF/A

(UNITED KINGDOM)

* NOT CONVERTED TO THE ENDF FORMAT

NIMBER OF TOTAL NUMBER
LIBRARY NAME DATE RECEIVED  MATERIALS OF RECORDS
KEDAK* 10/26/70 &1 --
(KARLSR 'HE)
- UKNDL {VER. 2) 5/5/71 ‘91 75,508
‘ UNITED KINGDOM)
SAND-11 8/5/71 60 26,940
(U.s.)
AAE.C, 9/15/71 192 92,802
(AUSTRALIA)
SPENG* 1/5/73 29 1,534
{SWEDEN)
KONSHIN & NIKOLAEV 1717773 1 65
(U.s.5.R.)
STANDARD 1/25/73 5 264
{U,8.)
C.E.N. COMPILATION 6/5/73 - --
{ FRANCE )
UKNDL (VER.3) 8/7/73 65 --

FAST REACTOR CROSS SECTION SETS

GENERAL CROSS SECTION DATA SETS
DOSIMETRY CROSS SECTIONS
CROSS SECTION DATA FOR

FISSION PRODUCT NUCLIDES

GENERAL CROSS SECTION DATA SETS
(n,f) REACTION FOR 235y

MEASUREMENTS FREQUENTLY USED AS
STANDARDS CONVERTED TO ENDF
FORMAT FOR USE IN RENORMALIZA-
T10N

COMPILATION OF PROPERTIES OF
FiSSION PRODUCTS

GENERAL CROSS SECTION DATA SETS -



Fig. 3

OBJECTIVES OF CSEWG

1. TO FORMULATE THE SCOPE AND CONTENTS OF THE
REFERENCE LIBRARY (ENDF/B) AND ESTABLISH
FORMATS AND PROCEDURES FOR ITS USE.

2. TO DEVELOP THE NECESSARY EVALUATIONS AND
PERFORM DIFFERENTIAL AND INTEGRAL TESTING
OF DATA AS PART OF A CONTINUAL REVIEW
DIRECTED TOWARD THE UPGRADING OF EVALUATIONS.

3. TO PROVIDE RECOMMENDATIONS FOR NEW EVALUATIONS,
EXPERIMENTS, AND COMPUTER CODES NEEDED TO
IMPROVE THE ACCURACY OF ANALYSES USING NUCLEAR
DATA.
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RELATIONSHIP BETWEEN NNCSC~CSEWG and the USER COMMUNITY

EVALUATION &
SECRETARIAT DATA TESTING CSEWG
EXPERTISE
‘_—__—_—_‘
NNCSC ,_ENDF/B CSEWG LABS
GUIDELINES
m’ PRELIMINARY ENDF/8 DATA j
o
w
3 FINAL ENDF/B
w SUMMARY DOCUMENTATION
e ENDF/B HANDLING CODES
USER

COMMUNITY
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CSZWG SUBCOMMITTEES

DATA TESTING

CODES AND FORMATS
NORMALIZATION AND STANDARDS
SHIELDING

RESONANCE REGION

FISSTON PRODUCTS

NUCLEAR MODEL CODES

ERROR QUANTITIES

NON NEUTRON DATA
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BRENCHMARK RESULTS USING ENDF/B-II3 DATA

ASSEMBLY ENDF/B-11 ENDF/B-111 MEASURED VALUE
JEZEBEL 0.987 ¢.999 1.000 = 0.003
VERA IIA 0.968 0.994 1.000 £ 0.004
ZPR-3-48 0.%69 3.998 1.000 £ 0.004
2EBRA - 3 0.948 0.984 1.006 = 0.503
GODIVA 0.996 1.0064 1.000 = ©.003
VERA 15 0.992 2,998 1.000 % 0.003
ZPR-3-6F ¢.992 1.002 1.000 £ 0.002
ZPR-3-11 0.966 0.988 1.000 = 0.003
ZPR-3-12 0.981 G.997 1.000 £ 0.002

ZEBRA-2 0.966 0.9482 1.000 = 0.004
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COMPONENTS OF THE ENDF/B-IV LIBRARY

1. CGENERAL PURPOSE FILE
2. SCATTERING LAW DATA FILE
3. FISSION PROPUCT FILE

4. DOSIMETRY FILE



