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LLNL already began developing a new nuclear data structure for our own use, 

and encountered some surprises and lessons along the way. 

 

 Goals for Generalized Nuclear Data (GND): 

• Replace legacy databases with a new structure for evaluated 

nuclear reaction data, that mirrors reaction physics 

• Support ENDF data types + translating ENDF           GND 

• Design flexible data containers for use in GND and beyond 

• More extensible, less redundant than legacy databases 

 

 What have we achieved so far? 

• GND-v1.1 freely available, v1.2 coming soon! Infrastructure for 

translating, plotting, modifying and processing nuclear data 

 https://ndclx4.bnl.gov/gf/project/gnd 

• Several advantages already apparent 

• Some design questions still need to be resolved 

https://ndclx4.bnl.gov/gf/project/gnd
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Lesson #1: define a structure that can be represented in multiple formats. 

 

 XML is convenient for viewing and transmitting data, but GND 

should be store-able in any ‘meta-language’ that allows nested 

elements and data 

 

 Translating XML to HDF5 (hierarchical, binary format) was 

accomplished with only one day’s work, about 150 lines of code 

 

 May be represented in other meta-languages (JSON, Root TTree, 

...) depending on needs of users 
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Lesson #2: ENDF has served for 50+ years for good reason. Take 

advantage of its strengths! 

 

 Flexible, general-purpose data containers 

 

 Parameterized data forms (for resonance region, 

outgoing spectra, etc) 

 

 Equivalent ascii and binary representations 

 

 Quality Assurance tools that check for and repair both 

format and physics content problems 

 

 Well-documented and actively maintained 
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Other advantages of GND are already apparent. Some were expected, but some 

came as surprises: 

 

 

 Data become easily searchable 

 

 GND/XML is great for web integration! 

 

 Robust XML toolkit includes schema, stylesheets for transforming 

into html, checking and validating tools, etc 

 

 ENDF data problems revealed during ENDF         GND translation 

 

 Database size roughly comparable to ENDF 
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 ENDF searchable by MF/MT, 

but more detailed search is 

difficult 
 

 Example: search for one 

product in W184 MF6/MT5 

(22656 lines long): 

 

 

 

 
 

 

 ... 

