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APPLIED NUCLEAR DATA RESEARCH AND DEVELOPMENT
QUARTERLY PROGRESS REPORT
JULY 1 - SEPTEMBER 30, 1980

Compiled by

C. I. Baxman and P. G. Young

ABSTRACT

This progress report describes the activities of the
Los Alamos Nuclear Data Group for the period July 1 through
September 30, 1980. The topical content is summarized in
The Table of Contents.

I. THEORY AND EVALUATION OF NUCLEAR CROSS SECTIONS

A, Channel Nonorthogonality in R-Matrix Theory (G. M. Hale)

It was described1 in the last quarterly progress report how channel nonor-
thogonality at finite radii can induce nonzero overlap (i.e., reduced widths) of
cluster—type Iinternal eigenstates with other channel configurations. Possibly
an even more important consequence of channel nonorthogonality in light systems
is its effect on the relation between the R matrix defined at a finite channel
surface and the collision matrix U.

The assumption of channel orthogonality in the usual relation? results in
surface quantities which are diagonal matrices of S, P, and ¢; the shift, pene-
trability, and hard-sphere phase functions, respectively. It appears that the
main effect of channel nonorthogonality would be to introduce nonzero off-
diagonal elements in these matrices. The nondiagoal elements are complicated
integrals that depend on the specific¢c structure of the system under considera-
tion; however, they probably can be evaluated in an approximate and model-
dependent manner that would build in some features of direct reaction mechan-—

isms, like particle exchange.



An additional complication is that these effects must be included in such a
way that the collision matrix remains unitary, which is equivalent to preserving
the hermitian character of the R matrix. Some recent formulations of many-body
scattering theorys’q that include explicit treatments of channel nonorthogon-
ality could be used, in principle, to construct the required R matrix. It is
not yet known whether these theories lead to a practically calculable procedure,
but the possibility is being pursued.

B, Evaluation of the Ga(n,Y) Reaction (P. G. Young)

In a recent progress report,1 an updated n + Ga evaluation that was
submitted for Revision 1 of ENDF/B-V is described. As a result of Phase I
review comments (D. Larson, ORNL), the Ga(n,Y) cross section was modified to
better agree with experimental data. 1In particular, minor revisions were made
in the evaluation from 0.8 to 4 keV to improve agreement with Konks' data? (see
Fig. 1), and more extensive changes based on Dovbenko's3 and Za:[kin'sl+ data were
made between 20 keV and 5 MeV (see Fig. 2). The revised evaluation has been
approved for ENDF/B-V.l and has been issued by the National Nuclear Data Center

at Brookhaven.

C. New Calculations of Neutron—-Induced Cross Sections on Tungsten Isotopes
[E« Do Arthur and C. A. Philis (Bruyeres-le-Chatel)]

182,183,184, 186w iso-

Nuclear model calculations have been completed for
topes in the energy range from 0.00l to 20 MeV. These results form the basis of
a new tungsten evaluation? that should correct energy balance and neutron emis-
sion spectra problems occurring in the present ENDF/B-V evaluation.

Cross sections were calculated with the ECIS78,10 comnuc, !land cNasu!?
nuclear model codes. The ECIS78 code was used to determine ¢cross sections for
neutron inelastic scattering from the 2t and 4% states in 182,184,186y
the 3/2=, 5/2=, 7/27, and 9/2~ states in 183W. In addition, this code

was also used to provide shape elastic scattering cross—section results as well

and

as to provide deformed optical model neutron transmission coefficients for use
in the COMNUC and GNASH codes. The Hauser-Feshbac¢h statistical model code
COMNUC was used between 0.001 and 6 MeV to provide capture, compound elastic,
and compound inelastic cross sections (both to discrete levels and to the
continuum) since it includes width-fluctuation corrections. Above 6 MeV the

GNASH code was used since it handles multistep reaction chains and also includes
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evaluation and the dashed curve is ENDL~78.

preequilibrium corrections important for cross-section and spectral results

above 10 MeV.

Input parameters were determined in a manner similar to our previous ef-

forts;13’lq that is, independent data types were used to arrive at a consistent

set of needed parameters.

Gamma-ray strength functions (fg)) were determined

from analyses of 182’183’184’186W(n,Y) data and are generally consistent with
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The Ga(n,Y) cross section from 1 keV to
4 MeV. The solid curve is the present
evaluation and the dashed curve is ENDL-78.

the experimentally determined fg;} values of Joly.15 The maximum amount of dis-
crete level information was used throughout the calculations since cross sec—
tions resulting from transitions to discrete levels can be important, particu-
larly around the (n,2n) threshold. The level density expressions of Gilbert and
Cameron'® were used to represent the continuum excitation energy regions after

ad justment of parameters to fit discrete level and s—wave resonance spac¢ing in-

formation.




Recently Delaroche17 determined optical model parameters from coupled chan-
nel analyses of neutron data on 182’183’18q’186W, which we hoped to use in our
calculations. Data in his analyses included neutron total c¢ross sections from
0.1 to 15 MeV, elastic scattering angular distributions up to 4 MeV (but primar-
ily at 3.4 MeV where new measurements have been made at Bruyeres-le-Chatel), and
inelasti¢ scattering angular distributions for 2t and 4% states (again pri-
marily at 3.4 MeV). In addition, 16 MeV (p,p') data on 18251845186y yare used
and overall a good fit was obtained to these various data types. We applied
these parameters to generate coupled—channel transmission coefficients to use in
GNASH calculations of the 18L*W(n,Zn) cross section. We used the gamma-ray
strength functions determined previously and found we were unable to achieve
good agreement with new measurements of this c¢ross section by Frehaut '® from
threshold to 15 MeV. Our calculations overestimated the experimental data by
20-407% around threshold, and at higher energies (12-14 MeV) there was a consist-
ent 8-10% overestimation of the cross section.

