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APPLIED NUCLEAR DATA RESEARCH AND DEVELOPMENT
QUARTERLY PROGRESS REPORT
July 1 - September 30, 1979

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, 1979. The topical content is summarized in
the contents.

I. THEORY AND EVALUATION OF NUCLEAR CROSS SECTIONS

A. R-Matrix Analysis of Light Systems (G. M. Hale and D. C. Dodder)

Work has continued primarily on reactions in the 4~ and 5-nucleon systems
during the past quarter. These systems contain reactions of interest as fusion
energy producers, as neutron sources, and as neutron standards. In addition, the
4-nucleon system in particular offers an ideal testing ground for our charge-

independent R-matrix modeling.l’2

Some significant developments along these
lines are described below.

* 1. 4-Nucleons: (a) Prediction of n-T Total Cross Sections from p—3He Parame-

ters. The charge-independence of nuclear forces would imply that n-T and p—3He
scattering are the same process except for Coulomb differences. These Coulomb
differences outside the range of nuclear forces are automatically contained in
the external shift, penetrability, and hard-sphere phase functions of R-matrix
theory. Coulomb differences inside the interaction region, although dominated

by the nuclear forces, are usually important to take into account as perturbation
effects. We have done this in the case of p—3He and n-T by simply shifting the
eigenvalues (EA) of the p—3He R-matrix downward by 0.88 MeV, which is the energy
difference one gets from a uniformly charged sphere calculation, to obtain the

n~-T R-matrix parameters. We then predict the n-T total cross section shown in



Fig. 1. Also shown in this figure are new n-T total cross-section measurements
from Livermore,3 which appear to be in good agreement with the predictions. The
rise in the low-energy cross section, evident in both the measurement and the
calculations as one approaches zero energy, is significant since previous meas-
urements did not indicate its existence and since it leads to a zero-energy cross
section 30% higher than the usually accepted (ENDF) value. A higher zero-energy
cross section may help to resolve the discrepancy between the coherent scattering
length and elastic cross section for n-T scattering. ’

(b) Difference in the d-d reactions. We have been forced to conclude that
isospin mixing in the external Coulomb field is not sufficient to explain the
large differences observed in measurements, particularly of the cross sections in

the few-hundred keV range, for the two branches of the d + d reaction. Folloﬁing

the suggestion of Sergeyev6 that additional isospin mixing from the internal Cou~-
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Fig. 1.
New measurements3 of the n~T total cross section compared with
R-matrix predictions (solid curve) from an analysis of p-3He data.



lomb interactions may reproduce the observed differences, we have allowed non-zero
isospin-1 widths in the 3P states of the d + d channel. Indeed, the experimental
differences are largely reproduced (see Fig. 2) with mixing widths only 2% of the
single-particle width which characterizes the d + d widths in the 3P isospin-0
levels. This is entirely consistent with the magnitude of the matrix element one
would expect from internal Coulomb mixing, indicating that no violation of fhe
charge independence of nuclear forces is required to explain even the large differ-
ences between measurements for the D(d,p) and D(d,n) reactions. We are continu-
ing to study this problem using polarization data measured at ETH (Zurich) and at
Ohio State specifically to probe differences in the d + d reactions.

L4 e
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Fig. 2, 5(0)
Ratios of the integrated cross sections and of the asymmetries, A = 5(90)°

for the two branches of the d + d reaction. The points are measure-
ments of Theus et al.; the solid and dashed curves are R-matrix calcula—
tions with and without internal isospin mixing, respectively.




2. 5 Nucleons: 5He Analysis. New preliminary data from Ohio State for

the T(d,n)4He reaction measured with polarized deuterons at energies between 3
and 6 MeV indicate that some of the data included in our analysis of reactions

in the 5He system may be incorrect. The new data have been included in our anal-
ysis, and appear to be accommodated with small adjustments in the R-matrix param-
eters that do not affect the low energy T(d,n) cross sections very much. However,
large discrepancies remain between the fit and some of the previous measurements

for the reaction at 7 MeV.

