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It was determined to perform the second NEACRP benchmark calculation
on High Conversion Light Water Reactor(HCLWR) lattices at the 31st NEACRP
meeting on October, 1988. The object was to clarify the physics problems
included in the data and method on HCLWR lattice analyses and also to
obtain the reference solutions for deterministic codes by using continuous
energy Monte Carlo codes. In the new problems, the analysis for the
PROTFUS-LWHCR experiments were added.

JAERI participated in this benchmark comparison by use of the VIM
code (Monte Carlo method) and the SRAC code (collision probability
method) with the libraries based on the JENDL-2 file. 1In this report, all
of the calculated results are summarized. Some additional Investigation
will be also shown on resonance treatment and geometrical modelling

relevant to the benchmark calculation.
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1. Introduction

Recently much R&D effort has been made for High Conversion Light
Water Reactor (HCLWR) wi:th tight pitch lattice made of mixed—-cxide
(MOX) fuel pinsl_;‘e). 1t aims to improve uranium utilization in LWRs
without maicr chznge of the plant design. The HCLWR has the following
two design features, as compared with a conventicnal LWR : (a) reduced
volume ratio of moderator to fuel {(V,/V,) and (%) higher fissile plu-
tenium enrichment. Both of the features make the void coefficient of
reactivity positive or less negativela'za‘%). This i1s cne of the critical
issues for the HCLWR core design. Furthermore, the reactivity loss
along burnup becoms smaller than that of LWR because of high
conversion. Therefore, more accurate data and methods are requested
for HCLWR lattice analyses to evaluate burnup performance and saflety
margin concerned with the void coefficient.

The idea of the HULWR was originally suggested by M.C Edlund iIn
1975°7. After that, feasibility studies have been made by many
institutes but unacceptable differences have been chserved for main
reactor physics parameters especially in the void coefficient®d?,
The reduced V./Vy results in hardening of neutron spectrum. The shape
of the neutron spectrum is betwesn those of thermal neutvon reactor
and fast breeder reasctor. The HCLWR is, so to speak, an Intermediate
or resonznce neutron spectrum reactor. The calculational treatment
of resonmance energy region hecomes mere and more imporfant.

We had nct had, however, any sufficient experience cf analyses
for such kinds of reactors. It was not sure t.hat the dsta and methods
which had been used for analyses of a current LWR or a I'BR were always
appropriate to the HCLWR analyses. In addition, It is guite recent that
we have been able to obtain some experimentzl data on HCLWE lattices
with MOX fuel, to which we could refer for comparison with calcula—
tisnal results. That is, we had not obtzined any experimental cais
until the PROTEUS-LWHCR (Phase—-1} experiments were carriesd out at
PSI (previously EIR), 1581-1982°"°" . At the Fast Critical Assembly
(FCAY of JAERI, a series of integral physics experiments on HCLWER
lattices have heen carried out since 1585, and valuable experimental
data have been accumulated®®®,

On the other hand, benchmark calculations had been performed with
emphasis on burnup data among JAERI and some LWR fabricators in Japan.

On the basis of analyses for these experiments and of the benchmark

-1 —
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calculations, some problems on data and methods were pointed out and

18.37,33) 39-4 1)

reflected on the improvements of the data and methods in

our design cods SRACY ),

In 1986, an international benchmark cof tight lattice cell burnup
calculaticon wszs propesed bv JAFRI in corder to exiract [urther problems
included in the deta and methods and to accelerate their development
activities. It was approved 2t the 29th meeting of the Nuclear Energy
Agency Committee on Reactor Physics (NEACRP) 22-28 Seprember,
1986, Fifteen arganizations from eight couniriss submitted the
twenty sets of benchmark results. The detailsed ressulis had been sum-
marized in Ref.45. There were still unacceptable differences among
the calculated results. For example, the range of deviations was about
3% for k., up to about 8% for conversion ratic and about Thdk/k for void
reactivity. To clarify the deviations, it was recommended to perform
additional benchmark calculations with continuous energy Monte Carloe

45)

codes to obtain reference solutions, in the specialist—meeting at
NEA Data Bank 1$-22 April, 1988. The second bsnchmark comparison on
HCLWR lattices was approved at the 31st NEACRP meeting held at Oarai,
Japan 17-21 October, 1988.

In this report, our solutions calculaied by the VIM'™ code and
by the SRAC code with the libraries based on the JENDL-2 file will be
nresented. All of the results were submitied to the second specialists’
meeting of the HCLWR burnup benchmark, which was held at NEA Data
Bank 7-% June, 198%. Some additional investigations will be also shown

on resonance treatment and geometrical modeliing.
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2. Benchmark Specifications

The new benchmark consists of twe kinds of problems. One is the
analysis for the PROTEUS-LWHCR experiment {Cores 1 ~ §&§). The
experiment is known as the first trial of integral physics experiment
for HCLWR lattices. The PROTEUS analysis was not employed in the
previcus benchmark problems because of their complex lattice arrange—
ments for most of the deterministic codes. The other is the cell
caiculation for the same medel as employed at the previous benchmark
calculation, namely for the unit hexagonal lattices of MOX pin. This
problem is identical to the previcus one as far as the case &t the
berinning of burnup tife (BOL) is concerned. The calculation of burnup
depletion is not included in this problem. Instead of it, cell calcu-
lztions should be performed for the end of burnup life (EOCL) assuming
fuel compositiens including some fission preducts and minor actinides
which play an important rale in the intermediate neutron spectrum.
The details of the new benchmark specifications were arranged by
W.Bernnat(lKE Stuttgart) and J.Stepanek({PSI Wirenlingen). They ars

shown in the followings:
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Nuciear Energy Agency Committee on Reactor Physics (NEACRP)

HCLWR Burnup Benchmark
at BOL and EOL Conditions

W. Bernnat and 1. Stepanek
IKE Stuttgart PSI Wurenlingen

1 General

At the Benchmark Meeting, 15th - 22nd April, 1988, it was recormmencded
to perform Monte Carlo calculations with different codes and data bases
in order to obtain reference solutions for the BOL and EOL cases [1].

In order to validate the codes and data bases in respect to typical HCLWR
spectra {moderated and not moderated) the test lattices cores 1 - 6 of the
PROTEUS Phase | experiments should be calculated too [2] {3].
Participants who are not carrying out the Monte Carlo calculations may
use their production run codes containing the latest developments. The
quality of these codes for HCLWR design cean then be checked against

reference solutions.

Specification of PROTEUS Phase | Lattices

The PROTEUS core 1 - 6 lattices are specified in Fig.1 and Table 1 respec-
tively. For the Monte Carlo fundamental mode { k.g = 1 ) cafculations
bucklings are specified in Table 1.3 {together with the corresponding infi-
nite multiplication factors}.

These bucklings should be used as fixad values or better as starting values
for manual or automatic iteration. Instead of a buckling a corresponding
finite height (as given in Table 1.a) may be used for the cores 1 and 4 - 6,
For the cores 2 and 3 { koo < 1} ker = 1 can only be achicved by taking
into account the negative buckling or by simulating a driver-zone {e.g. by
an albedo > 1). (k. and buckling values were calculated using WIMS-D
with the JEF-1 library.)

Specification of HCLWR Lattices

The HCLWR Jattice benchmark should be caleulated at BOL and EOL
both cases:

Vo /Ve = 06 {8 % Pu fiss.}) and

Vao/Ve = 1.1 (7 % Pu fiss.}.

The specification of the fuel lattice model is shown in the "HCIWR Burnup
Benchmark Specification” Fig. 2 and Tables 2 and 3. These specifications
are valid for the BOL case,

For the EOL case (50 GWd/t burnup) the number densities are fisted in
Table 4,
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4 Requested Results for PROTEUS Phase |

4.1 Fundamental Mode Calculations
The calculations for the cores 1 - 6 should be performed for the

fundamental mode ( k.s = 1 ) regarding a buckling or the finite

height of the cell. if the search procedures for the fundamental mode

calculations require too much effort, the buckiings of Table 1.a should
be used. If the leakage of the PROTEUS I lattice can be only regarded
by means of a finite cell height | for core 1 and 4 - 6 the heights given
in Table 1.a and for the cores 2 and 3 an infinite height should be
used.

4.2 Requested results

a)

Core 1 - 6 two-rod heterogeneity factors for reaction rates
Cs  (cepture U
Fe (fission U™f)
P, (fission U*)
Fy ({fission Pu®?)
Fy ({fssion Pu?')

Definition:

Ratio of given reaction rate {per atom) in the depleted UO, -
rod to the same reaction rate in the 15 % PuQ,/UQ; - red.
(Note that Pu?®® and Pu®*! are infinitely difuted in the UO; -
rod.)

Core 1 - 6 lattice averaged reaction rate ratios and k.

Cs/Fo

Fe/Fa

Fs/Fs

Fi/Fs

ke (defined as ratio of productions to absorptions tn the fun-
damental mode {k.g = 1) spectrum.)

Definition of the lattice-averaged reaction rate ratios:

Mean valus of corresponding ratio for the two-rod types with a
weighting proportional to the nuclide densities in the rods as well
as to the (2 : 1) ratio in which the rods occur (enly in cores 4,

5. 6).
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5 Requested Results for the HCLWR Benchmark

_

The calculations for these benchmarks should be performed for the
infinite cell {geometrical buckling B; = 0) as specified in Fig.2 and
Tables 2, 3 and 4 (V,,/V,=0.6 and 1.1).

<< Conversion ratio >>

the conversion ratio at the burnup stages 0 and 50 GWd/t.

The conversion ratio is defined as follows:
CR = 2I7{(1)/Z2(1),

where (1) and T (1) stand for the one-group macroscopic cross-
sections for capture of U?*® and Pu?*® and for absorption of 7%
Pu®? and Pu®’ respectively at BOL and ECL.

<< Cross sections >>

One-group and three-group effective (cell-averaged) microscopic cross-
sections (absorption, fission and production) of fuel materials at 0 and
50 GWd/t and of structural materials at zero burnup are required for
the nuclides shown in Table 5.

<< Reaction rates >>

Onc-group and three-group fractional reaction rates for fuel and fis-
sion product nuclides at the burnup of 0 and 50 GWd/t.

In this calculation, the total abscrption rate in a cell s normalized to
unity. The absorption, fission and production rates are required for
the fue! nuclides (Table 5), and the absorption rates for the 5 fission
products (Table b). -

Void reactivity
Calculations shoud be performed for each cell in moderator voidage
state for the two burnup stages BOL and EOL. The following resulits
should he provided:

<< ¥, and reaction rates >>

k., and reaction rates when void fractions of the moderator are
changed from 0 % to 45 %, 90 % and 99 % at the burnup of O
and 50 GWd/t.

In these calculations the density of the moderator should be reduced
to 55 %, 10 % and 1 % according to the void fraction. The one- and
three-group fractional reaction rates should be calculated for the fuel
isotopes and the total Fission Products.
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== Migration area
Calculation of the migration area for a fixed value of B2 = (.00060
[cm™?] for case 1 and case 2 (0 % and 100 % void, BOL) should be
carried out.

Monte Carlo Calculations

It is proposed that Monte Carlo calculations with the continuous Energy
Mente Carlo Codes VIM together with ENDF/B-IV, -V and JENDL-2,
TRIPOLI-2 with JEF-1 and MCNP with ENDFB/V and JEF-1 be per-

formed. The statistical errors of the results should be given for all quanti-
ties calculated.

Code Descriptions

The following information should be provided:

- Treatment of unresclved resonances (method).

- Treatment of resolved resonances (number of points).
- Treatment of anisotropic scattering.

- Treatment of thermal scattering (scattering-law).

- Which cross-section processing code was used.

- How many particles were followed.,

- Calculation of fission spectra.

For the purpose questionnaires are enclosed as an Annex.
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Fig.1: Test lattices for {a} PROTEUS/LWHCR Cores 1 (H30), 2 (Air), 2
(Dowtherm) and (k) Cores 4 (Dowtherm}, 5 {Air) and § (H,0). Se=
Nucl. Technel., Vol 87, pp. 3607380 {1584) and Vel. 73, po. 295.203

(1886).
{2) (b)
15% PuC,iUD, Sreel » Au Moderator

Depleted UG, v Stesl + Alumingm !
BN PO UG, s Steel ‘ S PO

- - 1nr Tin T B v
) Moderzior e . e ' Depletzc VD, ) &.7 !
8.22 [ . ! ;

’)

y

Table 1: Nuclide Densities (x10% m ™ for Test Lattice Materdals in PROTEUS-
LWHCR Cores 1-6

Material I {Fuel |, 157 PuQ,/UO, + Stech) ' ]
Wy 7.781-5§ BHyO1.839-12 WPy 2.580-3 9Py 5 669 4
Mpy 5.675-5 Py 1.256-5 Mam  1.833-5 Oxygen  4.346-1
Hydcogen 2.005-4 Aduminum  3.6831-4 lron 2. - Chromium  6.843~-4
Mickel 330014 Mangansse 5.376-5 Silicon 3.286-5 Mulybdenum  8.123-6 J
Material 2 (Fuel 1. Depleted UG l
B3y 9.851-5 My 2.328-2 Oxygen 4.677-2 Aleminum  1.827 -4
T 1
Material 3 [Clad, Steel + Alr + Aleminum)
Aluminum  6.080-3 lron 31252 Chromium  8.536-) Nickel 5.113-)
Manganese  1.001--3 Molybdenum  7.354-4 Silicon  8.124-4 Nitrogen  1.321-3
Material £ (Modcerator)
Core 1 (+,;0 a1 32°C): Hydrogen 6.6521-2 Oxyzca 33262
Core 2 {Air/aluminum smear, 37 Cy Nitrogen  3.8-5 Oxygen 1.0-% Alumiaum 8.1 -4
Core 3 {Dawtherm, 15°C): Hydeogen 3.824-2 Carbon  4,573-1 Ozygen 2.832-1 ’J

‘Read as 7781 x 107,
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Core B? koo Height
[em™7) [em]”

1 (H,0) £.6000 x 107* 1.035413 122.285
2 (Air) -3.9323 x 1074 0.609163 infinite
3 (Dow) -4.0663 x 1074 0.971428 infinite
4 (Dow) 8.6504 x 107* 1.061322 106.815
5 {Air) 4.4460 x 104 1104253 148.952
6 (H,0) 1.7887 x 1073 1.096153 74.282

“(including extrapolation length]

Table 1.a: Bucklings and Infinite Multiplication Factors for
PROTEUS Phase I Cores 1 - 6
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HCLWR Burnup Benchmark Specification

Specification of Fuel Lattice Model

The simplified fuel cell mode! is shown in Fig.2 . The material properties and

compositions are shown in Tables 2 and 3.

Group Cross-section Libraries

The participants should use their own cross sections libraries and group struc-

tures,

Fig.2: Unit Cell Model

\
\ 3
p J
;
7. Pulp + UD
2. Stainless steel or Zr
3. H:0
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Moderator/fuel

volume ratio (Vi /V¢) 0.6 1.1
Cell pitch P (cn) 1.0883 1.2204
Tuel (PUO; + DUO;)

Pu fission (%) 8.0 7.0

Temperature (K) g00 800
Cladding 5SS Zr

Cuter diameter I} (cm) | 0.95 0.95

Thickness t (cm) 0.065 0.065

Temperature {k) 600 600
Moderator (H,0Q)

Temperature (K) 600 600
Linear Power (W /em) 160 160

Table 2: Specification of fuel cell mode!




JAERI-M 89-201

Fuel 8% Pu fission 7% Pu fission
U 235 6.094 x 1678 6.194 x 1075
U 238 2.025 x 107¢ 2.058 x 1077
Pu239 1.563 x 10-3 1.357 x 1073
Pu240 6.872 x 1074 6.009 x 10~4
Fu?41 2.765 x 10~1 2418 x 101
Pu24? 2.108 x 104 1.844 x 104
0] 4610 x 1072 4 608 x 1072
Cladding SS Zr

Zr Nat 0 3.702 x 1072
Fe Nat 4831 x 102 0

Cr Nat 1.570 x 10°% 0

Ni Nat 7.648 x 10°° 0

Mn 55 1.486 x 10°° 0
Moderater

H 4.744 % 1072

0 2.372 x 10?2

Table 3: Atomic number densities (x 10%% / cm?®)
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Vi /Vy 0.6 1.1

Zone Isotope Density Density

U 235 3.086 x 10°°°® 3.239 x 10°°

1 238 1.917 x 1072 1.968 x 107

Pu239 1.376 x 1078 1.007 x 1073

Puzdo 6.874 x 104 5380 x 10°%

Pu241 2.803 x 10°% 2.876 % 10°4

Pu?42 1.896 x 104 1.726 x 1014

1 Am241 3.375 x 10°°% 3.063 » 10°°
Am243 4608 x 1075 4.900 x 108

Fuel O Nat 4610 x 1077 4.608 x 102
Te 99 5.802 x 1075 5.778 x 10°°

RL103 £.165 x 10°° 5772 x 107°

Xeldl 2.665 x 10°°F 2.501 x 10°°

Cs133 6474 x 1078 6,470 x 1075

Sm149 3.010 x 10-° 1.090 x 10°%

Cr Nat 1.570 x 1072 0
2 Mn 55 1.486 x 1073 0
Fe Nat 4831 x 1072 0
Clad Ni Nat 7.648 x 1079 0
Z7 Nat 0 3.702 x 1072
3 H 1 4.744 x 1077 4.744 x 1072

Moderator-| ¢ Nat 2.372 x 1072 2.372 x 1077

Table 4: Isotopical composition for cells with V,,/Vy = 0.6 and 1.1 at 50 GWd/t burnup.
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[ T

Tuel U235, U238 py23® Pyt Pyl Pu?i? Am?Y! Am?43

Fission Product { Tc®?, Rh'%?, Xe!3' Cs'3) Sm®

Structure Zr (Zr cladding)
Fe, Cr, Ni, Mn®® (stainless stee] cladding)

Table &: Nuclides to be used for calculating
one- and three-group cross-sections and/or reaction rates

Group Energy Range

Fast 15 MeV - §.118 keV
Resonance 0118 keV - 4 eV
Thermal 4eV - 00eV

Table 6: Three-group Energy Structure
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3. Data and Method

3.1 Code Descriptions

The VIM code is & continucus esnergy Monte Carlo code desigrad
primarily for fast reactor calculations, but zlso contains a thermal
neutron scatiering capability. The code developing work was initiated
et Atcmic International’ and has beea continued at Argonne National
Laboratory'’’. When the code system including the library basaed on
ENDF/B~IV was transferred to JAERI, the library data were limited on

nuclide and temperature available. Since some cross section processing

codes were developed and arranged by T.Mori et al.’® at JAERI, we have
been able Lo generate the library datz for anv nuclide on arbitrary
temperature from ENDF/B format files. By using the processing codes,
we have composed a set of VIM library datsa, on the basis of JENDL-Z
file, for HCLWR analyses.

The combinaticn of the VIM code and the JENDL-2 library has been used
in order to check caiculational methods of our reactor design code
svstem SRAC and the library.

The structure of the VIM code is as follows'”’: Cross section
definition is made by composition-indepsadent microscopic data sets.
Resonance and smooth cross sections 2re specified peointwise with linear
interpolation to provide a continucus energy cross sectlion descripiion.
Unresolved rescnances are described by the probability table method*®’ .
Tne reaction types (fission, =elastic scattering, discrate level
inelastic scattering, inelastic continuum scattering, and (n,2n)

reaction) are specifically defined, whiie “capture” is delined as the

remaining possible outceme of a neutron collision. Neutron trajec-

tories and scattering are continuous in angle. Anisotropic elastic

and discrete level inelastic scattering are described with their own
prebability tables.

The VIM code calculates eligenvalues by analog, collision, and
track length estimation, and averaging of the various eigenvalue esti-
mates 1s provided for variance reduction. Botn collision and track
Alength estimation are used to provide reacticn rate estimates by region,
group, and/cr isotope, while group— and region-wise integrated [luxes
are provided by track length estimation. Track length estimation of
reaction rates and {luxes i1s used to provide estimates of broad-group

microscopic c¢ross sections over edit regions.
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The SRAC code?®*¥3% has been developed at JAERI as a JAERI
thermal reactor standard neutronics design code system. While incor—
porating the conventional transport (ANISN, TWOTRAN) and diffusion
(CITATION) codes, SRAC is cheracterized by application of the collisiocn
probability method on the rescnance absorption and the cell calculations
over the whole meutron energy. A comprehensive set of collisicn pro-
hability routines (PIJ) for 13 types of geometries vields widse apopli-
cation of SRAC to almost all types of thermal reacrtors. The PLJ rou-
tine wazs emploved fer this benchmark calculations. Recent modifica-

. 4 18, -
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sxtend its applicability te HCLWRs
cores. By using the auxillary codes (COREBN, HIST), practical core
burnup calculation is alsc available. They have been emploved for the
HCLWR core design studies’ %%,

On  the rescnance calculation method significant for HCLWR
studies, wusers select one of the fcllowing three methods: a)
Table~look-up method of Bondarenko type table based on narrow resonance
approximation (NRA), b) Table-look-up method based on intermediate
resopance approximation (IRA), ¢) ultraline group calculaticon by the
PEACO routine (PEACO)®Y. The PEACO routine calculates effective cross
sections by the coliisioen prebability method for the enmergy range from
thermal—cut—olf energy to 130.07 eV with 4600 groups for cress section
table and 460 groups for flux calculation. For the gther energy range,

the table—look-up meihod by NRA is applied.

3.2 Cross Section Processing Codes for VIM

Figure 3.1 shows the flow-diagram of generating library data for
the VIM cods. The cross section processing codes are available not only
for the VIM library but also for the MCNP library. The functicns of

the codes are described in the followings.

1) LINEAR®
The function of this code is to linearize, with interpolation,
pointwise cross section data (n an evaluated nuclear data file within

an error given by user. It was developed by D.E.Cullen at IAFA.

2) RECENT™

This code has the function of converting resonance parameters Lo




JAERI-M 89-201

pointwise cross section data at O K. The reproduced pointwise cross
section data is linearized within an error given by user. The method
of the RESENDD code™ (modified version of RESEND) is employed so
as to dezl with correcily the Breit-Wigner’'s multilevel formulas for

the JENDL-2 file.

3) SIgMALY
This code calculates Doppler broadened cross secilon dais at
arbitrary temperaiure f{rom pointwise cress sscilon data at 0 K. It

was developed by D.E.Cullen at TAEA.

4) ACER-J*™
This cede was modified at JAERI on the basis of the calculation
madule ACER in the NJOY system’ . [t has the following funciions.
~ to generate an energy mesh.
— to generate =z probabiiity table of angular distribution to incident
neutrcn energy.
~ to describe energy distribution of a seccndary neutron.

~ to descrine v-value.

5) UsR-J%®

The function of this code is to generate the probability tabies
of unresolved resonance cross sections. This code is a JAER] modified
versicn of the U3R code’’. After the module UNRESR in the NJOY
system was incorporated into U3R, some modifications were added for
users’ convenlence. The calculated resulis are stered in different
members of 2 PDS file {Partitioned Data Set : DS organization PO with
undefined record format, and maximum block—size of the device) by =za

incident meutron energy and an temperature.

6) THERM-J*

This code is & JAERI modified version of the FLANGE-T code® to
deal with thermal scattering data. On the elastic scattering, the cross
secticn data is interpolated to the specifisd temperature, and il 1is
linearized to iacident neutron emnergy. The angular distribation of
the secondary neutron is described as a probability table after an int-—
erpolation to the temperature. On the inelastic scattering, the
linearized cross section data for the incident neutron energy and the

probability table for the energy distribution of the secondary neutron
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are calculated with S{a,8.T) given in an evaluated nuclear data file.
For the description cf the angular distributicn, a double P1 Approxi-
mation 15 used to caleculate the probability table. These interpolations
are performed according to the scheme indicated in an evaluated nuclear
data file except for the case of S(e¢.8,T}) to T, where a unigque inter-
polation scheme is used in this code. he caleculated results are stored

in a PDS file.

7) LIBMAKE™
This code developed at JAERI edits the results of ACER-J, U3IR-J,
THERM~-J and prepares nuclide/temperature-dependant library {material

library) for continuous energy Monte Carlo codes.

