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ABSTRACT

This report presents progress in provision of nuclear data for nuclear
design applications. The work described here is carried out through the LASL
Applied Nuclear Data Group and covers the period July 1 through September 30,
1974. The topical content of this report is summarized in the Contents.
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I. NUCLEAR CROSS-SECTIONPROCESSING (R. E. MacFar-
lane, R. B. Kidman, D. G. Foster, Jr., J. H. Han-
cock, D. R. Harris, R. J. LaBauve, D. W. Muir,
Ii.B. Wilson, and P. D. Soran [T-1])

Group T-2 is supportingand developing a variety

of computer codes for processing evaluatednuclear da-

ta into forms that can be used for design purposes.

The group’s capability includes multigroup neutron,

gamma production,and gamma interactioncroaa sections;

pointwiae neutron and photon croaa sections for con-

tinuous energy Monte Carlo codes; and a variety of

data management,plotting, and format conversion func-

tions. The following subsections summarize recent

progress.

A. Cross-SectionProduction (R. B. Kidman, W. B.
Wilson, and D. W. Muir

During this quarter, multigroup and pointwise

cross sections were generated for the four tungsten
182W 183W 184W and 186

isotopes , , , W from ENDF/B-IV

(MATS 1128, 1129, 1130, and 1131) for the Los Alamoa

ScientificLaboratory (LASL) TheoreticalDesign (TD)

Division, Multigroup cross sections in the 239 group
1

structure and CCCC-11 formatz were produced for

ENDF/B-111 238U and 239Pu (MATS 1158 and 1159). These
160 23

two isotopea and , Na, and Fe (processedlaat

quarter) were merged into a CCCC-11 library using the

MINX auxiliary code LINX. This library has been sent

to WestinghouseAdvanced Reactor Division (WARD) to

test the MINX/SPHINX interface. In order to teat the

interfacebetween MINX and other codes in the CCCC-

111 format,3 a two-nuclidetest library waa generated

and sent to LASL group T-1. Some problems were found

in the free format BCD input and in the handling of

the higher order elastic scatteringmatricea. The

appropriatecorrectionshave been made and a new li-

brary has been generated. The computer codes ETOX4

and llEX5were used to generate preliminary resonance

self-shieldedcross sections to be used in neutronica

and safety calculationsfor a fission driven laser

being studied by LASL group P-5. Aa the project pro-

gresses, more refined cross sections and computations

will be provided. Multigroup elastic cross sections

and transfermatrices for iron between 20 and 60 MeV

were produced using MINX and a special data file

formed with elaatic scattering cross sections deter-

mined from the difference between existing total and

nonelastic cross-sectiondata. Angular distributiona

for elaatic scatteringwere determined by optical

model calculationswith ABACUS-116 for which poten-

tial parameterswere determined from interpolation

and extrapolationfrom parameter of earlier optical
7model fits to measured angular distributions. These

cross sectionswill be used in the design of a neu-

tron radiotherapyshield.8



B. NINX Code Development (R. E. MacFarlane,R. B.
Kidman, and J. H. Hancock)

A number of correctionsand additions to the

MINX code were made during this quarter. ENDF/B-IV

includes a descriptionof the sequential (n,2n)re-

action in ‘Be. The necessary coding was added to

treat the first neutron as discrete inelaatic

scattering (MT 6, 7, 8, 9), the second neutron as

continuum inelastic scattering (MT 46, 47, 48, 49),

and to collect the results into a total (n,2n)scat-

tering matrix. For some shieldingproblems it is im-

portant to have a thermal group. One of the weight-

ing functions in MINX has been modified to include a

thermal Maxwellianweight below a breakpoint,a l/E

weight from this point to a second breakpoint,and a

fission spectrum above the second breakpoint. The

two breakpointsand temperaturesare specifiedby the

user. The third significantmodification this quar-

ter was to convert the output of MINX to the CCCC
3veraion III interface format. During this conver-

sion several ambiguities snd shortcomingsof the CCCC

interfacewere encountered. Our recommendationswill

be communicatedto the Code Working Group of the U.

S. Atomic Energy CommissionDivision of Reactor Re-

search and Development (DRRD). Finally, several

small additiona and correctionswere made including

additional comments, reduction in printed output, re-

pair of an error in the storage of Legendre coeffi-

cients, and correction of the fission chi vector cal-

culation.

c. MINX Auxiliary Codes (R. B. Kidman, R. E. Mac-
Farlane, D. W. Muir, P. D. Soran [T-1],and R.
J. LaBauve)

The CCCC auxiliary codes for MINX hsve been ex-

tensivelyrewritten and converted to CCCC-lll format.

Also, a new code has been added to provide a tempo-

rary ltnk to the lDX code.
9 The current auxiliary

codes are: BINX, convert CCCC ISOTXS and BRKOXS files

from binary to BCD and”back and list files if desired;

LINX, merge two binary ISOTXS or BRXOXS libraries into

a single new binary library; CINX, collapse ISOTXS

and BRKOXS libraries to a coarser group structure

(not operational);and FCIl!R,combine ISOTXS and

BRXOXS libraries to obtain a new library In the

PTRSET-300 format
10

for use by lDX.

MINX is also capable of producing output directly

in DTF format using an output module called DTFLIB.

This path is used to supply data to the LASL TD Di-

vision and the LASL controlled thermonuclearreactor

(CTR) program. It also has been used for such in-

ternal programs as the Texas A & M radiotherapy
8

shield project. In the DTF mode, MINX uses an

auxiliary code MINXPLOT to produce graphs of group-

wise cross sections overlayed on the pointwise cross

sections for each reaction. This code has been mod-

ified this quarter to improve its ease of operation.

Also a thinning routine has been added to the sec-

tion which plots pointwise data in order to reduce

the detail plotted in resonance regions.

D. Processing Code Validationand Comparison (R.
B. Kidman and R. J. LaBauve)

A multiauthoredpaper entitled “Fast Reactor

Cross-SectionProcessing Codes -- Is There a Dollars

Worth of Difference Between Them7° was presented at

the SeptemberAtlanta meeting of the American Nuclear

Society, (ANS)Advanced Reactors: Physics, Design and

Economics.
11

Its purpose was to complete a first

pass at discoveringacademic and practical differ-

ences among various cross-sectionprocessing codes.

I.ASL’Scontributionto the paper included discus-

sions and ZPR-6-7 benchmrk results for both ETOX

and MINX codes. In general, differenceswere found

but their practical consequenceswere not established.

In order to do that plus eliminate coding errors, a

much more detailed and in-depth study would be re-

quired. A program to perform these studies will be

discussed at the ‘!PhysicsCodes EvaluationMeeting”

of the Atomic Energy Commission in Washington D. C.

“onNovember 1, 1974.

E. MINX-II Development (R. E. MacFarlane, D. G.
Foster, Jr., and J. H. Hancock)

MINX-II is a highly modular code designed to

perform the functionsof MINX (multigroupneutron in-

teractioncross sections and n + n’ transfer matrices),

LAPRAN12 (multigroupphoton production cross sections

and n + Y transfermatri~s, GAMLEGAJ (photon inter-

action cross sections),ETOPL14 (preparationof point

libraries for continuousenergy Monte Carlo codes),

and FLANGE1’ (multigroupthermal neutron scattering

cross sections and transfermatrices). In order to

communicatethe resulta to a wide variety of users,

the processingmodules of MINX-II generate an extreme-

ly general intermediatelibrary. This library can

then be collapsedand converted to a wide variety of

output formats using simple postprocessormodules.

In addition, service modules can be called upon to

perform editing, listing, and plotting functions. The

modules now under developmentare described below.

b

.
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RECONR reconstructspointwise cross sections on

a unionized grid such that all the reaction cross sec-

tions can be representedby linear-linearinterpola-

tion within a specifiedaccuracy. This form allows

for efficient retrieval by Monte Carlo codes and is

especiallysuitable for Doppler broadening and group

averaging. It also makes it possible to assure that

“redundant”reactions (e.g., total, total inelastic,

total fission) are equal to the sum of their parta.

This module reads from an ENDF/B file and writes ita

results onto a PENDF (~ointwiseENDF) file.

UNRESR computes self-shieldedtemperature-depen-

dent pointwise cross sections in the unresolvedreso-
16nance region. The method used is that of ETOX mod-

ified for the MINX-II environment. The input file

is ENDF/B and the output is written on a special in-

terface file UNRXS for use by other modules.

GROUPR computes groupwise self-shieldedtemper-

ature-dependentneutron interactionand ganmm pro-

duction cross sections,n + n! and n + y transfer

matrices, average number of fission neutrons (~) for

prompt and delayed neutrons by time group, and fis-

sion spectrum (x) vectors for prompt and delayed neu-

trons by time group. The module reads from ENDF/B,

PENDF, and UNRXS files and writes its results onto a

special intermediatelibrary called GENDF ~roupwise

ENDF).

BROADR Doppler broadens and/or thins pointwise

cross sections from a PENDF file. The broadening

algorithmworks for very high temperatures,and the

thinning preserves the unionizationof the grid with-

out removing important features such as resonances.

The result is also in PENDF format.

When these four modules are completed,MINX-II

will be able to process all reactions with neutrons

in and neutrons or photons out including delayed neu-

trons. At the current time BROADR is not operational

and the transfermatricea in GROUPR are not imple-

mented. Self-shieldedgamma production cross sec-

tions can be generated successfully (includingcor-

rect treatment of the resolved and unresolvedenergy

ranges), and the delayed neutron files for ENDF/B-IV

can be processed.

The UNRESR module was completed this quarter.

It is very similar to the unresolved calculationfrom

MINX. The self-shieldedcross section calculation

was also implemented. An attempt was made to improve

the efficiencyof this part of the code. In a runoff

using the same PENDF tape, MINX took 37.0 s to com-

pute the elastic cross sections at 300”K for five di-

lutions. MINX-II took 6.7 s for the same problem.

The coding for processing secondary energy distribu-

tions (ENDF/B files 5 and 15) was completed this

quarter. This allows the calculationof delayed neu-

tron ~ and spectra by time group. MINX-II is the

first code capable of processing the new delayed neu-

tron sections in ENDF/B-IV.

Work was substantiallycompleted this quarter

on a subset of the routines for generating “feed

functions” (i.e, the total scattering into sink group

g’ from source energy E) for group-to-grouptransfer

cross sections for elastic and discrete inelaatic

scattering. The critical points for the feed func-

tion to a given sink group are the four discontinui-

ties in slope of the feed function, correspondingto

p = t 1 for scattering to the upper and lower bound-

aries of the sink group. These are calculated in a

subroutinewhich always produces non-negative solu-

tions and correctly deals with various exceptional

cases. The feed function for angular distributions

given as Legendre coefficientsin the laboratory sys-

tem is calculatedanalyticallyusing the same algo-

rithm aa MINX. If the source group includes the crit-

ical energy (at which the secondary energy becomes

double valued) it ia truncated at E= but begins with

the correct limiting value in all flux orders. For

Legendre coefficientsgiven in the center-of-mass

system a numerical integration is required, but the

results are valid for any energy above threshold.