 7.953850+7 9.73722-18 8.049680+7 9.43647-19 8.145510+7 0.000000+07437 6  5 1093 

 8.145510+7 0.000000+0                                            7437 6  5 1094 

 0.000000+0 1.150000+8          0          0         98         497437 6  5 1095 

 0.000000+0 9.68726-24 1.209400+6 3.03375-15 2.418900+6 8.87726-137437 6  5 1096 

 3.628300+6 6.45176-11 4.837800+6 1.009450-9 6.047200+6 6.807510-97437 6  5 1097 

 7.256700+6 2.509500-8 8.466100+6 4.882760-8 9.675500+6 5.680760-87437 6  5 1098 

 1.088500+7 5.262760-8 1.451330+7 3.078500-8 1.572280+7 2.461330-87437 6  5 1099 

 1.693220+7 2.023430-8 1.814160+7 1.744450-8 1.935110+7 1.569230-87437 6  5 1100 

 2.056050+7 1.454750-8 2.177000+7 1.381100-8 2.418890+7 1.318000-87437 6  5 1101 

 6.047210+7 8.129510-9 6.651940+7 6.647010-9 6.893830+7 5.778510-97437 6  5 1102 

 7.135710+7 4.635010-9 7.377600+7 3.189750-9 7.619490+7 1.629900-97437 6  5 1103 

 7.740440+7 9.87101-10 7.861380+7 4.80276-10 7.982320+7 1.88058-107437 6  5 1104 

 8.103270+7 1.43028-10 8.224210+7 1.03653-10 8.345160+7 7.10051-117437 6  5 1105 

 8.466100+7 4.57376-11 8.587050+7 2.76625-11 8.707990+7 1.57350-117437 6  5 1106 

 8.828930+7 8.44976-12 8.949880+7 4.29951-12 9.070820+7 2.07348-127437 6  5 1107 

 9.191770+7 9.40951-13 9.312710+7 3.99676-13 9.433660+7 1.60895-137437 6  5 1108 

 9.554600+7 6.16626-14 9.675540+7 2.31910-14 9.796490+7 8.45976-157437 6  5 1109 

 9.917430+7 2.94900-15 1.003840+8 1.16503-15 1.015930+8 3.58600-167437 6  5 1110 

 1.028030+8 5.25126-17 1.040120+8 2.36950-18 1.052220+8 0.000000+07437 6  5 1111 

 1.052220+8 0.000000+0                                            7437 6  5 1112 

 0.000000+0 1.300000+8          0          0         94         477437 6  5 1113 

 0.000000+0 3.77549-18 1.360100+6 2.58452-14 2.720300+6 1.05948-117437 6  5 1114 

 4.080400+6 4.76199-10 5.440500+6 4.412390-9 6.800700+6 2.137620-87437 6  5 1115 

 8.160800+6 4.902490-8 9.520900+6 6.062840-8 1.088110+7 5.647400-87437 6  5 1116 

 1.224120+7 4.799520-8 1.496150+7 2.942710-8 1.632160+7 2.212490-87437 6  5 1117 

 1.768170+7 1.717500-8 1.904180+7 1.413330-8 2.040200+7 1.226580-87437 6  5 1118 

 2.176210+7 1.108130-8 2.312220+7 1.036300-8 2.448240+7 9.983450-97437 6  5 1119 

 7.752750+7 5.162960-9 8.160790+7 4.566530-9 8.432820+7 3.987720-97437 6  5 1120 

 8.568830+7 3.603520-9 8.704840+7 3.146970-9 8.840860+7 2.602770-97437 6  5 1121 

 9.112880+7 1.332400-9 9.248900+7 7.68897-10 9.384910+7 3.51083-107437 6  5 1122 

 9.520920+7 9.74501-11 9.656940+7 7.04536-11 9.792950+7 4.77708-117437 6  5 1123 

 9.928960+7 3.00479-11 1.006500+8 1.74285-11 1.020100+8 9.31929-127437 6  5 1124 

 1.033700+8 4.61120-12 1.047300+8 2.12231-12 1.060900+8 9.09951-137437 6  5 1125 

 1.074500+8 3.60499-13 1.088110+8 1.30365-13 1.101710+8 4.36856-147437 6  5 1126 

 1.115310+8 1.37147-14 1.128910+8 4.38471-15 1.142510+8 1.23560-157437 6  5 1127 

 1.156110+8 3.45169-16 1.169710+8 1.07544-16 1.183320+8 1.28299-177437 6  5 1128 

 1.196920+8 5.27138-19 1.196920+8 0.000000+0                      7437 6  5 1129 

 0.000000+0 1.500000+8          0          0         88         447437 6  5 1130 

 0.000000+0 1.24676-16 1.561100+6 2.91716-13 3.122100+6 6.69274-117437 6  5 1131 

 4.683200+6 1.307020-9 6.244200+6 1.080120-8 7.805300+6 4.166360-87437 6  5 1132 

 9.366300+6 6.540200-8 1.092740+7 6.343090-8 1.248840+7 5.382390-87437 6  5 1133 

 1.561050+7 3.024960-8 1.717160+7 2.122480-8 1.873260+7 1.530380-87437 6  5 1134 

 2.029370+7 1.173320-8 2.185470+7 9.575010-9 2.341580+7 8.258610-97437 6  5 1135 

 2.497680+7 7.511610-9 2.653790+7 7.139320-9 9.678510+7 3.213440-97437 6  5 1136 

 1.014680+8 2.787770-9 1.030290+8 2.588920-9 1.045900+8 2.337560-97437 6  5 1137 

 1.061510+8 2.024360-9 1.077130+8 1.637140-9 1.108350+8 7.36649-107437 6  5 1138 

 1.123960+8 3.73533-10 1.139570+8 1.40278-10 1.155180+8 1.04713-107437 6  5 1139 

 1.170790+8 7.30516-11 1.186400+8 4.67599-11 1.202010+8 2.71624-117437 6  5 1140 

 1.217620+8 1.43035-11 1.233230+8 6.88329-12 1.248840+8 3.06590-127437 6  5 1141 

 1.264450+8 1.27534-12 1.280060+8 4.90247-13 1.295670+8 1.68280-137437 6  5 1142 