For calculations of the 186W(n,Zn) cross section, the overpredictions were
worse (25-200%) around threshold (E, = 8-10 MeV). Part of the reason for this
worsening situation is shown in Fig. 3 where cross sections for direct popula-
tion of levels in the 183 and 185 residual nuclei [by the 184y and 186W(n,Zn)
reactions, respectively] are shown for calculations performed at the same energy
above the (n,2n) threshold (Ug = 1.75 MeV) using the Delaroche parameters,
Evident is the preferred population of positive parity states having high spins
due in part to the initlal spin distributions (centered around J = 5) calculated
for the compound nucleus formation cross section at these incident energies (19
MeV), In lasw, the density of high spin states within the excitation energy

1834 and such states lie at slightly

region up to 0.8 MeV is greater than for
lower excitation energies so that the energy of the transition is greater. Thus
under similar conditioms, the theoretical 186W(n,2n) cross section lies about
20% higher than that for 18L‘w, whereas the experimental results show no such
effect. Spins and parities for these levels are well known and attempts to
improve the agreement by adjustment of the gamma-ray competition lead to unphys-—
ical values for the gamma-ray strength function. We thus felt it was necessary
to modify the Delaroche optical parameter values to provide better agreement
with these data.

To adjust these parameters, we included the same data as was used in the

Delaroche parameter determinations [neutron total, elastic, and inelastic
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angular distributions and 16 MeV (p,p') data] with the added, indirect con-
straint of the Frehaut (n,2n) cross-section measurements. The resulting optical
parameters appear in Table I. They are similar in form to the Delaroche set but
generally involve small adjustments in the geometrical parameters for the real
and imaginary well depths. The form of the energy dependence of the surface de-
rivative imaginary well depth was changed to include a linear dependence on en-
ergy (instead of vE). Also, the energy at which a transition in the form of the
surface imaginary well depth occurred was altered. For the 186y calculations,
the B, value was decreased from the Delaroche result of 0.203 + 0.006 to 0.195.
These parameter changes did not significantly alter the agreement obtained to
the neutron total, differential elastic and inelastic data, and to the (p,p')
results described above. An improvement in the calculated (n,2n) cross section

did occur as shown for 184w

(n,2n) in Fig. 4, where the solid curve is the re-
sults obtained using the parameters of Table I and the dashed curve the results
from use of the Delaroche parameter set.

Further tests of these calculated results were made to excitation functions
for elastic and inelastic scattering up to 4 MeV measured by Guenther et a1.19
and to experimental results for gamma-ray and neutron emission spectra. Fig-
ure 5 compares our calculated gamma~ray production spectrum induced by 13-MeV
neutrons to the data of Dickens.?’ In Fig. 6 our neutron emission spectrum cal-

culated for 1l4.6 MeV neutron interactions with 184

W is compared to the
Hermsdorf21 measurements for natural tungsten. The dashed curve shows results
from the ENDF/B-V evaluation.

Results from these calculations (neutron and gamma-ray cross sections and
spectra) are presently being assembled in an ENDF format to produce individual

evaluations for the four tungsten isotopes.

D. Calculation of Prompt Fission Neutron Spectra and Vv, [D. G, Madland and
Je. Ro Nix (T-9)] o

An extensive journal article summarizing this work is near completion. Our
most recent communcation22 presents recommendations on the evaluation of prompt
fission neutron spectra and"\-)p in the light of the theoretical work summarized
in this article.

Documentation of the FISPEK code is continuing.



TABLE I
OPTICAL PARAMETERS FOR TUNGSTEN ISOTOPES*

r a
182w
V = 46.8 - 0.4E 1026 0'61
W = ~-1.,8 + 0.2E 1.26 0.61
vol
VSO = 7.5 1.26 0.61
wSD = 3.68 + 0.76E 1.24 0.45
Above 4.75 MeV
B, = 0.223, By = —0.054
183w
V = 46.7 - O.AE 1026 0061
w = —l'8 + O.ZE 1026 0.61
vol
VSO = 7.5 1.26 0.61
wSD = 3,54 + 0,76E 1.24 0.45
Above 4.63 MeV
lahw
V = 46.6 - O.4E 1026 0.61
W = -108 + 0'2E 1026 0061
vol
VSO = 745 1.26 0.61
wSD = 3,4 + 0,76E 1.24 0.45
Above 4.5 MeV
By = 0.209, By = -0.056
186w
V = 46.6 - 0.4E 1026 0.61
W = —-1.8 + 0.2 1.26 0.61
vol
VSO = 7,5 1.26 0.61
wSD = 3,12 + 0.76E 1.24 0.45

Above 4.25 MeV

wSD = 6,35 - 0,1E

B = 0.195, By = -0.057

*A11 well depths are in MeV, geometrical parameters are in fm.
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E. Calculation of Prompt Fission Neutron Spectra and v, for the Neutron-
Induced Fission of 2°° 24Uy (D. G, Madland, R. M. Boicourt, and R. E.

U and
MacFarlane)
The prompt fission neutron spectrum N(E) and the average prompt neutron
multiplicity Gb have been calculated for the neutron—induced fission of 23%

2l*OU. The results have been inserted into the local LASL evaluations of

and
23% and 21’OU, which are used in the X-Division continuous-energy Monte-Carlo
library. The evaluations are available on the Los Alamos common file system

(CFS) path

/ENDF/5/A/T/102 .

In the interest of a simple and fast representation for N(E), the
energy-dependent Watt distribution was used in approximation to the exact
spe(:t:rurn.za’zl+ In the ENDF notation, the energy-dependent Watt distribution is
the LF=1l law under MF=5, with energy-dependent parameters A(E,) and B(Ep)
where E, is the kinetic energy of the neutron inducing fission. Using the
ENDF notation our results are as follows.

239
U + n(En)

8-[21.196 +E (MeV)]l/z
n
-9— MeV.

A(Watt) = YA
81 18.163 -1
B(Watt) = Tg-[21.196 T En(MeV) ] MeV .

240
U + n(En)

o [19.842 +E (Mev)]l/2
n
—9- MeV .

A(Watt) = T
81 18.182 -1
B(Watt) = 17 [19.842 ¥ En(Mevé} MeV .

The average prompt neutron multiplicity Vb was calculated as a function

of the incident neutron energy E, using the "Simulated Energy-Dependence of

12




o&(e)" approach discussed in the journal article we are planning to publish.
The total average prompt gamma-ray energy per fission is required as input to
this calculation and, in the case of 23% and ZQOU, was obtained from the work

of Hoffman and Hoft'man.25 Our results are as follows.