8) FILEONE, BANDIT!"
These are wutility programs cf the VIM code. They edit ihe
material libraries and prepare a user’s VIM library with a band energy

structure. They can deal with up toc 20 sets of materiel libraries.
3.3 Library Data for VIM

For the analyses of the benchmark problems, 41 VIM material
litraries as shown in Table 3.1 were prepaved with the cross section
processing codes described before. Most of the material libraries were
generated on the basis of the JENDL-2 f[ile, while for scme nuclides
which were not evaluated in JENDL-2, the material libraries were
generated on the basis of the ENDF/B-IV file. All of the librariss were
processed so that the deviations of linearized pointwise cross sections
from those of the evaluated nuclear data file became to be less than
0.1 % at any energy point.

Cencerning the nuclides which have the unresolved resonance data,
the c¢ross section probability table was genersted 1o the unrescived
resgnance energy range with the U3R-J cecde. The energy range of each
nuclide and the convergence criterion for UIR-J are shown in Tabie 3.2.

Table 3.3 shows the thermal scattering treatment. The chemical
binding effect was considered for Hy;O moderater with the 5{¢,8.,7T) data
in ENDF/B-1, while the effect was not considered for dowtherm, which
was used as moderator in PROTEUS-LWHCR cores 3 and 4, because the
thermal scattering law data for dowtherm could nect be obtained. Also

for MOX or UD;, it was not considered because of upper limit ef number
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of ma:terial libraries available for the VIM cods. [t was confirmed
by using the SRAC code that the chemical binding effect of UOy was
negligibly small.

Thne detailed information on the generaied VIM material libraries

is shewn in Tables 3.4 and 3.5.
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Table 3.1 List of VIM material libraries

No Material |Temp.(K) [D File name (PS) Data
1 Pu-240 3G0 10300 J3803.VIMLIB.T300.PU240J2 JENDL-2
2 900 16900 J4244 YIMLIB.T900.PU240J2 JENDL-2Z
3 Pu-241 300 20300 J3803.VIMLIB.T300.PU241J2 JENDL-2
4 00 20900 J4244 . VIMLIB.T900.PU241J2 JENDL-2
) J-2356 300 30300 J3803.YIMLIB.T300.U235,42 JENDL-2
6 a00 30300 J4244 YIMLIB.T900,0235/2 JENDL-2
7 U-238 300 40300 J3B03.VIMLIB.TS00.U238/J2 JENDL-2
8 a00 40800 J4244 . VIMLIB.T900.0U238/2 JENBL-2
g Pu-239 300 50306 J3803.VIMLIB.T300.PU239J2 JENDL-2
10 800 50900 J3803.YIMLIB.T300.PU239J2 JENDL-2
11 U-233 300 100300 J2350,YO0QIQ.DATA ENDF/B-IV
12 Pu-242 300 110300 J3803.YIXLIB.T300.PU242]2 JENDL-2
i3 300 110900 JA244 VIMLIB.T30Q0.PU242]2 JENDL-2
14 Am—241 300 130300 J4244 VYIMLIB.T300.AM241J2 JENCL-2
15 300 130900 J4244 VYIXLIB.TS00.A¥241]J2 JENDL-2
16 An-243 300 140900 J4244 YIMLIB.TS00.ANM243]2 JENBL-2
17 Cr-nat. 300 210300 J38G3 . YIMLIB.T300,CRNATIZ2 JENDL-2
18 600 210600 J4244 VIMLIB.T800.CRNATJZ JENCL-2
19 Ni-nat. 300 220300 J38C3.VIMLIB.T300.NINATJ2 JENDL-2Z
20 . 600 220600 J4244 YIMLIB.TBOO.NINATJZ JENCL-2
21 Fe-nat. 200 230300 J3803.VIMLIB.T3G0.FENAT2 JENDL-2
22 800 230600 J4244 YIMLIB.T6C0.FENATZ JENDL-2
23 Al-27 300 240300 J3802.VIMLIB.T300.AL27J2 JENDL-2
24 0-186 360 260300 J3803.VIMLIB.T300.01684 ENDF/B-TIV
25 0-16 6G0O 2606C0 J4244 VIMLIB.TE0C.016B4 ENDF/B-IV
28 0-16 900 260900 J3803,VIMLIB.T300.C16B4 ENDF/B-IV
27 C-12 300 2703C0 J3803.VIMLIB.T300.C12J2 JENDL-2
28 Mn-55 300 290300 J3803.VIMLIB.T300.MNSEJ2 JENDL-2
29 600 290600 JA244 VIMLIB, TE00.MNBLJ2 JENDL-2
30 H-1 300 350300 J3B03.YIMLIB.T300.H1J2 JENDL-2
31 Si-nat. 300 380300 J3803.YIMLIB.T300.Pu2d40J2 JENDL-2
3z 600 380600 JA244 VIMLIB.T6C00.SINATJZ JENDL-2
33 N-14 300 420300 J3B803.YIMLIB.T300.N14B4 ENDF/B-IV
34 Sm-149 300 460900 J4244 YIMLIB.TS00.SM148J2 JENDL-2
3b Cs-133 900 870900 J4244 VIMLIB,T900.C5133)2 JENDL-2
36 Zry-2 600 830600 J4244 YIMLIB.T600,ZRYZB4 ENDF/B-IV
37 Xe-131 900 700901 J4244 VIMLIB.TOCO.XE131J2 JENDBL-2
38 Rh-103 300 750800 J4244 YIMLIB.T9G0.RH103J2 JENDL-2
39 Te-99 3090 770800 Ja244 VIMLIB.TI00.TC98J2 JENDL-2
40 H¥H20*’ 300 9003090 J4244 YIMLIB.T300.H¥H208B3 ENDF/B-IV ®
41 600 9008600 J4244 YIMLIB.TB00.H¥H20RB3 ENDF/B-IV®’

*) Hydrogen of K.0 (chemical binding is considered in thermal energy range)
b} Thermal data is based on ENDF/B-II.
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Table 3.2 Unresolved resonance treatunent

[D NOD. NAME UNRESOLYED RESONANCE |CONVERGENCE CRI-

TABLE RANGE(EV) TERION [N UBR-J
16300, 10900 pU240 4.000E+3 TO 4.000E+4 1.0 %
20300, 20800 PU241 1.000E+2 TC 3.000E+4 1.0 %
30300, 30300 U-235 1.000E+2 TO 3.000E+4 1.0 %
40300, 40300 U-238 4.000E+3 TC 5.00CE+4 1.0 %
50300, 50800 PU239 5.980E+2 TO 3.00CE+4 1.0 %
1306300, 130300 AMZ241 1.500E+2 TC 3.C0CE+4 1.0 %

- 140800 AMZ243 2.150E+2 TG 3.000E+4 1.0 %
460800 SM149 4.239E+2 TO 1.000E+5 5.0 %
670800 CS133 5.975E+3 TC 1.00CE+5 5.0 %
700801 XE131 2.250E+3 TC 1.COCE+D 5.0 %
750900 RH103 3.580E+3 TO 1.000E+5 5.0 %
770806 TC-93 4,219E+3 TO 1.00CE+D 5.0 %

Table 3.3  Thermal scattering trestment

[D NC. NAME ITH NIG  NEG  NPTH  NTHANG  ESAB  TLIB TSTAR

903430 H¥HZO 1 68 69 0 0 .00 300.0 1397.82

90600 H¥dzd ] 66 70 C 0 2.00 609.0 1506.80

OTHER NUCLIDES O 0 G 0 0 0.00 = 0.0
[TH- THERMAL SCATTERING FLAG

NIG-
NFG-
NPTH-
NTHANG-
ESAB-
TLiB-
TSTAR-

( O=FREE ATOM, 1=S(«, 8), -1=5(«, B)+THERM. ELAST. )

NO. OF INCIDENT ENERGY PTS. [N THERMAL SCATTERING LA¥ DATA
NO. OF FINAL ENERGY PTS. IN THERMAL SCATTERING LAW DATA
NO. OF GRID PTS. FOR THERMAL INELASTIC XS

NO. OF THERMAL ELASTIC ANGULAR DISTRIBUTICONS

HIGHEST ENERGY FOR THERMAL SCATTERING LAY DATA

LAB TEMPERATURE IN DEGREES KELYIN

EFFECTIYE TEMPERATURE FOR FREE ATOM SCATTERING
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Fig. 3.1 Flow diagram to generate the VIM user’s library.
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3.4 Mode! and Method

The geometrical models employsd for the VIM and SRAC calcula-

tions are shown ir Fig.3.2 ~ Fig.3.4. The cell models in SRAC for

the PROTEUS core analyses zre different from the medels in VIM. The

[N

iffersnces come simply bacauss of = user’s art to increase the calcu-
lation zccuracv or because of the difference of bouandary conditlions
available for each code.

A series of the VIM calculations were perfcrmed until the ste-—

tistical error af each ke value became o be less than 0.2% without a

i}

splitting option. The number of followed neutrons and computational
(CPU) times are shown in Table 3.6.

The cross sections and the reaclion rates presented 1n the {ol-
lowing chapter were provided by track length estimates. On the other
hand, ke values were provided by averaging of analog, collision and
track length estimates for variavce reducticn.

According to the problem specificaticns, all of the requested

reaction rates have to be mormalized to the total absorption rate for

the convenience of comparisons with other results. The VIM code,
however, edits the reacticn rates being normalized to the total number
of injected meutrons, which does nmot coincide with the total absorption
rate, because the (n,%n) reaction increzses the number cof neutrons
during one generation. Thercfore, the reaction rates sdited by VIM were
re~normelized to the total absorption rate as shown in Table 3.7.

In the PROTEUS analvyses, the problem specifications request Lhat
the calculations should be performed for the [fundamential mode
(ko;y=1.0) considering the finite Theight of the each lattice.
Nevertheless, the VIM calculations were performed only for the infin-
ite lattices. Because the critical search by Monte Carlo methed reguire
too mmuch effaort. In addition, the region was ambiguous where the
result should be edited. Exac:ily speaking, if we intend to take accoun:

of the finite height of the lattice, first, we have to test far each

o

lettice where region a fundamenta! rmode specirum is realiized.
Otherwise the calculated results depend on assumed boundary conditions
fvacuum, water reflector or driver zone etc.)

On the other hand, the SRAC calculations for PROTEUS cores were
performed not only for the critical lattices but also for the
non—-critical lattices with zero buckling value (BZZO.O) in order to

investigate the fundamenta! mode effect. It is easy for the SEA



JAERI-M 89-201

calculation to take the fundamental mode effect inte comsideration by
changing buckling value. The leakage effect is reflected to the spectra?
calculation by Bl approximaticon with an zporopriate buckling value.

All of the calculations for this benchmark problem were carried
out by using the PIJ routine based on the collision probabiiity methed
with 80 group constants. The energy group structure is shewn in Table
3.8. It should be noted that the upper emergy limit of the energy gruoco
in SRAC is 10MeV, while the VIM calculations were carried out with
that of 153MeV according to the benchmark specifications. The PEACO
option described in the section 3.1 was employved for the HCLWR ben-—
chmark calculations with particular attenticr to the rescnance
treatments.

Features of the methods used to caiculate the NEACRP HCLWR
burnup problems are summarized ia Table 3.9 for the VIM calculation

and in Table 3.10 for the S5RAC calculation.
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Table 3.6 Number of followed neutrons and computational(CPU) times in VIM calcuiations.

Case Number of | CPU time®| k4 Error Case Number of | CPU time®| ke Error
I histories®! (min.) m 10" histories®! (min.) (%

Core 1 2x10° 65.3 0.19

Core 2 1x16° 109.1 0.18

Care 3 2x10° 83.8 0.19

Core 4 2x10° 84.2 0.18

Core 5 1x10%? 107.8 g.29

Core 6 2x10° 65.9 0.18

BREYDD 2x10° 30.3 .16 BRIVOOD 2x10° Z1.5b 0.17

BREY45 2x 16" 40.6 G.18 BR1V4S 2x10° 28.4 0.17

BREY2D 2x10° 67.0 0.16 BR1VI0D 2x10° 55,7 0.14

BREYYY 2x1G8 83.6 0.12 BR1Y493 2x10° 50.5 g.12

ERBY00 2x10° 35.6 0.15 ER1Y00 2x10° 26.1 0.13

ERBY4S 2x108 46.3 0.14 ER1V45L 2x108 34.4 0.18

ERBYA0 2x10° 79.9 0.15 ER1YS0 2x10°8 B7.8 0.18

EREYS9 2x10° 100.3 0.12 ER1V99 2x10°8 99.0 0.15

* Core 1~6:PROTEUS, BRGVOD:(BOL Vu/V,=0.6 Yoid 0%), ERIYI9:(EOL V./Ve=1.1 Yoid 99%)
not include the first 1x10* neutrons for initial source guess.
¢ include the time for initial! source guess. (FACCM-780 wachine)

Table 3.7 Total absorption rate and {n,2n) reaction rate in VIM calculations
The each absorption rate was emploved as the normalization factor
of the other reacticn rates.

Case Absorption {n,2n) reaction Case Absaorption (n,2n) reaction
1)) rate (Error) rate (Error) 1D rate (Error) rate {Error)

Core 1 |1.0049 (0.240%)12.2849E-3 (2.68%)

Core 2 |0.9988 (0.241%)13.0444F-3 (2.35%)

Core 3 [1.0037 (0.231%)12.3811E-3 (2.54%)

Core 4 |1.0008 (0.222%)12.2017E-3 (2.24%)
Core 5 [1.0033 (0.295%)12.7318E-3 (2.81%)

Core 6 |1.0008 (0.168%)[2.1538E-3 (2.91%)

BREVOD |1.0021 (G.208%)12.7868E-3 (2.25%){ BRIVOD [1.0002 (C.213%)|2.6536F-3 (2.52%)
BREY45 |1.0040 (0.212%)13.0338E-3 (2.11%)} BRIY45 |1.0024 (0.201%)|3.2914E-3 (2.20%)
RREVSD {1.0042 (0.217%)|3.3983E-3 (2.19%)| BRIVSCG |1.0039 (0.203%)(3.8131E-3 (2.12%)
BRBY9Y 11.0020 (0.210%)[3.5080E-3 (2.15%)| BRIV9S |1.0038 (0.253%)|4.12438-3 (2.32%)
ER6Y00 |1.0031 {90.217%)|2.6408E-3 (2.09%)] ERLVCO |1.0020 (0.228%)i2.5915E-3 (2.30%)
ERGY4S |1.0043 (0.236%)|3.0258E-3 (2.11%)| ERIV45 11.0071 (0.239%)(3.0803E-3 (2.11%)
ERBYIC [1.0036 (0.238%)(3.3472E-3 (2.42%)| ERIV30 ]1.0092 (0.230%):3.8220E-3 (1.73%)
ERAY99 |1.0055 (0.235%)13.5080E-3 (2.35%)] ERIVSY |1.0025 (G.208%)[4.0206E-3 (2.33%)
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Table 3.8 Energy group structure of SRAC user’s library.
Total number of user's fast groups ........ 59
Tetal number of user's thermal groups ..... 31
Group Euppec{ev) 40U Group Eopper(ev) AU
<<<< Fast >>>> 47 0.10130E+03 0.2500
1 0.10000E+03 0.2500 48 0.78893E+02 0.2500
2 0.77880LE+07 0.25G¢0 49 0.61442E+02 ¢.2500
3 0.60653E+07 0.2500 50 0.478351E+02 0.2500
4 0.47237E+07 0.2500 51 0.37266E+02 0.2500
5 0.36788E+07 ¢.2500 52 0.2%023E+02 0.2500
& 0.28651E+07 0.2500 53 0.22503E+072 0.2500
7 0.22313E+07 0.2500 S54 0.17604E+02 0.2500
8 0.17377E+07 0.2500 S5 0.13710E+02 0.2300
9 0.13534E+07  0.2300 56  0.10677E+02  0.2300
10 0.10540E+07 0.2500 a7 0.83153E+01 0.2500
11 0.82085E+0¢8 0.25G0 58 0.647B0E+01 0.2200
12 0.63928E+086 0.2500 59 0.50435E+01 0.23C0
13 0.49787E+06 0.2500 <<<< Thermal >>>>
14 0.38774E+086 0.2500 60 0.39278E+0! 0.2500
15 0.30187E+06 ¢.2500 61 0.30390E+01 0.2500
16 0.23518E+056 0.2500 §2 0.23824E+01 0.2500
17 0.18316E+06 0.23500 63 0.13355E+C1 ¢.1250
18 0.14264E+08 0.2500 64 0.16374E+01 0.1250
18 0.11109E+0¢6 0.2500 65 0.14450E+01 0.12850
20 0.86517E+05- 0.2500 E6 0.12752E+01 0.125¢
21 0.67380E+05 0.2500 67 0.11253E+01 0.1250
22 0.52473E+05 0.2500 63 0.899312E+00 0.1250
23 0.40868E+05 0.2300 69 0.87643E+00 0.1250
24 0.31828E+05 0.2500 70 0.,77344E+00 0.1250
25 0.24788E+05 0.2500 71 0.68256E+00 0.1250
26 0.19305E+05° 0.2500 72 0.60236E+00 0.12350
27 0.15034E+05 0.2500 73 0.531538E+00 ¢.12:0
28 0.11708E+05 0.2500 74 0.46912E+00 G.1250
239 0.91138E+04 0.23500 73 0.41399E+00Q 0.1252
30 0.71017E+04 0.2500 76 0.36528E+0¢ 0.1252
31 0.55308E+04  0.2500 77 0.31961E+00 0.1432
32 0.43074E+04 0.2500 18 0.,27698E+00 0.1541
33 0.33546E+04 0.250¢0 79 0.23742E+00 0.1670
34 0.26126E+04 0.2500 80 0.20030E+00 0.182Z3
35 0.20347E+04 0.2500 81 0.16743E+C0 0.2006
36 0.15846E+04 0.2500 82 0.13700E+0G0 0.2228
37 0.12341E+04 0.2500 83 0.10963E+00 0.2498
38 0.96112E+03 0.235G0 B4 0.85397E-01 0.28812
a9 0.74852E+03 0.2500 85 0.64017E-01 0.3352
40 0.58295E+03 0.25090 86 0.43785E-01 0.4029
41 0.45400E+03 0.2300 g7 0.30602E-01 0.5051
42 0.35357E+013 0.2500 88 0.18467E-01 0.6773
43 0.27336E+03 0.2500 89 ¢.93805E-02 1.032¢
44 0.21445E+03 0.2500 50 0.33423E-02 5.8117
45 0.16702E+03 0.25Q00 1.00000E-05
46 0.13G07E+03 0.2500
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Table 3.9 Features of the methods used to calculate NEACRP HCLWR Burnup
Benchmarks (VIM).

Questions Answer, Short explanation if needed
Datum May 29, 1983
Participant K. Okumura
Country Japan

Institution

JAERT (Japan Atomic Energy
Research Institute)

Code

VIM

Evaluation used for cross section library

JENDL-2 (and ENDF/B-IV for some
nuclides:Table 3.1)

Number of energy groups

Continuous energy

Number of thermal energy groups

Continuous energy

¥ag table method used for resonamce No
shielding ?

Yas slowing—down method used for resonance —
shielding ?

Cell geometry considered for resonance Hexagonal
shielding

¥as the rescnance shielding repeated Yes
after some burn-up steps ?

¥as the resonance shielding repeated Yes
after voiding the cell 7

Were '%0-resonance shielded ? Yes
Were cladding resonances shielded ? Yes
Were fTission—product rescnances shielded ? Yes
fere higher-actinide resonances shislded 7 Yes
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Table 3.9 (continued)

Questions Answer, Short explanation if needed
¥as the spatial dependence of the resonance| Yes
shielding considered ?
fas the gspatial burn—up dependence Yes
considered ?
Number of zones used in the cell Continuous
calculation
Kuzher of spatial intervais used in the Continuous

cell calculation (fuel+clad+mederator)

Order of the scattering anisotropy

Exact (Probability table)

Type of the transpori creoss—section
approximation

¥as fixed fission spectrum used ?

Yes

¥as fission spectrum calculated using the
fission matrices ?

No

¥as elastic scattering matrix correction
applied ?

What method was used for the cell
calculation 7 QGeometry

Continuous energy Monte Carlo
method, Hexagonal

Boundary conditions

Ferfect reflection

Number of discrete fission product cross-

section sets used in the burnup caleculation

Continuous energy

Number of discrete-actinide cross-ssction
sets used in the burn-up calculation

Continuous energy

Number of the energy groups of neutron
spectrum used for burn-up calculation

Continuous energy

Number of the energy groups of f{he vector
cross-section burn-up library

Continucus energy
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Table 3.10 Features of the methods used to calculate NEACRP HCLWR burnup
Benchmarks (SRAC).

Questions

Answer, Short explanation if needed

Datum

May 29, 1988

Participant

H.Akle, H.Takano, Y.Ishiguro
and K.Okunmura, K.Tanaka for new
problens

Country

Japan

[nstitution

JAERT (Japan Atomwic Energy
Research [nstitute)

Code

SRAC

Evaluation used for cross section library

JENDL~-2 (and ENDF/B-IV for some
nuclides:Table 3.1)

Number of energy groups

80 (Structure:Table 3.8)

Number of thermal energy groups

31

Was table method used for resonamce
shielding ¢

Yes, NR-method for energy
ranges |.0E-5 eV~3.9279 eV
and 130,07 eY~10 MeY

fias slowing-down method used for resonance
shielding ¢

Yes, PEACO (Collisicn proba-
bility method with ultra fine
energy groups) for 8.3279 eV~
130.07 e¥

Cell geometry considered for rescnance Hexagonal
shielding

Was the resonance shielding repeated Yes

after some burn-up steps ?

¥as the resonance shielding repeated Yes

after voiding the cell 7

Were *%(0-resonance shielded ? Yes

Fere cladding resonances shislded ? Yes

Were fission-product resonances shielded ? Yes

¥ere higher-actinide resonances shielded ? Yes
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Table 3.10 {continued)

Questions Answer, Short explanation if needed
fas the spatial dependence of the resonance| No
shielding considered ?
Was the spatial burn-up dependence No
considered ?
Number of zones used in the cell 3

calculation

Number of spatial intervals used in the
cell calculation (fuel+clad+moderator)

3+1+1 for thermal energy range
14141 for epi-thermal range

Order of the scattering anisctropy

1 (Transport correction)

Type of the transport cross-section
approximation

Extended transport approx.

Was fixed fission spectrum used 9 Yes
Was fission spectrum calculated using the No

fission matrices 7

Yas elastic scattering matrix correction No

applied ?

What method was used for the cell
calculation 7 {Geometry

Collision probability method
Hexagonal

Boundary conditions

Perfect reflection

Number of discrete fission product cross-

section sets used in the burnup calculation

E5 explicit + 1 lumped pseudo

Number of discrete-actinide cross-section 13
sets used in the burn-up calculation
Number cof the energy groups of neutron 90

spectrum used for burn—up calculation

Number of the energy groups of the vector
¢cross—section burn-up library




Ju—,

Fig.

QD 00 <1 D W L

JAERI-M 89-201

(17 VIM (2) SRAC

Periodic houndary condition

Finest edit(monitering) Homogenized edit region Edit region Ne.P
region No. No. for RETALLY®

MOX fuel Cinner) — 1o MOX fuel

MOX fuel (middle) _‘— i1 HOX fuel 2: Cladding of MOX pin
© MOX fuel Couter) 3. DUC, fuel

Cladding of MOX pin 2. {ladding of MOX pin 4: Cladding of DUOs pin
: DU0n fuel (inner) 5. Moderator
: DUGs fuel (middle)__J 3! DO fuel
© BUQs fuel (outer)
; Cladding of DUOz pin 4: Ciadding of DUD- pin

Hoderator 5. Moderater
;. Perfect reflector

3.2 Llattice gecwmetry models in YIM and SRAC for PROTEUS cores 1—~3.
* Ytility program of YIM for erergy-condensing and/or regicn~homogenizing.

* T- or R-region number in SRAC.
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(1) VIN

(2)  SRAC

»
~F

Periodic boundary conditien

Fig. 3.3 lattice geometry wmodels in VIM and SRAC for PROTEUS cores 4~8.

Relation between edit region number and mixture is identical to
that in Fig. 3.2.
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(1) VIM (2> SRAC

Perfect reflection

Finest edit region No. T-region No. R{edit)-region Ho.
11 MOX i Cell average 10 MOX Cinner) 1
2. Cladding [ (RETALLY) 20 MOX (middle) 1
3. Moderator : 3! MOX (outer) 1
4: Perfect reflector 47 Cladding 2
5. Moderator 3

Fig. 2.4 Lattice geometry models in VIM and SRAC for unit pin at BOL/EOL.
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4. Benchmark Calculation Results

Main part of the ceiculated results are summarized in this chapter
eccording to the table format coemmon among the participants, which
was distributed from NEA Data Bank. The table names alsc corresponds
. TRT er TEY

(e.g. Table S.A.1). The first character "S" denotes the results cal—

to the original ones without the first character "8", "V”
culated by SRAC, while "V” denotes those by VIM. The ratics of the
SRAC to VIM results are shown in the takle whose the first character
is "R” (e.g. Table R.A.I) for our convenience of comparison. The
calculated results for the PROTEUS-LWHCR =are compared with the
experimental velues®® in Table E.A.I, which were presented by PSI at
the second specialists’ meeting. Some additional tables are alsa shown

for discussions.