For this integrationan adaptive Simpson’s-rulesub-

routine was written ueing a dynamic cosine grid to

minimize storage requirements. The initial grid is

estimated from the maximum order of Legendre coeffi-

cient in the data. Pointa are added as necessary to

achieve convergenceon the lowest interval, and then

dropped when they have been used. No value of the

integrandneeds to be computed more than once, and

30 points are sufficient for the worst angular dis-

tribution tested. The feed function itself is gen-

erated on a dynamic grid in a similar faahion. The

grid manager is primed with the critical points and

run to convergenceon the lowest interval in the feed

function. Thereafter the manager supplies values of

the feed function interpolatedto the required pre-

cision, dropping intervals and adding new ones (again

refined until convergence)as required. With minor

3



modifications the routines in this subset can be

used directly to convert Legendre coefficientsfrom

center-of-maaato laboratory coordinate and Vhe

VePaa.

F. Processing Code Theory (R. E. MacFarlane,D.
R. Harris, M. Becker [RensselaerPolytechnic
Institute])

For uee in practical design problems, the MINX
17

and SPHINX codes will combine to form self-ehielded

geometry-dependentmecroacopic cross aectiona. Thie

procedure ia usually deecribed as the Bondarenko

rnethod.18 The approximationsimplicit in this meth-

od have been examined with respect to the advanced

capabilitiesof MINX and SPHINX (e.g., elastic trana-

fer matrices, aupergroup structures,anisotropic

transport),and several possible trouble areaa have

been identifiedfor further study. These include

elastic transfermatrix self-shielding,collapse

theory, transportapproximations,and weighting the-

ory. The problams with weighting theory arise for

anisotropic scattering,broad resonances,and small-

dilution strong-structuresituations. Theoretical

atudiea and numerical teats are underway.

II. NUCLF.ARDATA PROCESSING FOR HTGR SAFETY RE-
SEARCH (M. G. Stamatelatosand R. J. LaBauve

The multigroup cross sections for high temper-

ature gas-cooledreactor (HTGR)neutronic calcula-

tions are generated from basic data with the use of

a number of available computerprograms. For this

purpose a number of computer codes were made opera-

tional at LASL -- MC2 (Ref. 19), FLANGE,15 GLEN,20

JMBLFAT,21 TOR,22 HEXSCAT,23and GASKET.24 The

broad-group energy atrueture and the nuclides used

are given in Tables I and II. The varioua paths of

data flow for broad-groupcross–sectiongeneration

are shown in Fig. 1.

At present, the MC2 code is used to generate

the cross aectiona for all absorber nuclidea and for

the above-thermalcross sections of the graphite mod-

erator. Future plans call for the uae of MINX-SPHINX

codes when the latter becomes operationalat LASL.

The use of MC2 ia affected by computer storage

limitation when consideringthe energy range of in-

terest (10 MeV to 0.0005 eV). Thus, cross sections

for the above-thermal (10 MeV to 0.414 eV) and the

thermal (2.38

are generated

Only the “all

4

eV to 0.0005 eV) neutron energy ranges

in two separate but overlappingpaasea.

fine” option is used in EF22with uni-

Group No.

1

2

3

4

5

6

7

8

9

,TASLEI

BROA&GROUP ENERGY STRUCTURE

E - 10.00 MeV
max

Lower Energy
(Nominal) (eV)

1.83 X 105

9.61 X 102

1.76 X 101

3.93

2.38

4.14 x 10-1

1.00 x 10-1

4.00 x 10-2

5.00 x 10-4

~wer Energy
(Actual) (eV)

1.8316 X 105

9.6112 X 102

1.7603 X 101

3.9279

2.3800

4.1358 X 10-1

1.0457 x 10-1

3.8469 X 10-2

5.4873 X 10-4

TABLE 11

HTGR NUCLIDES FOR WHICH--
CROSS SECTIONS NERE GENERATED

ENDF/B Veraion 3 Temperature
Nuclide NAT No. (“K)

Th232 1117 296.00
U234 1043 296.00
U235 1157 296.00
U238 1158 296.00
C12 1165 296.00

016 1134 296.00
Si 1151 296.00
U236 1163 296.00
Th232 1117 500.00
U235 1157 500.00

B1O 1155 296.00
Th232 1117 800.00
U235 1157 800.00
Th232 1117 1200.00
U235 1157 1200.00

form fine-groupspacinga of 0.25 in lethargy for the

above-thermalproblems and 0.125 for the thermal

problem.

For the above-thermalproblem, MC2 calculate

the neutron flux and usea it aa a weighting function

for collapsing

group data.

fine-groupcross sections to broad-

I
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Fig. 1. Data flow for HTGR broad-groupcross-
section generation.

For the thermal problem, MC2 also calculatesa

l/E neutron spectrum which, however, is not the true

spectrum in this energy region. Therefore, the broad-

group cross sections obtained by collapsing the fine-

group absorber cross sections are incorrect.

GLEN, which calculates a much better neutron

spectrum, requires as input fine-groupcross sections

for absorberswhich are provided by MC*. It also re-

quires fine-groupelastic (MT = 2) and inelastic (MT

= 4) cross sections for graphite.

The graphite cross sections have been calculated

via several alternate routes for comparison. They can

be taken and interpolatedfrom ENDF/B graphite data

processed by GASKET and HEXSCAT. This is done by the

code FLANGE. Alternately, the coherent elastic scat-

tering can be calculated directly by HEXSCAT and the

scattering law can be calculatedby two relatively e-

quivalent codes, TOR and GASKET. The former code cal-

culates the Fourier integrals in the scattering law

“directly”while the latter uses a “phonon expansion.”

The spectrum calculatedby GLEN is used by MC*

for properly collapsing the fine- (68) group cross

sections to broad- (9) group cross sections for the

absorbers.

Finally .TMBLFATmerges the above-thermaland

the thermal broad-group croes sections and ouputs

them in DTF format required by the discrete ordinates

Sn transport code.

Since there are several alternate ways of cal-

culating the graphite thermal cross sections, it is

interestingto compare some quantities calculated via

the various routes, e.g., the scattering law, the

fine-groupneutron spectrum, and the broad-group cross

sections. Some differencesare expected at least due

to the slightly different phonon distributionsused

in TOR and in the GASKET runs which generated the

ENDF/B scattering law data.

111. NUCLEAR DATA FOR THE CONTROLLED FUSION PROGRAM
(D. W. Muir, D. R. Harris, L. Stewart, and D.
M. McClellan)

In this quarter we have produced a library of

processed reaction cross sections of use in CTR acti-

vation and transmutationstudies. Reaction cross sec-

tions for 73 nuclides of intereet in CTR nuclear de-

sign were calculatedat BrookhavenNational Labora-
25

tory (BNL) using the nuclear systemstics code THRESH.

Pointwise cross sections for ten important threehold

reactionswere written onto a magnetic tape in ENDF/B

format and distributedby BNL. AlSO distributedwss

a tape containing similar data for CTR materials al-

ready contained in the ENDF/A and ENDFIB-111 files.

These two tapes of pointwise data were processed by

the LASL Nuclear Data Group into the GAM-11, 100-

neutron-energy-groupstructure, using the multigroup
26

processing code ETOG. The resulting multigroup da-

ta (for 687 distinct nuclear reactions) are available

on a BCD card-image tape for external distribution.

The reactions available are listed in Table III along

with the half-life of the product and the source of

the data. Under data sources, the entry “COOK” re-

fers to Ref. 27; “BENZI” to Ref. 28; and “UKAEA” to

Ref. 29. In the last column is given a reaction iden-

tificationnumber which combines the charge and mess

of the target with an index of the reaction type.

Work has begun on a new program to determine in

detail the highest priority areas for near-term nucle-

ar data reseach and development fcr the national CTR

program. This assessmentwill take into account the

quality of currently available data, the sensitivity

of importantblanket parameters to data

and the accuracy required in CTR design

uncertainty,

applications.

5



An appropriate tool for survey calculation of

this type is firs~order perturbationtheory. In

this approximation,the standard deviationAR in a

design parameter R can be written as follows:
30,31

(1)

The quantities*i, the so-called “sensitivities,”

can be constructedfrom the forward and adjoint

fluxes for the particularneutron transportproblem

of interest.32

In Eq. (1) Xi ia the cross section for a par-

ticular nuclear reaction at a particularneutron

energy. The covari.antematrix Cov(Xi,Xj) is related

to the joint probabilitydensity f(X X ) for thei’ j
two cross sections Xi and Xj as follows:

Cov(xi,xj) =

co

uf(Xi,Xj)(@i)(Xj-~j)dXidXj o (2)

-a

Here, Ii is the expectationvalue of Xi.

The diagonal terms of the covariancematrix,

that is Cav(X.,X,), are the usual (uncorrelated)

cross-section’un~ertainties,(Axi)2.

NULTIGROUPREACTION

Reaction

H-l(N*G)H-2
HE-3(N9P)H-.I

Information

of this type has been compiled recently for a wide

variety of CTR materials by the CTR Subcommitteeof

the U. S. Nuclear Data Committee.
33

Off-diagonslterms of the covari.antematrix al-

so can be important in estimating the uncertainty

AR in Eq. (l). For example, let Xi be the neutron

elastic scatteringcross section and X the nonelas-
~

tic cross section in an energy region where the elas-

tic ia obtained by subtractionfrom the total,

‘tot(E). That iS,

Xi = atot(E)-X .
j

(3)

Using Eq. (3) to make a change of variables in Eq.

(2), we have immediately (Xiand Xj anticorrelated)

Cov(xi,xj) = -Cov(xi,xi)- +)2 .

Importantcorrelation also exist between the cross

sections for the same reaction but at different neu-

tron energies. These can be treated in a straight-

forward fashion through the use of the “range param-

eter” formalism.
30

This data uncertaintyinformationalao can be
u~ed34,35 to constructalternativedata sets which

permit direct computationsof alternativevalues for

CTR design parameters.