239
+
U + a(E )

_ 14.386 + E (MeV)
V() = 3
P n 4,893 + [4Tm(MeV)/3]

, where

21,196 + En(MeV) 1/2
T = 5.0 MeV.

240y 4 n(E_)

_ 13.004 + E (MeV)
v (E) = L , Where
P n 4,839 + [4Tm(MeV)/3]

19.842 + £ (Mev) ]1/2
T = n MeV.
m 24,1

F. Calculation of Prompt Fission Neutron Spectra for 2L*?‘Cm(sf) and 2L”‘Cm(sf)
(D. G, Madland)

At the request of LASL group Q-5, the prompt fission neutron spectrum N(E)

has been calculated for the spontaneous fission of 2%2cn and 2*“Cm. The
calculations have been performed for emitted neutron energies E ranging from
0.1 keV to 20.0 MeV, The physical units used are E (MeV) and N(E) (Mev~l).
The theoretical spectrum is defined such that

[

[/ N(E)E =1 .
0

13



The results have been stored on the Los Alamos CFS in the green file CMQ5
using E,N(E) pairs in FORMAT(5X,2(1PEl15.6)). The first 461 pairs are for
2L*ZCm(sf) while the second 461 pairs are for 2M’Cm(sf). The file CMQ5 can be

accessed using the command
MASS GET DIR=/081380/WCODES CMQ5 .

The theoretical work upon which these calculations are based in described
in Refs. 22-24. The present calculations were performed using the "Simulated
Energy—-Dependence of Oc(e)" approach to be discussed in our next publication.
While little or no experimental prompt fission neutron spectra data exist for
2l"ZCm(sf) andZQQCm(sf), experimental data do exist for the average prompt neu-
tron multiplicity Gb for these cases. Since the formalism that we use to cal-
culate N(E) 1is also used to calculate Vp, a test of the N(E) calculation is
made by comparing calculated and measured Vp values. For the present calcula-

tion, the results are
ZQZCm(sf): Gp (exp) = 2,51 + 0.06
Gp (cale) = 2,488

Relative Difference = 0.88% R

Z%%Cm(s£): v, (exp) = 2.681 + 0,011

vp (cale) = 2.660

Relative Difference = 0.78%
where the experimental data are from Ref. 26. Because the ;p calculation
relies heavily upon energy balance in the fission process, the excellent
agreement between experiment and theory indicates that the correct energy
dissipation was used in calculating N(E). This, in turn, means that the slope
of the tail of N(E) is correctly calculated.

14




II. NOCLEAR CROSS SECTION PROCESSING

A. ENDF/B-V Processing (R. B. Kidman)

The multigroup data of the 93-isotope 70-group ENDF/B-V 1library has been
reprocessed this quarter. The new library now additionally contains P 5 cross
sections and elastic removal f-factors for every isotope plus fission source
matrices for all isotopes that have a fission cross section. The transport

f-factors have also been redefined.

o 1(T,0) - WS | (T,0)

£8 (previously) =
tr — -
o%,1(0, ) - °§,0 (0,%)
of [(T,0) - Z. B8 (1,0)
f%r(Currently) = L.l % s,1
®) - *8' 0 o
Of,l(o, ) - . °§,1 (0, )

B. THOR Calculations (R. B. Kidman)

Last quarter, the relatively high computed eigenvalues for the small
reflected assemblies BIGTEN, FLATTOP-25, FLATTOP-PU, FLATTOP-23, and THOR were
thought to be a result of using only P3 cross sections. Modifications were made
to data preparation and transport codes so that the new Py cross sections could

be tested on the THOR assembly. The eigenvalue results are

ORDER EIGENVALUE
PO 1.1514
P; 0.9917
Py 1.0265
P3 1.0152
Py 1.0189
Pg 1.0178

Obviously the Ps5 eigenvalue (or any higher order eigenvalue) will not solve
the high eigenvalue problem of the THOR assembly. This eliminates one specula-
tion for the cause of the high eigenvalues of the small reflected assemblies.
Speculation now centers on the previous fission source treatment. This specula-
tion will be tested when the codes are modified to handle the new fission source

nmatrices.,

15




When the THOR eigenvalues are plotted versus Legendre order, the asymptotic
behavior becomes apparent. Lt appears that the even order eigenvalues approach
the P, eigenvalue from above while the odd order eigenvalues approach it from
below. Therefore, even order eigenvalues are always high while odd order eigen-
values are always low. The asymptotic approaches to the P, eigenvalue also
appear to be smooth and monotonic. In view of this behavior, it would seem to
be a simple and useful modification to have physics codes compute and print out

an accurate estimate of the P, eigenvalue based on their current Py calcula-

tions.

C. Thermal Reactor Code Comparisons (R. E. MacFarlane)

A powerful technique for verifying thermal power reactor analysis codes
such as EPRI-CELL and EPRI-CPM is to compare them with a <ontinuous—energy
Monte—Carlo code. Such comparisons are most meaningful if simplified problems
are used that focus on selected aspects of the calculation. Several "numerical
benchmarks” of this kind have been specified by the Electric Power Research In~-
stitute (EPRI).22 The numerical benchmarks are also very useful for comparing
different versions of a code run at different installations. As reported last
quarter, this type of comparison was used to remove some differences between the
LASL and EPRI versions of EPRI-CELL.

Numerical benchmark #5 (BENCH5) was chosen to test the range of high fuel~-
to-moderator volume ratios characteristic of Boiling Water Reactors (BWR).
Specifications are given in Table II.

The first results from BENCH5 showed some serious disagreements that have
been traced to an inconsistency between the CELL and CPM treatments of resonance
interference. The error was found to be in CELL; the theory used was experessed
in terms of a group resonance integral even though the code actually required a
group cross section.