4.1 PROTEUS-LWHCR

Table E.A.] Experimental wvalues for twe-rod hetercgeneity fer
reaction rates, lattice average reacticn rate ratios
and k.. Due to the smzli deviations of the PROTEUS
core center mneutron spectrum from the fundamental
mode, small correction factors catculated by PSI have

been applied to the experimental reaction rate ratios.

(¥}
=S
—

Table Two~rod hetercgeneity f{or reaction rates, lattice
average reaction rate ratios and ke (SRAC-FM). The
symbol "FM” stands for buckling adjustment (k.. =1.0)

to consider the fundamental mode effect.

Table S.A. 1.2 Two-rod heterogeneity far reaction rates, lattice
average reaction rate ratios and ke (SRAC-NFM). The
symbol  "NFM” stands for nen—critical calculation

(B*=0.0).

Table S.A.[.3 Fundamental mode effect on two-rad heterogereity for
reaction rates, lattice average reaction rate ratics
and ka {(SEAC-FM/SRAC-NTM).

Table S.A. 1.4 C(SRAC-FM)/E values for two-rod hetercgeneity f{or
reaction rates, latilice average reaction raze ratios
and Ka.

Table V.41 Modified VIM results being considered the fundamental
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mode effect on two-rod heterogeneity far rezction
rates, lattice average reaction rate ratios and ke
{(VIM={(SRAC-FM)/ (SRAC-NFM) ).

Two-rod heterogeneity for reaction rates, lattice
average reaction rate ratics and k. (VIM-NTM). The
fundamental mode correcticn has mot been applied.

CVIM-ruy/E values for two-rod heterogeneity for

reaciion rates, lattice average reaction rate ratios
and fa.

Compariscn between SRAC-NFM and VIM results on
two-rod heterogeneity for reaction rates and latltice

average reaction rate ratios and k= (SERAC-NFM/VIM).
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Tabie E.A. I Experimental values for two rod heterogeneity for reaction
rates, lattice average reaction rate ratics and kg °%°.

CORE"

Ce 0.9860 0.93580 0.8880 0.99390 0.9970 0.9850
(1.00%) (0.30%) (1.00%) {0.80%) (0.30%) (0.80%)

Fa 0.9420 0.9710 0.8380 0.9540 0.8700 0.9570
(0.80%) (0.50%) (0.50%) (1.20%) (0.70%) (0.90%)

Fs 1.2650 1.0030 [.1310 1.0880 1.G0B0 1.1770
(1.20%) (0.30%) (0.70%) (6.50%) (0.70%) (0.60%)

Fe 1.8180 1.0050 1.5720 1.4290 1.0080 1.8720
(1.40%) (0.30%) (1.00%) (0.80%) (0.80%) (£.10%)

Fi _ | | — | ——
Co/Fs| 0.0692 | 0.1514 0.0877 0.0943 0.1458 0.0750
(2.20%) | (1.80%) | (2.00%) | (2.80%) | (2.00%) | (3.00%)
Fs/Fe| 0.0101 0.0187 0.0115 | 0.0148 0.0235 | 0.0121
(2.50%) | (2.00%) | (2.80%) | (2.60%) | (2.40%) | (2.80%)
Fs/Fs| 0.9880 1.1080 1.0320 1.0490 1.0380 0.9470
(2.00%) | (1.50%) | (1.80%) | (1.80%) | (1.70%) { (2.10%)
F./Fs| 1.7800 1. 4700 1.7500 | -
(4.50%) | (2.50%) | (3.50%)
koo | 1.0450 0.9050 0.9910 e

(1.10%) (0.80%) (1.50%)

* Moderator / Core-1,6 : Hy0 / Core-2,5 : Yoid / Core-3,4 : Dowthern
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Table S.A. [ Two-rod heterogeneity for reaction rates, lattice
average reaction rate ratios and ko (SRAC-F¥®).

CORE
| 2 3 4 i) §
Cs 0.86052 0.97055 0.85268 0.952862 0.97588 0.35663
Fe 0.93283 0.96214 0.94138 0.95574 0.S5340 0.943508
Fa 1.25344 1.00091 1.12698 1.08735 1.G0078 1.176738
Fg 1.91337 1.00830 1.58428 1.44881 1.006738 1.72819
Fi 1.338092 1.00123 1.21823 1.15384 1.00103 1.28403

Ca/Fa| 0.08748 C. 15680 0.08781 0.09858 0.10143 0.07307

Fs/Fsg 0.01011 0.0z090 0.01230 0.01549 0.0218¢6 C.01282

Fs/Fs 0.388516 1.15525 1.06037 1.11024 1.11005 0.8398563

Fi/Fs 1.68748 1.48608 1.81036 1.86788 1.434391 177951

Keo 1.04555 0.83484 0.83132 1.06544 i.08168 1.o103l1e

B? 8.273E-4 |-4.589E-4 |-2.821E-4 3.181E-4 3.078E-4 1.892E-8

H(er) 109.2 —_— —— 103.7 166.1 2.2

* Buckling adjustment (ka.re=1.0).
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Table S.A. 1.2 Two-rod heterogeneity for reacticn rates, latiice
average reaction rate ratios and ke (SRAC-NFM®).
CORE

1 2 3 4 5 8
Ca 0.96053 0.871863 0.95269 0.95254 .9753¢C 0.95664
Fa 0.83284 0.96211 0.84137 0.95576 .96341 0.94509
Fg 1.25385 1.0C0059 1.12681 1.08821 .00093 1.17878
Fgq 1.91803 1.00774 1.59275 1.45109 .00752 1.73508
Fi 1.38214 1.00088 1.21778 1.15503 .00125 1.28632
Ca/Fa| 0.08733 0.15404 0.08688 C.08855 . 152863 0.07882
Fs/Fq 0.00894 0.020863 0.0121% 0.01508 .02134 0.01244
Fs/Fa| 0.98442 1.13946 1.08021 1.11130 . 13335 0.98741
Fi/Fs 1.68902 1.46816 1.80936 1.87280 . 44792 1.78276
Keo 1.04415 0.817565 0.98242 1.0651086 . 0632690 1.08818

* No buckling adjustment (B%=0.9).
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Tabie $.A.1.3 Fundamental mode effect on two-rod heterogeneity for
reaction rates, lattice average reaction rate ratios
and ke (SRAC-FM / SRAC-KNFK).

CORE
1 b 3 4 3 6
Cs 0.99999 0.99883 0.899593 1.00009 1.00070 0.939989
Fe 0.998989 1.00003 1.00001 0.99938 0.99335 £.99893
Fs 0.89867 1.00031 1.00033 0.99921 0.39980 | 0.93831
Fg 0.93756 1.00115 1.000%6 0.99705 0.89927 0.99602
F, 0.88312 1.00035 1.00038 0.39801 0.89378 0.98822

Ca/Fs 1.00222 1.0178C [.01098 1.00044 0.98214 1.00318

Fa/Fs 1.01710 1.01309 1.0121% 1.03087 1.02437 1.03853

Fs/Fs 1.00075 1.01386 1.00014 0.83905 0.97344 1.01227

Fi/Fa 0.89308 [.01221 1.008565% 0.99737 0.899101 0.99818

Keo 1.00134 0.87525 0.93888 1.00413 1.01688 1.003863
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Table S.4.1.4 C(SRAC-F¥)/E values for two rod heterogeneity for reaction
rates, lattice average reaction rate ratios and ke .

CORE

Ce 0.9742 0.9725 0.9633 0.95236 0.9789 0.9712
(1.00%) {0.30%) {1.00%) (0.80%) (0.30%) (0.80%)

Fe . 0.9903 0.9909 1.0038 1.0018 0.9994 0.9917
(0.80%) (0.50%) (0.50%) (1.20%) (0.70%) (C.90%)

Fs 0.9308 0.9979 0.8964 0.8994 £.9948 0.5938
(1.20%) (0.30%) (C.70%) (0.50%) (C.70%) (0.60%)

Fg 0.9876 1.0039 1.0142 1.0125 0.8988 1.0338
(1.40%) (0.30%) (1.00% (0.80%) {0.80%) (1.10%)

F, — —
Ca/Fsl 0.9751 1.0357 1.0013 1.0455 1.0400 1.0543
(2.20%) (1.50%) (2.00%) (2.80%) (2.00%) (3.00%)
Fa/Fgl 1.0010 1.11786 1.0898 1.0610 0.9302 1.0678
(2.50%) (2.00%) (2.30%) (2.60%) (2.40%) (2.80%)
Fs/Fg| 0.9971 1.0428 1.0758 1.0584 1.0884 1.05655
(2.00%) (1.50%) (1.80%) {1.80%) (1.70%) (2.10%)
Fi/Fa| 0.9480 1.0109 {.0345 —_—
(4.50%) (2.50%) (3.50%)
Koo 1.0005 0.9288 0.9902 _ — S —

(1.10%) (0.80%) (1.50%)
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Table V.A. 1 Modified VIM results being considered fundamental mode
effect on two-rod heterogeneity for reaction rates, lattice
average reaction rate ratios and ke .
C VIM-FM = VIM-NFM x (SRAC-F¥ / SRAC-NFM)®= )
CORE
l 2 3 4 5 8
Cs 0.96144 (0.98966 G.96647 0.85813 0.99247 0.96285
(0.558%) (0.368%) (0.565%) (0.585%) (0.447%) {0.4391%)
Fs 0.93196 §.96158 0.94047 0.95733 0.88502 0.54754
(0.473%) (0.718%) (0.445%) (0.525%) (0.448%) (0.428%)
Fs 1.26826 1.000&5 1.14301 1.09407 £.99914 1.I7773
(0.539%) (0,400%) (0.468%) (0.385%) (0.504%) (0.512%)
Fg 1.914395 1.00314 1.57137 1.44299 1.00081 1.70586
(0.700%) | (0.315%) | (0.818%) | (0.592%) | (0.360%) | (0.641%)
F i 1.39875 0.74084 1.22178 1.15663 0.73728 1.27907
(0.6801%) {18.5%) (C.580%) (0.507%) (18.5%) (G.485%)
Ca/Fg 0.087¢7 0.15807 C.08719 0.09781 0.150489 g.07881
(0.529%) | (0.327%) | (0.448%) | (0.375%) | (0.871%) | (0.388%)
Fa/Fg 0.01007 $.02063 0.01233 0.01841 0.02156 0.01281
(0.412%) (0.277%) (0.328%) (0.272%) (0.275%) (0.214%)
Fe/Fgq 0.98595 1.15124 1.07353 1.10313 1.09823 [.00208
(0.418%) (c.z212%) (0.311%) (0.251%) (0.257%) (0.303%)
Fi/Fg 1.67453 1.48193 1.751898 1.84954 1.43368 1.75665
(0.418%) (0.136%) (0.312%) (0.254%) (0.448%) (0.372%)
keo 1.04360 0.89610 0.88758 1.07290 1.08901 1.10470
(0.188%) (0.182%) (0.192%) (0.180%) (0.205%) (0.178%)

* Modification factor calculated by SRAC as shown in Table S.4A.[.3.
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Table V.A. 1.2 Two-rod heterogeneity for reaction rates, lattice
average reaction rate ratios and ke (VIM-NFM®).

CORE

Ca 0.86145 0.99076 0,96648 0.95804 0.99178 0.96286
(0.558%) (0.2368%) | (0.566%) | (0.569%) | (0.447%) (0.491%)

Fs 0.93137 0.96155 0.94046 0.95735 0.96503 0.94765
(0.473%) (0.718%) (0.445%) (0.525%) (0.448%) (0.428%)

Fs 1.26878 1.00024 1.14263 1.094394 0.98334 1.17972
(0.539%) (0.400%) (0.468%) (0.385%) (0.504%) (0.512%>

Fg 1.91363 1.00193 1.56888 1.44726 1.00154 1.712868
(0.7C0%) (0.315%) (0.816%) | (0.592%) | (0.380%) (0.641%)

F, 1.3%988 0.74068 1.22132 1.15778 0.73744 1.28135
(0.601%) (18.5%) | (0.580%) | (0.507%) (18.5%) | (0.465%)

Ca/Fal 0.06752 0.15333 0.08824 0.09757 0.15168 0.07856
(0.528%) (0.327%) (0.448%) | (0.375%) (0.371%) (0.386%)

Fa/Fe| 0.00990 0.02036 0.01218 0.01496 0.02105 0.01233
(0.412%) | (0.277%) | (0.328%) | (0.272%) | (C.275%) | (0.314%)

Fe/Fal 0.9852! 1.13550 1.07338 1.10418 1.11924 0.98993
(0.418%) | (0.212%) | (0.311%y | (0.251%) | (0.257%) | (0.303%)

Fi/Fs 1.87608 1.48405 1.738089 1.85442 1.44669 1.75985
(0.418%) (0.136%) (0.812%) (0.254%) (0.448%) (0.372%)

Koo 1.04220 0.91884 0.9888€9 1.06849 1,07083 1.10070
(0.188%) (06.182%) | (0.192%) | (0.180%) (6.205%) (0.178%)

* Fundamental mode effect has not been considered yet.
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Table V. A.1.3 C(VIM-FM)/E values for two rod heterogeneity for reaction
rates, lattice average reaction rate ratios and ke .

CORE

Cs 0.9751 0.9916 0.9772 0.9591 0.8955 0.9775
(1.15%) (0.47%) (1.15%) (0.98%) (0.54%) {0.94%)

Fe 0.9833 0.93903 1.0026 1.0035 0.9948 0.9802
(0.93%) {0.87%) (0.87%) (1.31%) (0.83%) (1.00%)

e 1.0034 0.9976 1.0108 1.0058 0.9832 1.00086
(1.32%) (0.50%) (0.84%) (0.63%) (0.86%) (0.79%)

Fg 0.5384 0.8881 0.9986 1.0098 0.5929 1.0203
(1.58%> (0.44%) (1.28%) {1.00%) (0.88%) (1.27%)

Fi — ——— —

Ca/Fa| 0.8779 1.0308 0.9942 1.0351 1.0338 1.0508
(2.26%) (1.54%) (2.05%) (2.83%) (2.03%) (2.02%)

Fs/Fel 0.997C 1.1032 1.0722 1.0555 0.9174 1.0587
(2.53%) (2.02%) (2.32%) (2.81%) (2.42%) (2.82%)

Fs/Faf 0.9979 1.0380 1.0402 1.0518 1.0551 1.0582
(2,04%) {(1.51%) (1.83%) (1.82%) (1.72%) (2.12%)

F./Fai 0.9407 1.0081 1.0240 —— — —_
(4.52%) (2.50%) (3.51%)

Koo 0.9987 0.9902 0.9985 —_—
(1.12%) (0.82%) (1.51%) |

— 46 —
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Tabie R.A.1 Comparison between SRAC and VIM results on two rod
heterogeneity for reaction rates and lattice average
reaction rate ratios and Ke (SRAC-NFM / VIM-NFM)™®.

CORE

Ca 0.99904 0.98069 0.98573 0.99425 0.98338 0.99354
(0.558%) | (0.388%) (0.566%) | (0.569%) | (0.447%) | (0.481%)

Fs 1.00093 1.00058 1.006087 0.99833 1.00454 1.00152
(0.473%) | (0.718%) (0.445%) | (0.525%) (0.448%) (0.428%)

Fs 0.98748 1.00035 0.98598 0.99385 1.00185 0.99920
(0.539%) | (0.400%) | (0.468%) | (0.385%) | (0.504%) | (0.512%)

Fg 0.989917 1.00574 1.01458 1.00265 1.C0802 1.01308
(0.700%) | (0.315%) | (0.818%) | (0.592%) | (0.380%) (0.641%)

F, 0.59440 1.35130 0.99709 0.99782 1.35774 1.00388
(0.601%) (18.5%) | (0.580%) | (0.507%) (18.5%) (G.485%)

Ce/Fall 0.99719 1.00483 1.00718 1.01004 1.00626 1.00331
(0.528%) | (0.327%) | (0.448%) | (0.375%) | (0.371%) | (0.388%)

Fs/Fof 1.00404 1.01328 0.98754 1.004868 1.01378 1.00882
(0.412%) | (0.277%) | (0.328%) | 0.272%) | (0.276%) | (0.314%)

Fs/Fql 0.99820 1.00349 1.00836 1.008645 1.01261 0.99745
(0.418%) | (0.212%) | (0.311%) | (0.251%) | €0.257%) | €0.303%)

Fi/Fg 1.60772 1.00281 1.01026 1.00831 1.00064 1.01302
(0.418%) (0.136%) (0.312%) (0.254%) (0.448%) (0.372%)

Koo 1.00187 0.99860 0.99366 0.89305 0.89325 0.99863
(0.188%) | (0.182%) | (0.192%) | (0.180%) | (C.205%) | (0.178%)

> (SRAC~NFM / VIM-NFM) = (SRAC-FM / VIM-FM)
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4.2 TUnit Pin for BOL and EOL

The important cecre physics parameters such as conversicn ratic,
ke and migration area are shown in Table S5.B.[(SRAC) and Table
V.B.[(VIM). The ratios of SRAC and VIM results are also shown in
Tebie R.B. 1. Other voluminous c¢ross—secticns and reaction rates are
tabulated in Appendiz I-0. For this problem, 11 sclutions including
the SRAC and VIM results were presented at the 2Znd specialists’
meeting. The dependences of ks with veld fraction cobtained by SRAC
and VIM are shown in Fig.4.1 (V./V,=0.6) and Fig.4.2 (V/V,=1.1} in
contrast to other solutions.

In this benchmark, a series of the VIM calculations was performed
vnder the conditicn that the upper 1imit of neutrcn ensrgy range was
153MeV according to Lhe benchmark specifications. On the other hand,
the previous VIM calculatiocn, of which results were presented at the
first NEACRP henchmark'’, were performed with the upper limit of 10
MeV according to the SRAC energy structure. The difference of k=
hetween the previous VIM results and the presented cones is shown in

Table R.B. 1.2 and Fig.4.3.

Table 5.B.1 Conversion ratic, migration arza and ke with void
fraction ratio {(SRAC).

Table V.B.1 Copversion ratio, migraticn area and ke with veid
fraction ratio {(VIM}.

Table R.B. 1 Comparisen {(SRAC/VIM) on conversicn ratio, migration
ared and ke with veld fraction ratic.

Table R.B. 1.2 Effect of upper 1imit of neutron energy range on void
reactivity.

Table S B.IT .1 - §.B.V[.9 Cross—sections and resaction rates (SRAC)

Appendix [ .

Tebhle V.B.I.1 - V.B. V.8 Cross—sections and reaction rates (VIM)
Appendix 1.

Takle R.B.I.1 - R.B.V[.3 Cross—sections and reaction rates
(SRAC/VIM) : Appendix [.

Fig.4.1 Dependence of ke on void fraction (V./V,=0.6).

Flg. 4.2 Dependence of ke on veoid fraction (VA/V=1.1).

Fig.4.3 Effect of upper limit of neuiron energy range on veid

reactivity.
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3 Discussions

The following observations were drawn {rom the calculated

sults:

PROTEUS Analvses

Thne fundamental mode effect is not so sigmificant for the two—rod
hetercgeneity of reaction rates (cf. Teble S.A.T.3).

Trhe fundzmental mode effect should be considered for the lattice
averszge reaction rate ratios and k= especially in the veoided cores.
The effect is predominant fer Fg/Fy and this tendency seems 10
increase in highly enriched Pu cores {cf. Tabls S.A.T.3).

As far as the sub-critical cores {cores 2,3) ars concerned. 1%
is obserbed that the fundamental mode factors for ke become less
than 1.0.

The SRAC and VIM results show fairly good agreemsnis with each
other for most of the requested parameters, however predominant
differences are observed for the two-rod hetercgeneity factors of
F, in the full voided cases, although thes statistical errors ave
large. ({(further check will be neeced) {(cf. Table R.A.[)

Both of the ke's obtained by SRAC and VIM show good agreement with
the experimeasntal values, while some deviations are observed for
the two-rod heterogeneity factors and the cell average reaction
retes. The deviations are large especially for the reaction rate
ratios of Fg/Fy, where the maximum deviation is mecre than 10%. {cf.

Table S.A. 1 .4 and Tabhle V.A. 1.3

Unit Pin Cgll Analyses

The SRAC and VIM results show good agreements withina the sta-
tistical errors in the 0% voided cases, while the SRAC code tends
1o underestimate the k. value in highly voided cases. This tendency
is observed also in the PROTEUS analysis. (cf. Fig.4.1l, Fig.4.2,
Table R.A. )

The upper limit of energy range (10MeV) in the SRAC code ssems to
be one of tne reascn for underestimate of ke value in highly voided

cases. {cf. FTig. 4.3, Table .B.1.2) Further investigatiocn will
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be needed on the effects of {n.xn) reactions and fission specirum{f)

in high energy range above 10MeV.
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5. Additional Investigations on Resonance Treatment and

Geometrical Modelling

The converntiona! methods based on the narrow rescnance{NR}
zpproximation and/or the intermediate resonance{[R) approximation have
been used for analyses of the HCLWR lattices. The accuracy of the IR
approximation has been extensively verified and successfully ussd in
thermal reactor anzlyses. The NE approximatiion has been verified for
its use in higher resonance energy regilon, szy, higher than few bundred
eV; hence it has been generelly adopted for fast reactor anziyses, On
the cther hand, regarding the accuracy of these approximations as
insufficient, the maore rigorous methods based on direct
numerical-methods have been developed for accurate evaluat:ion of
effective rescnanmce cross sections. Feor example, a code PEACD using
an ultrafine energy group structure was developed on the basis of ths
collision probability method. It was incorporated inte the SRAC system
for the treatment of all resolved resonances of lower energy region(l
£ 130.07 eV).

Geometrical modelling is ancther problem for accurate treatment
of cell calculations. Hexageonal cell model with mirror reflection
boundary condition 1Is mast preferable for the HCLWR lattice analyses.
Cylindrical cell models have been coaventicnally used for geometrical
recresentation. Some computer code may use square cell model because
of the limitation of geometrical modeliing. The white reflection
boundary condition has been also used to save computational time.
Consequen:ily, the methods and models used for the HCLWR analyses are
resded to be verified by more rigorous method.

The purpose of the present study is to evaluate the accuracy of
the results obtained by the conventiona!l methods and to clarify the
range of thelr validation with emphesis on the effect of the rescnance

calculation methed and the geometrical madelling on the HOLWR cell.

Here, the important core physics parameters, such as neutron mul-

tiplicaticen factor, conversion ratic and void coefficient etc. will

be considered. [n recent HCLWER feasibility studies, the concept of
. . . . 12,3,13

uranium core convertible reactor has besen investigated ', Therefore,

additional calculated results will ke also shewn for light water mad—

erated U0, fuel lattice.
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5.1 Model and Mechod

The basic geometry under study is identical with that of the
NEACRP benchmark problem (unit pin for BOL), where two hexagonal
gecmetries with the moderator to fuel volume ratio(V.,/V,) of 0.6 and
1.1 were ccnsidered. Particularly, the hexagonal cell with the V.,/V;
of 1.1 and the (issile Pu enrichment of 7.0% is selected as a reference
case, since recent HCLWR design studies are concentrated on this range
of Va/V» A% As far as a void analysis is concerned, the calculation
was carried out for the reference cell, while other calculations were
carried cut changing the V,/V, from 0.5 to 1.9 and maintzining the
fissile enrichment. A cylindrical and square cell which keep the valuse
of Vo/Vy were alsc used {or compariscn.

A series of calculetions were performed using SRAC code system,
and the calculation scheme was based on the multigroup collision pro-
bability method with the 90 group library (Table 3.8) generated on the
basis of JENDL-2 {ile. The rescnance shielding factors were pregpared
for all heavy resonance nuclei in the resonance energy region, which
was divided into two energy rvanges, 1.2., the upper resonance energy
range above 270.36eV and the lower one below 275.36eV to thermal
cut—off energy. The resonance shielding under the assumption of the
NE apoproximation is taken into account also for light and/or interme-—
diate nuclel with resonance structure for the whole energy range.
Hence, the cladding material was treated as a resonance material, since
the effect of total absorption of cladding material is ccnsiderably high
in the HCLWR analyses.