B. Evaluation of Iron Cross Sections up to 40 MeV (E. D, Arthur and P. G.
Young)
To provide data for the Fusion Materials Irradiation Test Facility (FMIT),

we have evaluated neutron cross sections on iron up to 40 MeV. Our results
were joined to the ENDF/B-V evaluation around 3 MeV. Since little neutron ex-
perimental data exist above 20 MeV, we relied on nuclear model calculations to
provide a majority of the evaluated cross sections and emission spectra. Our
calculations on 54’56Fe were performed only after extensive efforts were made
to determine input parameters--optical model sets, gamma-ray strength functions,
nuclear level densities, etc.--applicable over the entire energy range of in-
terest. TFor neutron optical parameters we followed the method of Lagrange7 in
which total, elastic, and nonelastic data were supplemented by resonance infor-
mation to determine the parameters shown in Table I. For protons and alpha par-
ticles we used publisheds’9 optical sets obtained in the mass and energy region
of interest to the present calculations. These were then modified to better re-
produce data at low and high incident energies by comparison to (p,n), (a,n),
and or values. 10
Following the method of Gardner,™~ we used gamma-ray strength functioms to
describe gamma-ray emission that prevented problems arising from the normaliza-
tion of gamma-ray transmission coefficients to s-wave average resonance values
<FY> and <D>. Nucleil throughout the calculation were described using a combina-
tion of the maximum available discrete level information along with the Gilbert-
Cameron level densityll with Cook parameters12 at higher excitation energies.
Preequilibrium effects, important in this incident energy region, were included
through use of the Kalbach master equation model.13

Two general types of calculations were performed. Since direct reaction

effects are present resulting from inelastic scattering from 54’56Fe collective



TABLE I

NEUTRON OPTICAL PARAMETERS FOR IRON

r(fm) a(fm)

2

V(MeV) = 49,747-0.4295E~0.0003E 1.2865 0.561
WSD(MeV) = 6.053+0.074E 1.3448 0.473
Above 6 MeV

W&ol(MEV) = ~0,207+0.253E 1.3448 0.473

Vso(MeV) = 6.2 1.12 0.47

states, we made DWBA calculations using the optical parameters of Table I and
deformation parameters determined from proton inelastic scattering.14 These direct
cross sections were used to renormalize the reaction cross section available for
multistep particle emission calculated using the GNASH preequilibrium statistical
model code.15

Figure 3 illustrates major cross sections calculated for 56Fe from 10-40
MeV. Since some processes involve complex chains (for example, n,2np = n,2np
+ n,npn + n,p2n) and since gamma-ray production information was needed, it was
necessary to include as many as 20 reaction types at higher energies. To check
our parameters for the higher energy region, we performed 56Fe(p,xn) calcula-
16,17 4o Fig. 4.

Several neutron data types provide constraints on our calculations. Figure
18,19
a

tions up to 40 MeV that are compared to experimental data

5 compares our calculated neutron emission spectra to‘expérimental data t
14.6 MeV. By agreeing with these data at lower energies, more confidence can be
placed in our calculations at higher energies where no data exist. The predicted
neutron spectrum at 36 MeV appears in Fig. 6 where discrete level cross sections
calculated using DWBA methods are apparent. The breaks in the continuum region
result from the representation used to introduce angular distribution effects.
(At present ENDF/B-V has no straightforward way to represent energy-angle corre-
lations in the continuum.) Since higher energy components of such emission spec-

tra are strongly forward peaked, the resulting evaluation would be unphysical if



IO: T 'L ISR IR B A M S B S S R 3
- {(n,2np) ]
oll= -
= N
Y [ (n,3np)
001} -
= 3
N i
- .
o.wl J S 1 ' l '} A ] A I . A 1 1 J L
10 20 30 40
Eq(MeV)
Fig. 3.