 1.311280+8 5.46877-14 1.326890+8 1.77179-14 1.342500+8 5.65655-157437 6  5 1143 

 1.358110+8 2.37056-15 1.373720+8 6.41685-16 1.389340+8 5.78888-187437 6  5 1144 

 1.404950+8 3.02755-20 1.404950+8 0.000000+0                      7437 6  5 1145 

 2.004000+3 3.967130+0          0          1          1         457437 6  5 1146 

         45          2                                            7437 6  5 1147 

 1.000000-5 0.000000+0 6.000000+6 0.000000+0 6.500000+6 9.999770-17437 6  5 1148 

 7.000000+6 9.999920-1 7.500000+6 9.999360-1 8.000000+6 9.997420-17437 6  5 1149 

 8.200000+6 1.000110+0 8.400000+6 1.000010+0 8.600000+6 9.999530-17437 6  5 1150 

 9.000000+6 9.996770-1 9.600000+6 9.911680-1 1.000000+7 9.989960-17437 6  5 1151 

 1.050000+7 9.914330-1 1.100000+7 9.913230-1 1.150000+7 9.991340-17437 6  5 1152 

 1.200000+7 9.899650-1 1.250000+7 1.002180+0 1.300000+7 9.623210-17437 6  5 1153 

 1.350000+7 1.001780+0 1.400000+7 9.747420-1 1.450000+7 1.000370+07437 6  5 1154 

 1.475000+7 9.694490-1 1.500000+7 9.458580-1 1.550000+7 9.687820-17437 6  5 1155 

 1.600000+7 1.000010+0 1.700000+7 9.907650-1 1.800000+7 9.860070-17437 6  5 1156 

 1.900000+7 1.001560+0 2.000000+7 1.001630+0 2.200000+7 9.851480-17437 6  5 1157 

 2.600000+7 9.960070-1 2.800000+7 9.862860-1 3.200000+7 7.161120-17437 6  5 1158 

 3.800000+7 4.744840-2 4.200000+7 2.503550-2 4.600000+7 1.901360-27437 6  5 1159 

 5.000000+7 1.723870-2 5.500000+7 1.764350-2 6.000000+7 1.773320-27437 6  5 1160 

 7.000000+7 1.825590-2 8.000000+7 2.208960-2 9.000000+7 2.587650-27437 6  5 1161 

 1.150000+8 4.657220-2 1.300000+8 6.400420-2 1.500000+8 9.772920-27437 6  5 1162 

 0.000000+0 0.000000+0          1          2          1         457437 6  5 1163 

 ... 

 ... 

 1.311280+8 5.46877-14 1.326890+8 1.77179-14 1.342500+8 5.65655-157437 6  5 1143 

 1.358110+8 2.37056-15 1.373720+8 6.41685-16 1.389340+8 5.78888-187437 6  5 1144 

 1.404950+8 3.02755-20 1.404950+8 0.000000+0                      7437 6  5 1145 

 2.004000+3 3.967130+0          0          1          1         457437 6  5 1146 

         45          2                                            7437 6  5 1147 

 1.000000-5 0.000000+0 6.000000+6 0.000000+0 6.500000+6 9.999770-17437 6  5 1148 

 7.000000+6 9.999920-1 7.500000+6 9.999360-1 8.000000+6 9.997420-17437 6  5 1149 

 8.200000+6 1.000110+0 8.400000+6 1.000010+0 8.600000+6 9.999530-17437 6  5 1150 

Descriptive labels make GND much easier to search than ENDF 
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Descriptive labels make GND much easier to search than ENDF 

 

 XML <elements> permit more detailed searches: 

 

 

 

 

 

 

 

 

 Easy to search, both with familiar and more advanced tools: 

>grep -l KalbachMann *.xml 

 

>>>xdoc.xpath( '/reactionSuite/*[not(@outputChannel=    

  "sumOfRemainingOutputChannels")]//KalbachMann' ) 

... 

<reaction outputChannel=“sumOfRemainingOutputChannels” ENDF_MT=“5”> 

  <crossSection>...</crossSection> 

  <outputChannel Q=“8.508e6 eV”>  

    <product name="n" label="n" multiplicity="energyDependent”>...</product> 

    <product name=“H1" label=“H1" multiplicity="energyDependent”>...</product> 

    <product name="He4" label="He4" multiplicity="energyDependent”> 

      <distributions nativeData="uncorrelated"> ... </distributions></product> 

    <product ...> 
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XML merges seamlessly with web applications, and new tools allow easy 

visualization of GND data 

 

 Tools for XML include XSLT and AJAX for use on the 

web 

 

• XSLT ‘stylesheets’ used to transform any xml 

document, may be used to write html 

 

• Javascript may be embedded in XSLT template: 

result only requires GND file and the template 

 

• Example: 
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Another advantage: ENDF to GND conversion has uncovered data problems in 

ENDF-6 libraries 

 During preparation for ENDF-VII.1 release, neutron and gamma 

libraries were translated. 

 

 Errors discovered in the translator and in the ENDF data: 118 out 

of 411 files in ENDF-VII.1 β-0 neutrons had errors, all of which 

were fixed before official VII.1 release. 