TABLE 111

CROSS SECTIONS FOR CTR ACTIVATION/TRANSMUTATIONSTUDIES

Product
Half Life Data Source

STABLE ENDF/13-3
12.3 Y ENDF/B-3

HE-3(N,NP.D)H-2 sTABLE ENDF/Li-3
HF-3(N,NP+D)H-2
HE-4(N*P)H-3
LI-6(N*G)LI-7
l_J-6(hJ,P)HE-6
LI-6(N*A)H-3
LI-7(N,2N)LI-6

LI-7(N,G)LI-8
LI-7(N,NP+D)HE-6
RF-9(N,2N)BE-S
BE-9(N*G)RE-1O
BE-9(NQP)LI-9
BE-9(N,A)HE-6

BF-9(N,NP*O)LI-8
13F-9(N,T)LI-7

B-lO(N.PIRE-10
I3-10(N.A)LI-7
B-IO(N,NP*D)FIE-9
I3-10(N,T)RE-8
B-11 (N,6)R-12

STABLE
12.3 Y
STA8LE
802. MS

12.3 Y

5rABLE
850. MS
8020 Ms
1. E-165
2.7 E+6 y

.1/3 s
802. MS

850. Ms
STABLE
2.7 E.6 y

sTABLE
STABLE
10 E-lfY s

2004 MS

ikAEA
.00013ENDF/FJ-3

ENDF/1+3
ENl)F/8-3
ENDF/H-3
ENDF/13-3

ENDF/R-3
ENDF/El-3
ENDF/B-3

ENDF/B-3
ENDF/B-3
ENDF/B-3
ENDF/B-3
ENl)F/B-3
UKAEA

ENDF/R-3
ENDF/M-3

ENDF/B-3
ENDF/B-3

Identi-
fication

1012
2033

2035
2035
2043
3062
3063
3064
3071
3072
3075
4091
4092
4093
4094
4095
4097

5103
5104
5105
5107
5112

.

.
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B-I1(N,P)RE-ll
FJ-ll(N*A)LI-8
B-11 (N*T)T3E-9
C-12(N,G)C-13
C-12(N,A)RE-9
N-14(N,2N)N-13
N-14(N,G)N-15
N-14(N,P)c-14
N-14(N9A)f’l-11
N-14(N,NP+D)c-13
N-14(N,T)C-12
0-16(N,G)0-17
O-16(N,P)N-16
O-16(N,A)C-13
O-16(N,NP+D)N-15
F-l~(N,2N)F-18

F-19(N,2N)F-18
NA-i?3(N,2N)NA-22

NA-23(N,6)NA-24
NA-23(NQP)NE-23
NA-23(N,A)F-20
AL-27(N*2N)AL-26
AL-27(N*G)AL-28
AL-?7(N,P)’~G-27
AL-?7(N~A)NA-24
AL-?7(N,NP*D)MG-26
AL-~7(N,T)MG-25

SI-?8(N,P)AL-28
P-31 (N9P)SI-31
K-39(N,N)K-39

K-39(N,2N)K-38
K-39(N.G)K-40
U-39(N,P)AR-39

K-39(N*A)cL-36
TT-46(N,2N)TI-45
TI-46(N.P)SC-46
TI-46(N,A)cA-43
TI-46(N,NP+II)SC-45
TI-46(N,NA)CA-4.2
TI-47(N,i?N)TI-46
TT-47(N,P)SC-47

TI-47(N9A}CA-44
T1-Q7(N,NP*D)SC-46
TI-47(N,NP+D)SC-46
TT-47(N,NA)CA-43

TT-47(N*T)SC-45
TT-47(N*I-IF-3)CA-45

T1-48(NQ2N)TI-47
TI-48(N,P)SC-413
TI-48(N,A)CA-45
TI-413(N*NP*I))SC-47
TI-413(N,NP+D)SC-47
TI-48(N,NA)CA-44
TI-48(N,T)SC-46
TI-48(NQHF-3)CA-46
TI-49(N,?N)TI-48

TI-49(N*P)SC-49
TJ-49(N,A)CA-46
TJ-49(N*NP+n)sc-4R
TI-49(N,NP+O)SC-48
TI-49(N*NA)CA-45
TI-49(N*T)SC-47

TI-49(N9HF-3)CA-47
TI-50(N,2N)TI-49
TT-50(N9P)SC-50
TI-50(N,A)CA-47
TI-50(N*NP*D)SC-49
TI-50(N*NP*~)sc-49
TT-~O(N,NA)CA-46

TT-50(N9T)SC-48
TI-50(N,IW-3)CA-48

14* s ENDF/8-3
8S0. Ms ENDF/B-3
STABLE ENDF/f3-3
STABLE ENDF/B-3
STABLE ENDF/B-3
10. M ENDF/B-3
STABLE ENDF/B-3
5730. Y ENDF/13-3
STABLE ENDF/B-3
STABLE ENDF/B-3

STABLE ENDF/8-3

sTABLE ENDF/B-3
7.1 s ENDF/B-3
STABLE ENDF/B-3
sTABLE ENDF/B-3

110. M uKAEA
110. M UKAEA
2.6 Y ENDF/B-3

sTABLE ENDF/f3-3
38o s ENDF/B-3

11* s ENDF/B-3

7.3 E*5 Y ENDF/B-3
2.3 M ENDF/B-3
9.s M ENDF/@-3

15. H ENDF/B-3
STABLE ENDF/i3-3

STABLE ENDF/B-3

2.3 M uKAEA

2.6 H UKAEA

STABLE ZFROES ENDF/B-3

7.6 MGS+IS0.ENDF/B-3

1.3 E+9 y

269. Y
3.7 E+5 Y
3.08
*
STABLF
STABLE
STABLE
STABLE
3.35
sTABLE
0

*

STABLE
STABLE
162.7

STABLE

1.82
162.7
3.4
3.3s
sTABLE
*

sTABLE

STA8LE
57.5
STABLE
1.8
1.82

162.7
3*35
4.53

STABLE
*

4.53
57.5
57.5
STABLE
1.82
sTABLE

H

D

D

D
D
D
D

H

D
D
D
D
D

D
H
n

D

ENDF/B-3
ENDF/B-3
ENoF/B-3
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH

THRESH
THRESH

5113
5114
5117
6122
6124
7141

7142
7143
7144
7145
7147
8162
8163
8164
8165
9191
9191

11231
11232
11233
11234

13271
13272
13273
13274
13275
13277
14283
15313
19390
19391
19392
19393

19394
?2461
22463
22464
22465
22466
22471
22473
22474

?2475
2?475

22476
?2477
22479
2?481

22483
22484
22485
22485
22486
22487
22489
.?2491
22493
22494

22495
22495
.?2496
22497
22499
22501
22503
2.?504
22505
?2505
22506
22507
22509



V-49(N92N)V-48

V-49(N*P)TI-49
V-49(N,A)SC-46
V-49(N,NP+D)TI-48
V-49(N,NA)SC-45

V-50(N*2N)v-49
V-50(N9P)TI-50
v-50(N,A)sC-47
V-50(N9NP*D)TI-49
V-50(N9NP+D)TI-49
V-50(N,NA)sc-46
V-50(N,T)TI-4f3
V-50(N9HE-3) SC-48

V-51 (N*2Nlv-50
V-51 (N9P)TI-51
V-51 (N,A)SC-48
V-51 (N9NP+D)TI-51)
V-51 (N,NP+D)TI-50
V-51 (N*NA)SC-47
V-51 (N9T)TI-49
V-51 (N9HE-3) SC-49
CR-50(N9%N)CR-49
CP-50(N9P)V-50
CI?-’5o(N,A)TI-47
CQ-sO(N,pJp+13)V-q$I
(y-5(3(N,Np+i3)v-49

CP-50(N,NA)TI-46
CR-50(N,T)V-48
CQ-50(N,HF-3)TI-48
CR-51 (N~2N)CR-50
cP-51(N,P)v-51

CR-51 (N,A)TI-48
CR-51(N,NP*D)V-50
CR-51 (N.NA)TI-47
CR-52(NQ2N)CR-51
CR-52(N,P)V-52
CR-<2(N,A)TI-49

CI?-52(N,NP+D)V-51
cP-52(N,Np+O)v-51
cl?-52(N.NA)TI-48

CQ-52(N,T)V-50
CQ-S2(N,HF-3)TI-50
CR-53(N,?N) CR-52
CR-%3(KJ*P)V-53

CR-53(N9A)TI-50
CP-53(N,NP*o)V-52
CR-S3(N,NP+D)V-52

CR-53(NONA)TI-49
CR-53(N9T)V-51
CP-53(N,HE-3)TI-51
cP-54(N,2N)CR-53

CP-54(N,P)V-54
cR-54(N*A)Tr-51
CP-54(N,NP*D)V-53

CR-S4(NQNP+1>)V-53
CQ-54(N.NA)TI-50

CR-54(N,T)V-52
CP-54(N,HF-3)TI-52

MN-53(N,?N)MN-52
MN-53(N*P)CR-53
MN-53(N*A)V-50
MN-53(NQP4P+D)CQ-52
MN-53(N,NA)V-49
MN-54(N,?N)MN-53

MN-54(N*P)ca-54
Mfi!-’34(pJ,A)v-5l

MN-54 (N9NP+D)CR-53
MN-54(N,NP*13) cR-53

MN-54(N?NA)’4-50
MN-54(N,T)CR-52
MN-54(N.HF-3) V-52

MN-55(NQ2N) VN-54

1601 D

STABLE
*

sTABLE

STABLE
331* D

STABLE
3.4 D
STABLE
STABLE
*
●

182. D

4. E*16 Y
5.76 M

1.82 D

STA8LE
STABLE
3.35 D

STABLE
57*5 M

41.8 M

4. F*16 Y

STABLE
331. D

331. D

STABLE
16.13 D
sTABLE
STABLE
STABLE
16.13
4. E*16 !
sTABLE

27.8 D
3.75 H

STABLE
sTABLE
STABLE
STABLE
4. F.+16 Y

sTABLE
STABLE
?.0 M

STABLE
3.75 M

3.75 M

sTABLE
STABLE
5.76 M

STABLE
55. s
5.76 M

2.0 M
2.0 M

STABLE
3.75 M
0
*

STABLE
4. E+l15y

STA8LE
3310 D

2. E*6 y

sTABLE

sTABLE
STABLE
STABLE

4. E*16 y

STAf3LE
3.75 M

313. D

THRESH
THRESh
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
TMRESH
THRESH

THRESH
THRESH
THREsH
THRESH
THRESH

THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRES~
THRESH

THRESfi
THRESH
THRESH
THRESh

THRESh
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH

THRESH
THRFSH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH

Tt-tRESH
THRESH
THRESH

THRESH

ENDF/8-3

23491
23493
23494

?3495
23496
23501
23503
23504
23505
23505
23506
23507
23509

23511
23513
23514
23515
23515
23516
23517
23519

24501
24503
24504

24505
24505
24506
24507
24509
?451 1
24513

24514
24515
24516
24521
?4523
24524

24525
24525
24526

?4527
24529
24531
24533

24534
24535
?4535
24536
?4537

?4s39
24541
24543

24544
?4545
24545
24546

24547
?4549
2’5531
.?5533
25534
25535
?5536
25541

25543
25544
25545
25545
25546
25547

?5549
25551



.