In addition to this fix, the resonance input and method of computing the
epithermal disadvantage coefficient were changed. The standard version required
a calculation of Dancoff corrections outside the code, and it also had some of
the c¢ross sections used in computing resonance self-shielding corrections given
in the code in DATA statements. The new version makes these calculations after

the cross—section libraries have been read so that all parameters used are

consistent. It is no longer necessary to construct the RES array for general

16




TABLE 1L

SPECIFICATIONS FOR EPRI NUMERICAL BENCHMARK #5

Temperature (all regions) 300 K

Fuel region
outside radius
2350 density
238y density
16 density

Clad region
outside radius

275 density

Moderator region
hexagonal lattice pitch
equiv. cylinder radius
1H density
160 density

Required results
Koo
4-group cell-averaged cros
4-group cell fluxes

energy bounds 10
821

5.53

0.62

1.-5

0.4675 cn
0.694117-3
0.218195-1
0.450473-1

0.5290 cm
0.473054-1

1.1660 cm
0.6122 cm
0.667804-1
0.333902-1

s sections

Mev
keV
keV
5 eV

eV

17



input. These changes simplify the input and reduce the possibility of user er-

rors.

The BENCH5 results for four codes are compared in Table III. A careful
look at the reaction rates shows that much of the difference between CELL and
CPM comes from the difference in 235y fission in group 3. This may result from
the difficulty CPM has in representing resonance interference using its compara-
tively coarse group structure. To be more specific, 235U has an important pair
of resonances just below 10 eV. CPM thinks that they overlap with the 6.7 eV
238, resonance because they are all in the 4-10 eV group, but CELL knows that
there is no overlap by virtue of its smaller groups. Most of the other differ-
ences are smaller and close to the statistical uncertainty in the Monte-Carlo
results. It should be noted that the MCNP calculation used a white cylindrical
boundary while the SAM-CE results are based on a hexagonal cell--this may ex-
plain some of the difference in multiplication.

D. Covariance Plotting Capability (D. W. Muir)

A computer program CPL has been written to read a multigroup covariance ma-~
trix in the format produced by the ERRORR module of NJOY,28 convert it to the
form of two separate relative—standard—-deviation vectors and a correlation ma-
trix, and then plot the vectors and matrix side-by-side. The plotting is ac¢com-
plished with the ald of the proprietary plotting software package DISSPLA, 2?
Examples of the types of plot produced by CPL are shown in Figs. 7-9. The plots
were generated from multigroup covariance matrices for the two reactions
10B(n,ao)7Li(g.s.) and lOB(n,a1)7Li(0.48 MeV), which in turn were produced from
the ENDF/B-V evaluation for 10g (MAT 1305) using ERRORR, The group structure
chosen in ERRORR was identical to the energy grid used in the evaluatlion except
that the structure was truncated at 40 keV at the lower eud and 1 MeV at the up-
per end. Thus, the plotted data are essentially identical to the evaluated co-
variances for the reactions shown. When used in this mode, the combination of
ERRORR and CPL may provide a useful tool for validating ENDF/B uncertainty eval-
uations. CPL will be incorporated into a new NJOY module that will perform a

variety of covariance output formatting and plotting tasks.
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TABLE III

THERMAL REACTOR CODE COMPARISONS FOR BENCH5

Parameter EPRI-CELL EPRI-CPM MCNP
Keo 1.1332 1.1251 1.1337
2353(q,f)a 1.236 1,242 1.239
1.634 1.637 1.639
21.80 21.15 22.05
247.9 245.6 2442
235y(n, ¥) 0.0650 0.0654b 0.0649
0.4669 0.4671 0.4663
10.87 11.17 10.61
44,39 43.97 43.77
238,
U(n,£) 0.3622 0.3646 0.3626
238y(n,v) 0.0583 0.0584b 0.0581
0.2494 0.2512 0.2625¢
1.654 1.646 1.660
1.290 1.280 1.274

4Four~group cell-averaged values,
bCorrected'using CELL (n,2n) cross section.

CNo unresolved self-shielding.

SAM—-CE
1.1400

1.244
1.644
21.71
242.8

0.0650

0.4695
10.58
43.49

0.0582
0.2461
1.647
1.263
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Ao/o vs. E for 9B(n,a0)

Linear Axes:
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: Logarithmic Axes:
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Fig. 7.
Covariances for (MAT 1305, MT 780).
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5 Ac/o vs. E for “B(n,al)

Linear Axes:
Rel. Standard
Deviation (%)

Logarithmic Axes:
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Fig, 8,

Covariances for (MAT 1305, MT 780) with (MAT 1305, MT 781),
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5 Ac/o vs. E for °B(n,al)

Linear Axes:
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Fig. 9.
Covariances for (MAT 1305, MT 781).
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IIL. FISSION PRODUCTS AND ACTINIDES: YIELDS, DECAY DATA, DEPLETION, AND BUILDUP

A, Neutron Production from Actinide Decay in Oxide Fuels [W. B, Wilson, R.
T. Perry (U. of Wisc.), T. R. England, R. J. LaBauve, M, E. Battat, and N.
L. Whittemore]

A total of 144 actinide nuclides that may be produced in reactor fuel have

been described previously.30

ENDF/B-V. >}

Of these, 60 are described with decay data in
Decay data have been accumulated from available sources to describe

all remaining actinides,32

resulting in a near—complete collection of actinide
data.

Neutron production in oxide fuels associated with actinide decay results
from spontaneous fission (SF), delayed neutron emission, and (a,n) reactions of

decay alpha particles with 170 anda '8

0. Forty of the 144 actinides have been
identified as nuclides decaying at least partly by spontaneous fission. The SF
neutron production of these nuclides, listed in Table IV, are given as the num-—
ber of SF neutrons per decay of any kind; this is equal to the product of the SF
branching fraction and V(SF)--the total number of neutrons emitted per SF de-
cay. In turn, V(SF) equals the sum of the vp(SF) (prompt) and Vvy(SF)

(delayed) contributions. The branching fractions listed in Table IV were taken
from ENDF/B~V or Refs. 33 and 34. Values of vp(SF) were taken from Ref. 26 or
from the linear approximation to that data as shown in Fig. 10. The minor
Vi(SF) contributions were generally taken as 0.0l.

Of the 144 actinides only 210p decays in part by delayed neutron emis-
sion. Neutron emission 1s actually associated with the decay of short-lived
levels of 210Pb formed by the B~ decay of 210'1‘1.34

The energy dependent neutron production functions P(E,) for decay alphas
of energy E, have recently been calculated for four oxide fuels.3°23% The
alpha decay spectra of 89 of the actinides identified as alpha emitters have
been accumulated and combined with the neutron production function for
irradiated U0, fuel to produce (o,n) neutron production values.