[n the SRAC cocde, the thermal cut—-off energy can be selected from
any energy mesh boundary of the SRAC energy structure between 0.414
and 3.93eV. The cut-off energy of 3.93eV was sciected here to
accurately calculate the reaction rate of the 1.08eV rescrance of
2e0p 38)

In the upper resondance energy range, the cfifective cross secticns
are obtained by the table—look-up method of Bondarenko type table based
on the NR approximation. The cross sections in the lower range ars
calculated by one of the three metheds; the table—look-up method based
on the [R sapproximation, the table-look-up method based on the NR
approximation and the direct numerical method using ultrafine groups,
i.e., PEACO routine.

On the assessment of the rescnance treatment methods, the [R

_ 59_
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approximation, NR approximation and PEACO methed were investigated,
where a hexagenzal cell with the mirror boundary condition was used.

For the geometrical effect study, the resonance method was based on
the PEACO method, and the mirror and white boundary conditions were
applied for each geometry. In ecylindrical geometry, however, the
mirror boundary condition was excluded bEtecause of the Newmach
effect®® .  The calculated results were cheocked and verified on com-
parison with those of the continuous energy Monte Carle code VIM.
Here, the VIM library whose upper rgy limit was 10MeV was used

ene
according to the energy structure of the SRAC library.
5.2 Results and Disscussions

« Effects of Resonance Calculation Method

{1) ke and Conversicn Ratio
Figure 5.1 represents the change of the %« and conversion ratio
depending on the V,/V, for MOX fuelled lattice. From these results,
it is seen that the results of the PEACO routine shows a reascnably good

agreement with those of the VIM code for whele range of V,L/V, under

ot

investigation. The IR method overestimates tlZe ks Dy about 0.8% a

oy

Va/V=0.5, as compared with that from the PEACO routine, but the
deviation decreases with incrsasing Vao/Vy. As for the conversion ratio,
the IR method shows a fairly good agreement with those f[rom the PEACO
routine at higher V.,./Vy values. The NR method fairly undersstimates
the k< by abcut 1%, consequently it gives higher values for the conver—
sign ratic compared with the results from the PEACO routine. The
reason why large discrepancies are occurred at lower V,/Vy is that the
differences among the capture cross sections for C?** calecuiated by each
resonance method are large inm this range of V.,./V,. Figure 5.2 shows
the capture cross sections for U**® obtained by each rescnance calcula—
tion method and the VIM code. [t is seen that the PEACO routine shows
a reascnably good agreement With_the results from the VIM coda; the
- IR method underestimate the capture cross sectlions, as compared with
those from the PEACO routine, while the NR method overes:iimates this
cross ssction, particularly for the resconences lying at the lower energy
range.

For the U0y fuelled cases as shown in Fig.5.3, the ke cbtained from

the IR method also shows z fairly good sgreement with the PEACO rou-
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tine for the whole range of V,./V; under study. And the NR method shaows
the similar tendency for ke to that of the MOX fuelled cases, but the
differences are smaller than those of the MOX fuelled cases. The
values of the conversion ratio are almost the same between the IR and
PEACO methed at at higher V,./V,, whereas the NR methcd shows 2 better
agreement with the results of the PEACO routine at the lower V,/V;.
As seen from Fig.5.4, the nesutron spectrum is much softer for the
UQD,; case than the MOX fuelled case, so that the effects of the resonance
calculation methods is generally smaller in the UQDy fuelled cell.

On the basis of the above results, 1t can be concluded that the
IR method shows a reasocnably gcod agreement with the PEACO routine
at higher V.,./V; for both MOX and U3; fuelled cases, while it gives =z
little deviation at lower V,/V,. It can be also concluded that the

NE method is not very accurate for both MOX and UQ; fuelled cases.

{2) Moderator Void Coefficient

In order to validate whether the conventicnal metheds, that is,
the IR and NE methods can be applied for an accurate estimation of
voiding effects, the cell calculations were performed using the three
methods for the cell of 7% enriched fissile plutonium and with V./V,
cf 1.1. The ko was determined for void fracticns 0, 453, 90 and 939%.
The calzulated results are shown in Fig.5.5.

The results indicate that %= decreases monctonically with
increasing void fraction for all the three methods and that "the results
of the PEACO routine show a reascnably good agresement with those of
the VIM code within statistical error. For the void coefficient, the
IE methed shows a tendency giving slightly higher with increasing veoid
fraction, as compared with the results from the PEACO routine, whereas
the NR method gives lesser negative values with increasing veid

fraction.

{(3) Doppler Coefficient
In order to investigate the effect of the resonance methods on
the calculation accuracy of the Doppler coeflficient, the ke was deter—
mined for fuel temperature 600, 900 and 1200°% assuming that the mod-
erator temperature was constant with B00K. The calculated results
are shown in Table 5.1,
From Table 5.1, both the NR and IR methods give higher values

1

for the Doppler cosfficient, as compared with those aof the PEACO
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routine. The discrepancies of the IR method are much smaller than

those of the WER method.

{4y Influerces of Fissile Plutonium FEnrichment

Table 3.2 shows the ke and conversicn ratio calculated by the three
methods changing the fuel enrichment. The NE method underestimates
the R« by azbout 1%, as compared with the values {rom the PEACO routine,
and consequently shows higher conversion ratio oy about 2.35%. The IR
method shows a relatively small difference from the resulis of the
PEACO routine for both two quantities.

It c¢can be concluded that the relative tendency among the thres

metheds 18 not so much changed by the fissit

L6

nlutonium enrichment,
though the IR method is likely to be in a agresment with the PEACO

routine.

- Effects of Geometrical Medelling and Bouadary Condition

(1) ke and Conversion Ratic
It is evident the hexagonal cell model with the mirror boundary
condition is an exact way for the HCLWR lattice analyses. But some
computer code can noi treat the hexagenal gecmetry and may sometlimes
use the white boundzary condition to save computation time. Censidering

this situation, all of

the calculated results were normsalized to those
ottained by the cylindrical model based on the Wigner-5Seitz
approximaticn, which 1is commonly applicable to any type of cell
geomelry.

Table 5.3 gives the values {or ke obtzined from different geometry
medels at the V,/V,y=1.1, where these valuss are compared with those
from the VIM code. It is seen that the results calculated by SRAC show
a good agreement with those of the VIM c¢ode in each geometry and that
the cases with the mirror boundary condition give higher values 1n both
the SEAC and VIM results.

Figure 5.8 represents the variations of k- and conversicn ratio
for the MOX fuelled geometries, which are normalized to those of the
cylindrical geometry with the white boundary condition. For the
geometries with the exact mirror boundary condition, the differences
from the cylindrical geometry are more than 0.5% and 1% in k. and
conversion ratio,'respectively.

The results for the UC; fuelled cell are shewn in Fig.5.7. The
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szme tendency to the MOX fuelled casss i3 obsarved, however, the
differences are smaller than the MOX fuelled c¢ases, and tend tc con-

vergs with increasing Va/Vy.

9]

e cencluded rhz: the resuizs of

o

From the above results, 1t can
the cylindrica!l cell wita the white boundaryv condiztion fairly deviates

from those of ihe geomatries with the mirror boundary condition. Such

T

e deviations are attributed mainly te the different 2oundary cond:-

—

ii¢ns rather than the different geometry type.

i

Table 5.1 Effect of resonance treatment methods on
Doppler coefficient.
(Hexagonal, Mirror, Va/V:=1.1, Pufi==7%)

Method Temp. keo Doppler coef.
¢ °K (Ak/k/ °K)
640 1.1406
-3.94E-5
PEACC a00 1.1271
-3.18E-&
1200 1.1185
800 1.1312
-4.24E-5
NR 300 1.1169
-3.46E-5
1200 1.1053
600 1.1452
-4_.02E-5
IR 300 1.1314
-3.26E-4
1200 1.1203
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Table 5.2 Effect of resonance treatment methods on ke and
enrichment.

conversion ratio depending on Pu

(Hexagonal, Mirror, Vau/V¢=1.1)

Tis

pufis ko Conversicn ratio
Enrich. T [
€9 PEACO NR IR PEACO NR IR
4.0 1.0589 1.0488 1.0809 0.8507 0.8733 0.8480
(-0.85%)|(+0.19%) (+2.7%) |(-0.32%)
7.6 1.1271 1.11698 1.1314 0.7448 0.7627 0.7367
(-0.80%) | (+G.38%) (+2.5%) [ (-1.1%)
10.0 1.1842 1.1833 1.1895 0.6577 0.8740 0.8467
(-0.91%) | (+0.44%) (+2.5%) |(-1.7%)
( ) : Deviations from PEACO

Table 5.3 Comparison of ke 'S

calculated by SRAC and ViM

in different geometries. (Puf'®*=7%, Vu./V:=1.1)

Cell Boundary SRAC VIM
Geometry Conditiocn
Hexagonal Mirror 1.1271 1.1270£0.0020
Fhite 1.1194 1.1199£0.0020
Square Mirrer 1.1231 1.1288=£0.0020
fhite 1.1203 1.1254+0.0022
Cylindrical Fhite 1.1193 1.1185%=0.0021
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6. Summary

For the second NEACRP benchmark comparison on OCLWR lattices,
4 series ol calculations for the benchmark problems (PROTEUS-LWHCR
and Unit Pin Cell for BOL and EOL) was carried out by using the con—
tinuous energy Monte Carlo code VIM and the deterministic code SRAC
based cn a collision probability methecd. Both of their !ibraries were
based on the JENDL-2 file. The obtained VIM result is useful as a
reference soiution to cneck the data and method for the deterministic
codes which use the JENDI-2 library.

The SRAC results showed fairly good agreement with the VIM
results for most of requested parameters. This means the applicability
of the SRAC cede to the HCLWR lattices is reascnably high, as far as
the methodclogy Is concerned. Nevertheless, some deviations wers
observed between the calculated results and the experimenial values.
Further investigetion will be needed as for the library data to decrease
the deviations.

Additional calculaticus based on the benchmark problem were alsc
carried out with emphasis on the resonance calculation methods and
geometrical modelling. From this {nvestigation, it is recommended
to use the direct resonance calculation method as like the PEACO routine
does, especially for the case of harder neutron spectrum. [t should
be alsc noted that the white boundary condition Is no: so accurate in
HCLWR lattices a&s expected in current LWR lattices with UQ; fuel.

Tne deviations of the core physics paramsters among the all of
submitted benchmark results have been somewhat improved, as compared
with those at the previcus benchmark, however, it seems Insufficient
still now. It is expected to accumulate other reference sclutions based

on different nuclear data file and other experimental data.
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Cross-Sections and Reaction Rates {SRAC)
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Tablie List

Cross—section for U7,

Cross—section for U™,

Cross-section for Pu®®".

Cross—section for Pu®*.

Cross—section for Pu®*'.

Cross—secticn for Pu*®®

Cross—section for Am®*!

Crass—section for Am®®

Cross—section for Structural Materials at 0 GWd/:
Reaction Rates — Void = 0% for 17239,
Reaction Rates — Void = 0% for U,
Reaction Rates — Void = 0% for Pu®?.
Reaction Rates — Void = 0% for Pu??.
Reaction Rates — Void = 0% for Pu®*t.
Rezction Rates — Void = 0% for Pu’'?
Reaction Rates — Void = 0% for Am®H
Reaction Rates — Void = 0% for Am®*®
Reaction Bates — Veoid = 0% for Total Fission Products.
Absorpiicn Rates — Void = 0%

Reaction Rates — Void = 45% far U2
Reaction Rates — Void = 45% for U?®
Reaction Rates — Void = 45% for Pu®*?
Rezction Rates — Void = 43% for Pul¥?.
Reaction Rates — Void = 45% for Pu®t!,
Reaction Rates — Void = 45% for Pu*?,
Reaction Rates — Void = 45% for Am®**.
Reaction Rates — Void = 43% for Am?'®.
Reaction Rates — Void = 43% for Total Fission Products.
Reaction Rates - Void = 90% for U**%.
Reaction Rates - Void = 90% for U%H.
Reacticn Rates — Void = 90% for Pu®®
Reaction Rates — Void = 90% for Pu®l.
Reaction Rates — Void = 90% for Pu*'!
Reaction Rates — Void = 90% for Pu’'’.
Reaction Rates — Void = 90% for Am’*'
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Table S.B.V.8 Reaction Rates — Void = 90% for Am®*.

Tahle S.B. V1.9 Reaction Rates — Void = 90% for Tota! Fission Products.
Table S.B.V[.1 Reaction Rates — Void = 99% for U7,

Table S . B.V[.2 Reaction Rates — Void = §%% for U¥%.

Teble S.B.V[.3 Reaction Rates — Void = 9%% for Pu®®?.

Table S.B.W.4 Reaction Retes — Void = 98% for Pu*'".

Table S.B.¥[.5 Reaction Rates — Vold = 8% for Pu®'’.

Table S.B.W[.6 Reaction Rates — Void = 95% for Pu’'?.

Table S.B.}[.7 Reaction Rates — Void = 58% for Am®*'.

Table S.B.VI. 8 Reaction Rates — Void = 98% for Am™**.

Table S.B.M.9 Reaction Rates — Void = 99% for Total Fission Products.
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LAS21E+DL 4059856401
LT249E+0%  4.3837E+02
JBETOEFOL  3.34995E+01

L= WA R e

—_

= I B - e

FS T = T N L P

R

[= -
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50 GWO/T
0.6 1.1
LTBH2E+00 1.T537E+00
.7130E+01  3.1264E+07%
LEBETE+O1 B.575Q0E+01
L2848E+00  1.3065E+01
LATABE+00  1.4630E+00
.6835E+01  1.9066E+01
47448401 T.04T77E+D1
LE7SAE400 §.9700E+00
LT370E+Q0  3.7427E+00
LO937E+01  4.6307E401
.0866E+402 1.77116E+02
J51G8E+01  2.1908E+01
50 GwOJT
0.8 1.1
LOT49E-01 3.1891E-01
LBBS1E+O0 Z2,.2067E+QG
.53B16E-01 6.2201E-01
L1292E-01  B.3985E-01
3811E-01 1.6461E-01
L3172E-04  1.3965E-04
.0000E+QD  0Q.000Q0E+0Q
.8304E-02 1.1375E-01
.8048E-01 4.5247E-01
LO1%4E-04  3.2397E-04
.0000E+00 0.0000E+00
.7618E-01 3.1956E-01
50 GWO/T
0.8 1.1
.9529E+00 1.9839£+00
LA3ITEFOL 2.9998E+01
4896802 2.6491E+07
L0238E+01 2.0129E£+01
LF3S90E+00 1.7711E+Q0Q
LIRISEC0L 1.5TH3EDY
L7923E+01  1.7308E8+02
DAS1SE+00 1.2671E+01
L2B37E+0Q  5.4269E+00
LI2FTEFOL 4,8287E+Q1
.8210E+07  4.9353E+072
CATATE+OL 3.8T23E+00
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===== TABLL S.B.I1l.4 CROSS-SECTIONS FOR PUZ4D =====
BURNUF 0 GWD/ 1T 50 GwD/!T
VM fWE 0.8 1.1 0.2 1.1
SIGMA-A FasT 1.0262E+00  1.1021E+00 1.0300E+00  1.1041E+00
RESONANCE 5.B584F+00 1,0187E+01 8.97360+00 1.03930+01
THERHAL ?.5449E+07  2.9143E¢02 2.3828E+02 2.913RE+07
1-GRGUP T.a614E-00  1.3137E+01  7.315028+400 1.5290E+01
SIGHA-F FAST 7.5244F-01  2.4F705E-01  T.5669C-01  8.49%61£-01
RESONANTE 2.1276E 01 2.0919FE-01 2L13QRE-01 0 2, 117SE-J1
THERMAL 5.0678E-02 5.8143L-02 4.7540£-02 5.82358-02
1-GROUP 5.01332-01 6.4499€-01 6.0474E-G1 6.406220-01
SIGHA-P FAST 2.3164E400  2.H25TE+Q0  2,.3299E+0Q0  2.6338E+G0
RESGNANLE 5.9231£-01 5.8227E£-01 5.93728-01 5.8950E-01
THERMAL 1.4108E-01 1.6187E-01 1.3234E-01 1.6212E-01
1-GROUF 1.8349E+00 1.9810E+00 1.8456E+00 1.9843E+00
===== TABLE 5.B.{1.5 CROSS-SELTIONS FOR PUZ41 =====
BURNUP 0 GWD/T ’ 53 GW0/T
VM J WF 0.6 1.1 0.6 1.1
SIGHA-A FAST 2.2315E+00  2.2011E+00  2,2291E+00  2.1996E+00
HESONANLE 4.0705E+¢01  5.1641E+01  4,0795E+01  5.1130E+01
THERMAL 1.1745E+02  1.9211£+02 1.,1973E+02 2.16:0C+02
1-GROUFR 1.4192E+01  2.30C9E+01 1.4033E+01 2.3341E+01
SIGMA-F FAST 1.9444E+00  1,9288E+00 1.9427ErQ0  1.9277£+0D
RESCNANCE 3.0775E+01  3.8785E+Q1 3.0484E+01  3.B413L+01
THERMAL B.9572E+01 1.4493E+02 9.1:1915+01 1.6253F+02
1-GROUE 1.0933E+01 1.7S00E+91 1.0807E+07 1.8183E+01
SIGMA-P FAST 5.932SE+00  5.9258E+00 5.9221E+00 5.92345+00
RESONANLCE 9.0240E+01 1.1373E+02  8.872700+91 1. 19Y64k+02
FHEIMAL 2.52950+02  4_2513E+02  2.6740Ev07  4.7853E+02
1-GROUP 3.2225€+01 5.1502E+01 3.1857E+01 5.3505E+0"
=m=== TAHLE 5.3.[01.4 CHOSS-SECTIONS FOR PU2s2 =====
BURNUP 0 GWOsT 50 GWD/T
VM VE 0.6 1.1 ¢.6 1.1
SIGHA-A FAST 8.3334E-01 9.0090E-01 &.3636E-01 3.0¢77E-01
RESONANCE 5.1139E+00  5_.9329E+0G  5.20690+00 5. $E0D
THERMAL 1.9928F+07  1.7364E+02 2.1961E+02 1, E+02
1-GROUP 5.5475E+00  9.0445E+C0 5. 7201E+Q0 9, 23934E+00
SIGMA-F FAST 5.9188E-01 6.7518E-01 5.495630-01 &6.77438-01
RZSUNANCE 2.74198-02  2.7439E-02 2.80158-02 2.7583&-02
[HERMAL 1.4839F-01  1.3450E-01 1.61320-01  1.35380E-01
1-GRIUP 4,3921E-01 4.8040€-01 4.4218E-01 4.80%6E-C1
S{GMA-P FAsT 1.8367E+00  2.1075C0+00  1.8486C+00  2.1146E+00
RESONANCE TLAR12DE-B?  7.7051E-02  7.3663E-02 7.7457E-902
THERMAL 4. 1668E-01 3.7769E-01  4.3440£-01 3.8976E-01
1-GAOUP TLEA0GEEF0D 1.4995E+00  1.38948+00  1.4972E+00

_82 —
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wo=== TABLE $.8.I1.7 CROSS-SECTIONS FOR AM241 =====

BURNUP 0 GWD/T 50 GWD/T
VMO Ve 9.6 1.1 0.8 1.1
SIGMA-A FasT 1.7517E+00  1.7910E+00  1.7529E+00 1.7919E+00
REIONANCE 2.4300FE+01  2.9350L+01  2.3B801E+0G1  2.8512E+0%
THERMAL 3.3295E+#92  3.HJ3TL02  J.OTA4TE+02  3.53528+072
1-GROUF “.3695E+01  2.3545E+01  T.287TErO1 2. 3078E+01
SIGMA-F FAST ?.28C35-0F  8.4853FE-01 T7.3348E-01 8.3192E-01
RESOMANLE 1.9124E-01  2.2680E-91 1.836%6-00 2.1856E-01
THERMAL LTO80E+00  1L.8727E+00 1.4976E+00  1,73G95E+00
1-GROUP 65.0831E-01 7.23278-01 &.0521€-01 7.1902E-01
3i6Ma-7 FAST ?2.6022E+00C  3.0473E+00  2.6218E+00  3.0593£+00
RE3ONANCE 5.16456-01 7.3108E-0t 5.%9212E-01 7.04522-01
THERMAL 5.5059£+00 6.0367FE+00  4.8275E+90 5.7685E+0D
1-GROUP 2.14625+00  2.547HE+Q0  2.137FE+D0 2.5341E+GD
===== TABLE §.B.{[.3 CROSS-SECTIONS FOR AMZ43
BURNUP 0 GWD/T 50 GwWwosT
VM O/ OVE 0.5 1.1 0.6 1.1
SIGMA-4 FAST 1.3992E+00 1.4370E+900 1.4006E+¢90 1.4379E+09
RESONANCE 2.4780E401  2,0800£+01 2.3623E+01  2.83V6E+01
THERMAL 5.8551E+02 5.0B628E+02 4.4139£+02 3.8807E+02
1-GROUP 1.8038E+01 2.9201E+01  1.4677E+01 2.4181E+01
51GMA-F FAST §.0251E-01 7.0627E-01 6.0G717E-01 7.09165-01
RESGHANLCE 7.5845E-02 9.1271E-02 7.2142E-02 8.8641E-02
THERMAL 1.6718E+00 1.44319E¢00 1.2702E+00 1.1117E+0C
1-GROUP 4,8701E-01 5.7127F-01 4.8095E-0F 5.57(3E-21
SIGMA-P FAST 2.1652E+00 2.5502E+00  2.1819E+00  2.5605E+00
RESENANCE 2,43435-01  2.9794E-01 2.3154E-01 2.7803E-01
THERMAL S.3657E+00 4.6278F+00 4.0767E+00 3.5682E+0C
1-GROUP 1.7310E+00  2.0299E+0C 1.7120EF00  1.9808E+00

——=== TABLE $.8.11.0 CROSS-SECTIONS FOR STRUCTURAL MATERIALS AT 0 GWD/T

SIGMA-A I-GROUP
FAsT RESONANCE THERMAL 1-GROUP
FE §.9082E-03 5.14%18E-02 4.8008E-01 2.8333E-072
CR S,6629FE-03  7.1040E-02 5.7459E-01 3.2723E-07
NI S.0133F-02 ©.3§21£-02 7.8273£-0% a6.70208-0%
MN-55 9.87S0E-93 1.2236F+00 2.5323E+09 3.35692E-01
ZRY 1.3049€-02 1.060265E-01 5.1741£-02 3.8547E-07



BURNUP

VM 1N
ABSORFT  FAST
RESOMANLE
THERMAL
1-GROUP
FL3SION FAST
RESONANCE
THERMAL
1-GROUP
PRODUCT FAST
RESONANCE
THERMAL
1-GROUP

TABLE S.B.II1.2

BURNUP

VM [ VF
485GRPT FAST
RESONANLE
THERMAL
1-GROUP
FISSION FAST
RESOMANCE
THERMAL
1-GROUP
PRODULT FAST
RESONANLE
THERMAL
1-GROUP

TAgLE S.B.LI[.3
BUARNLP
VM O/ OVE
ABSOGRPT Fasr
RESOMNANLCE
THERMAL
1-GROUP

EAST
RESONANTE
THERMAL
1-GROUP

FLSSION

PROBUCT FAST
RESONANCE
THERMAL

1-GROUP

JAERI-M 89-201

REACTION RATES - VWOILD
0 GW3/T
0.5 1.1
1.8730E-03  1.2595E-13
3,98CG9E-93  B.5409E-03
1.4972E-03  3.2794£-03
1.3333E-02 1.3080E-02
1.9497E-C3  1.05110-03
6.2041E-03 5.2130C-02
1.1832E-03  2.88350E-03
8.9349E-03  &.9491E-03
203£-03 2.5795E-03
1.5068£-07% 1.2661E-02
2.87337E-03  0.3208L-03
2 2E-07  2.1861E-072
REACTION RATEZ - VOIED
0 GWDJT
0.6 1.1
1.0478E-01 7.5652E-02
2.2680E-01 1.9817E-Q1
4.0027E-03 3.2610E-03
3.3648E-D1  Z.3233E-01
4,7000E-02 3.8983E-07
1.85592E-05 1.282r7E£-05
0,0000E+00  0.0000E+00
4.7018E-02 3.8976E-02
1.3141E-01  1.09498-01
4.3127E-95  2.9734E-05
0.0000E=00 0.0000E+QO
1.314%E-01 1.0957E-01
REACTEIZN RATES VoD
0 GWDJ/T
0.8 1.1
5.2524F-02 5.1101E-02
2.2602E-01 1.73C09E-01
9.6715E-02 Z.1183E-01
3.7523E-01 4.1581E-01
£.6750E-02 2.7970C-02
1.27058-01 9.73058-07
6.3913E-02 1.3A308E-01
?.3771E-01 2.633%E-01
1.4200E-01 §.5628E-0%2
3.6398E-01  2.8030G%-01
1.8411F-01  3,977HE-01
6.6209E-01 T7.6374E-01