MN-55(N,G)MN-56
MN-55(N*P)CR-55

MN-55(N,A)V-52
FF-54(N,2N)FE-53
FF-54(N*P)MN-54
FF-!i4(N*P)MN-54

FF-54(N*P)MN-54
FE-54(N*A)CR-51
FF.-54(N*NP+D)MN-53

FF-54(N*NP+O)MN-53
FE-54(N9NA)CR-50

FE-54(N,T)MN-52
FF-54(N,HF-~)cR-52

FF-55(N,2N) FE-54

FIT-55(N*P)~N-55
FF-55(N,A)CR-52
FE-55(N,N~*D)MN-54
FE-55(N,NA)CR-51
FIT-56(N,2N)FE-55
FF-56(N,p)MN-56
FF-36(N,P)MN-56
FI?-56(N,P)MV-56

FF-56(N,P)MN-56
FE-56(N,A)CR-53
FF-%6(N.NP*D) MN-55
FF-56(N,NP+3)MN-55
FF-56(N*N4)CR-S2
FF-56(N+T)MN-54
FF-56{N,HF-7}CR-54
FF-57(N,2N)FE-56

FE-57(N*P)MN-57
FE-57(N.A)Cd-54
FF-S 7(N,Np*ll)MN-56
FF-57(N,NP+D)MN-’56
FF-57(N,NA)CR-53
FF-’37(N*T)M”4-55
FF-57(N,HF-3) CR-55
FS-58(N,2N)FE-57
FF-58(N*P)MN-58
FF-58(N,A)C<-55
FF-5E(N,NP+O)MN-57
FF-58(N9NP+91 MN-57
FE-58(N,NA)CR-54
FF-S8(N,T)MN-56
FF-58(N,HF-3)CR-56

CO-57(NV2VIC0-56
cr)-’i7(N*P)FE-57
C()-57(N*A)MN-54
cO-57(NQNP+CI)FE-56
CO-57(N.N4)MN-53

CO-59(N,2N)C0-58
cO-59(N,G)C~-60
c(I-59(NQP)FL-59
cO-59(N.A)MN-56
CO-60(N*2N)C0-59
CO-60(N,P)FE-60
CO-60(N,A)MN-57

CO-60 (N9NP*O)FE-S9
CO-60 (N.NP*O)FE-59
cn-60(N,NA)~N-56

cO-60(N.T)FE-58

CO-60(N,HF-3)MN-58
NI-S8(N,?N)NI-57
N1-%8(N.2N)NI-S7
NI-58(h,P)CU-58
NT-58(N*4)FE-55
NI-58(NoNP+d)C0-57

NI-58(N.NP+D)CO-57
NI-s~(N,NA)FE-54

NT-58(N9T)C0-56
NT-5!3(N,HF-3)FE-56
NI-59(N,2N)NI-58

2.6 H ENoF/8-3

3*5 M ENoF/tl-3

3.8 M ENDF/B-3
* THRESH

3130 D UKAEA233

313. DORSOLETUKAEA-63

313. D THRESH
.?8 . D THRESti

2. E*6 y THRESH

25552
25553
.25554
26541
.26543
26543

26543
26544
26545

?. E*6 Y THRESH ?6545
~?ABL~
9

STABLE
STABLE
sTABLE

STABLE
313.

27.8
2.7

2.6
2.6
2.5B
?.582

STABLE

sTARLE
STABLE
STABLE
313.
ST ABLE
STABLE
1.7

STABLE
2.58
2.582
STABLE
STABLE
3.53

STABLE
1.1
3.53

1.7
1.7

STABLE
?.58
5.9

77.3
*

313.

THRESH
THRESU
THRESH
THRESH

THRESti
THRESH

o THRESH
D THRESH

Y THRESH
H uKAEA234

HORSOLETUKAEA-98
ti08SOLFTUKAEA-62

STABLE
2. E*6 y

71. D
5.27 Y
45. D
2.6 H
STABLE

1. E+5 y

1.7 M

45. 0
45. D
2.58 H

sTABLE
1.1 v
36. H
6.2 0
*

2.7 Y
271. D

271. D
STABLE
77.3 D

STA8LE

sTABLE

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESti
THRESH
THRESH
THRESH
THRESH

ENoF/f3-3
ENDF/f3-3

ENoF/B-3
EN13F/B-3
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
UKAEA
THRESH
THRESH
THRESh
THRESII
THRESH
THRESH
THRESH
THRESH
THRESH

26546
26547
26549
26551
26553,
26554
,?6555
?65S6
26561
26563
26563
26563

26563
26564

26565
26565
26566
?6567
26569
26571
26573
26574
26575

26575
26576
26577
?6579

26581
26583
26584
26585
26585
26586
?6587
?6589
27571
?7s73
77574
27575
27576
?7591
27592
27593
27594
27601
27603
.?7604
27605
?7605
?7606
27607
27609
?8581
28581
?8583
?13584
?J1585

28585
zf1586

28587
?8589
28591
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NT-59(N9P)C0-59
NT-59(N,A)FE-56
NI-59(N*NP+D)C0-58
NI-59(N*NA)FE-55
NI-60(N*2N)NI-59
NI-60(N*P)C0-60
NI-60(rJ9A)FE-57

NI-60(N9r.JP+o)co-59
NT-60 (N,NP*O)C0-59
NI-60(NsNA)FE-56
NI-60(N.T)CO-58
N1-60(NoHF-3)FE-58
NT-61 (N92N)NI-60
NI-61(N*P)CCJ-61
NI-61(N,A)FE-58

NI-61(N*NP*d)co-60
NI-61(N9NP*D)C0-60
NI-61(N.NA)FE-57
NT-61 (N*T)C0-59

NI-61(N,w-3)FE-59
NI-62(N,2N)NI-61
NT-62(N,P)C0-62
NI-62(N,A)FE-!39
NT-62(N,NP+D)C0-6]
NI-62(N.NP+D)CO-61
NI-62(N,NA)FE-5d
N1-62(NQT)C’3-60
NI-62(NQHF-3JFE-60
NI-63(N,2N)NI-6~

NI-63(N,P)C0-63
NI-63(N.A)FE-60
NT-63(N,NP*13)C0-62

NI-63(NtNP+~~)C0-62
NT-63(N!NA)FE-59
NI-~3(N,T)C0-61
NT-f13(N.HF-3)FE-61
N1-b4(N,?N)NI-63
NI-64(NQP)C0-64
NT-64(N*A)FE-61
NI-64(N*NP*D)C0-63

N1-64(N,NP+D)C0-63
N1-64(N,NA)FE-60
N1-64(N$T)C()-62
CU-63(N.2N)CU-62
cll-63(N,G)CU-64
CII-63(N,P)NI-63
CII-63(N*A)C0-60

C\l-65(N,?N)CU-64
CII-65(N,G)CJ-66
CIJ-65(N.p)NI-65
CIJ-65(N.A)CO-6.2
Y-89(N,2N)Y-8J3
Y-89(NJ2N)Y-88
Y-89(AJ;G)Y-+0
Y-8Y(N.P)5R-89
Y-89(N,A)w3-86
Y-8Q(N,NP+L)) SR-138
y-13~(KJ,NP*l)) sR-88

Y-89(N,NA)RY-85

Y-r39(N*T)sR-i37
Y-R9(N,HE-3)PR-87
Y-90(N,2N)Y-89
Y-90(N,6)Y-91
Y-90(N*P)<R-90
Y-90(NQ~)l?b-87
Y-911 (N,NP+D)SR-R9
Y-90 (N,NP+D)SR-E39

Y-90(N~NA)RH-86
Y-90(N.T)$R-88
Y-QrI(N.HE-3)RR-88

Y-91 (N92N)Y-90
Y-91 (N,G)Y--)2

STABLE

STABLE
*

2.7 Y

9. E*6 y
*

STABLE
STABLE
sTABLE
STABLE
*

sTABLE
sTABLE
I .65 H

STABLE
*

*

STABLE
STABLE
45 0

sTABLE
*

45. 0
1.65 H

1.65 H

STABI.E
e

1. E+5 y

STABLE
52. s
10 E.5 y
*
*

45. D
1.65 II
6.06 M

92o Y
*

6.06 M

52. s
52. s
1. E*5. Y
*

9.8 M

12.9 H

92. Y
5.27 Y

1208 H
5.1 M

2.6 H

1309 M

107. 0
*
0

5008 D
*

STARLE
sTABLE
STABLE
*

5. E*1O Y
*
0

?8.9 Y

5. E.lo Y

50.8 D

50.8 D
*

STABLE
17.7 M
*

3.53 H

THRESH

THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THREsH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRESli
THRESti

THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

ENDF/B-3
ENDF/n-3
ENDF/B-3
ENDF/B-3
ENDF/t3-3

ENoF/B-3
ENDF/B-3
ENDF/B-3
UKAEA
THRESH
COOK
THRESH

THREsH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
COOK
THRESH
THRESH
THRESH
THRESH

THFESH
THRESH

THRESH
THRESH
cOOK

?8593
28594
28595
28596

28601
28603
28604
28605
2FJ605
28606
28607
29609
?8611
28613
28614
28615
?8615
28616
?8617
28619
28621
?8623
28624
28625
28625
28626
28627
28629
28631
28633

?8634
28635

?8635
?8636
28637
28639
28641
?8643
i?8644
28645
28645
28646
28647

?9631
29632
29633
29634
29651
29652
29653
29654
39891
39891
39892
39893
39894

39895
39895
39896

39897
39899
39901
39902

39903
39904
39905
39905

39906
39907

39909
39911
39912
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.