The neutron production contribuitons and total values are given in Table V
in units of "neutrons per decay of any kind.” The half-life and total decay en-
ergy of each actinide nuclide are also listed. The results of these calcula-
tiéns were recently presented,37 and a report describing the details of the work

is now in preparation.
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TABLE 1V

SPONTANEOUS FISSION NEUTRON PRODUCTION BY ACTINIDE NUCLIDES

SPONTANEDIS NEUTRONS

B=A.TOBIAS«J.K.«PRIVATE COMMUNICATIDN

C=TABLE OF

ISOTOPES. S

D=MAMERO AND KONSHINe
PROMPT MUU-BAR YALIUES SIY¥EN WITHIUT REFERENCE HAVE BEEN ESTIMARTED
FROM THE VALIJES OF REF D. DELAYED NU-RAR VRLIJES SIVEN WITHOUT
REFERENICE HAYE BEEN AREITRARILY ASSUMED.

EYENTH EDITION
ATOMIC EMERGY REVY.

10837756 (1G72)

——————————— NU-BAR VYALLES -——————————— FISSTION PER NUCLIDE
NUCLIDE PROMPT DELRYED TOTARL BRANCHING DECAY
30-TH-230 2.13 .01 2.14 5.330-13 £ 1.14 —-12
91-PAR-231 1.92 .01 1.93 2.980-12 C 5.75 —-12
90-TH-232 2.130x.200 D .01 2.14 i.410-11 C 3.02 -1
92~ U-232 1.70 .01 1.71 3.000-13 A 1.54 -te2
32— -233 1.75 .01 1.756 1.300-12 H 2.29 -12
9e- U-234 1.80 .01 1.81 1.200-11 R 2.17 —-11
92— 1J-235 1.85 .01 1.86 2.011-09 ©C 3.74 -09
%e- 1J-236 1.900£.050 D .01 1.91 1.200-909 A 2.29 -09
34-P1-236 2.120+.130 D .01 2.13 3.100-10 R 1.73 -09
93-NP-237 2.04 .01 2.05 e.140-12 ¢ 4.39 ~-t12
92— 1J-233 2.000+£.030 D . 01 2. 01 5.450-07 A 1.095-06
34-Pl-238 2.210%+.0°0 D .01 2.2e 1.840-09 A 4.08 -09
94-Pl)-239 2.15 .01 2.15 4.400-12 A 9.37 —-1e
94~Pl-240 2.151+.006 D .01 2.16 5.000~-08 A 1.08 -07
S6-CM-240 2.38 .01 2.739 3.860~03 C 9.23 -08
I5-AM~241 2.26 .01 2.27 4.100-12 A 3.31 —-12
94-PlJ-242 2.141£.009 D .01 2.15 5.500-06 A 1.18 -05
95-AM-242M 2.33 . 01 2.34 1.600-10 R 3.74 -10
96-ICM-242 2.510+.060 D .01 2.52 5.800~08 H t.71 -07
35-AM-243 2.41 .01 2.4 2.200-10 A 5.32 -10
34-Pl)-244 2.290%£.190 D .01 2.390 1.250-03 A 2.88 =03
96-LM-244 2.681%.011 D .01 2.59 1.347-06 A 3.62 -06
96-CM-246 3.170+.220 D .01 3.18 2.614-04 H 8.31 -04
96-CM-243 3.100£.090 D .01 3.1 3.260-~02 A 2.569~-01
93-CF-248 2.33 .01 3.34 2.850-05 ©C 9.52 -05
97-BK~-249 3.590+.160 D .0t 3.60 4.500-10 A 1.65 -09
3B-CF-249 3.400£.400 D .0t 3.41 5.020~-09 R 1.71 -08
6-CM-250 3.300£.030 D .01 3.31 7.000-01 B 2.32 +00
IB-CF-250 3.520£.0%0 D .01 3.953 7.700-04 R 2.72 -03
IB-CF-252 3.756x.012 D .009 D 3.765+£.010 D 3.0%2-02 A 1.164-01
39~-ES-253 3.9¢2 .01 3.93 2.700-08 H 3.42 -07
IB-CF-254 3.890+£.050 D .01 3.90 9.969-01 3.883+00
I9-ES-254 3.94 «-01 3.95 3.020-08 € 1.19 -07
99-ES-254M 3.94 .01 3.95 4.500-08 C 1.78 -07
100-FM-254 3.930+.140 D .01 3.99 5.900-04 2.35 =03
93~-ES-255 3.95 .01 3.97 4.000-05 1.59 -04
100-FM-255 3.99 .01 4.00 2.290-07 9.16 -07
100-FM-255 4.00 .01 4.01 3.190-01 ¢ 3.69 +00
100-FM-257 4.010£.130 D .01 4.02 2.100-03 8.44 -03
100-FM-252 4.02 . 01 4.03 1.000+00 4.03 +00
A=ENDF/B-V
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+Th

Pa

AU
Np

O X400 O
IWREGEE

,.-l;:'
gy i
values.
T 1
230 240 A 250
Fig. 10.

Values of Gp(sf).

260

25



TABLE V
PRELTMINARY ACTINIDE NUCLIDE DECAY PROPERTIES

DECAY DE- ++++HELUTREONZ FER DECAY+4es
HAILF-I_IFE EHERGY CAY ALFHA«M  SFOMT.
HilZLTDE CEECTIMDED tMEWY REF TH 102 FIZZI0M TOTAL