Calculated cross sections for the n
+ 56Fe up to 40 MeV.
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such effects were neglected. We therefore divided the continuum region into 5-
MeV wide secondary energy bins and applied the phenomenological expressions of
Kalbach20 to determine an angular distribution for each bin. The average energy
in each bin was used for this determination, which lead to the discontinuities
shown at the boundaries of each bin. Further examples of the angular distribu-~
tion information provided in this evaluation are shown in Fig. 7a where the DWBA

2
21,22 for inelastic scattering from the

angular distribution is compared to data
0.846-MeV state by 14-MeV neutrons, while in Fig. 7b continuum angular distribu-
tions measured by Hermsdorf19 are compared to the predictions of the KRalbach
systematics20 used throughout our calculations.

Gamma-ray production spectra have been measured23 up to 20 MeV. Since our
calculated spectra generally are in agreement (see Fig. 8), we have some confi-
dence in the parameters used to produce the 40-MeV gamma-ray production spectrum
shown in Fig. 9.

Among the cross-section types of interest to our evaluation are total proton
and alpha-particle production cross sections. These are of some importance since
such data are to be used for charged-particle damage studies at higher egzrgées.

>“"Fe

The proton and alpha production cross sections are shown in Fig, 10 for s

where a comparison at 15 MeV is made to the recent measurements by Grimes et al.24
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Fig. 7a.

The experimental and theoretical angular dis-
tributions are compared for excitation of the
0.846-MeV level by 14-MeV neutrons.




Continuum neutron angular distribu-
tions for selected secondary energy
ranges measured by Hermsdorfl
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C. 241Pu Evaluation [0. Bersillon and Ch. Lagrange (Bruyeres-le~Chatel) and

D. Madland

A collaborative effort between Bruyeres-le-Chatel (France) and the Los Ala-
mos Scientific Laboratory (LASL) has begun on the evaluation of neutron induced
reactions on 2l‘lPu. Experimental data for this nucleus are sparse, consisting
mainly of fission and capture cross-section data and low energy total cross-
section data. Consequently, the evaluation will rely heavily upon theoretical
model calculations. Preliminary coupled-channel optical-model calculations have
been performed to determine total, elastic, and direct inelastic scattering
cross sections, as well as transmission coefficients for use in Hauser-Feshbach

calculations. The codes JUPITOR25 and ECIS—7826 were used. A preliminary test

Hauser—-Feshbach calculation has also been performed using the code COMNUC27 with
transmission coefficients generated from a spherical optical-model potential.

The preliminary results are currently under study.

D. Calculation of Prompt Fission Neutron Spectra [D. G. Madland and J. R, Nix
(T-9)]

The status of the prompt fission neutron spectrum calculations is to be sum-

marized at the International Conference on Nuclear Cross Sections for Technology.28
Work is continuing on calculations using energy-dependent compound-nucleus forma-
tion cross sections for comparisons with experimental prompt neutron spectrum
data from several different fissioning systems. Calculations of the average num-
ber of prompt neutrons per fission, Gp, using the formalism developed for the

fission spectrum calculations are also in progress.

IT. , NUCLEAR CROSS SECTION PROCESSING

A. Thermal Reactor Cross Section Libraries from ENDF/B-V (R. E. MacFarlane)

The NJOY nuclear data processing system has been used to produce cross-
section libraries for EPRI-CELL and EPRI-CPM. As an initial validation of these
libraries, four CSEWG thermal lattice benchmarks29 have been analyzed. In addi-
tion, the validity of the approximate methods used in CELL and CPM have been
tested by comparison with Monte-Carlo results for a simple infinite cell pro-
vided by R, Prael of the LASL Monte Carlo Group X-6.

The infinite cell results are summarized in Tables II and III. Note that the
methods compare very well for the oxide case (BAPL-1) except for the CPM predic-

tion of 235U resonance self-shielding. For the metal rod (TRX-1l), there are more



10

TABLE II

BAPL-1 INFINITE CELL (ENDF/B-V)