 

 Expertise for maintaining F77 ENDF checking codes is now 

scarce, but GND + modern languages make replacing these 

checking codes simple 

 

 Some common problems: 

• energies not in ascending order 

• non-integer values for multiplicity in (n,2n) 

• internal inconsistencies: mass, level energy, isomer index, etc 
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GND has many strengths, but also reveals some issues that need more careful 

treatment and design. Example: links and references 

 

 

 Use links and references to avoid storing redundant (and possibly 

discrepant data), and to connect different databases. 

 

 ENDF uses some references (MF8, for example), but GND can 

use many more. Use XML xPath as standard linking syntax: 
 

      <link xlink:type="simple" xlink:href=”http://url/file.xml#/path/within/file"/> 

 

 Too much linking could become unwieldy if not properly designed, 

however! Requires forethought, especially when linking to external 

files 
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Target #1 

particle info 

reaction #1 

  cross section 

  outgoing products 

reaction #2 

  ... 

Target #1 

covariances 

Cross-target 

covariances 

So far GND makes limited use of links. More options are possible, but create 

more complexity 

Target #2 

particle info 

reaction #1 

 ... 

reaction #2 

  ... 

Target #3 

particle info 

Target #2 

covariances 
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Target #1 

External 

database: 

particles, masses 

and levels 

particle info 

reaction #1 

  cross section 

  outgoing products 

reaction #2 

  ... 

Target #1 

covariances 

Cross-target 

covariances 

So far GND makes limited use of links. More options are possible, but create 

more complexity 

Target #2 

particle info 

reaction #1 

 ... 

reaction #2 

  ... 

Target #3 

particle info 

Target #2 

covariances 
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Target #1 

External 

database: 

particles, masses 

and levels 

particle info 

reaction #1 

  cross section 

  outgoing products 

reaction #2 

  ... 

Target #1 

covariances 

Cross-target 

covariances 

Experimental 

data from 

EXFOR 

So far GND makes limited use of links. More options are possible, but create 

more complexity 

Target #2 

particle info 

reaction #1 

 ... 

reaction #2 

  ... 

Target #3 

particle info 

Target #2 

covariances 
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GND demonstrates the feasibility of modernizing nuclear data storage. 

 

 GND is freely available. Already starting to be used both internally 

at LLNL and externally (GEANT) 

 

 Use of modern tools boosts productivity: plotting, checking, web 

display all made much simpler using computer tech of today 

 

 Ability to translate between ENDF and GND means that the two 

can co-exist for some time (until new options introduced that have 

no ENDF equivalent) 
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Goals established during design of GND, that might be adopted by SG-38: 

 The new format should 

• Store data in a structured hierarchy that mirrors the underlying 

nuclear reaction physics 

 

• Support parameterized data types, including all ENDF-6 

options 

 

• Support any reaction with two incident particles, and any 

number of outgoing channels 

 

• Store data only once, use a key or link to refer to the data from 

elsewhere 

 

• Design flexible, general-purpose data containers 
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Status of automatic translation: 

ENDF-VII.1* 

neutrons 

 

 423 / 423 

gammas 

 

 163 / 163 

charged particles 

 

 52 / 56 

JEFF-3.1.1 

neutrons 

 

 ?/ ? 

gammas 

 

 ? / ? 

charged particles 

 

 ? / ? 

JENDL-4 

neutrons 

 377 / 406 

 394 / 406 (forgiving) 

charged particles 

 

 ? / ? 

EAF 
 

default translation: 

 630 / 816 

 

with ‘skipBadData’ 

option: 

 816 / 816 

 

TENDL-2011 
 

neutrons: 

 ? / ? 

 

maybe some others? 

 

*Many problems in ENDF-VII were patched prior to VII.1 release. Same can be done for other libs! 
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Sharing processed data 

 

 GND could enable better sharing of data 

 Common processed format, can be translated by each 

group into their own processed formats? 

 Sample GND transfer matrix: 

 <grouped xData="matrix" size="87,87"> 

              <axes> 

                <axis index="0" label="energy_in" unit="eV" interpolation="linear,flat" frame="lab"/> 

                <axis index="1" label="energy_out" unit="eV" interpolation="linear,flat" frame="lab"/> 

                <axis index="2" label="C_l(energy_in,energy_out)" unit="b" frame="lab"/></axes> 

              <l value="0"> 

                <matrix rows="87" columns="87" form="sparse_asymmetric"> 

                  0 0 1 8.04765353 

                  1 0 2 0.0128888641 7.59496411 

                  2 1 2 0.0385045077 8.95273144 

                  3 2 2 0.0592808172 11.3596173 

                  4 3 2 0.109015267 9.60703412 

                  5 4 2 0.0470416286 8.87828991 

 ... 