SENSSNS S oS ID SSSoSNOoOSomS SmNSmED DoEm SRS oS|I S mmm=mEm ===

gho-HG-206  4,22000+2 0.5274 @, 0. 0.
S1-Tl.—-206  2.50220+2 0.5402 0. a. g.
22—-FE-205 STHEILE 0. - 0, 0. .
31-TI.—207 Z.27400+2 0.5134 0. . 0.
Se-FB—207V STAELLE n. - 0. g. 0.
Z1-Tl-203 1.24=200+2 2.2702 A 0O, 0. 0.
Se-PE-203 ZTHEILE a. - . n. 0.
S1-TlL=209 1.22000+2 2.2313 = 0, 0. 0.
B2—-PE-202 1.17102+4 0.2234 o 0. a. 0.
B3-BI-£0% B.2115+25 0. oo, a. 0.
21-Tl-210 7F.30000+1 4.2765 12 0, o, .00 -1
S2-PE-210 7.0&472+2 0.0441 & 5.883 —-17 0, 5.68 -1
F3-BI-210 4.33123+5 0.32399 © 1.9 —-14 0, 1.15 ~-14
S4-PO-210 1.13957+7 S.407& ¢ 1.87 —-02 0, 1.27 -Dn8&
S2-PB-11 2. lerO0+32 0,.3535%3 0 0, 0. a.
22-BI-211 1.29000+2 &.7321 T 3,23 -08 10, 3.28 05
S4-P-211 0.5160000 7.5942 12 S5./4 -03 0, S.604 —02
S2-PB-212 3.23040+4 0.3180 A 0. 0. 0.
CI-ET-212 3.23800+2 2.2020 £ 1.076-02 0, 1. 075—08
24-P1-212 2.26000-7 2,953+ . 2.%4 -03 0, 2,94 —-0a
SR2-BI-~132 2.73540+32 0.7172 0 5.8% -10 0. S5.85 —-10
54-PO-2£132  4.20000-6 2.5360 L F.86 —082 0, T8 03
22-FE-214 1.20200+3 0,.5928% 0. 0. 0.
22-BEl-214 1.128200+32 2.1922 - 4,39 -1z 0. 4,39 —-12
24-FI-214 1.63700-d 7.83227 £ 6,139 —-02 0, £.19 —02
23-BI-215 4.44000+2 0.8445 0, 0. a.
24-PO-219 1.77200-3 7.526e5 L 5.5z -02 0, 5.5° —-08
35-AT-215 t.000Q00-4 22,1720 12 A.92 —-02 0. £.93 —-02
B4-F-216 0.1500000 S.2064 R 4.2 -08 0. 4.288 —-03
=S—-AT-217  0.0322000 7.2004 o 4,35 08 0. 4.35 -2

il
Pt b b b b b o g g g g b
Lo JOh O~ phd

SE-REM-217 S.40000-4 7.8330 0 5,32 -08 0. .32 —03
£4-FO-213  1.83000+2 A.114% 1 2.909-08 0, 7. 23— 03
S5-AT-215 1.7500000 £.2830 © 4.14 -03 0. F.14 -3
S6-RN-Z12  0.0350000 7.2664 ©  4.93 -02 0. 4.9% -02
S5-AT-Z19 S.40000+1 6.2165 £ 3.825 —-02 0. G.26 —08
SE-RN-Z1%  3.9600000 £.9463 ©  4.85 -0% O. 4,85 —08
S6-RM-Z20 S.56000+1 £.4048 A 2.39 -08 0. 3.39 -08
27-FR-221 &2.82000+2 6.4530 £ 3.45 -03 0. 3.45 -0%
S6-RH-2£2  3.30351+5 5.5905 £ 2.129-03 0. 2. 129-0%
g7-FR-222 S.64000+2 0.7450 € £.45 —-11 0. S.45 —~11
SR-RA-222 3.50000+1 £.6760 © 32.846-08 0. 3.546-08
57-FR-222 1.30800+3 0.4559 © 7.85 -13 0. 7.5 12
25-RA-222 9.37949+5 —————- T 2.39 -08 0. 2.3 -083
ES-RA-224 3. 16224+45 5.7902 A 2.40 -03 0. Z.40 —085
S6-RA-225 1.27878+6 0.1433 © 0, . 0.

£A-AC-225  S.64000+5 S5.9354 £ 2.57 -0% 0. 7.57 -03
SR-RA-226 S.0451+10 94,8705 € 1.204-02 Q. 1.304-08
B9-AC-226 1.04400+45 0.4099 ©  1.24 -12 0. i.24 -12




TABLE V (Continued)

LEZAY DE— e#+eHEUTREOMS PER DECAYTSess
HAILF-LIFE EHERRY CHY  ALFHASH  SFOMT. _
HUZLTDE CEECOMDE CMEYY REF TN U0 FIZZ10H TOTHL

20— 1.85400+3 6.4517 © 3.42 -0S O 348 -08
£9- ELRVOOTHE DL05F5 € 2,01 -10 0. F.01 -10
S0~ 1 6175046 & 1466 £ 2,72 -03 0. 2,72 —0&
8- 1. 32067+5 0.0146 0. . 0.
g3- 2.20650+4 1.3696 Q. a. iR
20~ £.03725+7 5.5176 A 2.004-0% 0. 2. 00403

20— 2.32163+11 5.1 2 1.3%1-02 0, L3302
20— G2+ 4,7 A 1.207-02 1.14 ~-12 1.21 —-02
) 1.52928+5 0.6! &L 02 —13 0, LOE =12
- 1.73712+8 5.9 TO2.R9 —02 0. LRF 08
20— FolEven+d 0,1 A0, U -

- 1.0333+12 5.0 A 1.478-028 5 33 -0E

J=
0

- .’
A
I
p—
i
PR R v BN | S e ¥ o RS S

22— 3.52880+5 001017 © 1,14 -18 0. .14 -12
i 4.4337+17 4. 0882 A 5.5 -0% 3.08 ~11 5.55 —-0%
91— 1.13184+5 1.0%5 A 0. 0. .
42— F.EERE3+T 5.4145 A 1.271-08 1.54 12 1.87 -0
A0- 1.33300+3 0.4422 A 0. . .
a1- 2OEZEE0+6 0.4030 A 0. 0. .
G2- =233 S.0232+12 4.8578 A 1.336-08 2.8% —12 1.34 -03
G0-TH-234 2.08233+& 0.147% © 0. ip .
21-FRA-S34  2.43000+4 2.2453% © 0. 0. 0.
G1-PR-Z34M 7.05S000+1 D.3141 © 0. iR 0.
ag- =234 TI7I88412 48685 A 1.299-08 2.17 -11 1.301-08
AN-TH-23%5 4.14000+2 —-————— = o, 0. o,

|
T
I

|
A

3
an

Ll NS koD

41 1.45200+3 . 1. 0.