Quantity  MCNP CPM CELL
k_ 1.1417 1.1379  1.1388
0og 1.401 1.382 1.388
8y 0.0832 0.0793 0.0818
8,8 0.0715 0.0707 0.0707
c* 0.8088 0.8051 0.8093
233y £19s  1.285  1.289  1.274
1.652  1.655  1.632
25.52 24.25  25.31
366.8 366.0  365.24
233y abs  1.350 1.345 1.339
2.117 2,123 2.091
38.08  36.85  38.23
430.0  428.1 428.2
238 £1ss  0.3916  0.3951  0.3909
5.01-4  4.89-4  4.73-4
1.06-4  1.03-4  1.02-4
3.50-6  3.49-6  3.48-6
238y abs  0.4491  0.4340  0.4478
0.2631  0.2540  0.2513
2.007 2.007 2.020
1.8003  1.796  1.79%




TABLE III

TRX-2 INFINITE CELL (ENDF/B-V)

Quantity  MCNP CcPM CELL
K, 1.1679  1.1590  1.1598
000 0.8286  0.8423  0.8211
625 0.05997 0.05739  0.05851
S0q 0.06598  0.06507  0.06513
c* 0.6381  0.6443  0.6401
2350 £1gs  1.433 1.441 1.413
1.707 1.718 1.639
24.87 23.54 24.34
331.7 329.8  324.5
235y abs  1.504 1.502 1.483
2.178 2.195 2.079
36.88 35.70  36.53
388.6  386.5 380.2
238y £1ss  0.4407  0.4426  0.4379
5.42-4  5.32-4  5.02-4
7.82-5  9.20-5  8.83-5
3.16-6  3.14-6  3.09-6
2385 abs  0.5124  0.4839  0.5002
0.2670  0.2579  0.2445
1.547 1.602 1.562
1.625 1.616  1.590

11




problems. The CELL thermal cross sections are low, the CELL high-energy cross
sections are low, and the CPM 238U resonance absorption is high. The second prob-
lem probably results from the approximate "heterogeneous fast effect," which was
designed for oxide pins. The other two effects will require further study.

The CELL and CPM benchmark results are given in Tables IV and V (see Table
VI for the experimental values of the integral parameters). The CELL results are
fairly good and reasonably consistent. The 238U resonance capture for ENDF/B-V is
still a little too large (these keff values are lower than the previous ones due
to an error in the thermal transport cross sections in the preliminary library).,
CPM compares well with CELL except for the metal lattices due to the tendency to
over—estimate 238U absorption noted in connection with the Monte-Carlo results.

The problems with the metal lattices should be studied in order to improve
the overall reliability and usefulness of the codes. However, the oxide results
give some confidence that the ENDF/B-V libraries will be usable for practical
reactor problems.

B. Critical Mass Calculations for 242Pu (R. B. Kidman)

In support of T-2's 242Pu cross-section evaluation effort, critical masses
for bare 242Pu spheres have been calculated from several different data sets
using varying densities and numbers of groups. The calculations were performed
with the ONEDA code using Sn = 16, PQ = 3, and 50 mesh intervals.

Results are presented in Table VII and compared to earlier 30-group and
Monte Carlo calculations by Soran and Barrett.30 The present ENDF/B-IV calcula-
tions were made with the LIB-IV library,31 which is a 50-group fast reactor data
set. Similarly, the ENDF/B-V calculations were made with LIB-V, which is a 70-
group library that has recently been distributed.

C. Neutron and Gamma-Ray Data for Activation Calculations (M. E. Battat, R.
J. LaBauve, and D. C. George)

A data library entitled "GAMMON" was completed during this quarter, and a
report32 describing this work has been published. This activation library con~-
tains multigroup cross section data in 100 groups for 420 important neutron-
induced reactions and multigroup gamma-ray spectra in 25 groups for 107 unique
daughter products. 'The file also contains maximum rermissible concentrations

for 200 reaction products and "absorbable" decay energy for 85 products.