Y-91 (N,P)sR-91
Y-91 (N,A)R13-88
Y-91 (N9NP+D)SR-90
Y-91 (N,NP+0) SR-90
Y-91 (N*NA)R13-87
Y-91 (N,T)sR-89
Y-91(N,HE-3) RB-89
zP-90(N,2N)zR-89

ZR-90(NQ2N)ZR-89
zR-90(N*G)ze-91

ZR-90(N*P)Y-90
ZR-90(N,4)Sn-87
ZQ-90(N.NP+I))Y-89
ZR-90(NSNP+D)Y-89
zR-Qo(N,NA)sR-86

ZR-90(N,T)Y-88
ZR-90(N.HE-3) sR-88

ZP-91(N,2N)ZR-90
ZR-C?l(N,G)ZR-92
ZR-Q1(N,P)Y-91

ZR-91(N,A)SR-138
ZR-91(NQNP+I)) Y-9(’J
ZR-91(N*NP*D)Y-90

ZR-91(N,NA)5R-d7
ZR-91(N,T)Y-89
ZR-91(N,HF-3) SR-89
ZR-92(N,2N)ZR-91
zR-92(N,G)ZR-93
ZR-92(N,P)Y-92
ZP-92(N,A)Sti-R9
2R-92(N,NP+D)Y-91

ZP-92(N,NP+fl)Y-91
ZR-92(N.NA)SR-88
zR-92(N,T)y-90

ZR-92(N,HE-3) SR-90

Zi?-~3(N.W)ZR-92
ZR-Q3(N,G)ZQ-94

ZP-93(N9P)Y-93
zR-93(r.J,A)si?-90
ZR-93(N,NP*LI)Y-92
ZP-93(N,NP*O)Y-92
ZR-93(N.N4)SR-89
ZP-q3(N,T)Y-91

ZR-93(N9HE-3)SR-91
ZR-~4(N?2N)ZR-93

ZR-94(N*6)ZQ-95
Zk?-CJ4(N.P)Y-94
zW-94(N,4)sQ-91
ZR-44(N,NP+O)Y-93
ZR-94(N,NP+D) Y-93
zP-94(N,NA)SR-90
z17-94(N,T)y-92

ZR-94(N,HF-3)SR-92

ZQ-95(N,2N)ZR-94
ZQ-95(N,G)ZR-96
ZR-Q5(N,G)ZR-96
ZI?-95(N,P)Y-95
ZR-95(V,A)SR-9.2
ZR-95(NONP*O)Y-94
zR-Q5(N,NP*[)) Y-94

zQ-95(N,Nll)sR-91
zW-Y5(N,T)Y-93

zQ-96(N,2N)ZI?-95
ZP-96(N,G}ZQ-97
zR-96(N,P)Y-96

ZQ-96(N,A)SR-93
ZP-96(N,NP*O) Y-95
Z~-96(N,NP+lJ)Y-95
ZF-Q6(N,NAJsR-92
Zl+-96(N,T)Y-94

NH-92(N.ZN)NB-91
NH-Y2(N,P)Z2-92

9.67 H

17.7 M

28.9 Y
28.9 Y
5.0 E+1O Y
50.8 D

1s.2 H

79. H
*

STABLE
*
*
*

:TABLE
*

STABLE
*

STABLE
*

STARLE
*
*

*
*

50.8 D
STABLE
9.5 E.5 y

3.53 H

50.8 D
*
*

STABLE
*

28.9 Y
STABLE
STABLE
10.2 H

28.Q Y
3.53 H
3*53 H

50.8 D
*

9.67 H
9.5 E+5 y

STABLE
20.3
9.7

10.2
10.2
2f309
3.53
?.7
STABLE
STABLE
STABLE

10.5
?.7
?0.3

20.3
9.67

1002
65.5
16.8

.?.3
7.5

10.5

10*5
2.69

20.3
0

STABLE

THRESH

THRESH
THREsH
THRESH
THRESH

THREsti
THRESH
UKAEA
THRESH
COOK
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
COOK
THRESH
THRESH

THREsH
THRESH

THRESH
THRESH
THRESH
THRESH
COOK
THRESH
THRESH
THRESH
THRESH
THRESH
THREsH
THRESH
THRESH
COOK
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

COOK
THRESH
THRESH
THREsH
THRESH
THRESH
THRESH
THREsH
THRESH
COOK
ENDF/ti-3
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

COOK
THRESH

THRESH
THRESH
THREsH
THRESH

THRESH

THRESH
THRESH

39913

39914
39915
39915
39916
39917
39919
40901
40901
40902
40903
40904
40905
40905
40906
40907
40909
40911
40912
409]3
40914
40915
40915
40916

40917
40919
40921

40922
40923
40924
40925

40925
40926
40927
40929
40931
40932
40933
40934
40935
40935
40936
4(3937
40939

40941
40942
40943
40964
40945
40945
40946
40947
40949

40951
40952
40952
40953

40954
40955

40955
40956

40957
40961
40962
40963
40964
40965
40965
40966
40967

41921
41923



NR-92(N,A)y-k39
NR-92(N!NP+O)ZR-91
NR-92(N,NP+LI) ZR-91
NP-92(N,NA)Y-88

NR-92(N,T)ZR-90
NH-9Z(N9HE-3)Y-90

NR-93(N,2N)NB-92
NB-93(N,2N)N13-92
NR-93(N,G)Ne-94

NR-93(N*P)z17-93
NR-93(N*P)ZI?-93

NB-93(N,4)Y-9(3
NV3-93(N,A)Y-90
NH-93(N*NP+D) ZR-92
NR-93(N,NP+D)ZR-92

N13-93(N9NA)Y-89
NR-93(N.T)ZR-91
NP-93(N,HF-3)Y-91

NP-94(N,2N)NB-93
NH-94(N$P)2R-94

NR-~4(N*A)sR-91
NR-Q4(N,Np*D)zR-93

NI?-94(NsNP*13) zR-93
NR-94(N.NA)Y-90
NR-94(N,T)zR-92
NR-94(N*HE-3)Y-97
MO-1OO(N,?N)MO-99

MO-1OO(N.G)MO-IO1
MO-1OO(N,G)I4O-1O1
MO-1OO(NQP)NB-1OO
MO-1OO(N.A)ZR-97
MO-1 OO(N,NP+D)NB-99
MO-IOO(N.NP+O)N13-99
M()-lOO(N,bJ&)ZR-96
MO-1(313 (N*T)NR-913
MO-92(N,2N)M0-91

MO-92(N,G)M0-93
Mn-92(NqP)N4-92
MO-~2(N,A)ZR-89
MO-92(N.NP*D)N$3-91
M(J-92(N,NP*lJ)NB-91
NO-Q2(N,N4)ZI?-88
MO-92(N,T)N8-90
MO-92(NOHF-3) zR-90
MO-93(N,2N)?40-92
MO-93(N.P)N9-93
Mcl-’.?3(N*A)z909o

M(3-93(N,NP+DINB-92
M()-93(N,NP+ll)N8-92

Mfl-93(N*NA)zR-89
M(-J-93(N*T)N3-91

MO-Y3(N,HF-3)ZR-91
MO-Q4(N,2N)M0-93
Mn-Q4(N,G)MU-95
r4[)-94(FJ,P)Ni3-94

MO-94(N9A)Z~-91
Mn-Q4(N,NP+lJ)NB-93
MO-94 (N*NP+D)NR-93
MQ-Q4(N,NA)ZR-90
MO-Q4(N,T)NH-92
MO-94(N*HE-3) zf?-92

Mn-95(N,?N)M0-94
MO-QS{N,G)MO-96

Mn-Q5(N,(j)M0-96
M(J-95(N*P)NY-95
MrI-v5(N,A)ZH-92
Mf)-Y5(N*f4P*D)hJB-94
MO-Q5(%,NP*lJ)N@-94

Mo-’-)5tN*N4)z919l
MO-95(N9T)N4-93

Mn-95(N.HF-3)ZR-93
Mo-~6(N,2N)~0-95

*
STABLE
STABLE
*
●

*
*
*

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

of)soLETENDF/t!-3
THRESH

2.o E+4 YBG 0NLYENl_)F/tl-3
9.5 E+5 y
9.5 E+s y

64. H
*

STABLE
STABLE
*

STABLE
*
6

STABLE
9.7 H
9.5 E+5 y
9.5 E+5 y
*

STABLE
3.53 H

66*6 H

14.6 M

15* u
*

16.8 H
*
*

ST ABLE
*
*

3. E+3 Y
*
e
*
6

135.
*

STABLE
STAPLE
*
*
*
*
*
e

STABLE
*

STABLE
*

STABLE
*
*
0

0

STARLE

sTABLE
STABLE
STABLE

:TAEILE
*
*

STABLE
*

9.5 E*5 Y
STABLE

c1

ENoF/B-3
THRESH
ENoF/B-3
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
COOK

ENDF/f3-3
THRESH
THRESH

THRESH
THRESH
THRESH
TH8ES~
THRESH
13ENZI

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH

THRESH
BENz I

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
COOK

ENDF/@-3
THRESH

THRESH
THRESH
THRESH
THRESH

THRESH

THRESH
THRESH

41924
41925
41925
41926
4192?
41929

41931
41931
41932
41933
41933
41934
41934

41935
41935
41936

41937
41939

41941
41943
41944
41945
41945
41946
41947
41949
42001
42002
42002

42003
42004
42005
42005
4200b
4’2007
42921
42922
42923
42924
42925
42925
42926
42927
42929
42931
42933
42934
42935
42935
42936
42937
42939

42941
42942

42943
42944
42945
42945
42946
42947
42949

42951

42952
4?952

42953
42954
42955

42955
42956
42957

42959
42961

.

●

12



.’

MCI-96(N,(i)MU-97
MO-Q6(N,P)N8-96

MO-96(N,A)ZIi-93
MO-Q6(N,NP+O)NB-95

MO-96 (N9NP+D)NB-9S
MO-96(N.NA)ZR-92
MO-96(NqT)N9-94
MO-96(N,HF-3)ZR-94
Mo-Q7(N,zN)M0-96

MO-37(N,G)MLJ-98
MO-97(NVG)M0-98

Mo-97(N,P)Nti-97
MrJ-97(t.j, A)zR-94

MO-Q7(N,NP*D)NB-96
)40-97
MO-97
Me-47
MO-97

MO-98
MO-Q8
MO-98

N,NP*D)NB-96
N*NA)ZR-93
N*T)Ne-95
N.HE-3)ZR-95
N,2N)M0-97
N,6)M9-99
N,6)M0-99

Mn-98(N*P)N9-9R
MO-Q8(N,A)ZR-95
MO-98(N,!4P*13)N8-97
MO-9R(N*NP+U)NB-97
MO-Q8(N*NA)ZR-94
MO-98(N*T)N8-96
MO-Y8(N,HF-3) ZR-96
Mn-991N,?N)d0-98
Mo-99(N,li)Mo-loo
MO-G9(N*6)MO-1OO
Mn-G9(N9P)N4-99
MO-IJ9(N,A)ZQ-96
M9-Q9(N,NP+lj)N13-9R

Mrl-4q(N*NP+o)NB-9Fl
MO-99(N*NA)1R-95
Mo-Q9(hJ*T)tiH-97
MO-99( N,HF-.3)ZR-97
TC-97(N,2N) Tc-96
‘TC-Q7(NJ,P)ML)-97

TC-Y7(N*A)N9-94
TC-97(N,NP*O)M0-96
TC-Q7(N,~JP+D)M0-96
TC-Q7(N,NA)VB-Y3
T(--97(N*T)M(J-95

Tc-Q7(N*w-3)Nt3-95
TC-98(N,7N)TC-97
Tr-4!l(N,P)M0-98

TC-QR(N,6)NH-95
Tc-~8(N,t.AP+n)Mo-97
Tr-Q8(N,NP* ])MO-97
Tr-9R(N,I.JA)hR-94

TC-98(N,T)MC)-G6
TC-Q8(NSHF-3)NB-96
Tr-’49(N.?N) TC-98
Tr-Q9(N,7N) Tc-Q8

Tr-~9(N*G)Tc-loo
TD-99(N*G)TC-1OO
TC-99(N,P)M0-99
Tc-~9(N,A)Nti-96

TC-99(N,NP+D)M0-9J!