Az- - S.2210+16 4.R651 2.89 —03 2.74 ~09 1.26 —03e
I0- U=-2325M 1.428020+32 0, 0001 Q. a. a.
AZ-HF-£35  3.42230+4+7 0.0210 2.d94 —-13 0. 2.44 -1z
A4-FlI-2535  1.593600+3 5.8675 .42 -1z 0. F.42 —-12
Fo—- =235 T.IR20+414 4,.5209 FUEI 03 2,279 07 1.218-02

+~4+ 4+ 4= ~++ 4+t
DL DT I

FI-NP-236  S.AZ90+12 0.3390 o, Q. g.
FI-HP-2326M 21000044 0, 13573 a. . 0.
F4-FU-236 2. 39032+7 52654 2.517-08 1,72 -0% 2,69 -02
A= =237 S.23200+45 00,3103 0. 0. . ]
FE-MP-23Y &.VSE2+413 4.2470 1.3032-02 4,33 -12 1.303-02
FE-FU=-237  3.942434+6 0, 0622 .72 —13 O, &.72 —-13

LA100+17 34, 2755

1 L H S X 1_

L.22302+5 0.7316 A 0. 0. 0.

2SI 5055371 A 2.184-02 4,08 09 2,532-02
7 =35 l.41000+2 0,.4650 A 0, o. a.
FI-HP-239 Z.03385+5 0.4130 A 4. 0. Q.
FE-FPLU-253 ToAD4+11 5,239 A 1 EE4-02 3,37 —-13 1.865-032
A2- =240 S.O0T7EO00+4 00,1753 L 0. 0. 0.
II-HF-240  4.02000+32 1.5755 0, . 0.
I3-HP-240M 4.50000+2 11,0407 L U. a. 0.
24-Pl-240 2. 0670411 S.%274 A 1.R7FE-D2 1.0% -07 1,25 -07
AS-AM-240 1.22820+5 1.0920 A 3.74 —-14 0. _ 3 74 —-14
FE~CM-240  2.31552+6 S.3344  © 0 3037 -08 3,23 -03 1.28 07




TABLE V (Continued)

DECAY DE— +e+eMEUTROM: PER DECAYS®ees
HALLF-I.IFE EMERGY CAY  ALLFHAM  ZFOHT.
M. TDE CSECDMD S (MEY: REF TR 1H12 FI=T0M TOTHIL

Vo
el

o

-:-U st
S}
DR
—
|
—
i

e
. —

PUIES (RN o

1 =
X i)
e o J = 00

—
]
|
Dem)
)]

anlum P SR A | o]
4 4 4 a4 a
V= )t
L
P SN T R
e
4 4 . e 4 4
TR O 0
o
ITI
P
it
D D Ll v
4 Ll a < 4 <
o= BN
a a 3 4 a 4

) Jua

AS—AM-242 S
AS5—AM—~ 42

L
it
X
|
—
—
N
2
|
—
fom

T

=4
—_ B
|
Py

9E-CHM-Z42  1.40745+7 6.216% A 3,07 —08 1.714-07 2.02 -07
24-Fll-243 1.78453+4 0.1957 A 0O, 0. .
AS-AM-24%  2.322%+11 S.4234 A 1.82 -02 5,33 -10 1,27 -0
AE~CH-243  £.93TPE+8 £.1593 A 2.62_-08 0. 2,62 —08
34-Pl-244  2.5577+15 46510 A 1. 033-02 2.375-03% 2.88 -02
SS-fAM-244  3.E3E00+4 11177 A0, i u.
SS-AM-249M 1 0.503% A 0. 0. 0.
SE-CH-2499 5 S.E0i0 A 2.SEE-03 3.623-08 .65 -06
aq-Fll-245 2 0.5103 © 0. 0. 0.
S5-AA-Z45 7 0.3193 oo, . .
IE-CH-245 2 S.5251 A 1.945-03 Q. 1.35 -03
4-Fll-246 3 0.ES14 0. . 0.
A5—-AM-24AM 1,.50000+32 1.493% 0 O, 0. .
AE-CHM-246  1.4326+11 S.4714 A 1.971-02 2.313-04 3,31 -0d
JE-CHM-247  4.9229+14 5.3522 A 1.466-02 0, 1,47 -0%
FE-CHM-F43  1.0720+13 4.7370 A 1.441-08 2.96%9-01 2,57 -0t
G7-BK-348  2.B4015+3 —————= [ mmmm——mm Smmmmmme oo
7-BK-Z4EM 5,46000+4 0,1634 © 0. 0. 0.
IP-CF-243 & £O2.3I6-0% 9.519-0% 9,52 -0S
IE-LHM-249 3 A 0. a. 0.
A7-BK~249 2 A 2.306-13 1.656-0% 1,66 —03
E-CF-249 1 A 2.546-02 L.712-02 4,356 -08
SE-CM-E50 3 L 2,33 +00 .33 +00
I7-EK-2S0 1 A0, i .

FE-CF-250 4 S.1a2y A 2.341-08 2.718-03 2,72 —-03
An-CH-251 1 o.5%25 0, 0. .

FIP-BE-251 32 n.a4z3azm o0, i, I,

IE-CF=-2%1 &2 L0260 B 2.5322-08 0, 2.2 —0g8
FP-CF-252 = e, 031V A 2.996-02 1.154-01 1. 124-01
E-CF—223 1 0,090 A .29 —-11 0, 2LEe -1
FI-ES-253  1.FRISN+E £.VREY A 3.935-08 3 2,82 -07
Q[E-CF-254 5H.2eva2n+s 0,0184 0 2018711 3, 2. &aa+00
FI-EE-T04 ZL3II054+7 £.61F2 0 O 3.AIV-0DR 1. 1.5 —07
FI-EZ-254M 1.41420+% 0.73%1 o f.1323-10 1, 1.78 —-07
100-FM=-254 1.1leadl+d 72930 0 S.03 08 2, S35 —03
FE-CF-255%  A.84000+3 —————- ooon, 0. o, )




TABLE V (Continued)

DECAY DE- e++«+HELUTROME FER DECAYS+ee
SIFE EMERGY CAY ALFHALN SRPONT,
3 TMEYY FeF  IH 02 FT1==T0M TOTAL

99-EZ-255 . SIS © 2.7 -0% 1.5% -0d4 1,59 -04
1O0-FH-255 7. 2407 © 0 4.75 -08 2,16 -07 .44 07
II-EI-FSE 1. 169 o 0. 0. 0.