12



TABLE IV

EPRI-CELL CSEWG BENCHMARKS (ENDF/B-V)

guantitz BAPL-1 BAPL-3 TRX-1 TRX-2
k, 1.1366  1.1289  1.1749  1.1583
kg 0.9975  0.9992  0.9953  0.9938
0, 1.424 0.9233  1.348 0.8448
85 0.08356  0.05222  0.0977  0.0599
80g 0.07451  0.05268  0.0967  0.0688
c 0.81659  0.6629  0.7978  0.6439
2355 fies  1.274 1.322 1.320 1.412
1.629 1.634 1.625 1.635

25.18 25.55 23.93 24.20

365.2 380.4 321.8 324.5

2355 abs  1.339 1.388 1.388 1.483
2.086 2.085 2.072 2.073

38.06 38. 64 35.91 36.36

428.2 445.6 377.4 380.2

238y fiss  0.3895  0.4111  0.3990  0.4359
4.76-4  4.90-4  4.81-4  5.06-4
1.02-4  1.00-4  9.13-5  8.90-5
3.48-6  3.60-6  3.08-6  3.10-6
238;; abs 0.4467  0.4692  0.4591  0.4985
0.2502  0.2510  0.2421  0.2434

2,018 2,136 1.503 1.561

1.794 1.855 1.590 1.590

13




EPRI-CPM CSEWG BENCHMARKS (ENDF/B-V)

TABLE V

Quantity  BAPL-1  BAPL-3 TRX-1 TRX-2
ke, 1.1379  1.1297  1.1686  1.1590
ke 0.9968  0.9991  0.9884  0.9937
S 1.419 0.9265 1.394 0.8676
) 0.08124  0.05114  0.09599  0.0590
g 0.07485  0.05272  0.09777  0.0691
c* 0.8163  0.6634  0.8147 0.6523
2355 figs  1.289 1.341 1.342 1.441
1.654 1.675 1.672 1.717
24,17 24,69 23,12 23.47
365.6 382.2 322.8 329.6
233y abs  1.345 1.397 1.400 1.503
2.120 2.146 2,139 2,192
36.75 37.51 35.12 35.60
428.6 447.7 378.6 386.1
2385 £ies  0.3942 0.4163 0.4030 0.4413
4. 934 5.09-4 5.06~4  5.37-4
1.04-4  1.02-4  9.51-5 9.26-5
3.48-6  3.62-6  3.09-6  3.14-6
238y abs  0.4449  0.4556  0.4445  0.4833
0.2536  0.2563  0.2520  0.2574
2,005 2,134 1.550 1.601
1.795 1.862 1.595 1.615




TABLE VI

CSEWG BENCHMARK EXPERIMENTAL VALUES

Quantity  BAPL-1 BAPL-3 TRX-1 TRX -2

keff 1.0 1.0 1.0 1.0

Pog 1.390 + 0.010 0.906 + 0.10 1.311 + 0.020 0.830 + 0.015

625 0.084 + 0.002 0.052 + 0.001 0.0981 + 0.0010 0.0608 + 0.0007

628 0.078 + 0.004 0.057 + 0.003 0.0914 + 0,0020 0.0667 + 0.0020

TABLE VIT
242
Pu CRITICAL MASS CALCULATIONS

Cross No. of Density

Sections Chi Groups (g.cc) Radius (cm) Mass (kg) Source
ENDF/B-1V ENDF/B-IV 50 16.071 8.8342 46.431 Present

work

ENDF/B-V

(Prel) ENDF /B-~IV 50 16.071 9.9991 67.159 u
ENDF/B-V ENDF/B-V

(Prel) (Prel) 50 16.071 12.2308 123.218 "
ENDF/B-V ENDF/B-V

(Prel) (Prel) 50 19.5 10.0884 83.902 "
ENDF/B-V ENDF/B-V 70 19.5 10.0974 84.126 "
ENDF/B-V ENDF/B-V 70 19.86 9.9141 81.098 "
ENDF/B-V ENDF/B-V

(Prel) (Prel) 30 19.5 9.8185 77.31 Soran &

Barrett

ENDF/B-V ENDF/B-V 30 19.5 10.2098 86.93 "
ENDF/B-V ENDF/B-V

(Prel) (Prel) * 19.5 9.65 73.40 "
ENDF/B-V ENDF/B-V * 19.5 10,12 84.66 "

*
Continuous energy Monte Carlo calculations.
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A small code entitled BIGAMON was written to retrieve the data from GAMMON
and rebin it into broader multigroups. A report describing the code is being
published.