0x% FOR L-235

SO GWaYT
.6 T.1
G.6070E-04 £.45925-04
S.1703E-03 4.8172 a3
7.2186E-04 1.88345-03
5.8929E-03 T7.1621E-03
T.9436E-04 S5.538%5E-04
3.2134E-03 2.8130E-G3
5.B998E-04 1.3548CE-03
4.5777E-03  4.9168E-03
2.0101E-93 1.4172E-03
T.804BE-03 5.8319E-03
1.3843E-03 3.73594£-03
1.1199E-02 1.2008E-072
0% FOR U-233 =====
59 GWO/T
.6 1.1
1.007T4E-01 7.3598E-02
2.2313E-01 1.9781E-01
4.4169E-03 &.3010E-03
3.28286-01 2.79712-01
4,5479E-02 3.787iE-02
i.7968E-05 1.2513E-05
0.Q000E+C0  0.000QF+00
4.5497E-02 3.7883E-02
1.2713E-01  1.0640%-901
4. 1T6805-05  2.9041C-03
0.00008+090 G.00Q0QF+00
1.2717E-01 1.0842E-01
0% FOR PUZ3T =====
S0 GWB/T
0.6 1.1
4.6837E-02 2.3177E-02
2.0888E-01 1.3760E-01
8.4%610E-02 1.8226E-01
3.3333E-01 3.4304E-01
4. 1707E-92  2.0849E-Q72
1.1591E-91 7.8888t-0¢
5.5624E-02  1.1819E 01
2.1324E-00 2.19%3E-01
1.2672E-01 6.388>E-02
3.3388E-01 2.2148E-01
1.6023E-01 3.4047E-01
B.2083E-01 5H.2583E-01
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===== TAZSLE S,.B.I1[[.4 REACTION RATES - VOID = 0% FOR PU240 =====

EURNUP O GWD/T 50 GWgJT
VM OWE 0.6 1.1 0.6 1.1
A350RPT FasT 1.2140E-92 T7.6515E-C3  1.2341E-D02 6.9534E-03
RESONANCE 3.7129€-02 2.7296E-02 3.8108E-0¢ 2.6014€2-02
THERMAL 7.5599E-0¢ 1.1877E-C! &.7R13E-0¢ 1.0647E-G!
1-GROUP 1.2487E-01 1.3172E-01 1.1806E-01 1.3944E-01
FISSION FAST 8.897T0E-03 35.28810FE-23 9.0602E-03 5.3524E-03
RESONANCE 8.8372E-04 5.5040E-Ca  9.0566HE-04  5.1976E-04
THERMAL 1.5054£-05  2.3298E-C5  1.3489FE-05 2.1281c-105
1-GRIUP 9_8708E-03 6.4640E-03 2.9853E-03 5.8933E-43
pRODLCT FAST 2.7390E-02 1.8230E-02 2.7918E-02 1.585892E-072
RESONANCE 2.47420-02  1.5K035-03 2.5213E-03 1.44700-03
THERMAL 4.1908E-05 &6.4858E-G3 I.7553YE-05 5.9244E-05
1-GROLUP 2.9906E-02  1.9855E-07 3.0474C-07  1,8098E-02
TASLE S.8.III.5 REACTICH RATES - V3I0 = 0¥ FOR PUZ41 =====
BURNUP 0 GwO/T 50 GWD/T
VM ¥YF 0.6 1.1 0.4 1.1
ABSORPT FAST 1.0616E-02 6.1496E-03 1.0890E-02 7.6524E-03
RESUNANCE 6.8414E-02 5.5677E-02 B.977BE-02 6.9309E-02
THEQKAL 1.4028E-02 3.0975E-02 1.38%6e-02 4.3611E£-02
1-GROUP 5.3068E-02 9.2801£-02 §.45235-G2 1.2057E-01
FI55104 FAST §.2504E-03 5.3836E-03 9.4915E-03 6.7064E-03
RESONANCE 5.1726E-02 4.1816E-02  5,27183E-02 5.,2071E-0%
THERMAL 1.0718E-02 2.3376E£-02 1.0G%51E-02 3.32800C-07
1-GROUP T.1494E-02 T.0580E-02 7.2760E-02 G8.1578E-07
PRODGCT FAST 2.8224E-02 1.6356E-02 2.8967E-02 2.0607E-92
RESONANCE 1.35108E-01  1.2262E-01  1.5458C-01  1.52569E-01
THERMAL 3.1428E-02 6.83534E-02 3.0940E-02 3.6178E-072
1~-GROUP 2.1133E-01 2.0772E-01  2.1449E-01 2.56947E-01
===== TAGLE 5.8.II11.6 REACTION RATEZ - NCIOD = OX FOR PUZ247 =====
BURNUP 0 GWD/T S0 GWh/T
VM / VF 0.6 1.1 L.o 1.1
AGSORFT FAST 3.0228E-03  1.9195E-03 2.76408-03 1.8215E-03
RESONANCE 6.5328E-03  4.3493E-03 6H.0989E-03 4.424BE-03
THERKAL 1.8159E-02 2.1350E-02 1.71BBE-02 2.0913E-02
1-GROUP 2.7735E-02 2.7819%-02 2.6051E-02 2.7160E-02
FISSION FAST 2.1467E-03 1.4386C-0G3 1.9684E-03 1.3670£-03
RESONANTE 3.5846E-0%  2.29%01E-03  3.2814FE-05 Z.1685E-05
THERMAL 1.3522E-05 1.6538E-05 1.2665E-05 1.£248E-05
1-GRIUP 2.195%E-03  1.4778E£-03 2.0139E-03 1.4049£-03
FRODULT FAST 5.6615E-03  4.4902E-93  6.1092E-03  4.2667VE-03
RESONANCE 1.0010E-04 6.3353E-05 2.21462-05 6.08%5E-03
THERMAL 3.79B9E-05  4.6430E-05 3.55864E-05% 4.3619£-05
1-GROUP 6.7998E-03 4.6000E-03  8.23675-803 4.3731E-03



ABSGRPT

FISSiON

PRODUCT

ABSORFT

FISSION

PROBUCT

ABSORPT

FABLE S5.8.I1I1.7

BURNUP
WM/ VEF

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GRGUP

TABLE 5.8.111.8

BUANLP
VM 1 NF

FAST
RESUNANCE
THERMAL
1-GROUP

FasT
RESUNANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
t-GROUP

TABLE 5.B.f1L.9

HURNUP
VMO OVE

FAST
RESONANCE
THERMAL
1-GROUP

JAERI-M 89-201

REACTIDN RATES - vOID
0 6WI/T
0.6 1t
9.00008+00  0.0000E+00
0.0000£+00 0.0000E+00
0.900GE+00  0.0000F+00
0.0000E+00  0.0900E+00D
0.0000E+00  0.0000E+0D
0.C000E+0%  0.0000E+00
0.000DE+00  0.0000E+GO
C.0000DE+D0  0.0CQ0E00Q
'0.000DE+00 5.0C0DE+D0
0.0C00E+00  0.0000E+00
0.0000E+00 ©.0000E+0C
0.0000E+20  0.0000E+00
REACTION RATES - vOLOD
0 CWO/T
0.6 1.1

0.0000E+00  0.0000E+00
0.00008+00  0,0000E+00
0.0000E+00  0.000GC+00
0.0000E+0C G.0000E+0C
0.000GE+00  0.0000E+0Q
0.0000E+00  0.0009E+00
0.0000E+00 0.00COE+00
0.0009E+00  Q,0000€+00
0.0000E+00  0,0000E+00
D.0D0COE+0D  0.0D0DOE+CT
0.0000E+30  0.0C00E+00
0.0000E+00  0.D000E+Q0

REACTION RATES - VOID
0 GWD/T
0.8 1.1
0.0000E+Q0  Q.0Q0COE+00
G.0000E+0D  0.0000E+00
0.G000E+D0  0.0000E+00
0.COCOE+0D  0.0000E+00

_.86__

FISSION PRODUCTS

OX FOR AMZ41 =====
S0 GWEDYT
.6 1.1
1.0312E-03 5.4151E-04
4,9625E-03 3.9780E-03
4.2836E-03  T.3428E-03
1.0277E-02 1.1992€-072
4.31432-04 3.0504E-04
3.8300E-05 3.0493E-05
2.0864E-95  3.7i70E-DS
§,8064E-04  3.V2707-04
1.5423E-03 1.08935E-03
1.2346E-G4 9.8292¢-05
6.72593E-0G3  1.1982E-04
1.7330E-03  1,31356E-03
0% FOR AM243 =====
50 GWD/T
G.6 1.1
1.1982E-03  B.2367E-04
T.102FE-03  6.33328-03
§.9425E-03 1.2895E-02
1.7303E-0G2 2.00526-072
5.19416-04  4.0627E-94
2.1874C-05  1.933FE-05
2.5734E-05  F.6941C-03
5.6701E-04  4.6249E-04
1.856586E-093  1.4867E-03
T.0QZ06E-05  6.,2004E-035
8.2593E-05 1.1855E-04
2.0194E-03 1.5473E-03
0x FOR TOTAL
50 GWB/T
0.6 1.1
1.01428~03 5.9386E-04
1.97238-02 1.8151E-02
1.0359E-02 1.5432E-02
3o19968-02  5.41746E-02



s=oz= TABLE

5.1V ABSCGRPTION RATES

BURNUF

VM

TC-39%

RH1G3

XE131

£8133

SMi49

! WFE

FAST
RESONANCE
THERMAL
1-GRGUP

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESUNANCE
THERMAL
1-GROUP

FAST
JESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

(- el

[aw I o R e R ] [l e B o B )

[ar N e N v T '}
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1}

L00D0E+A0
LOQOCE+DD
LQ00GE+QD
L009CE+CT

LODa0E+0D
LO000E+Q0
LODO0E+GY
LOO000E+QD

LOOCNE+CD
L0000E+QD
.00CCE+00
LQ00CE+QD

LQCQ0E+CD
LO0D0E+CD
LO0C0E+00
.O000E+00

LACODE+CD
.0000E+00
.QQQ0E+D0
.0000E+00

- NOLD = DX

oWDIrT
1.1

LOORDE+QD
LOO00DE+QD
L0000E+OD
LOGODE+DD

[ T I e R o]

L0%00E=00
LOC00E+T0
LOGOAE+DD
LO000ER0D

L e B

LO0GOE+CD
.0000E+DO
L0O00E+QL
LGO00E+OC

[ B B e T e}

L0000E+DD
L0CO0E+DD
L0000E+30
LOQ00E+QD

[ e i e e |

0.0000E+00
0.0C00E+DQ
0.0000E+00
0.0000E+00

O L=V RN )

w

=N ]

—

.2541E-03

L93320-04
LAT13E-03
LOZBYE-Q3
S8933E-03

.3393E-05
LETI6E-03
L6417E-04
L1990E-03

L1117E-04
L8568E-03
LT547E-04
L2443E-03

L8432E-05
LB142E-02
LBa21E-03

6.5047E-03

3t O [V RN Y W= D 3

BN SV RN

[ERNCRFS

LE2BTRE-04
LB235E-04
LBPTPE-G3
.GB8BE-03

LB2T0E-D3
L892Z2E-03
.10S6E-04
.2110E-03

L3D83E-04
.8982E-03
CTATTE-O4
L 3413E-03

L0927E-05
L3333E-04
LB334E-03
L237TE-Q3



JAERI-M 88-201

——-=- TABLE $.8.Y.1 REACTION RATES - vOID =

BURNUP
VM / VF

ARSORPT FAST
RESONANCE
THERMAL
1-GRIOUVP

FLSSEON FasT
RESONANCE
THERHAL
t-GRUUP

PRODUCT FasT
RESONANTE
THERMAL
1-GROYP

===v= FTABLE S.B.V.Z2

BURNUP
VM OVF

RBSORPT FAST
RESONANTE
THERMAL
1-GROUP

FISSION FAST
RESOMANCE
THERMAL
1-GROUP

PRODYUCT FAST
RESOHANCE
THERMAL
1-GRIUF

===z= TABLE §$.8.V.3

BURNUFP
VM J WE

ARSORPT FAST
RESONANCE
THERMAL
1-GRIUP

FIS510N FAaST
RESUNANCE
THERMAL
1-GROUP

PRODUCT FAST
RESOMANCE
THERMAL
1-GROUP

0 GWD/1
0.6 1.1
2.7302E-03  1.93569E-03
1.9879€-02 1.0912E-02
7T.4808E-04 1.9215E-03
1.4377E-02 1.4770E-02
2.2515E-03 1.6014E-03
6.9044E-03 6.75H29E-03
5.6910E-04 1.5299E-C3
9.7250E-03 9.8941E-03
S.6597E-03 4.0548E-03
1.677CE-02 1.6420E-02
1.3821E-03  3.7158E-03
2.3811E-02 2.4196E-07

REACTION RATES - VOID =
D GWDB/T
0.8 1.1
1.4355E-01 1.0891E-01
2.6401E-01 2.33534E-01
2.944TE-03F  $.02460-03
3.9049E-01 3.5027E-01
3.3150E-02  4.9391E-02
2.5352£-05  1.9321&-053
0.0000E+Q0  0.0000E+08
5.5176E-02 4.%41Q0E-02
1.9384E-01  1.3847E-01
5.8810E-05 4.4870E-0%
0.00GOE+0D 0,0000L+00
1.5390E-01  1.3851L£-0G1

REACTION RATES - vOIOD =
0 GwWD/T
0.8 1.1
#L.9125E-02  4.6705E-02
2.4170E-01  2.1322E-01
3.9148E-02 1.1107E-01
3.5597E-01 3.709%E-01
6.6139E-02 4.15786E-02
1.3555E-01  1.1995kE-01
2.6406€-02 7.3142E8-02
2.2809E-01 2.3460E-01
1.9935E-0t  1.2641C-01
3.9047E-01  3.4552E-01
7.e064E-02  2.10830-01
65.63926-01 £.8252E-01

45%

[V IS PV L B VI

[ =

45%

e R RS e

[ = B I ]

— L

457

[PV =

S P3P — AN

[=a3 = S N}

FOR U-235 ====7
50 GW3/T
0.8 1.1
S4133E-03 1.0Z208-03
.BB849E-03 5, 9750E-03
L5875E-04 1.CG7A0E-03
L4SHBBE-03 8.0810E-G3
L1574E-03 8.50%0E-04
LBOFSE-Q3 0 3.6592£-03
LT25ZE-04 BLA333E-04
LAO3F3E-03 0 5.4125E-03
LI10TE-03 0 2.01537E-03
LTO19E-03 8, 98447-03
LB1BSE-U4  Z.C¥RTE-DZ3
L2334E-02  1,3234E-01
FOR U§-238 =====
50 GWD/T
0.6 1.1
L383%E-01 1.0587C-01
Se148E-01 2.3721E-01
L6382E-03  5.903%E-03
L3251E-01 3.4908E-01
L3374E-02  4.8248E-02
L4883E-05  1.9021E-03
LOO00CEXGD 0.0000E+00
L3399E-02  4.3724808-07
LA881E-0T 1.3322E8-01
L7257E-05  A.4125E-0%
L000CE+DD  0.0000E+OC
L4947E-01 1.3527E-01
FOR PU239 =====
S0 GWB/T
0.5 1.1
LTITHE-02  3.49428-07
L2291E-01 1.73159E-01
CA048FE-02  9.53530-G7
L2413E-01 3.0229E-01
L916%E-02 3.1113E-02
L24435-01 9.612a4E-02
L28225-02  6.2257TE-02
L0BB2E-0T  1.8949E-01
LPBA4E-01  9.4633E-0°2
L5G02E-01 2.FH90E-01
L3T41E-02  1.7934E-01
LO320E-01 5.5084E-01



===== TABLE 5.B.V.4

RBSORPT

FISSTIN

PROGUCT

BURNLP
YM 1 WF

FAasT
RESONANCE
THERMAL
1-GROUP

FAST
RESCNANCE
THERMAL
1-GROYP

FAST
HESONANCE
THERMAL
1-GROUP

===== TAHLE 5.B.V.5

ABSORPT

FISSION

PROQULCT

BURNUP
VH / VF

FasT
RESONANCE
THERMAL
1-GROUP

FAST
RESOMANCE
THRERMAL
1-GROUP

FasT
RESONANCE
THERMAL
1-GROUP

===== TA44LE 5.B.V.5%

ABSORFT

FISSION

FRODULT

BURNUP
VM S VF

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROU?P

JAERI-M 89-201

REACTION RATES voID =
0 GWD/T
0.8 1.1
1.62435-02 1.0820E-02
4.1284E-02 3.,4670E-02
3.9253E-02 B.2514E-072
5.6¢779E-0%  1.2841E-01
1.1227E-02 7.9409E-03
1.1623E-03  2.0923E-04
7.8317E-06 1.6503Z-035
1,2397E-02  8.7BA5E-03
FLA3V5E-02  2.4488E£-02
3.23818-03  2.2529£-03
2.1802E-05 4.35%40E-05
3.TA33E-02  2.6787C-02
REACT[ON RATES vOoID =
0 GWD/T
0.6 1.1
1.3526E-02 9.4337£-03
6.7897E-02 6.5348E-02
6.0372E-03 1.59659E-02
8.9259E-02 9.0T730E-02
1.3440E-02 B.2224E-03
5.15428-02 4.9332E-072
4.68326-03  1.2153E£-02
5.9690E-02 £.9707E-07
4.0825E-027  2.3105£-07
1.5114E-01 1.4486L-01
1.3762E-02 3.5837E-02
2.0372E-01  2.03540£-01
REACTION RATES - vOID =
0 GWD/T
0.5 1.1
4,0114E-03 2.6957E-03
7.56599E-03 6.0832E-03
1.1928E-02 1.8629E-02
2.3599E-02  2.740BE-02
2.6642E-035  1.9177E-03
4.6139E-05  3.2563E-039
8.7321E-06  1.3%48E-05
2.7191E£-03  1.9642E-03
8.2332E-03 5.9410E-03
1.29586E-04 9.1441E-05
274519E-05 3.9163E-05
8_.3371E-03 £5.0914L-03

45%

—_ O = . [Va T FNTEN N

[ T V]

45%

e N R

W

-

o R =

45%

r e oD o I RN ]

EYN I RN

FGR PL240 ====-
a0 GWD/T
J.3 1-1
-6561E-02  9.8775E-03
LRT27E-0Z 0 3.35025-02
LAZ0TE-0T T.40328-07
L3495E-02  t.1741E-01
L1480E-02  T.2601E-03
L1928E-03 T.S711E-Q4
LBAZTE-DD 1.,4753E-0%
L2BTRE-92 8.0318E-03
LD155E-02 0 2.2389E-G2
L3203E-03  Z.10T8E-03
-3050E-03  4.1078L£-035
LB8493E-02  2.4538E-902
FOR PY241 =====
SQ GWD/T
0.6 1.1
L5973E-02  1.1785E-02
L9814E-02  A_.2150E-02
L.9260E-03 Z.2193E-9°
S1512E-02 1.1613E-01
L3856GE-02  1.0273E-02
L2980E-02  6.2049E-07
L59335E-03 1.6798E-02
L1424E-02  8.9119£-02
.2018E-02 3.1370E-02
S53330E-01 1.8195E-01
L3469E-02  4.9253E-017
.1084E-01 2.6257E-01
FOR PUR42 =====
SO GwD/T
0.6 1.1
LO794E-03 2.9892E-03
LiBE3E-03 5.9945E-03
L1312E-02  1.8348E-072
L2178E-02  2.609t14E-012
LA17E-03 0 1.8207E-03
L2FVHE-05 3.1617E-OS
L2011E-06 1.3720E-05%
L9027E-03 1.8781E-03
L57F3E-03 3.6909E-03
L20128-04 BLBTB4F-05
L3028E-05  3.BS5P4E-05
L7203E-03 5.8180E-03



===== TABLE 5.8.v.7

BURNLP

VM /W F
ABSORPT  FASH
RESONANCE
THEAMAL
1-GROUP
FISSION  FAST
RESONANCE
THERMAL
1-GROUP
PROGUCT  FAST
RESDNANCE
THERMAL
1-GROUP

===x= TABLE §.B.V.§

BURNUP

¥M f VF
ABSORPT FAasT
RESONANLE
THERMAL
1-GROUP
FISSION FAST
RESONANLCE
THERMAL
1-GROUP
PROGUCT FAsST
RESONANLE
THERMAL
1-GROUP

TABLE §.B.v.9

BURNUP

U
ABSORPT FAST
RESONANCE
THERMAL
1-GROUP
FIS31GH FAST
RESONANLE
THERMAL
1-GRIUP

FAST
RESONANCE
THERMAL
1-GROUP

PRODUCT

JAERI-M 86-201

REALCTION RATES -

vOID = 45% FOR AMZa1

O GwWh/T 50 GW3/T
0.6 1.1 0.6 1.1

D.O0QDE+RD  D_00NNE+00  1.4544E-03  9.5564E-04
G.0000E+00  O.0000E+00  5.3040E-03 4.8744E-03
0.00008+00  0.0000E+00  2.3194E-03  35.19G2E-03
0.00CGOE+00  0.0C0CEFOG 9.0877E-03 1.1129E-C2
0.00GAFE+00 0_00Q0E+00  5,7025E-04 4, L104E-G4
0.0009E+00  0.0000E+00  4,1565E-05 3,8138E-C5
0.0000E+00  0.000GE+0C 1.0977E-05  2.53564E-G5
0.0000E+DQ  0Q.0000E+00  5.78VBE-D& 4.0474E-04
0.0000E+90  0.9000FE+00  1,8v531E-03 1,43585-03
0.0000E+00G  0,9000E+00  1.3398E-04 1.2293E-04
0.000GE+00  O.COCQE+Cd  3.5385E-03  8,2408E-05
0.0000E+00 0.0000E+09 2.0445E-03  1.64112-03

HEACTION RATES - YOID = 43% FOR AMZ43 =====

0 GwD/T 50 GWD/T

0.4 1.1 0.8 1.1

0.0000E+00 D0.0000E+Q0  1.6967E-03 1.2222E-03
0.0000E+00 0.0000E+00D 7.6297E-03 7.9341E-03
0.0000F+00 0.00Q0E+00 5.4767E-03 1.0875E-02
0.0000E+00 0.0000%+00 1.4803E-02 2.0032E-02
0.0000E+J0 0.0000E+00  5.2934E-04 5.3142E-04
0.0000F+00  O.0000E+0D  2,3304C-05 2.4223E-C3
0.0000E+Q0  Q.0000E+00 1.5834E-035  3.1289E-05
0.0000E+GD  C.CODDE+00 6.6857E-04 5.8891E-04
D.0000E+00 0.0000E+00 ?2.25%6E-03 1.9131E-03
0.0000E+00 0.0000E+00 7.4795E-05 7.7751E-05
0.0000E+00 0.000C0E+00  5.0819E-05 1.0G038E-C4
0.0000E+00 0.0000E+00  2.3812E-03 Z2.0912E-03

REACTION RATES - V0ID = 453% FOR

FOTaL FLSSICW PROQUCTS

G GWD/T 50 GWO/T
0.6 1.1 0.6 H
0.0000E+0C  0.0O00E+00 1.5812E-03 9.7441E-04
0.000CGE+00 0.0000E+00 1.8648E-02 2.0631C-02
0.0000E+00 C.0000E+00 4.7F180E-03 9.3778E-03
0.0000F+00 0.0000E+20 2.4947E-02 3.1153E-02
0.0009E+00  0.0Q000E8-00 0.0000E+00 0.GOO0EFDD
0.000CE+C(0D 0.9Q000EF00 D0.GODOE+00 0.0000E+00
0.0000E+Q0  0.0000E+00  O.0000E+00  0.0000E+0D
¢.0000E+00  0.0000E+D0  0.0000E+00 0.00J0E+2I0
0.0000E+09 0.0000E+0C  0.0000E+00  0.Q0COE+00
D.000AE+00  0.0D00E+20  0.DO00QE+QQ0  0.000QE+0Q
0.0000NT+00  0.009CGE+Q0  0,090QE+00  0.0000E+00
0.0000E+00  0.2000€+00 0.0Q000E+00 O.0000E+0C