T(--99(N*NP*I)) MO-9EI
TC-q9(N,NA):JR-95
Tr-Q9(hJ,T)Mo-97

TC-~9(N,I-lF- l)N13-97
RII-104(N.G)R1I-105

SN-112(N.?N)SN-111
sN-llz(NsG)SN-113
SN-]1.2(N,P)IN-ll?
sN-ll?(N,A)cf)-lo9
Std-ll?(N.*JP+D) IN-111

SN-ll?(N!Np’D) IN-ill

STABLE
23.4 H
9.5 ~+5 y
*
o

sTABLE
●

STABLE

STARLE
STABLE

STAFILE
*

STABLE
23.4 H

23.4 H
9.5 E+5 Y
o

65.5
STABLE
66.6

67.
*

65.5
*
*

STAF3LE
?3.4
sTABLE
STABLE
sTABLE
STABLE
*

sTABLE
0
0

65.5
*

16.8
*

STABLE
*

STA13LF
STABLE
*

5TABLE
*
0

STABLE
*

$TABLF
STABLE
*

STABLE
23.4

D

H
H

o

H

D

H

H

1.5 E.~ y

1.5 E.6 y

15.9 s
160 s

6606 H

23.4 H

STAf3LE
STABLE
*

sTAULE
*

4.44 H

3501 M
115. D
*
*
*

*

COOK
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
cOOK
EN13F/B-3
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
COOK
ENoF/13-3
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
COOK
ENDF/b-3
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESti
THREsH
THRESH
THRESH
THRESH
THRESU
THRESH

THQES~
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
ENDF/H-3
THREsti

COOK
ENrJF/H-3

THRESH
THRESti
THRESH

THRESH

THRESH
THRESH

THRESH
COOK
THRESH
BENZI
THRESH
THRESH
THRESH
THRESH

42962
42963
42964
42965
42965

+2966
42967
42969
42971
42972

42972
42973
42974
42975
42975
42976
42977

42979
42981
42982

42982
42983
42984
42985
42985
429B6
42987
42989
42991

42992
42992

4?993
42994
42995

42995
42996
42997
42999
43971
43973
43974
43975
43975
43976

43977
43979
43981
439J33
43984

43985
43985
43986

43987
43989
43991
43991
43992
43992
43993
43994

43995
43995
43996
43997
43999
44042
50121

50122
50123
50124,
50125
5012S



sN-112(N,NAlCD-108

SN-ll?(N.T)IN-l10
SN-112(N,HE-3)CD-110
SN-114(N.2N)SFJ-113

SN-114(NOG)SN-115
SN-114(N*P) IN-114
SN-114(N,A)CD-111
SN-114(N,NJP+D) IN-113
SN-114(N*KJP+D) IN-113
SN-114(NONA)CD-11O

SN-114(N*T) IN-III?
SN-114(N*HE-3)CD-ll?
~hl-l~5(hJo?N)sN-114

SIJ-115(N,G)SN-116
‘5N-115(N*P)1N-115

sN-115(N.A)cr)-112
SN-115(N.FJP*D) IN-114
sN-115(N*t.JfJ*o) rN-114
SN-115(N*NA)CD-111
SN-115(N.T) IN-113
SN-115(N,HE-3)CD-113
SN-116(N.?N)SN-115
SN-116(N*G)5N-117
SN-116(N*P) [N-116
SN-116(N,A)CD-113
SN-116(N.NP+D) IN-115

SN-116(N.NP+D) IN-llS
sN-l16(N*N.4)cf)-112
SN-116(N.T) IN-114
sN-ll~(N,HE-3)cD-114

S~!-117(NQ?N)SN-116
SN-117(N,G)SN-118
SN-117(NQP)1N-117
sN-l17(N*A)cr)-114
SN-117(NQNP*D) IN-116
SN-117(N.NP+D) IN-116
SN-117(N*NA)CD-113
sN-117(N.T)IN-l~s
SN-117(N.HE-3)CD-115
SN-llR(N*?N)SN-117
sN-llfl (N*ri)sN-119
Sh-118(N.P)IN-lli3
SN-llR(N*AICD-115
SN!-IIR(N,FJP+D) IN-117

SN-llR(N,NP*f)) lh’-l17
SN-118(N*NA)CD-114
Sh-ll R(NQT)IN-ilfj

SN-118(N*HE-3)CD-116
SN-119(N,?N)SN-118
SN-119(N.G)SN-120

SN-119(N*P) IN-119

SN-119(N,4)CD-116
sN-ll~(N*w’”D) IN-119
SN-119(N*NP*D) I14-118
SN-I19(N.NA)CD-115
SN-119(N,T)1N-117

SN-120(N,2N)SN-119
SN-120(N*P) IN-120
SN-120(N*G)SN-121
SN-120(N.4)C0-117

SN-120(N,NP+D) IN-119
SN-120(N.Np+D) IN-119
SN-120(N,NA)CD-116
SN-120(NQT) IN-118
S)J-122(N,?N)SN-l?l
SN-12Z(N,G)SN-123
SN-122(N*P) IN-122
SN-12~(N,A)CD-119
SN-12.?(N,NP*D) IN-121
SN-122(N.Np+D) IN-121

SN-12?(N.NA)CD-118
SN-12?(N,1) IN-120

*
*
STABLE
e

sTABLE
*
*
*
*

STABLE
a

sTABLE
STABLE
sTABLE
*

STA8LE
*
*
*
*
*
*
e
*
*
*
*

STA8LE
*

sTABLE
STABLE
sTA8LE
*

STABLE
*
*
*
*
●

*
*
e
*
*
*

STABLE
0

sTABLE
*

STA13LF
*

STABLE
*
*
e
*

0

e

*

a

*

*

STABLE
*
*
*

8. s
*
●

*

49. M
6

THRESH
THRESH
THRESH
THRESH
BENZI
THRESH
THRESH
THRESH
THRESH
THRESh
THRESH
THRESH
THRESH
COOK
THRESH
THRESh
THRESH

THRESH
THRESH

THRESH
THRESH

THRESH
COOK
THREsH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
cOOK
THRESH

THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH

COOK
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

COOK
THRESH

THRESH
THRESH
THRESH
THRESH
THI+FSH
THRESH

THRESH
COOK
THRESH

THRESI-I
THRESH
THRESH
THRESH
THRESH

COOK
THRESH

THRESH
THRESH

THRESH
THRESH

THRESH

50126

50127
50129
50141
50142
50143
50144
50145
50145

50146
50147
50149
50151
50152
50153
50154
50155
50155
50156
50157
50159
50161
50162
50163
50164
50165
50165
50166
50167
50169
50171
50172

50173
50174
50175
50175
50176
50177
50179
50181
50182
50183
50184
50185
50185
50186
50187
50189
50191
50192

50193
50194
50195
50195

50196
50197
50201
50203
50204
50204

50205
50205
50206
50207
50221
50222
50223

50224
50225
50225
50226
50227



.

.’

SN-124(N.2N)SN-123
SN-124(N.P) IN-124
SN-124(N,Np+D) IN-123
SN-124(N,Np+D) IN-123
SN-124(N,T) IN-122

SN-124(N,G)SN-125
T4-181(N*2N)TA-180
TA-181(N,2N)TA-180
TA-181(N.G)TA-182
TA-181(N*P)HF-181
TA-181(N9A)LU-178
TA-181(N,A)LU-178
TA-181(N*NP*D)HF-180
TA-181(N*NP+D)HF-180
TA-181(N*NA)LU-177
TA-181(N*T)HF-179
TA-181(N,HE-3)LU-179
w-1R2(N,2N)w-161

W-lH2(N,2N)W-181
W-182(N,G)W-183
W-182(N,P)TA-182
w-182(N,P)TA-182
w-182(N,A)HF-179

W-182(N,NP+D)TA-181
w-1H2(N*NP+I))TA-181
W-182(N,NA)HF-178
W-182(N9T)TA-180
W-1132(N,HE-3)HF-IB0
W-183(N,2N)W-182

W-183(N,2N)W-182
W-183(N9G)W-184
W-1R3(N,P)TA-183
w-1P,3(N,P)TA-183

W-183(N9A)HF-180
w-183(N*NP+D)TA-
w-lR3(N9NP+o)TA-
W-1R3(N*NA)HF-17’
w-l~3(N,T)TA-181

82
82

W-183(N,HF-3)HF-181
W-1R4(N*2N)W-183
w-1R4(N,2NIW-183

W-184(N,G)W-185
W-184(N,P)TA-184
W-li34(NOP)TA-184
W-1R4(N,A)HF-181
w-184(N,NP*D)TA-183

W-184(N,NP+D)TA-183
W-184(N.NA)HF-180
W-1R4(N,T)TA-182
W-1R4(N,HE-3)HF-182

w-186(N,2N)W-185
w-186(N,7N)d-185

W-186(N.G)W-187
w-l~6(N*P)TA-186

W-186(N*P)TA-186
w-1H6(N,A)HF-183
W-1R6(N,NP+D)TA-1R5
w-1R6(N,NP*U) TA-185
w-l~6(N,NA)HF-182
w-186(N,T)TA-184
PR-204(N,2N)PB-203

PR-204(N9P)TL-202
PR-204(N.A)IIG-201
PR-204(N,NP+D)TL-203

PR-?04(N,Np+D) TL-203
PP-?04(N,NA)HG-2oo

PR-204(N,T)TL-202
P13-204(N.HE-3)HG-202
PR-?06(N*?N)PR-205
Pri-?06(NsP)TL-206
PR-?06(N*A)dG-20~
PR-206(N,Np+D) TL-205

*
4*
*
*

8.
*

600. .
●

115.
42o4
28.
●

*
*
*
●

4.6

1210
*

sTABLE

1150

THRESH
s THREsH

THRESH
THRESH

s THRESH
COOK

D ENDF/B-3
THRESH

D ENDF/B-3
D THRESH
H ENDF/B-3

THRESH
THRESH

THRESH
THRESH
THRESH

H THRESH
D ENDF/f3-3

THRESH
Gs*Iso.ENDF/B-3

D
9. E*6 y
●

*
*
*
*
●

STABLE

STABLE
sTABLE
5.0 D
5. D
●

*
*
*
●

42.4 c)
sTABLE
●

75. D
8.7 H

8.7 H
42.4 D
5. D

‘5.0 D
*
●

9. E*6 y
75. D
*

24. H

11. M

10.6 M
*

49. M
49 ● M

9. E+fj y
8.7 H
●

●

●

sTABLE
STABLE
sTABLE
*

STABLE
●

●

*

STABLE

ENDF/B-3
THRESH
THRESH
THRESH

THRESH
THRESH

THRESH
THRESH
ENDF/B-3
THRESH
ENDF/13-3
ENDF/B-3
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH

ENDF/13-3
THRESH

ENDF/8-3
ENDF/f3-3
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
ENllF/B-3
THRESH
E.Nl)F/13-3
ENDF/a-3
THRESti
THRESH
THRESH
THRESH
THRESH
THRESH

THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH
THRESH

50241
50243
50245
50245

50247
50252
73811
73811
73812
73813
73814
73814
73815
73815
73816
73817
73819

74821
74821

74822
74823
74823
74824
74825
74825
74826
74827
74829
74831
74831
74832
74833
74833
74834
74835
74835
74836
74837
74839
74841
74841
74842
74843
74843
74844
74845
74845
74846
74847
74849
74861
74861
74862
74863

74863
74864
74865
74865
74866
74867

82041
82043
82044
82045
82045
82046

82047
82049

82061
82063
!32064
82065
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P13-206(N*NP*D)TL-205 STABLE THRESH 82065
PR-206(N.NA)HG-202 STABLE THRESH 82066
PR-206(N,T)TL-204 ● THRESH 8?067
PFI-206(N.HE-3)HG-204
PB-207(N,2N)PB-206
PR-207(NsP)TL-207
Pfl-t?07(N,A) I-IG-204
PR-207(NsNP+D) TL-206
P%207(N,NP+D) TL-206
PEI-207(N~NA)HG-203
PU-i?07(N,T)TL-205
PR-?08(N,zN)PB-207
PB-208(N,P) TL-208
PB-.2O8(N*A)HG-2O5
PR-208(N,NP+D)TL-207
PR-.?O8(N,NP.D)TL-2O7
PR-208(N,NA) HG-204
PR-208(N~T)TL-206

STABLE THRESH
*

82069

●

~.

*

4
●

s“
*
●

5
*
*

STABLE THRESH
*

82086

THRESH
THREsH

ABLE THRESH
THRESH

21’ M THRESH
THRESH

ABLE THRESH
THRESH
THRESH

5 n THRESH
THRESH

THREsH

82071
82073
82074
82075
82075
82076
82077
82081
82083
82084
82085
82085

IV. ENDF/B-IV YIELD, DECAY, AND CROSS-SECTIONFILES
(T. R. England andN. L. Whittemore)

A. Yields, ii , Vd

The fissionablenuclide charge would be exactly

conserved by the fission products (i.e.,by a yield

weighting of the product charges) if all independent

yield data were exact. Similarly,yield weighings

along with delayed neutron emission probabilities

can be used to estimate prompt and delayed neutrons

per fission (V Vd) and various other quentitieaas
P’

an integral teat of yield data. The preliminary

ENDF/B-lV yields did not conserve charge, a result

of an error in a General Electric (GE) code. IASL,

Hanford EngineeringDevelopmentLaboratory (HEDL),

and GE cooperated in revising and checking the yield

data.

The basis for the yield data has been described

in previous progress reports. Table IV summarizes

the number of independentyields per fissionablenu-

clide and energy now in the files.

TABLE IV

ENDF/B-IV YIELD CONTENTa
(Nasses 72 + 167, Charges 26 + 70)

No. of
Yields

1130

1130

1146

1146

1097

1130

Fissionable
Nuclide

235U

238U

239PU

241PU

233U

232Th

— Energy —
Thermal Fast . 14 MeV— .

x x x

x x

x x

x

x

x

%irect, or IndeperidentYields

THRESH 82087

Table V lists the weighings obtained using the

revised yields in a local code prepared for process-

ing ENDF/B-IV yields. These results can be used to

estimate several quantities. All yields now sum to

200%.

Table VI lists the changes in charge balance,

prompt and delayed neutrons per fission found for

the preliminaryand final ENDF/B-IV files. The de-

layed neutron calculationsrequired the additional

input of neutron emi.asionprobabilitiesfor 57 nu-

clides.

Charge balance is now within the assumed error

of i 0.1 charge units of the most probable charge

per fission,Zp. The largest deviation (+ 0.07 units)

occurs for the 235U 14-MeV yields. Charge balance is
235

off only 0.008 units for u the.--l fission.

Delayed neutrons per fission now exhibit the

general energy dependence found experimentally,

namely, that the yield is essentiallyconstant up to

second chance fission. In addition, the quantita-

tive agreement with experiment is also improved for

most of the ten yield sets. Uranium-238 fast fis-

sion has worsened,

Delayed neutron calculationsfor each precur-

sor, fissionablenucllde, and each delayed group

have been distributed to interestedmembers of the

Cross Section EvaluationWorking Group (CSEWG)Decay

Data Task Force.

Readable listings of independentand cumulative

yields and their fractions of each total mass yield

have been processed for use in the CINDER code.

B. Decay and Absorption Data

A processing code was written to extract basic

nuclide decay parameters from a preliminaryENDF/B-

IV tape. This was combinedwith (n,y) branching.— ..
fractionsand thermal and resoance cross sections

.

“.
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to form a very compact data listing covering 825 nu-

elides. The result will be used to determine all

linear chaina needed to describe the time-dependence

of fission products.

The final input

for use in a revised

terminedby LASL and

(BAPL).

format of LASL processed data

form of CINDER-7 haa been de-

Bettia Atomic Power Laboratory

TAELE V

ENDF/B-IV FINAL YIELD NEIGHINGS

Average
Charge No.

pizi

Average
Stable Mass

~$fsj

Average
Neutron No.

Average
Mass No.

xiyiAi

Average Stable
Charge No.
~YjzsjFissionable

Nuclide 1

235U(T)

235U(F)

235U(HE)

238U(F)

238U(HE)

239Pu(T)

2.33597E+02

2.33633E+02

2.32444X-2

2.36329E+02

2.35047E-H32

2.37092E+02

2.37234EU32

2.39009E+02

9.20077E+01

9.20148E+01

9.20731E-KI1

9.20298E+01

9.20704E+OI

9.40148E+01

9.40053E+01

9.40054E+01

2. 33411E+02

2.33447E+D2

2.32257E+_02

2.36143E+02

2.34860E+-02

2.36906E+02

2.37047E+02

2.38822F.u32

2.31346E-u32

1.41589E+02

1.41618E+02

1.40371E+02

1.44299E+02

1.42977E+02

1.43077E+02

1.43228E+02

1.45003E+02

1.39529E+02

9.80818E+01

9.80840E+OI

9.76128E+01

9.92165E+01

9.86443E+01

9.94858E+01

9.95331E+01

1.00266E+02

9.72075E+OI

9.68762E+01

. .
239Pu(F)
241Pu(T)

233U(T)

232Th(F)

9.20027E+01 2.31532E+02

9.00134E+01 2. 30443 E+-02 1.40614E+02 2.30628E+02

Y~ = Direct Yield 2S = Most Stable Charge, Nass j
j

Yj = Mass Chain Yield Ai = Neutron No. (of Direct Yield)

Zi = Charge (of Direct Yield) MS = Msss of Moat Stable Charge Mass Chain j
j

NOTE: Following the nuclide, T, F, and HE denote thermal, fast, and 14-MeV neutron
fission energies.

TABLE VI

CHANGE FROM PRELIMINARY (1/74) TO PINAL (8/74) CHARGE ANDiJ VALUES
CALCULATEDFROM ENDF/B-IV YIELDS AND DELAYED NEUTRON EMISSION PROBABILITIES

% Error in
Char2e Balance Tn 7A

Nuclide

235U(T)

Initial
r

Final Initial FinalFinal

0.008

0.016

0.079

0.032

0.076

0.016

0.006

0.006

0.003

0.015

Initial

2.429

2.641

3.607

2.628

4.199

2.852

3.145

3.045

2.474

2.393

0.0158

0.0146

0.0107

0.0285

0.0189

0.0052

0.0051

0.0103

0.0082

0.0388

0.041

0.245

0.008

0.072

0.261

0.061

0.352

0.031

0.027

0.628

2.411

2.382

3.629

2.701

4.023

2.923

2.772

2.997

2.471

2.386

0.0157

0.0105

0.0123

0.0309

0.0171

0.0056

0.0032

0.0098

0.0080

0.0295

235
u(F)

235U(HE)

238U(F)

238U(HE)

239Pu(T)
239

Pu(F)

241Pu(T)

233U(T)

232Th(F)



v. CINDER-7 (T. R. England and N. L. Whittemore)

This code is now operationalat LASL. It is

variably dimensioned,has a free-form input format,

uses dynamic storage, and is capable of computingy-

spectra as exhibited in the laet progress report. ,

Several new 1/0 options have been incorporatedinto

this veraion.

In cooperationwith BAPL and ~olls Atomic Power

Laboratory (KAPL), this version is to be extensively

modified to eliminate redundant data input and to

further reduce required memory size; the changes a-

long with the existing variable dimensioningshould

permit calculationsof decay heat, ahsorptionbuild-

UP, and Y-sPectra using the total ensemble of fission

and activationproducts. Such calculationsand cod-

ing are needed for comparisonwith the decay heat ex-

periments now Ln progress at LASL, various uses in

LASL’S HTGR safety analysis program, proposed dispos-

al studies of high-levelwaste products, and for use

in meeting specific Atomic Energy CommissionDivision

of Physical Research, Division of Reactor Research

and Development,and Defense Nuclear Agency commit-

ments.

Currently, CINDER-7 is tied to CDC-processors.

K. H. Witte (LASL C-3) has recently removed most ma-

chine dependence from the code. It is now being de-

bugged. This version will also be tested during the

next quarter at BAPL and KAPL.

VI. ANS 5.1 DECAY ID?ATSTANDARD (T. R. England)

A new American Nuclear Society (ANS) working

group was formed in July for the purpose of review-

ing, updating, and extending the current decay heat

standard to include other fuels and fission neutron

energies. Currently the standard applies only to
235

U + nth.

On August 26, 1974,the first meeting of this

group was held for the specific purpose of “laying

out a general approach and approximate time table for

the developmentof an improved and more comprehensive

standard for fission product decay heat.” Initial

membership of this group consists of V. E. Schrock,

Chairman,Universityof California,Berkeley; T. R.

England, LASL; G. J. Scatena, GE, San Jose; R. E.

Schenter,HEDL; K. Shure, BAPL; and C. R. Weisbin,

ORNL .

No formal action was taken, but there was gen-

eral agreement that the basis for the present stand-

ard would not support any significantreduction in

ita uncertainty,and that extension to other fuels

and irradiationspectra and historieswas needed.

There were suggestionsbut no final decision as to

the final form of the extended standard.