The GAMMON data file, the BIGAMON code, and sample problems will be sent
to the Rad%ation Shielding Information Center (RSIC) at Oak Ridge National

Laboratory (ORNL) as soon as the reports are issued.

IIT. FISSTION PRODUCTS AND ACTINIDES: YIELDS, DECAY DATA, DEPLETION, AND BUILDUP

A. ENDF/B-V Yields (T. R. England and N. L. Whittemore)

A report was prepared for inclusion in the 3rd ASTM EURATOM Symposium on
Reactor Dosimetry held in Ispra, Italy, on October 1-5, 1979, on the status of
ENDF/B-V yields.33 Comparison plots of several yield sets are shown in Figs. 11-
14,

239
B.  ORNL Pu Decay Spectra (T. R. England, N. L. Whittemore, and D. C. George)

For a joint report to be issued by ORNL (J. K. Dickens as lead author), the
recent 0RNL239Pu beta and gamma spectral measurements have been compared with
CINDER-10 calculations (ENDF/B-IV decay data). This is a severe test of the cal-
culational data base because of the short irradiation histories and cooling times
of the ORNL samples (1, 5, and 100 s).

Six of the forty-eight comparisons supplied for the report are given in Figs.
15-20. These apply at the mid-range of cooling times for each of the three irrad-

jation times.
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C. TMI-2 Decay Power and Radioactivity (W. B. Wilson, T. R. England, and N.
L. Whittemore)

An extensive effort to provide data on decay power and related quantities
for the President's Commission on the Accident at Three Mile Island was completed
in August and a report was prepared.34 The report contains detailed nuclide sum-~
mary data for TMI-2, comparison data for other reactors, and a survey of heating
following a wide range of irradiation times. The cooling time-dependent values
of each gas and each important product for TMI-2 and comparison data for a long-
lived reactor are also included in the report, along with other requested data.

Subsequent to completion of this report, the Commission requested data on total
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core curies for several nuclide groups. The groups are identified in Table VIII,

and the curies are listed in Table IX.

D. Calculations in Support of LASL Non-Destructive Assay Methods (R. J. LaBauve,
T. R. England, W. B. Wilson, and D. C. George)

LASL Group T-2 is currently providing support to LASL Group Q-5 (Interna-
tional Safeguards) in a program leading to the definition of measurable reactor
spent~fuel properties accurately revealing fuel irradiation history and nuclide
inventory. The T-2 calculations are to be performed with the current improved

vergion of the EPRI-CINDER code35 and library,36 previously suppled to Q-5. It
18



TABLE VIII

DEFINITION OF ELEMENT GROUPS, TMI-2 TOTAL CORE CURIES

Element Element Groups

Name zZ sm I 2 3 & 5 & 1
Selenium 34 Se X
Bromine 35 Br X
Krypton 36 Kr ’ X
Rubidium 37 Rb X
Strontium 38 Sr X
Yttrium 39 Y X
Zirconium 40 Zr X
Niobium 41 Nb X
Molybdenum 42 Mo X
Technetium 43 Tc X
Ruthenium 44 Ru X
Rhodium 45 Rh X
Palladium 46 Pd X
Antimony 51 Sb X
Tellurium 52 Te X
Iodine 53 I X
Xenon 54 Xe X
Cesium 55 Cs X
Barium 56 Ba X
Lanthanum 57 La X
Cerium 58 Ce X
Praseodymium 59 Pr X
Neodymium 60 Nd X
Promethium 61 Pm X
Samarium 62 Sm X
Europium 63 Eu X
Neptunium 93 Np X
Plutonium 94 Pu X

is planned that the flux and shielded cross-section input needed for CINDER will
be derived from the EPRI—CELL37 code. EPRI-CELL also contains an old version of
the EPRI-CINDER code, and final output from this module will be used for compari-
sons with our newer version of EPRI-CINDER. Complete comparisons cannot be made
with EPRI-CELL alone because of the limited number of explicit nuclides in the
EPRI-CELL library.