_.90._



JAERI-M 89-201

__91"“

===== TABLE S.B.¥[.1 RFACTION RATES - VOID = 90% FOR U-235 =====
BURNLP 0 Swh/T 30 GWD/T
VM S WF 0.6 1.1 0.6 1.1
A330RFT FAasT 5.0316E-03  5.15992-03 3.1308E-03 2.7798E-03
RESONANCE 7.6023E-03 1.0%84E-02 4.0875E-03 6.09%7E8-03
THERMAL 4.35%1F-0%  1.8892E-0& 2.1094E-05 1.0182E-04
1-GROUF 1.3678E-02 1.593%F-0¢ 7.2361E-03 B8.9817€-0%
FI55L0N FAST 4.8300E-03 4.1543£-03 2.5072E-08 2.23758-903
RESONANTE 5.1617E-03  &,9967E-03 2.7734E-03 4.00%48E-03
THERMAL 2.02532-05  1.352T7E-04 1.4899E-05 T.3333E-05
1-GROUP 1.00236-02 1.1288E-02 5.2951E-03 6.3358E-03
PROGDUCT FAST 1.1999E-02 1.03518£-02 5.2274E-03 5.57V49E-03
RESONANCE 1.2533E-907 1.69995E-02 6.7368E-03 9.7760E-03
THERMAL T.3472E-05 3.2850E-04 3.5479E-05 1.78108-G4
1-GROUP ?.4610F8-02 2.74574E-02 1.3000E-02 1.5529E-02
TAFLE §.B.VI1.2 REACTION RATES - vOLD = 90% FOR U-238 =====
BURNUP 0 GWD/T 50 GWO/T
VM / VF 0.6 1.1 0.6 1.1
A8SORPT FasT 2.7851E-01 2.4534E-01 2.7088E-01 2.4204E-01
RESONANCE 2.0776E-01 2.3884E-01 2.0987E-01 2.4967£-01
THERMAL 7.7258E-04 3.0015F-04 2.0099E-04 B.6533E-04
1-GROUP 4.%643E-01 4.8%08E-01 4.80%932-01 4.90257E-01
FISSION FAST §.7282F-02 $.8565356-02 6.5745E-02 6.7702E-0UZ
RESONANCE 3.1824E-05 3.S632€-05 3.1%52E-05 3.8700E-05
THERMAL C.0G00E+00 0.00C00E+00  0.00008+00  0.0000E+CO
1-GROUP 5.7314E-02 5.8691F-02 6.5778E-02 6.7738E-02
PROGULT FAST 1.8705F-01 1.%163E-01 1.8271E-01 1.3889¢-01
RESONANCT 7.38250-05 B.2553E-05 7.4122E-05 8.9133E-05
THERMAL 0.0000E+00  0,0C0CE+20  0.0000E+00 0B.0G000E+00
1-GRGUP 1.8712E-0t 1,9172E-01 1.8279E-01 1.8898E-01
TABLE 5.B.VI.3 REACTLON RATES - vDID = 90% FCR PU239 ===5==
BURMNUP 0 GWb/T 50 GWOD/T
¥M [ VE 0.4 1.1 0.8 1.1
ABSORPT FAST 1.54845-01 1.1373E-01 1.33970E-01 8.7775£-07
RESONANLCE 1.63830-01 1.986020-01 1.5448E-01 1.8429F-01
THERMAL 1.1012E-03 5.5159E-03 2.5218E-04 4.6810E-03
1-GROUP 3.1977E-01  3.1727E-01  2.9514E-01 2.3675BE-01
FISSION Fast 1.326TF-01 9.7F88E-02 1.1%58E-01 7.5653E-0G2
RESONANCE 9,0803E-02 1.0548E-01 8.5310E-02 9.1343E-07
THERMAL a4.1807E-04 3,9205E-03 7.0509E-04 3.2647E2-03
1-GROUP 2.24296-0% 2.1319E-01 2.0590E-01 1.70Z5E-0t
PROJUCT FAST 3.940%2E-01 2.9780F-01 3.5350E-01 2.2563E-01
RESONANTE 2.6158E-01 3.1538£-01 2.4833E-01 2.6313£-01
THERMAL 7.35658-0% 1.12%3E-02 2.03311E-03 9.4100F-03
1-GROUP 6.5795£-01 5.2427E-01 6.0386E-01 4.9815E-01



-
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PRODUCT

ABSORFPT

FIZS10N

FRODUCT

ABSORPT

FISSI0H

PRODUCT

TA3LE

TAZLE S.B.VI.4

BUANUP
VM / NF

FAST
RESCHANCE
THERNAL
1-GROUP

FAST
RESONANLE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

5.B.vL1.5

BURNUF
WM/ VF

FAST
RESONANCE
THERMAL
1-GROLP

FasT
RESUNANCE
THERMAL
1-GROUP

FAST
RESOMANCE
THERMAL
1-GROUP

BURNUP
e vl

FAST
RESONANCE
THERMAL
1-GROUP

FAST
QESONANCE
THERMAL
1-GROUP

FAST
RESONANLCE
THERMAL
1-GROLUP

JAERI-M 89-201

REACTION RATES VOIG =
0 QowaiT
2.6 i.1
2.8816E-02 2.2285E-02
7.7880E-02 3.5024E-07
1.6317E-03  7.2511£-03
&6.0127E-02 §.43638-02
1.83488-02 1.3400E-02
1,4157E-03 1.3577E-03
3.3173E-07 1.28608E-08
{.7FBE4E-02  1.482BE-02
4.9455E-02 4.09345E£-907
3.9413E-03 3.7798E-03
3,2347E-07 4.0865E-06
5.3407E-02 4.4729E-02
REACTION RATES - V01D =
0 GWDJT
0.6 1.1
3.3743£-02 2.4892E-02
3.9Q0STE-02  4.9257L-02
2.6916E-04 1.03830L-03
7.3080E-02 7.5242E-02
2.8956E-02 2.1411E-0¢2
3.0369E-02 3.8005&8-072
2.2121€-04 B.7283£-04
5.9547E£-02 5.0289C-012
8.6824E£-02 6.4390E-02
A.90588-02 1.1145FE-01
6.4867E-04 2.5594E-03
1,7653E-01 1.7839£-01
REACTIGN RATES voIg =
0 GWD/T
0.6 i
5.9450F-03 5.4375E-03
5.4064E-03 7.1558E-02
9,7211E-04 3.1449€-03
1.4323E-02 1.5738E-02
3.8737£-03 3.0821E-903
5.2355E-05  5.24948-05
4.9814E-07  2.2805E-0%
3.7318E-03 3.1389E-0F
1.1274E-02 9.4818E-03
1.4702E-04 1.4721E-04%
1.9603E-06 0.4036E-08
1.1423E-02  9.5354£-03

__92,_

Q% FOR PUZ4G =====
50 GW3/T
0.4 1.1
2.94500F-0%  2.059%E-02
3.17708-02 3.3372F-012
1.356562-03  6.25385-03
£,25350-02  5.2221E-02
TLHB19E-02  1.2438E-02
1.4%153E-03 1.31938-03
2.79558-07  1.%624E-08
1.8311E-02 1.3758E-02
5.0893E-02 3.7811E-072
4.1538%-03  3.6T29E-03
T.FEZIE-D7 3.5144E-08
5.5047E-02 4.1487E-02
90% FOR PUZ41 ====~
50 GWD/T
0.5 1.1
3.5054E£-02 3.1553E-07%
4.1738E-02 6.5573E-02
2.6463E-04  1.4289E-03
7.7076E-02 9.8358E-02
3.0081£-02 2:7139E-02
3.2469E-02 5.0814E-02
2.16B7E-04  1,1415E-03
§.2786E-02 T.8393E-02
5.0201E-02 B8.1613E-02
9.5213E-02 1.4842E-01
6.3592E-04 3.3473E-03
1.8505£-01 2.3338L-0%
90% FGR PU242 =====
50 0WD/IT
Q.4 1.1
5.4192E-03 5.2470FE-03
5.1438E-03 7.3%a7E-03
9,36156-04 3.1585E-03
1.34998-02 1.5842E8-02
3.4056E-03  2.9711E-03
4,9880E-05 5.3259%E-05
B.66T2E-07 2.3061E-035
3.45626-03  3.0267E-03
1.0438E-02 5.1399E-03
1.400FE-04  1,4956E-04
1.8722E-06  6.479552-06
1.0580E-02 ©.2958E-03



ABSORPT

PROJUZT

ABSNRRT

FL15SLON

FRODUCT

ABSGRPT

n
—
L%}
)
[

=

PRODUCT

TAZLE

TABLE

TABLE §.8.v[.7

BURNUP
VMO ovF

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THEGMAL
1-GROUP

FAST
RESONANLCE
THERMAL
1-GROUP

S.B.¥I.8

AUANUP

i VF

FaST
RESONANCE
THERMAL
1-GROUP

FAST
RESCGHANTE
THERMAL
1-GROUP

FasT
RESONAKCE
THERMAL
1-GROYF

§.8.v1.9

BURNUF

{ WF

FAST
RESONANLE
THERMAL
1-GROUP

FRST
RESONANCE
THERNAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

JAERI-M 89-201

QEACTION RATES -

3}

.CO00E+D0
.CO0oE+0C
L00GOE+DC
.0C00E+I0

[ o R = = }

o

.0000E+00
0.0000E+00
0.000GE+DQ
0.900Ccg+00

0.0000E+0D
0.00008+00
0.0000E+00
0.0000E+00

REACTION RATES

9
0.4

0.0000E+D0
0.0000E+00
0.00C0E+0C
0.,000QE+QC

0.0C0CE*QD
0.0000E+00
0.0000E+DD
0.0000E+00

0.00005+00
0.6000E+00
0.0000E+D0C
0.0000E+00C

REACTION RATES -

o

0.0000E+00
D.000GE+D0D
0.0C0CE+0D
0.00002+00

0,0000E+00
0.0000E+0C
0.0000E+00
0.0000E+Q0D

Q.0000E+00
0.0000E200
0.0000E+00
0.0000E+00

¥a1g =

GWDJT
1.1
LOCO0ELD0
LO000E=00
LODODERID
LJ000E-00

L R B e |

L0000E<00
.00GOE+DO
LO0OE+RO
L0000E+GD

=3 w R b }

L0ODCE QD
LO000CE+GD
L000CE+OD
LOJ00E+00

oD o O Q

VOI1D =

Gwa/T
1.1

0.0000E+00
0.0000E+00
0.0000E+00
0.0Ga0E+J0

0.00008+00
G.0000E+00
0.0000E+CD
0.0000E+00

0.0000E+D0
0.0C00DE+DG
2.0CO0E+20
0.0C00ED0

YoID =

GwWD/T
1.1

9.0000E+00
0.0000E+00
0.00C0E+Q0
0.00GOE+00

0.000CE+0D
0.00Q0E+00
0.0000E+DC
0.00008+00

B.0O00E+DD
0.00C0E+00
D.0G0D0E+DD
0.Q00CE+D0

‘.93._

0% FOR AMZ31 =====
50 GWI/IT
0.4 1.1
3.0457E-93 2.3723E5-03
3.7T7348-03 4 .817BE-Q3
1.2480E-04 5.5736E-904
6.94372-03 T.7475E-03
6.9 §.1532E-94
3.2 4., Q022E-05
5.4 2.4908E-068
7.3 £.5802E-04
2.4694F-03  2.1867E-03
1.06t6E-04  1.2901E-02
1.7485E-06 B.0291E-03%
2.5773E-03 2.3237E-03
30% FOR AM233 =====
50 GWD/T
0.6 1.1
3.35405E-03  3.03289£-03
5.2119F-03  7.4840E-G3
3.5011E-04 1.5488E-03
F.10238-33 1.20672E-02
8.1931E-94 8.0024E-04
1.59218-03%  2,28a08-05
1.02706-06  4.5200E-08
8.34025E-04 8.2751E-04
2.9194E-0% 2.8509E-03
5.11026-05%  7.3373E-0%
3.7960E-06 1.4S507E-05
2.9738E-03 2.9488E-03
agy FOR TOTAL FLISSEOQN PRODULCTS
SC GWDAT
0.3 1.1
3.99325-03  3.0813E-03
9.672412-03 1.3874L-902
1.93732-04 8.35709E-04
1.3776E-02 1.7812E-02
0.0000E+F00  0.0900E+CQ
9,2CQCE+20  0.0000E+Q0
G.0COCE+J0  0.0CO00E+Q0
0.000CE+CD  0.0CQ0EXQ0
D.000QE+00 £.00005+00
0.0000FE+09  G.0000E+0C0
0.0002E+00 D.000B0E+DD
0.0000E+00  0.CO0Q0E+00



BURNUFP

YMOfONE
ABSORPT FAST
RESONANLCE
THERMAL
1-GROLP
FISSION FAST
RESONANCE
THERMAL
1-GROUP
PRODUCT FAST
RESONANCE
THERMAL
1-GROUP

TASLE S§.8B.VIIL.Z

BURNUP
VM / VF

FAST
RESCNANCE
THERKMAL
1-GROUP

ABSORPT

FISSION FAsT
RESONANCE
THERMAL

1-GROYP

FasT
RESONANCE
THERMAL
1-GROLP

PRODULCT

BURNLF

VMo OVE
ABSCRPT Fast
RESONANCE
THERMAL
1-GROUP
FISSION Fagy
RESUNANLCE
THERMAL
1-GROYP
PRODUCT FAST
RESONANLCE
THERMAL
1-GROUP

R

-~ B (o

[N=T SIS B )

1

7.

3
2

R

3
2
3

7
1
I8
7

1
4
0
1

R

2
)
7
2

1
4
&
2

5
1
1
6

JAERI-M 89-201

EACTION RATES YOID = 89% FOR U-235 ===3=
0 Gwd/sT S50 GWD/T
0.6 1.1 0.5 1.1
L5354F-03 9.0177F-03  4.4581E-03 4.9 F-03
JI112E-03  4.7487C-03  2.2553E-03 2.8 C-03
L4R1SE-07  1.993BE-06 2.7201E-0F  1.0873E-08
L ZH4TE-0? 1.3768E-02 6.721%E-03 7.7920E-03
J7637E-03  T7.1381E-03 3.537T7L-03  3.9102E-03
.9101E-03 3.34828-03 1.5954E-03 2.0018E-03
LB48BE-OF 1.2887FE-08 1.8055E-07 T.1567E-O7
LB6P4TE-03  1.0483E-02 5.1333E-03 5.91202-03
§728E-02 1.7849E-02 B.7477E-03 9.6680E-03
069S5E-03 8.1289F-03 3.87SBE-03 4.833C0E-03
CBB14E-07 3.1296E-05 4.38T4E-07 1.7381E-0d
J3795E-07? 2.57R1E-02 1.2624F-02 1.4333E-02
FACTION RATES - v¥DID = 99% FOR U-2338 =====
a Gwo/T 50 GWDJIT
0.6 1.1 G.6 1.1
L 8124F-01 64.0416E-01 3.7226C-01 4.0582E-91
J4352E-01 1.5211€-0t 1.4741E-01 1.8472E-01
_9798E-06 1.0368E-05 2.76556-5s 1.0465E-G5
L2536F-01 5.5628E-01 5.2168E-01 5.7053E-01
0A9SE-02 TF.4TBBE-0Z A.B994E-02 7.3395E-D2
_9783E-05 2.2702E-05  2.0456E-05 2.4937VE-05
LODODE+QD  O.0000E+0D  0.0000E+Q0D  0.00DOE+0CD
.0S15E-02 7.4791E-02 6.9014E-02 7.33930E-902
L9S80F-01 2.0839E-01 1.91582-01 2.0403E-01
S89GE-0S 5.7B66BF-05 4.7480E-05 5.783ZE-05
_O0QGE+D0  C.COGOE+D0  ©.0000E+I0  0.CUDJIE+DD
_9585E-01 2.0844E-01 1.9%9161E-G1 2.060%E-01
FACTION RATES - VOID = 99% FOR PU23G ====%
0 GWD/T 50 GWD/T
.3 1.1 0.8 ol
C1239E-01  1.9234£-01  1,0293E-01  1.4821E-01
L4182C-02 8.4081E-02 8.05998-02 7.1829E-02
L T7S4E-06 ?2.6621£-05 6.7346E-06 2.233CE-05
J9R%1E-01 2.7644F-01 2.73546-01 2.2006E-01
L793TE-01 1.620TE-DT  1.6288E-01 1.2468E-01
B516E-02 4.6647E-02 4.4505E-02 3.9779E-02
_44T3E-06 2.1490E-05 5.5%10E-08 1.76306E-05
L 25898-01 2.0873E-01 2.0739E-01 1.6448E-01
_297DE-Q1 4.7870E-01 4.80D9%E-01 3.6818E-01
J3401E-01 1.3438F-01 1.2821E-01  1.1440E-01
_B5T2E-05 6.1904E-05 1.8106E-05 5.0874E-05
6372601 6.1314E-01 5.00922E-0T 4.8283E-91



JAERI-M 89-20C1

smsec [ABLE $.B.VIL1.4 REACTLON RATES - VGID = 99% FOR FU2&D =====

FJURNLF 9 GWD/T 30 GkDIT
VM O WF [ 1.1 0.6 1.1
ABSORPT EasT 3.685FE-02 3.34136-02 3.BD85E-02 F.1315E-07%
RESONANCE 1.5264E-02 1,5231E-02 1.6353E-02 1.579%E£-02
THERMAL 1.19808-05 4.0875E-05 $.9317E-06 3.5102E-05
1-GROUDR 5.2125F-07 4.8685E-02 5,46352-02 4.71500-07
FISSICN FAST 1.8621F-37 1.5720£-02 1.9208E-02 1.9533E-0%
RESONANCE 9,9852E-04 9.2625E-04 1.0816E-03 9.4884E-04
THERMAL 2.5204E-09 B/.51378-29 2.1296E2-09 7.56835E-00
1-GROUP 1.9520E-02 1.7646E-02 2.0290E-02 1.8433E-02
PROTQUCT FAST 5.6047FE-07 S5.0400E-02 5.78165-02 4.5816E-02
RESONANCE 2.7828E-03 2.57BR8E-03 3.0113E-03 2.6417E-03
THERMAL 7.0163E-09 72.3701E-D8 5.9284E-09 2.1069E-G8
1-GROYP 5.8830£-02 5.2579E-02 65.0827E-02 4.9458E-02

c-=== TABLE $.B.¥II.5 REACTION RATES - VDID = 99% FOR PyY241 =====

BURN:P 0 GWIIT 50 GWD/T
VM / VF 0.6 1.1 0.6 1.1
ASSORPT FasT LT4T1E-02 4.3114E-02 4.9706FE-02 5.3614E-02
RESONANCE 2.0634E-02 2.05656-02 2.26312-02 2.8898E-02
THERMAL 3,1552F-06 9.6018F-06 3.1550E-06 1.2663E-05
1-GROYF 6.8108E-02 6.3588E-02 7.2341E-02 B8.4524E-02
FISSION FAsT 4.0557E-02 3.8812E-02 4.24600-02 4&.7465E-02
RESOHANLE 1.6753F-02 1.5187E-02 1.7831E-07 2.2733E-02
THERMAL 2.6531E-06 &.0478E-08 2.6502E-086 1.0381E-05
1-GROUP 5.6823F-02? 5,3Q07E-02 6.0294E-02 7.0210E-07
PRODUCT FAST 1.2109E£-01 1.0991E-01 1.2677E-01 1.4169E-01
RESONANLE 4.F595E-02 4.7472€E-02 5.2293E-02 6.6668E-02
THERMAL 7.7797E-04  2.3598FE-05 T7.77i2E-06  3.1027E-0S
1-GROUFP 1,6879E-01 1.574QE-01 1.7907E-01 2.0839E-01
—==== TABLE S.B.vII.6 REACTIJON RATES - VOID = 99%% FCR PUR242 =s===
BURHDP G GWD/T 50 GW0/T
VM WF 0.8 1.1 G.6 1.1
ABSORPT FAST §.9039E-03 B8.0694E-03 8.2858E-03 7.9295E-032
RESONANCE 3.7377E-03 3.6781E-03 3.8410E-03 3.9365E-03
THERMAL 1.3493£-95 3.6808E-05 1.3298E-05 3.9725E-05
1-GRAGP 1.2660£-02 1.1814E-02 1.19406-02 1.1805£-C2
FISS10N FAST 4.0520E-03 3.6385E-03 3.758BE-03 3.52067& 03
RESONANCE 3.2995E-05 3.1769F-95 3.23032-05 3.4176E-03
THERMAL 9_6047E-0G 2.6393E-08 9.400TE-Q% 2.831%E-04
1-GROLP 4.0850F-03 3.6683E-03 3.7911E-03 3.5549E-03
PRODULCT FAST 1.2379E-02 1.1129E-02 1.1484E-02 1.0773E-02
RESONANLE 9.2659E-05% 8.9719E-05 9.07%7E-05 9.5974E-03
THERMAL ?2.6970E-08 T.4112€-08 2.839%97E-08 7.9520E-03
1-GROYP 1.24728-072 1.1219E-02 1.1574E-072 1.0855€-02



JAERI-M 88-201

cm=== TABLE $.8.¥1i.7 REACTION BATES - VOLD = 99% FOR AM241 =====

JURNUP 0 &6W0/T 50 GwWD/T
VM VF G.6 1.1 0.5 1.1
ABSORPT FAST 0.00AQE+00  0.0000E+00  4.2736E-03 4.0977E-03Z
RESONANTE 0.000CE+00  0.GODOE+0G  2.1383E-03 2.32558-03%
THERMAL 0.0000E+00  0.0000E+00 1.2929E-06 4.7120&£-06
1-GROUP 0.0000E+00 0.0090E+C0  6.4131E-03 6.4278E-03
FISSION Fast 0.0000E+00 0.00COE+30 7.5642E-04 7.0872E-04
RESONANCE 0.000GE+N0  0.0000E+ID  1.9836E-05 2.1716E-0S3
THERMAL 0.90505+00  0.0000£+00 5.2256E-09 1.9157&-08
1-GROUP 0.0000E+00 0.0000F+00 7.7825E-C4 7.3085L 04
PROOUCT Fast 0.0000E+0C O.00D9F+00 2.6716E-03 2.5074E-C3
RESONANCE 0.0000E+00 D.0000E+00 #£.3947E-0S 7.0005E-05
THERMAL 0.0000E+00  0.0Q00E+00 1.6845E-08 8.17353E-08
1-GROUP G.0000E+00  0.0000E+00 2.7355c-03  2.5775E-03
===== TASLE $.8.¥11.8 REACTION RATES - vOIQ = 99% FOR AMZ43 =====
BURNUP 0 GWD/T 50 GwD/T
vH | VF G.8 1.1 0.6 1.1
ABSDRFT FAST 0.0000c+00 0.0000E+00 S5.0115E-03 5.2959E-03
RESONANLE 0.00C0E+00  0.0DOCE+00D  2.8475E-C3  3.4245E£-03
THERMAL 0.0000E+00 0.0000FE+00 3.7917E-06 1.43608-05
1-GROUP 0.00D0E+D0  0.0000E+00  7.8623E-03 §.7348E-03
FISSION FAST 0.0000E+00 0.0000E+JD 8.798%E-04 G.072BE-D4
RESONANCE 0.D00N0DE+GY  0.0CCOE+00  3.6952E-06 1.94378-05
THERMAL G,0000E+00 0.0000E+0D  1.1277E-D3  4.2610E-038
1-GRGUP 0.0000E+00 O0.0J00FE+0DD B8.8859E-04 S.177TEE-04
PRGDUCT FAST 3.0000E+00 0.QDOQE+00  3.1289E-03 L 2328803
RESONANCE 0D.0000E+00  0.0000E+C9  2.7910E-G5 3.3568E-05
THERMAL 0.0000E+00 0.0000E+00 3.8195E-08 1.3875E-07
1-GROUF 0.0000E+00 0.0000E+J0 3.156%E-03 3.2655E-03

C—-== TABLE §.B.Y¥II.% REACTION RATES - YOID = 99% FOR TOTAL FISSION PRODUCTS =====

BURNLP g owOsT 5G GWEO/T
VH S VF 0.6 1.1 0.6 1.1
AgSORPT FasT 0.OCONE+00  O.0000F+00 5.9718E-03 6.0200E-03
RESONANLE 0.0000EFDD  0.0700FE+00 &.8114E-03 5.4201E-03
THEAMAL 0.0000E+00  0.0000E+00D  1.56903E-08 4.3561E-06
1-GROUP ¢.0000E+00 0.0000E+00 1.0785E-02 1.1448E-02
FIS5I0N FAST 0.0000E+00 0.000QCE+00 0.0000E+00 0.0J0CE+OC
RESGNANCE ¢.00GOE+00  0.0CO0E<00  0.0000E+D0Q 0.0C00E+30
THERMAL 0.0000E+9C  0,.0000E+00  G.0UQQE+C0  0.0000E+(Q
1-GROUP 0.000GE+00  0.0000E+00 0.0000E+00 0.Q00CQE+QU
pRODUCT FAST 0.0000E+00 0.0C00E+00 0.0000E+CD  D.0000E+00
RESOMANTE 0.0G00F+00  C.0000E+00 0.0000E+00 (.0000E+0D
THERMAL 0.0000E+39 0.0000E+00 0.0000E+00 0Q.0Q00E+00
1-GROUY D.0QGOE+00  0.00Q0E+0G  0.C000E+00 0.0000E+00Q



Appendix [ Cross—Sections and Reaction Rates

JAERI-M 89-201

===== TABLE V.B.[1.1

SIGMA-A

S1GMA-F

SIGHA-P

BURNUP
WM/ OVF

FAST

RESOHANCE

THERMAL

1-GROUP

FA3T

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

===== TABLE V.8.I1.72

SIGHA-A

SIGHA-F

SIGHA-P

BURKUP
VM [/ VF

FAST

RESONANCE

THERMAL

1-GROUP

FasT

RESONANCE

THERHAL

1-GROUP

FAST

RESONAMNCE

THERMAL

1-GROUF

CROSS-SECTLONS FOR U-235

9 GWD/IT

1.7813E+0C0
(5.29E£-02X)
2.6745E+01
(2. 87E-01X)
5.53BBE+01
{5.70E-013%)
9.1193£+090
(2.69C-01%2

1.4726E+00
(4,.11£-0220)
1.6612E0+01
(2_47E-0132)
4,3711E+01
(6.10E-01X)
6.1103E+00
(2.53E-01%)

3.T258C0+00
(3.85E-022%)
4,0345c+01
(2.4TE-D1Z)
1.0616E+02
(6, 10E-01%3
1.4949E+01
{2.510-01%)

CROSS-SECTIONS FOR U-238

4]

(5

(3

(2

(5

(3

1.1

LTA99E+00
LT3E-02W
LQB85E+07
3.
LB82EEHO
[
L253228%07
(2.