VII. EVALUATIONOF ACTIVATIONAND TOTAL (n,2n) CROSS
SECTIONS FOR 93Nb (C. Philis [Centred’Etudes
de Bruy~rea-le-C~tel, Montrouge, France] and
P. G. Young)

Preliminaryevaluationsof the total (n,2n)

9311band of the ‘3Nb(n,2n)activa-cross section of

tion cross section leading to the metastable first
92

excited state of ~ have been completed for neu-

tron energies between threshold and 20 FleV. All a-

vailable experimentaldata were assembled for the

evaluationand were carefullyexamined for sources

of error. Where sufficient informationwas avail-

able, the measurementswere renormalizedto modern

standardsand a set of recommendedvalues and errors

was determined from the correctedmeasurements.

Measurementsfor which insufficientinformationwas

available for renormalizationwere treated either

as relative or were not included in the evaluation.

To analyze the activationmeasurement, we a-

dopted the evaluation of Kokher and Horen36 for the

disintegrationscheme of
92Zr followingpositron de-

cay of the metastable first excited state of 92Nb

(Ex =
136 ‘ev’ ‘1/2

= 10.15 days). Although sever-

al different reactionswere used in the various ex-

periments to determineneutron fluxes, the most fre-

quently used were the
27Al(n,a)24Na reaction in ac-

tivationmeasurements and the
238

U(n,f) reaction in

direct measurementsof the total (n,2n) cross sec-

tion. In our analysis we used the evaluationsof

Young and Foster
37 38

and Sowerby et al. as standards

for these reactions.

Figure 2 compares the uncorrected experimental
data39-54

(upper half of the figure) for both acti-

vation and total (n,2n)measurementswith the values

obtained after renormalizationto consistent stand-

ards (lowerhalf). Little adjustmentwas required

for the total (n,2n)measurements,because they are

recent and are based on reasonably consistent stand-

ards. Significantcorrectionswere required, how-

ever, for several of the older activationmeasure-

ments, and a significantdecrease in the “scatter”

of the experimentalpoints was accomplishedby the

renormalization. The largest correction required

18
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was an increase of approximately40% in the Tewes
40

activationdata.

The solid curves in the lower half of Fig. 2

give our recommendedvalues for the activationand

total (n,2n) cross sections. The curve for the ac-

tivation cross section near 14 MsV is baaed on the

Tewes40 and Paulsenso measurements,and above 15 MeV

on the Tewes,40 Paulsen,so and Bormsnn49measurements
55and on the relative data of Prestwood. Note that

the Paulsenso data near 14 MeV lie about 15% below

the evaluated curve.

The recommendedcurve for the total (n,2n) cross

section below 11.5 MeV is based on the direct meas-

urement of Frehaut.54 Above 11.5 MeV the recommended

curve is assumed to have the same shape as the acti-

vation curve. The normalizationof the curve (Utotal

= 2.67 activation ) was determined from the Frehaut54

and Mather53 measurements, which were both performed

using large liquid scintillatorsand are relative to

the fission cross section of
238U

. The Frehaut and

Mather results are in good agreement near 14 MeV but

the Mather point at 12.4 MeV lies roughly 25% below

the Frehaut results.

VIII.EVALUATIONOF THE 169Tm(n,2n)168TmCROSS SECTION
(P. G. Young and C. Philis [Centred‘Etudes de
Bruy&rea-le-Ch~tel,Montrouge, France])

An evaluationof the nuclear cross section for
the 169Tm(n,2n)

168
lh reaction haa been completed from

threshold to 20 MeV. The available experimentaldata

were criticallyreviewed and were normalized to con-

sistent standards in a manner similar to that de-
93

scribed in Section VII for Nb(n,2n) reactions.

Figure 3 presents a comparisonof the uncorrected
169

Tm(n,2n) measurements
40,46,51,53,56-60(upperhalf

of the figure)with the measurementsadjusted to com-

mon standards (lower half). As was the case with the
93
Nb(n,2n) reaction, the agreement among the various

measurement was significantlyimprovedwith the

standards corrections. It should be noted, however,

that the Vallis
46

and Bari58 points were not included

with the corrected data due to lack of standards in-

formation,and the Tewes
40

results were treated as

relative and were simply renormalized.

The present reaction differs from the
93
Nb(n,2n)

case in that the activationand direct experiments

both measure the same quantity, that is, the total

(n,2n) cross section. Because the two methods in-

volve entirely different techniquesand standards,

it is interestingto compare results from the direct

measurementsof Mather53 and Frehaut60with the ac-

tivation results of Dilg,
56 Druzhinin,57Nethaway,51

and Vos.5’ The results obtained with the two tech-

niques appear to be in good agreement in Fig. 3, al-

though there is a tendency for the direct measure-

ments to lie a few percent higher than the activa-

tion results. This difference is entirely consist-

ent with uncertaintiesin the different standards

used in the two methods. The direct measurements
53

of Mather and Frehaut60 agree reasonablynear 14

MeV, but the Msther point at 12.4 MeV lies signifi-

cantly below Frehaut’s data, as was the case for
93
Nb(n,2n).

The recommendedcurve ia in good agreement from

13-15 MeV with statistical theory calculationsby

Jary,
61

and the calculationshave been used to ex-

tend the curve to 20 MeV. The + 20 uncertainty in

the recommendeddata is estimated to be + 10% near

14 MeV, f 20% above 16 MeV, and f 50% below 9 MeV.

Ix. MEDIUM ENERGY LIBRARY (D, G. Foster, Jr., G.
M. Hale, W. B. Wilson, and D. R. Harria)

Extensive revision of the intranuclear-cascade-

plus-evaporationcode CROIX is virtually complete.

The changes made are required to provide more mean-

ingful results for very light nuclei and energies

above a few hundred MeV, where the original CROIX

exhibitednumerous pathologicalsymptoms. The re-

vised version has been designated CROIX-2.

The cascade module itself is unchanged; it re-

msins equivalent to the MECC-3 code of ORNL. After

completionof the cascade, however, the residual

nucleus is inspectedbefore beginning evaporation.

If it has negative Z or N; is a nucleon, multineutron,

or multiproton;has a mass excess greater than 100

MeV (as determined from the revised mass subroutine

described in previous reports); or haa an excitation

energy, Ex, which is negative by more than 2% of the

incident energy, the event is rejected and the event

counter set back. If Ex is negative by less than 2%

the event is accepted and the energies of all the

cascade particles are scaled down so as to leave Ex

. 0. The resultingmomentum imbalance is ignored

and the evaporationphase is aborted.

The evaporationmodule has been completely re-

written except for the basic calculationsof emis-

sion probabilitiestaken from EVAP-3. However, the

*

,
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emission probabilitiesare now calculatedcorrectly

using the reduced mass of the system instead of the

mass of the emitted particle. Double counting of

channels in which the residusl nucleus is also an

emittable particle haa been eliminated. Emission of

the evaporatedparticles ia now isotropic in the cen-

ter-of-me8ssystem instead of the laboratorysystem

and the correct polar angle of emission is retained

In the output. The kinematics are exact throughout,

except that nonrelativisticmechanica is used in-

ateed of relativisticmechanica. The subroutinebe-

gins with the actual recoil momentum before evapora-

tion, recalculates the recoil direction in the lab

system after each emission, and recomputes the trans-

formationmatrix for the next emission. Creation of

impossibleresidual nuclei is prevented. Residual

nuclei in the emittable category,none of which have

any excited states below their particle-breakupener-

gies, are scrutinizedbefore emission of the corres-

ponding particle is attempted in order to determine

whether they will have enough excitationenergy to

disintegrate further. If not, the entire remaining

energy is converted to kinetic energy of the fragments

which are then transformedto the lab system with no

remaining excitation,and the residual nucleus is

settoZ=A=O. If the channel-energyalgorithm

fails to select an allowed disintegrationenergy in

five tt-iea,it is backed up by an analytical itera-

tive algorithm which always works, but takes much

more computation time than the exponentialrandom-

number generator used in the primary algorithm.

Since there are some conceptual difficultiesin the

treatmentof the pairing-energycorrection,we have

not adopted the method used in EVAP-4 of removing

the pairing correction for a final try at obtaining

an energeticallypossible emission which was pre-

vented by the pairing correction. However, once a

channel has been determined to be open (includingthe

pairing correction)any energeticallypossible emis-

sion is allowed.

CROIX-2 defers any output to the history tape

until after an event has been certified as valid.

This permits the events with minor overshoots in Ex

to be corrected and used, but still prevents accept-

ing an event with a defective evaporation. Since

40% of the events for 800-MeV neutrons on
16
0 produce

overshoots,this representsa major saving in machine

time. Later versions of CROIX included on the his-

tory tapes the aum of the energies (but not the mul-

tiplicities)of charged secondariesheavier than the

proton. CROIX-2 also includes the individualener-

gies and (tentatively)direction cosines of these

heavier particles,which are of possible intereat in

dose calculationsfor thin regions of living tissue.

The tape format is such that existing codes can read

the tapes without any modificationand ignore the

added information.

A number of potentiallyinterestingquantities

have been added to the printout in CROIX-2. The geo-

metric cross section used in the calculationis both

printed and added to the first event on the history

tape. The nuclear radius assumed for this ia read

from a data tape which came originally from ORNL.

Multiplicities,aversge kinetic and excitation ener-

gies, and average cosines of the polar angle of pro-

duction are also displayed for all particles and for

the intermediateand final residual nuclei. Various

diagnositcsummarieshave been included to determine

the frequencyand nature of the pathologicalevents.

No abnormalitiesother than those provided for

as outlined above have been observed in an exhaustive

test of 500 events (using 800-MeV neutrons incident

on 160) . Some intuitivelyunreasonablechannel prob-

abilities have been observed, but these are cauaed by

approximationsin the Dostrovsky form of the evapor-

ation model rather than by coding errors. Better

models are available and we are beginning a review

of some of them. The transversedirection cosines

average to zero as the number of events increases,

and the polar cosines are qualitativelyreasonable.

In the test problem less than 1% of the cascade e-

vents are unusable, although about 25% of all inter-

actions leave no residual nucleus after evaporation

(that is, the residual nucleus is an alpha particle

or lighter and is tabulatedas a particle). Energy

imbalancecaused by the nonrelativisticapproxima-

tion is normally less than 0.1 MeV, although this

approximationdoes, of course, distort the energy

spectra without producing an erroneous overall ener-

gy release. Since CROIX-2 lists the starting random

numbers for all pathologicalevents, if further prob-

lems turn up during production runs, the events can

be repeated for detailed diagnosis.

Work has begun on a version of the processor

DANAI to convert the history tapes to processed cross

sections in the form required by the National Aero-

.

L

.

c
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nautic and Space Administration(NASA). Production

running of histories for the first four nuclides for

NASA is expected to be completednext quarter, and

the resulta processed and shipped. One element from

the older history tapes has been transferredto Pho-

tostore, and this effort will

tire aet of histories for the

has been transferred.
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