LOO-FH-256 2] 0250 ¢ 4,55 —02 I.6% +00 3.63 +00
100-FM-257 & FEAN T 3.AL -07 &.44 -03 £.44 -03
LOO-FM~358 3. 20000-4 ——-l-- Coo0. .03 +00 4,035 +00

DECHY DARTH REFERERCER
A=EHLF ~E-%
E=A.TOBRIAS UK. «FRIVATE CDMMUMTIZAT 10N
C=THEILLE OF TZ0TOPEX
« ALNDITINOMAL MOTES
MIZZING DARATA MDTED A% —————-
21-Tl—=210« HEOQTROHE FROM DEILAYED MEUTROH
EMIZZION FROM S2-PE-210 LEWELS
FEODUCED I BETH DECAY.
~ =235 IZPONTAMEDIE FISSINN BRAMCHIMG
M EMDFE<E-% 1% ZERD EY OMTSZIAM,
Z.F. BEAMCHIMG G2, 011-32 THEEH
FFEOM RFEFERFEMCE .
FAV-BE 242 DECRY CHARBCTERITISTICE UMEMTWH,

Hr



B. Fission-Product Decay Heat: Preliminary ENDF/B-V vs, ENDF/B-IV [T. R.
England, R. J. LaBauve, W. B. Wilson, N. L. Whittemore, D. C. George, and
D. E. Wessol (EG&G, Idaho)]
Most of this quarter was devoted to revising the CINDER-10 data libraries

to use ENDF/B-V decay and yield data. The chain structures and libraries have
been greatly expanded because of the increase in known isomeric states, the use
of 105 delayed neutron precursors vs. 57 in ENDF/B-IV, and the doubling of yield
sets. The chain systematics have now been thoroughly tested and the data 1li-
braries completed except for incorporation of ENDF/B-V cross sections; these are
still being processed by the NJOY code. However, for thermal reactors thereis
little change expected in most cross sections, and the ¢ross sec¢tions do not
affect comparisons of decay heat following a fission pulse.

Figures 11-13 compare the beta, gamma, and total decay energy rates for a
235U thermal fission pulse as a rvatio of ENDF/B-V to -IV. While the rates fol-
lowing a pulse emphasize any differences in the data base, the differences are
surprisingly large, especially for the gamma energy. We are now attempting to
find the veasons for the larger differences by (a) identifying the major contri-
butors from each file base and (b) comparing nuclide decay parameters with those
from other compilations such as the UK data and GAMDAT78. Earlier comparisons
using ENDF/B-IV decay data with ENDF/B-V yields show changes of only 1% ov less;
therefore, the differences in aggregate heating are most likely due to decay en—
ergy and branching fraction changes, some of which may be in error in ENDF/B-V.
Note that these differences will be reduced in any realisti¢ calc¢ulation with an

extended irradiation period.

C. LASL Meeting of the CSEWG Yields and the Fission—Produ¢t and Actinide
Subcommittees (T. R. England)

The joint meeting was held at the Los Alamos S¢ientific Laboratory on
August 5, 1980, Highlights were as follows.

. There now have been 40 fission yield sets evaluated vs. 20 in ENDF/B-V and
and 10 in ENDF/B-IV. Table VI shows the fissionable nuclides and incident
neutron energy ranges having yield evaluations in each c¢ase. The new
evaluations are not in ENDF/B format. The new evaluations obviate most
criticisms of the ENDF/B yields.

] A minimum un¢ertaintly limit of approximately 1% was recommended for the
yields, especially those labled as from fast fission. However, this is

still a subject for discussion.
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TABLE VI
ENDF/B YIELD SETS IN VERSIONS IV, V, AND PRELIMINARY VI2

Characteristic Neutron Incident Energy

Target Spontan-—
Nuclide Thermal Fast High (14 MeV) eous

Th-277 6
Th-229 6
Th-232 4,5,6
Pa-231 6
U-233 4,5,6 5,6

5,6
5,6

U-234
U-235 4,5,6 4
U-236
U-237
U-238 4,5,

4,5,6

4,5,6

Np-237 5,6
Np-238 6
Pu-238 6
Pu-239 4,5,6 4,5,6
Pu-240 5,6

Pu-241 4,5,6 5,6
Pu-242 5,6
Am-241 6
Am—-242M 6

m—-243 6

o

Cm~242 6
Cm—-245
Cn—-249
Ccf-251
Cf-252 5,6
Es—-254 6

[«)We W o))

4B, F, Rider has completed a Ereliminary and possibly
a final General Electric evaluation of the noted 40

yield sets. These have not yet been reviewed, ex-
tended as in Version V, or had inconsistencies with

the decay files removed, and they are not yet available
in the ENDF/B format.




A problem for future evaluations and experimental compilations is the
definition of fast as a lable for fission yields in a fast reactor
spectrum. Bill Maeck from EXXON presented measurements of a few yields
made in a range of fast spectra. Some nuclides show a surprisingly large
energy dependence. It was recommended that future evaluations characterize
the dependence where it is known and some attempt should be made to develop

model estimates, depending on the degree of support for such work.

B. Wehring's recent 233U independent (direct) thermal yield measurements
show that the ENDF/B-V yield uncertainties are too large by approximately

20% in about 85% of the comparisons.

The extensive increase in evaluated cross sections was summarized. Large

changes in individual cross sections for fast reactors were noted.

The use of two fictitious fission products (lumps) to represent the
aggregate fission product absorption in fast reactors was presented by B.
Atefi of Brookhaven National Laboratory. He noted that accuracies of V2%
were needed in the lump approximation for use Iin the Fast Mixed Spectrum
Reactor (FMSR) design.

Aggregate, equilibrium delayed neutron spectra as calculated using ENDF/B-V
yields, Pn values, and the individual spectra for 24 precursors (supplied

by Rudstam) was presented in a passout, but not discussed.
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