Z1E-010)

40E-017)

85E-011)

L46072+00
LB1E-G22)
LBT739E+01
LOBE-01XD
L2B4ATESDT
4.
.5832E+00
LTBE-O1X2

SHE-012)

L 7251E+00
41E-Q2%)
L5510E+01
LO0BE-01X)
L5283E+072
(4,
L096%E+01
(2.

56E-01%}

77E-01%)

0 GWO/T

2.9835E-01
(1.05E-01%)
1.8327E+00Q
(3.98E-C1%2
5.3909E-G1
(2.30€-01%2
6,9058E-01
(2.65E-01%2

1.3301E-01
{3.05E-01%)
1.5181E-04
(2.935+00%)
5.26026-07
(2.73E-01°00
9.6888E-02
(3.22E-013)

J.T2T8E-01
(3.19E-010)
3.5215E-04
(2.93E+00%)
1.2201E-06
(2.73e-01%0)
2.7149%E-01
{3.358-011)

__97__

1

2

1.1

.1887E-01
L09E-011)
L 14722E+00
{4,
,8162E-01
(2.
1007E-0O1
(3.

20E-01%)

I3e-010

ClE-01X)

LB202C-01
(2.
L A4066E-04
(3.
L010tE-07
(2.
L12518-01
(2.

33£-01%)

2REFQOX)

B3IE-012)

TIE-013)

L3672E-01
(2.
.2623%-04
(3.
L3940E-06
LB3E-0T0D
L1T13E-D
(2.

TEL-01%)

265+00G1)

95E-011)

(4

{5

3

{2

(5

3

(2

50

.7807E+00
(5.
L7017E+01
(2.
.3539E+01
LS8E-0130
L1327E+00
2.

032-02X

85E-0t11)

SCE-GHLD

LAT2TEFQD
(3.
L6TS1E+01
(2.
L3907E%01
L09E-0120
V1238E+G0
(2.

98E-02%)

62E-01%)

6E-01%2

LT272E400
LBTE-D2X)
L0781E+01
L62E-01Z)
LUB63E+C2
L9E-01%)
L49328+01
2.

24E-01X)

50

L9964E-01
(1.
L8837E+COD
3.
.38008-01
2.
.0853E-G1
(2.

12E-01%)

37E-012)

342-010

85£-01X)

L34590-01
(2.
L4913E-04
(2.
L2318E-07
€z,
LB054E-02
3.

95E-01%)

SCE+D0X)

49E-0170)

10E-01X)

LIT23E-01
LOBE-012)
L4593E-04
LI0E GO
L2133%E-086
L2,
LTAR0E-01
3.

49€-01%)

21E-012)

(VI

GWD/T

1.74950+00
(5.37E-Q2X)
3.1101E+01
(3.00E-0123
8.3391E+01
(4.867E-01%)
1.2969E+01
(2.62E-01%)

1.4608E+00
4.38E-02%)
1.8980E+01
2.810-01%)
6.8503E+01
4,.83E-01X)
8.9202E+00
2.30E-01%)

J.7T268E+00
(4.,48E£-02X)
4.50%6E5+01
(2.81E-01%)
1.6637E+02
{4.88E-01%)
2.1788E+C1
(2.57E-01%)

GWD/T

3.1T77E-03%
(1,30E-01%3
2.1887E+00
(4.33E-010)
6.0329€-01
(2.43E-01%0
8,.2799E£-01
{3.08E8-0132)

1.63045-01
(2.80E-G1%}
1.3634E-04
(3.71E+00%>
6.2865E-07
(2.78E-01X)
1.12868-01
(3.03E-0100

$.6310E-01
(3.11E-01%)
3.1626E-04
(3.71E+COXD
1.4581E-06
(2.78E-01X}
3.18a7E-01
(3.27E-01%)



===== TABLE v.B.[[.3

SIGHA-A

SIGMA-F

SIGMA-F

SLERNUP
Y WE

FasT

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

===== TABLE v.B.1I.4

SIGHA-F

SIGMA-P

BURNUP
VH O NP

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

FasT

RESONANCE

THERMAL

1-GROUP

JAERI-M 89-201

CROSS-SECTIONS FOR PUZ23Y ====x

0 GWD/T 50
0.6 1.1 9.5

1.5476E+00 1.55945+00 1.9439E+00
(2. 79E-02%) (4.326-02%) (2.728-024)
2.3873E+01 2.8534E+01  2.4324E+01
(3.19E-0%%) (3.01E-01%) ©2.83E-01%)
1.3961F+02 2.2474E+02 1.4480E+02
(7.68E-01%) (&4.94E-01%) (7.31£-C1%)
1.01376+01 1.825858+01 1.01%8E+01
(3.00E-01%) (3.01E-0t%y (2.83E-01%)
1,7342E+00  1.76265+00 1.7359E+00
(2.55E-022) C4.11E-02%> (2.39E€-027)
1.3426F+01  1.8013E+01  1.36418+01
£3.30E-01%) (3.15E-01%) (2.80E-01%)
g.2286E+01 1.4665E+02  0.5304E+01
(7.38E-01%Z) (4.78E-01%) (6.94E-01%)
6.4314E+00 1.15467E+01 ©6.44128+400
(2.81£-01%) (2.93€-01%) (2.48E-0170)
5.2673E+00  5.4015E+00 3.274GE+00
(3.78E-02%) (4.B60E-02%) (2.93E-02Z}
3.8677E+01  4.61328+01 J.92G4E+01
(3.30E-01%) (3.15C-0%%) (2.80E-01%)
2.5584E+02 4.224RE+02 2.7453E4072
(7.38E-01%) (4.76E-01%) (6.84E-01%)
1.8725E+01 3.3544E+01  1.8733E+D1
(2.78E-Q1%) (2.91E-01%) (2.458-C1%)

CROSS-SECTIONS FOR PUZ249

0 GWD/T 50

0.4 11 .6
1.0225E+00 LO958E+00  1.0255E+00
(8.91F-072%) (9.1%£-02%) (7.91E£-02%2
8.0806E400 L0326E+01  9.0065E+Q0

1
9
1
(6.66F-01%) (F7.57E-01%) (5.37E-01X)
2.4965E+#02 2.8703E+02  2.3814E+4C2
5.78E-01%) (B.97E-01%)
1 7
5 3

(B3.38E-01%) (

7.8206C+00 L9454T+01 L3191E+QD
(5.806-01%3 (5.18F-01%x) £(5.288-01%)
7.4968F-01 §.42518-01 7.5333E-21
(1.50E-01%) (1.44E-01%) (1.36E-01%)
?.1593E-01 2.1350E-01 2.14732-01
(5.52E-01%) (5.320-01%) (5.29E-01%>
4.9708E-02 5.7257E-02 4.7478L-07
(%.11E-01%) (5.59E-01%) (&.675-010)
§.0137F-01 5.43808-01 6.03%3E-01
(1.62E-01%) (1.65E-01%) (1.36E-901%)
2,3081€+00 2.5137F+00 2.3205£+00
(1.59E-01%3 (1.52E-01%) (1.438-31%)
5.01155-01 5.0349E-01 5.9795E-01
(5.S2E-01%) (5.32E-01%y (5.28E-01X)
1.3838E-01 1.5933%E-01 1.3217E-01
(8.11F-01%) (5.59€-01%) (8.67E-01%)
1.8354C+00 1.9783C0+00 1.84&0E+00
(1.71E-01%) {1.72E-01%) (1.45E-01%)

GWE/T

1.9597E+30
(3.435E-02%)
2.3828E 01
(3.462E-01%)
2.6%21E+G2
(5.37E-01%2
2.01846+01
(3,455-01%)

1.7632E+00
(3.338-02%0)
1.6713E+01
(3.32E-01%0
1.6931E+07
(3.17E-01%}
1.2726E+01
(3.332-91%)

5.4057E+00
(4. 10E-022
4,8144E+01
{3.328-013
4. 8770E+02
(5.17E-01350)
3.6884E+01
(3.310-01%)

GWB/T

1.0967£+00
&.316-021)
1.0604E+01
Fo23E-01%2
?.9248T+07
(p.27E-01%)

1.5769E£+01
(5.29E-01%)

8.4390E-01
tL30E-01X
2.14142-01
5.63E-01%)
5.8404E-072
6.03E-01%)
6.4344E-01
1.40E-01%2

2.6194E+00
C1.461E-01%)
5.5517E-01
(5.58E-01X)
1.62580-01
(p.03E-01%)
1.9781E£+00
(1.49E-01%)



SIGMA-A

SIGMA-F

SIGMA-P

SIGHA-A

SIGMA-F

SIGMA-P

BURNU®Z
¥M O VE

FAST
RESONANCE
THERMAL

1-GROUP

FAST
RESONANCE
THERMAL

1-GROUP

FAST
RESONANCE
THERMAL

1-GROUP

TABLE V.B-.1[.%

BURNUP
WM SV

FAST

RESONANCE

THERMAL

1-GROUFP

FAsT

RESORANCE

THERMAL

FAST

RESONANCE

THERMAL

1-GROUP

JAERI-M 89-201

TABLE V.B.11.5 CROSS-SECTIONS FOR PUR41

0 GWB/T
0.6 1.1
2.2241E+00 2.1392E+09
t4,61E-02%) (6,105-02%)
4.0614E+01  5.1202E+01
(3.41E-01%) (3.03E-01%2
1.1418E+02 1.8517E+Q2
(7.54E-01%7 (5.30E-0%%)
1.4073E+401  2.2763E+01
(3.10E-01%) (2.30E-01%)
1.9378E+00 1.9185E+G0
(4.07E-02%) (5.61E-02%)
3.0664E+01  3.8483E+01
(3.01E-01%) (2.92E-01%)
3.7080E+01  1.3964E+02
(7.40E-01%) (5.31E-01%)
1.0834E+01 1.7312E+01
(2.89E-01%) (2.88E-01%)
5.9131€+00 5.8962E+00
(3.6GE-02%) (5.32E-02%2
8.9917E+01 1.1279E+02
(3.01E-01%) (2.92E5-011)
2.5535E+02 4.0946E+02
(7.40E-01%) (5.31E-01%0
3.1938E+01 5.0951E+01
(2. 83F-01%) (2.87E-01%)

0

3.2855E-01
{1.00E-0132)
5.1249E£+400
€1.02E8+00%3
1.8636E+07
(1.68E+00%)
5.4857E+00
(1.12E+00%)

5.8836E-01
(1.59E-01%)
2.7794E-02
(1.14E+00%)
1.3957E-01
(1.50E+00%0
4.3811E-91
(1.91E-01%}

1.8263E+00
(1,776-013)
7.8049E-02
(1. 14E+00%)
3.9192E-01
(1.50E+00%)
1.35715+00
(1.98C-013)

1

1

(1

(1

1

1

(1

1

GWOIT

1.1

. 9480E-D1
L025-01%)
L3980E0D
9.
LT199E+07
LSBEX00%)
L215TE+00
(1.

75E-01%)

23E+00%2

L70v3e-01
LBOE-0123
LT7TRE-02
(1.
L3308E-01
L3SEHO0RY
L7843E-01
LB0E-DYE)

16E+00X)

L0G53E+00
JBTE-D1NY
LBOO0E-02
(1,
LT3635-01
L35E+00%)
L4 907E+0D
LBYE-D1HD

16E+00%)

54

2.2240E+00
{4,31R-02%)
3.9961c+01
(3.32E-01%)
1.1707E+02
(E33E-018)
1.38680+01
(2.94E-01%)

1.93328+00
4.00E-023)

3.0180E+01
(2.50E-0%%)
L3092E+01
(6.21E-01%)
LOBTAEFO
(2.80GE-01%)

=Y

—_

5.91622+00
(3.71E-02%0
8.3498E+01
(2.90E-01%)
2.6126E0+02
(6. Z1E-013)
3.1489E+01
L59E-0120

50

8.3131E-01
9. Q9E-02%)
.1440E+00
L33E-0TRD
L1443E+02
LE9D+00%)
5.7709E+00
£1,272E+CO%}

5.,318%9E-01
(1.53E-01%)
2.7407E-02
(1. 18E4+00%)
1.5822c-401
(1.53E+G0%)
4,4069E-01
(1.69E-012)

1.8375E+00
{(1.59E-G1x?
T.RO61E-07
(1.185+00%)
4.4429E-01
1.538+00%)
1.3858E+00
{1,7/5E-01%)

GWOIT
1.1

2.1892E+00
LAYE-02E)
5.0545E+01
(3.153E-01%
2.09412+072
LIBE-01%)
2.3703E+01
(3.03E-01%

L31B8E+00
L43E-02%)
LT9E1ER0T
L85E-01KD
LST34E+02
LSTE-DYED
L.79G4E+D1
CO1E-O1%)

[ R Y R R

5.8990E+00
(4,210-02%0
1.1132E+072
(2.88E-01X)
4. 6137E+DD
(3.57E-01%3
5.2954E+01
(Z2.90E-0%%2

GRO/T

L9574E-01
L03E-0ZX)
L3GE8E+OG
LU2ERDURD
LTS11E+072
LS5EF00%)
L40569E+00
L20EF00XD

—~ ~
R - I ]

-

§.71958-01
(1.452-01X3
2.7354E-02
(1. 136+00%0
1.36128-01
(1.33E+00%)
4.7794E-01
(1.89%-G1%3

2.1085¢c+00
(1.94E-01%)
T.48128-02
(1,13%+033%2
3.8223E6-01
(1.330+00%3
1.4899E£+00
(1.7T7E-017%)



st

G

SIGMA-P

SIGMA-A

SIGHA-F

TABLE ¥.B.11.7

BURNUP
VM oOOWVE

FAST

RESONAKCE

THERMAL

1-GROUP

RESONANCE

THERHAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

TABLE V.B.L1.3

BURNKUP
vY / VF

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

FAZT

RESONANCE

THERMAL

1-GROUP

CROSS-SELTIONS

(g,

Q.

(0.

0

0.

Q.

(0.

0.

(0.

(0.

(0.

(0.

LROS5-SECTIONS FOR AMEZ43

(c.

0.

(0.

(G.

JAERI-M 89-201

0O GWD/T

L00ooE+OD
DOE+DOZY
LD000E+00
00E+Q0R)
L0000E+0D
DOE+00K)
LQDO0E+QD
LC0E+D0X)

LO000E+GD
COE+DOX)
L0000E+DD
00E+DOT)
LDO0OEYQD
00E+0Q0%)
L0000E+00
DOE+00%)

L0000E+Q0
GOE+00D)
L0000E+00
Q0E+00%D
L00Q0E+DD
COE+QORY
L.O000E+CD
QOE+G0N)

1.1

0.0000E+0C0
L00E+00%D
0.00Q0E+00
LOOE+00XS
0.0000E+00
LO0E+Q0%)
0.COCOE+0D
LO0EXOGED

0.0000E+00
LO0E+QCT)
0.0000E+00
LDOE DDA
0.0000E+00C
LO0ERQOR)
0.00C0E+QD
LO0E+Q0R)

0.0000E+0Q0
(0.00E+0DXY
0.00G0E+TD
(J.00E=+00%
B.0000E+D0
(0,00E+00%)
0.0000E+00
(0.00E+00%?

0 GwD/T

LB000E+00
QOE+00%
.000DE+GD
GOE+O0Z)
L.0000E+0D0Q
00E+00%)
LQUO0E+DD
OOE+DOX

.000DE+FQD
LDOE+Q0X)
L0O00E+CD
LOBEFGRR)
LB000E+00
LOAE+00%)
LOGO0E+OD
LO0E+D0%)

LO000E+QO
LDOE+Q0XD
LO000E+00
LODE+00K)
LOG00EFOD
LDDE+DORD
L0000E+DD
LO0EFOOR)

1.1

0.0QCOE+OD
(Q.0QE+00%)
0.0000E+GCH
(0.00E+00%)
0.0000E+0D
(0.,00E:00%)
0.00G0E+00
(0. ODE+DDXD

Q.CO00E+GO
(0.0CE+TQOR)
0.0090E+00
(0.00E+C0%
0.0000E+DD
(0.00E+00%)
0.CO0C0EFCD
(0. 00E+QD

3.0000E+00
(J.00E-Q0XD
G.00COE+DD
(0.00E+T0T)
0.0000E 00
(0.00E+00%)
0.0000E+00
(3.00E+000)

— 100 —

FOR aM7241

CAGE-2D
L2TARE+01
LT6E-01%

7.20644E-01
LB0E-D1%2
1.8010E-01
(4, 59E-013)
1.5167E+00
(1.00E+00%)
£.0203E-01
€1.97z-01%)

2.5988E+00
(1.995E-01%)
3. 8058E-01
(4. 89E-01)
4 BAY2IL+O0
{1.00E+00%3
2.1273E+G0
(2.02E-01%)

50

e

L3906E+00
L98E-02%)
L3T7S1ERGT
(4.04E-01%)
4. 37385407
(1.43E+00%)
1.4913E+01
(B.408-01%)

=2

§.0005E-01
(1.97E-012)
T.25256-07
(4. 11E-0130
1.2578EF00
(1.39E+00%3
4.78030-01
(2.08E-01%)

S

. 1588E+0Q0
{2.030-01%3
2.3277E-01
(4. 11E-01%)
4.0363E+00
(1.39E+002)
1.7039E+00
(2. 13E-017%)

L 3 wn e

—~ -~
P RV

—~ o~
Oy e nopa = OO

|

(1.

(5.

(6.

1.

LPTS3EROD
LB3E-02X0
LTE0BE DT
JT1E-D1ED
L5845E+02
LAGE-0110)
L3u35E+01
L3GE-D1RD

L4278E-01
LE3E-01%)
L1437E-D1
LIRE-01RD
LB081E+2D
LASE-O1%

L15628-01
LBIE-D1R)

L0318E+00

BIE-01%)

L8103E-01

S9E-01%)

LB285E+00

19E-G1%2

L5 2ATER0D

TAE-01X)

GYOsT

N o~ —~
— G L D O

— —~ i~ —
[ O < - R s I

—~

L4254 E400
L93E-02%)
85140t
L90E-D1RS
LBA79E+DZ
LLTELDGED
LaB13E+01
L8TE-013%)

L0037e-01
LARE-DHD
LFO31E-02
LO3E-01%)
L1022E+00
L13E+O0%)
L53758-01
LBOE-D1%2

.5340E+00
LB2E-01XD
L7T933E-01

C3E-01%3

L3375E+00
L1SEFOQ%
LQ733E+D0
JBRE-DIRD



JAERI-M 89-201

——==x TABLE ¥.B.I1[.9 CROSS-SECTIONS FOR STRUCTURAL MATERIALS AT 0 GWOJT =====

[GHA-A 3-GROUP
FAST RESOKANCE THERAMAL 1-GROUP
FE G.16425-03 5.3731£-02 4.5238E-0% 2.9092E-02
(& 76E-01%) {1.40E+00%) (4.53E-01%) (5.808-01%)
CR 5.4735E-03 T7.0273E-02 5.7244E-Ct  3,29048E-02
(5.1BE-01%) (3.20E-01%) (4.33E-01%) (5.38E-01K3
NI 4.98376E-02 6.4616E-02 8.2526E-0%7 ©6.8331E-0%2

¢3.436-01%) {(1.91E-01%) (4.53E-01%) (2.45E-0%1)

MR-55 0.9%43E-03 1.2847E+0GD  2.4318E+00 3.7471E-01
1926-01%) (4.92E-01%) €4.51E-01X%) (4.3582-01%)

LRY 1.3181€-07 1.06720€-01 4.3305E-02 3.9237E£-07
(7.05E-C1%) (8.695-01%) (3.50E-01%) (5.29€-01%)

—-101—



-z=== TABLE V.8.I1L.

ABSGRFT

FISSTON

PRODUCT

===== TABLE V.8.I111.2

AGIORAT

FISSI0N

PROGULCT

BURNGLP

VM

;v

FasT
RESONANCE
THERMAL

1-GROLP

FasT
RESONANCE
THERMAL

1-GROYFP

FAST
RESONANCE
THERMAL

1-GROUP

BURNUF

VM

{NF

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THEHMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROU?

1

JAERI-M 89-201

AEACTION RATES - VOID

o GwWh/T
0.8 1.1
1.8790E-03  1.25595-93
(2.54E-01%) (2.37E-01%2
3.7873E-03 §.3307£-03
¢4.19E-01%) (4,285-01%)
1.5451E-03  3.3108E-03
(7.80E-01%) (5.T4E-01%)
1.3211E-02 1.2947£-02
(3.696-01%) (3.67E-01%)

1.5534E-03 1.0484E-03
(2.53E-01%) (2.57E-01%)
6,07S0F-03 5.1179E-03
(4.145-01%) (4.18E-01%)
1.2194E-03 2.7084E-03
(7.8%E-01%) (5.88E-01K
8.851G6-03 B.8747£-03
(3.56E-01%) (3.59E-01%3

3.9300E-03 2.6737E-03
?2.54E-01%) (2.58E-01X
1.4764F-02 1.2430E-02
5.145-01%) (4.16E-01%)
2.95615E6-03 6.3778E-03
7.89E-01%) (5.88E-01%)
7.1656E-02 2.1682E-02
(3.54E-01%) (3.37E-01X2

REACTION RATES - WOiD

0 GWo/T

0.6 1.1
1.0458F-01 7.39568E-02
(2.81E-01%) (2.81E-01%)
2.2286T-01 1.9440E-01
(4.5TE-01%) (4.34E-0120)
4,9973F-03 B8.32808-03
(6.764E-C1%) (5.01E-01X)
3.3264F-01 2.7829E-01
(3.48E-01%r (3.63E-01X)

4.6622E-02. 3.8638E-02
(4,17E-01%) (3.76E-01X)
1.8480E-G3 1.276R&E-05
(2.3SE+00K) (3.27E+Q0RD
4.8762£-09 8.6057E-08
(6,72E-01%) (5.13E-01%
4.6641F-02 3.86508-02
(4,17E-01%) (3.76E-01%2

1.3066E-01 1.0892E-01
(4,28E-01%) (3.93E-010)
4,72823E-05 2.8609E-05
(2.95€+90%) (3.27EfQ0H0D
1.1310F-08 1.9961E-08
(6.72€-01%) (5.13E-01%0
1.3070F-01  1.08393E-0%
{4.78E-91%) (3.93E-0110)

—102—

(2.