The initial T-2 effort centers on the demonstration of code-library validity
in calculating nuclide inventories corresponding to measurements on spent—fuel

samples from reactors specified by Q-5. The first set of measurements, the
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TABLE IX

TOTAL CORE CURIES IN SELECTED TMI-2 NUCLIDE GROUPSa@
{LASL CALCULATIONS 9/26/79)

Total !
Cooling Time Group 1 Group 2 Group 3 Group & Grouyp 5 Group 6 Group 7 Fission Products Ac
1.040 s 1.11490  1.5349 1.38+9 1.1849 5.7349 9.60+8 1.14+9 1.19+10
4.0+0 s 1.05+9 1,43+9 1.37+9 1.05+9 5.36+9 9.20+8 1.06+9 1.11+10
1.0+1 s 1.00+9 1.32+49 1.3549 9.3748 5.02+9 8.74+8 9,87+8 1.03+10
4.0+1 8 8.49+8 1.10+9 1.2749 7.7648 46,4249 7.70+8 8.23+8 8.80+9
1.042 8 7.54+8 9.87+8 1.154+9 6.36+8 4,08+9 6.99+8 7.0348 7.78+9
4.0¢2 s 6.63+8 8.31+8 9.09+8 4.,2448 3.72+9 5.83+8 5.34+8 6.40+9
1.0+43 s 6.39+8 7.00+8 7.43+8 3.0448 3.4949 4,82+8 4,33+8 5.52+9
1.040 h 5.77+8 5.13+8 5.06+8 1.3748 3.1549 2.91+48 3.44+48 4.25+9
2.0¢40 h 5.03+8 4.30+8 4,55+8 7.03+7 2,99+9 1.94+8 3.11+8 3.69+9
5.0+40 h 3.87+8 3.21+8 4.30+8 2,5547 2,.7149 1.3448 2.68+48 3.06+9
1.0+1 h 3.16+8 2.57+8 4,04+8 8.3046 2.4149 1.1748 2.36+8 2.59+9
2,041 h 2.42+8 2,14+8 3.6748 2.01+6 2.03+9 1.02+8 2,0048 2.14+9
5.041 h 1.4948 1,79+8 2,92+8 1.40+6 1.46+9 7.64+7 1.44+48 1.60+9
1.042 h 9.27+7 1.62+8 2.13+8 1.35¢6 1.02+49 4.9947 1.08+8 1.26+9
2,042 1 4,93+7 1.39+8 1.39+8 1.2846 6.5548 2.31+7 6.28+7 9,574+8
5.042 h 1.21+7 9.03+7 8.73+7 1.13+6 4,0248 5.19+6 1.2447 6.07+8
1.043 h 1.8346 5.09+7 6.11+7 1.02+6 2.76+8 2,65+6 9.66+5 3.95+8
2.0#43 h 4,99+4 2.3747 3.18+7 9.65+5 1.72+8 1.27+6 1.0745 2.30+8
5.0¢43 h 1,2440 3.49+6 6.93+6 9.39+5 6.574+7 2.56+5 9.32+4 7.94+7
1.040 y 1.92-1 2,05+6 3.11+6 9.1645 2.93+7 1.0345 9.06+4 3.55+7
1.0+44 h 1.92-1 1.80+6 2.7246 9.09+5 2.43+7 8.58+4 8.98+4 2.98+7
2.0+44 h 1,92-1 1.52+6 1,21+6 8.59+5 9,06+6 4.03+4 8.34+4 1.26+7
5.0+¢4 h 1,92-1 1.40+6 1.1645 7.56+5. 1.87+6 1.59+4 6.6944 4.10+6

23ee Table VIII for listing of nuclides included in Groups 1-7.

bread 1.11 + 9 as 1.11 x 10°.



destructive analysis of samples from the H. B. Robinson-2 PWR plant,38 is under

investigation.

During this reporting period, effort centered on activating the EPRI-CELL

code on the LASL LTSS operating system and linking the EPRI-CELL output to our
improved version of EPRI-CINDER. The activiation of EPRI-CELL on LTSS is com-
plete, and the linking with EPRI-CINDER is about 25% complete.
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