(3

(7.

(3.

{2.

(3.

(7.

(3

~ ~ —~
[ e A IR

—~

1.
2.
2.
4,
4
(7.
3.
(3.

4.
(3
1
(2.
4
(6.
4.

3.

1.
{4.
4
(2.
1
(6.
1.
(4.

ROTHE-O4

SHE-CLRY

LO793E-03
L89E-017%)
T.41000-04

SOE-01%)

LBT1E-GS

36E-01%)

.9458E-04

S5E-0140

L1568E-03

T4E-01%)

L89560E-04

T2E-B1%)

.5370E-03
L21E-01R7

D110E-03

L55E-01%)
L6669E-03

T4E-01%2

L47228-03
LT2E-017)
L1101E-072
L19E-01%)

50

0043t-0C1
TH4E-017%)
21152-01
97E-01%)

L4574E-03

0BE-G1AY
2604E-01
T4E-01%)

S110E-02

LI2E-01%D
LTa15E-03

B8E+00X)

.3346E-09

97E- 01X
5127E-02
32E-CG1%3

2644E-01
BOE-01%)

.04a01E-03

BAC+O0X)

LD054E-08

9TE-01%)
2548%- 0%
Q0E-01%)

§.5152E-04
(2.71E-012%)
£,9284E-03
(3.53E-01%
1.89865£-93
(6. 0BE-C1H)
7.0865E-03
(3.48E-01%)

5.5236E-04
(2LTTE-01RD
2.76724L-03
(3.83E-01%)
1.5596E-G3
(6.23E-01%2
4.8743E8-03
{3,47E-01%3

1.4092E-03
(2.726-01%
6.7083E-03
(3.83E-01%)
3.787TE-0QS
(6.23E-01%)
1.1906E-02
(3.48E-01%

- (% FOR U-238 =====

GWoIT

7.3008E-072
(3.06E-017%)

1.9354E-0%
(4.99E-01X)
8.3453€-03
4.50E-01KY
2.7490E-01
3.94E-010)

3.7459E-02
(4.15E-013)
1.2056E-05%
(3.73E+=0010)
5.6961E-09
(5.08E-21%)
3.7471E-02
(4. 14E-012)

1.0%715-01
{4,320-00H)
2.7967E-D5
(3.738+00%)
2.0171E-08
(5.08E-01%)
1.G3574E-01
(4.326-014)



===== TABLF v.B.L11.3

ABSORFT

FISSION

PRODUCT

===== TABLE v.B8.I1lI.4

ABSORPT

FISSIGN

PROGUCT

BUANYP
YM S OVF

FAST
RESONANCE
THERMAL

1-GROUP

FAST

RESDONANCE

THERMAL

1-GROUF

FasT
RESONANCE
THERMAL

1-GROUP

BURNUP
¥u S OVF

FAST
RESONANLCE
THERHKAL

1-GROUP

FAST
RESONANCE
THERMAL

1-SROUP

FAST

RESUNANCE

THCRMAL

1-GROUP

JAERI-M 89-201

REACTION RA

[IRI=

V- BN - RV, IR |

4_6917E-02
(2.55%-0%%2
1,2602E-01
(4,25E-01%)
H.6031E-02
(7.98E-01x)
2.3897E-01
(3.70E-0123

L4251E-01
LSTE-OTHD
.B302E-01
L25E-010)
9021801
L98E-01%0
L95T73E-01
LBTE-01%2

—~ —~ ~
L N

o~
(SR

REACTIGN RATES

TES

GWD

- VOiD o+

IS
1.1

.1038E-02
LIBE-D1ED
L7200E-01
LETE-D1ED
L1375E-01
LB3E-01ED

4. 1679E-01

LTAE-D1E)

2.7920E-G2

4.

(5.

3

(2.

Cho

(5.

(3

LB1E-012)
LB532E-02

10E-01%)

L3943E-01

TRE-U1IX)

LB395E-01
LTGE-01%)

L5563E-02

63E-01%)

LT7B07E-D1

10E-01%)

L0182E-01

T2E-011

LBSABE-DT
LBBE-012)

voln =

O CWD/T

1.2162E-012
(2.74E-012)
3.7060E-02
(6.81E-012%D
T.8537E-02
(9.01E-01%)
1.2778E-01
(5.34E-013)

8.9176E-03
(3.04E-012
8.9108E-04
(6.02E8-01%)
1.5637E-03
(8.81E-01%)
9.8243L-03
(2.94E-01%)

?2.7454E-07
(3.108-01%)
?.4807E-03
(5.025-01%)
4.3532E-05
(3.81E-01%)
2.9973E-02
(3,00E-01%)

1.

1.1

.5302E-03
.BSE-01%2
LT3RDE-Q2
L85E-01H)
L2003E-G1
L22E-017%)
L5502£-01
LS5E-01%)

L8072E-03
L15E-01%)
LBBTBE-C4
LTZE-D1ED
.3938E-05
LOTE-01%)
LASTO9E-03

0SE-01%}

4199€-07

L19E-01%D
LSTTRE-D3
LTR2E-010D
LAB3RE-05
LBTE-D1X)
L9844E-0Q2
LORE-G17%)

-103 —

G% FOR PU233 ===-==

50

4.6885E-02
(2.33E-01%)
2.0390E8-01
(4, 19£-01%
2.6111E-02
(8.91E-0%%7
3.3490E-01
(3.57E-01%)

4.1762E-02
(2.53E-013)
1.1435E-01
4L 13E-01%)
5.6675E-02
(8.66E-01%)
2.1278E-01
(3.40E-013)

1.2590E-07
(2.53E-01%)
3.2940E-01
4.135-01%2
1.6326E-01
(8.66E-01%)
6.1956E-01%
(3.43E-01%2

0% FUR PU2

50

1.2325€E-02
(2.66E 011
3.77IVE-02
(7.382-01%)
T.0F47E-02
(8.60E-010)
1.20795-01
(5.61E-0%0)

9.053%E-03
(2.88E-01%)
8.9945E-04
(5.116-01%)
1.4105E-03
(8,39E-01%
9.9675E-03
(2.73E-01%)

2.788%t-02
(2.92E-014
2.5040E-03
(6. 11E-0G132)
3.9265E-05
(8.39E-013)
3.0432E-02
(2.79E-01%)

GWD/VT

2.3038E-02
(2L70E-D1%)
1.3697E-01
(4,480-01%3
1.8489E-0%
(6. 15E-01%)
3.4289E-01
(4.20E-01%)

2.0729E-02
(2. 71E-01%)
7.5624E-072
(4. 45E-01%)
1.1984E-01
(6.04E-01%2
2.1619E-01
(4. 13E-01%)

5.3549E£-02
(2.74E-013)

2.1784E-01
4.458-010
3.4521E-01
6.04E-01%)
6.2600E-01
4.11E-01%)

~

g.8996E-03
(2.87E-01%3
2.5878E-02
(7.57E-01%)
1.1079E-01
(6.82E-01%)
t.4336E-01
(3.068E-01%3

5.3061E-03
(3.09E-01%
5.18534E-C4
(p.27E-01%)
?2.2123E-05
(h.63E-01%2
5.5498E-03
(2.98E-G1%%

L6479E8-02
CISE-D01%Y
LA536E-03
L2TE-OID
L1586E-05
LBE3IE-D1R)
.T7934E-07
LO4E-017

—~
AP SN

o

ok = oo



===== TABLE V.8.1I1.5

ABSORPY

FLISSION

FRODUCT

===== TABLE v.B.1Il.a

ABSGRPT

FISSION

PRODULT

BURNUP
¥M o/ VEF

FAsT
RESOHANLE
THERMAL

1-GROUP

FAsT
RESONANCE
THERMAL

1-GROUP

FAST
RESONANCE
THERMAL

1-GROUP

BURNUP
VM / VF

FAsT
RESONANCE
THERMAL

1-GROUP

FAST
RESONANCE
THERMAL

1-GRCUP

FasT
RESONANCE
THERMAL

1-GROUP

J

RE

REACTiODN RATES - vOID =

L44532-02 3
LSBE-CTAY (6,12E-010%
L25338-02 9
LOBE-Di%Y (3

L2744E-03 5.3
LS2E-D1EY (2.5
LOG14E-02 4.1
LS4E-01%) (4,02E-01%)
.1022E-02 2.3492E-02
LSHE-O1X) (A 1TE-O1XD
L1210E-02 5.3875E-02
LBBE-OTXY (3.64E-011)

AERI-M 89-201

ALTION RATES - ¥0O1g =

0 GWD/T
0.6 1.1

LO645E-02 £.13415-03
LSZE-01X) (2.5TE-01%)
LT435E-02  5.&S3RE-00

85E-01%) (A 130-05%0
.1153E-02

L1BTHE-Q2
LBTE-D1ED

.8301€-02 1.6521E-02
L92E-01RY (2.583E-0130
J49308-01 1.2028E-01
JSAE-CTRY (4.020-0130
L2320E-02 6.8385E-0¢
LS6E-01%r (8.1FE-01%)
LO09G2E-01 0 2.05868-01
LB5E-01) (3.63E-01X)

G GWOD/T
9.8 1.1

L0233E-03  1.9124E-03
LTTE-D1R) (1.36E-01%0
L4875E-03  4.3900E-03
LO0BEXGO%Y (9.88E-017%)
LT984E-02  2.2071E-02
LOTEFD0XY (1.60E+00%)
L74%a£-02  2.B373E-0°7
JABE+00Y) (1.258+0C%)

L1453E-93  1.4335E-03
J15E-01%) (2.45E-010)

5183E-05 2.2590E-05

L1GE+DDZ) (1, 18E8+00%3
L34569E-05 1.7075E-GS
LS0E+Q0%) (1 A0E+00%
L1955E-03  1.4732E-03
13- 0%y (2.398-01%0

LE640FE-03 4.4772E-03
L20E-01%) (3.28E-01%)
LB800F-05 0.34220-03
L19E+00%T (1. 20E+Q0X)
LTB20E-0S5  4.7936E-05
LSQE+0NK) (1.42E8+0CK)
LBO08E-03  4.38352-03
L19E-01%) (3.24E-01%

— 104 —

0% FCR PUZ41 =====

50 GwD/T
0.6 1.1
1.08%9L-02 7.60572-03
(2.54E-01%) (2.70E-0110)
6.8239E-02 6.7591c-02
(4.30E-01%) (4. 17E-01%7
1.41828-02 4.380s5L-07
(8. 212-01%) (8.48E-034
9.3320£-02 1.1900E-01

(3.83E-0130)

3.4983E-03
(2.53E-01%2
5.1536E-02
G4 13E-017)
1.0794E-02
(§.15E-013%2
7.1828E-02
(3.530-013%)

2.89936-02
£2.53E-014)
1.51128-01
(4.138-01%)
3.1650E-02
(§.15e-401%
2.1176E-01
(3.320-01%)

{(3.96C-0%1%)

E.05H3E-03
CZ.T1E-Q1H)
5.0763C-02
£4.032-01%)
3.2%13£-02
(6.508-01%)
9.03422-02
(3.90E-01%

2.0494E-072
(2.725-01%)
1.4885E-01
(4.038-01%)
9.6510E-02
(6.30E-01%)
2.6585E-01
(3.90E-CG1%)

0% FOR U242 ===3=

50 GWD/T
0.6 1.1
2.7557E-03 1.8049:-03
(2.68E-01%) (2.90E-01%1
5.9418E-03  4.3422E-03
(9.55£-01%) (1.03E+Q0%)
1,7572E-02  2.12458-02
{1.81E£+00%) (1.54E+00X)
2.6269E-02 2.739tE-02

(1.235=00%)

1.9614E-03
(2.97E-01%)
3.18657L-05
(1.19E+G0%)
1.29656-05
(1.66E+00%3
2.0060E-G3
(2.928-01%)

B.0909E-03
(3,00E-01%3
5.8396E-05
(1. 19E+003%)
5.6406E-05
(1.66E00%)
6.2162E-03
(2.93E-C1xY

(1.238¢D0%3

1.3539E-03
(3.17E-01%)
2.1215E-G3
(1,138+00%3
1.8651%E-03
(1.33E+00%)
1.3916E-03
3.17e-010

4, 2323E-05
(3.23E-01%)
5.9573E-053
(1158001
4.637V1E-05
(1.33E+00%
4,.3382E-03
(3.22E-0%1)



JAERI-M 88-201

TABLE V.B.11L.7 REACTION RATES - VOLD = 0% FOR AM241 =====

BURNUP 0 GWD/T 50 GWO/T

WM OOWF 0.8 1.1 0.6 1.1
ABSORPT FAST 0.00002+00 O0.0000EFGG  1.0287E-03 5.3622E-0C4
(0.00E+00X%Y (0,0CE+J0XY (2.37E-Q1%) (2.76E 010
RESONANCE 0.0900E+00  0.0000F+#20  4,7840E-03 3.7995E-03
(D.OCE+00%). (0.00E+00X) (4.14E-01X) (4.88E-01%)
THERMAL 0.0C00E+0D0  0.0009FE+C0  4,35119E-03  7.6743E-03
(0.00E+00%) (C.0OE+00%y (1.03E+00%) (6.94E-01%
1-GROUP 0.0000E+00  0.0000E+00 1.0325E-02 1.2112E-02
(0.00E+00XY (0.00E+00%) (5.28E-01%) (5.008-01%)

FISSION FAST 0.0000E+00 0.9000E+00 4.2865E-04 J.0136E-04
(0.00E+00%) (Q.00E+00%) (3.18E-01%X) (3.33E-01%)

RESONANCE 0.0D00E+0D  0.0QROE+00  3.7031E-05 2.9594E-05
(0.00E+00%) (0.00E+00%) (5.16E-01%) (&.20E-C17%2

THERMAL 0.0000E+00  0.0000E+00 2.2123E-05 3.8929E-03
(0.00E+00%) (0.0QE+D0%) (1,09E+00%) (7.35£-01%)

1-GROUP G.0000E+00 0.0Q000E+0C 4.B7B1E-04 3.6979C-04
(0.0CE+00%) (D.0DE+00%) (3.0VE-01%) (3.18E-01%)

FRODUCTY FAST 0.0000E+00 0.0000E+00 1,53345-03 1.0840E-03
(D.00FE+00%) (0.00E+00%) (3.21E-01%) (3.41E-01X)

RESONANCE 0.0000E+00C  0.0000F+00 1.1937E-04 9.3109E-05

(0.00E+00%) (0.00FE+00%2 (5.16E-01%) (5.50E-01%)
1

THERMAL 0.0000E+00 C.0QC0E+CT  7.1315E-03 1.2549%-04
(0.DOE+00%Y (0.00E+00%) €1.095+00%) (7.35E-01%D
1-5ROGP 0.0000E+00 0.0000E+00 1.7242€E-03 1.3046E-03

(0.00E+00%) (Q.Q0E+00%) (3.108-01%) (3.22E-01%)

cm=== TABLE V.B.1LL.8 REACTION RATES - VGID = DX FOR AMZ43 =====

BURKUP 0 6W0/T 50 GWD/T
WMV G.& 1.1 0.6 1.1
ABSORPT FAST 0.0000E+D0  0.0000E+00 1.1933E-03 8.1536E-04

(0.0DE+Q0%) (Q.Q0E+004> (2.6CE-0G1X) (2.80E-01%)
RESONANLE 0.0000E+C0  0.0QC0E+00 7.1013E-03 #.2780E-03
(T.00E+00%) (0.0QCE+00%> (4.7SE-01Z) (4.80E-017Z3

THERMAL 0.0000E+00 0.0000E+00 9.2774E-03 1.3252E-072
(0.00E+00%Y (0.00E+QDXY {1.36E+00%) (1.29£+00%)
1-GROUP 0.0000QE+00 0.00005+00 1.7573E-02 2.C346E-02

(O.GOE+G0YY (9,00E+00%) (8.72E-01%y (3.97FE-01%)

L1490E-04  4.00632-04%
LP3E-D1%Y (3,38E-01%2
L1685E-05  1.9183%-05

FISSION FAST 0.0DO0E+00  0,0000E+00
(0.0DE+0D%Y (0.00E+020%)
RESONANCE 0.000GE+00  0,CO00R+GO

P L W

(0.00E+00%) (C.COE+DO%Y (4.826-01%) (5.89E-0142
THERMAL 0.0000E+GD  0.0000E+00  2,8676E-05 3.7963E-03
(0.00FE+00%Y (0.0GE+0Q0X) (1.32E+00X) (1.27E+001L)
1-GROYP G.0GOQE+00 0.0000E+00 5.6326E-04 4.5775E-04
(Q.0GE+00%) (0.00F+00%Y (3.15E-01%) (3.15E-01%3

PRODUCT Fast 0.00GOEO0 0.0C00CZ+00 1.8525E-03 1.4495E-03
(0.00E+00%) (Q.006+00%y (3.28E-012) (3.48E-011)

RESONANCE 0.0000E+00 0.0000E+00 6.9800E-03 6.1302E-05
(0.0NE+00%Y (0.00E+00%: (4.82E-01%) (4.89E-0%43

THERMAL 0.D0COE+CT  0.0000E+00 B8.5617E-05 1.2124E-04
(D.0QE+00%) (0.90E+00%) €1.52E+00%) (1.27E+00%)
1-GROUP 0.00Q0E+00 0.0000E+00 2.0077E-03 1.6329E-03

(0.00E+00%) (0.00E+00%) (3.18E-01%) (3.228-01%2

—106—



JAERI-M 89-201

wo=== TABLE V.B.I1I0.9 REACTION RATES - VOLD = GX FGR TCTAL FISSICN PHODULTS =====

BURNU? 0 GkD/T 50 GWDJT
VM o/ VE 0.6 1.1 0.6 1.1

ABSORAT FAST 0.0000EFGD  O.0000E+00  1.0136E-03  3.90218-04
(0.00E+00%) (0.O0E+00%) (1.39E-01%3 (1.29E-01X)

RESONANCE Q.00Q0E+DD  0.0000E+00  2.05%1E-02 1.9545E-07
(0.0QE+00%) C0.00E+00%) (5.13E-31%) (5.48E-01X)

THERMAL 0.0000E+00  0.0000E+00 1.GYC8E-02 1.5694E-02
€0.00E+00%) (0.00E+00%) (92.28E-01%3 (b6.43F-C1%)

1-GRAUP 0.C0GOE+00 O.0000E+00 3.2230E-02 3.5829E-02
(0.00F+00%) (0.00E+00%) (4.98E-01%) (4.354E-01%)

FIS51I0K FAST 0.0000E+00 0.0000E+00  0.00COErG]  0.00GIE+CD
(R.O00E+09%) (D.00E£+400%) (J.QGE+D0%) (0.00E+OGH)

RESONANLE 0.0000E+Q0  0.0000FE+00  ©0.0000E¢C0  0.0000RE+00
(0.00E+00X) €0.00E+QO0%) (0.00E+00%)Y (B.00E+00K)

THERMAL 0.0A00FE+00  0.0000E+00  0.0000E£+90 0.0000E+20
(0.00E+90%) (C.00E+00X) (0.00RE+00X) (Q.00E:Q0%)

1-GROUP 0.000GFE+00  0.0000E#J0  0.00CAE+00  0.0000E+0D
(0.00E+00%) (0.QCE+QDX) (0.COE+N0%) (D.D0E+00X)

PRODUCT Fast 0.000DE+00  0.00Q0E+CC 0.0000E+Q0 0.0000C+00
(0.00E+00%) (0,00FE+00%) ¢0.00EFO0Q%) (D.00E+00%3

RESONANCE 0.000GE+00  0G.00GOE+00 ©0.0000E+09 0.0000£+00
(0.00E+00%) (0.N0E+00%Y (0.0CGE+00%) (G.00E+0J%

THERMAL 0.0000F+00 0.0000E+09  0.0000E+00  0.0000E+00
(0.00E+00%) {(0.00E+00X)Y (0.00£+00%) (0.90GE+TQE)

1-GROUP 0.06G005+00 0.0000E+JD  0.0D0GOE+00  0.0000E+00

(0.00E+00%Y (0.00E+Q0DXY (0.00E+DOZ) (3.00£+00X)
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===== TABLE J¥ ABSORPTICN RATES - YOID = 0% =====

BURNGE O GWDJ/T 30 GWh/T

WMo WE 0.6 1.1 0.6 1.1
TC-9% FAST U.00GOE+C0  0.0000E+0C  2.9842E-04 1.8383E-04
(GLOOE+00%) (D.90E+00%) (1.81E-912) (2.‘Dr*01h

RESONANCE D.0DOGE+90  0.0D00QE+00 4 ,7705E-03  4.94628-
(7.00E+00%) (0.GOE+00X> (1.13E+00%2 (1.08E+OOZ)
THERMAL 0.0000E+00 0.C000F+0N  1,5753E-G4  2.5902E-04
(0,00E+00%) (O.00E+00%Y (7.50E-014) (4.62E-012)
1-GROUP 0,0000F+00 0.00005+00 5.2254E-03  5.3371E-03
(0.00E+00%) (0.0CE+00%) C1.05E+00X) (1.00E+00%)
RESG3  FAST 0.0000E+00  0.000CJE+0D  3.9282E-04 2.2794E-04

(0.00E+G0%) (O.00E+00%) (2.88E-01%) (2.29E-01%
RESONANCE 0.0000F+00 0.00006+00 1.6043E-03 1.0406F-33
(0.0DE+QDX) (0.00F+00%) (6.408-01%) (7.29E-01X)

THERMAL 0.0000E+00 (0.0000E+00 5.31635-03 8.2633£-03
(0.00E+Q0%) (0.00F+00%) (1.31E+400%) (G.54E-D1D
1-GROUP 0.0000E+C0  0.0000FE+00 7.3134E-03 9.5334E-03

(0.00E+00%) (0.00E+00%) (9.33E-01X) (8.34E-01%)

YE131 FAST 0.000DE+0G  0.0000DFE+00  5.31496-0% 3.7970E-05
(0,00F+00%) (0.00E+00%) {(3.00£-01%) (2.218-01X)

RESONANCE 0.00008+00 0.0000F#00  5.4310£-03  5.7255E-03
(0.00E+00%) (O.00E+G0%) (1.35E+00%) (1.248+00%2

THERMAL 0.GO000E+C0  0.0000E+00 1.58595E-04 3.0030E-04

(0.00E+00%) (0.00E+Q0%) £A.35E-01%) (4.54E-012)
1-GROUP 0.0000E+00 0.0000E+00 5.6527E-03 £.06064E-03
€0.00E+00%) (0.00E+00%3 (1.30E+Q0%) (1.17E+00X)

CS133 FasT 0.0000E+00. €.0000FE+00 2.1085E-C& 1.2997E-04
(0. 00E+O0XY (0.0CGE+OCX) (2.33E-01%) (3.07E-01%)

RESONANCE 0.0000E+00 0.0000E#DD  7.1135€-93  7.3C73E-03
(Q.O0E+00%r (G.O0FE+C0X: (1.19E+00%) (1.238:00%)

THERMAL 0.0000E+D0  0.0000E+00 1.8657E-04 3.2358E-0C4
(0.GRE+00%) (D.00E+00%) (7.37E-017%) (4.97E-01K)

1-GROUP 0.0C00E+0G  0.0000E+060  7.5109£-33  7.7608E-03
(0.00F+00%3 (0.00E+00%Y (1.12E+C0%) (1,17E+00%)

SMT43  FAasT 0. 0000E+00  0.900DF+00 4.8370E-03  1.0845E-05
(0.00E+Q0%) (0.00E+B0%) {2.79£-01%) (2.938E-01%)

RESONANCE 0.0000E+00 D0.000DE+00  1.5913€-03 5.2541E-04
(O.00E+00%Z) (0.00E+00%) (S5S.53E-01%2 (6.41E-01%)

THERMAL 0.0000E+C0  0.0000E+00 4.8372E-03 B.35523E-03
(0.00E+00%) (0.00E+00%) (1.43E+00%K) (9.69E-01X)

1-GRGYUP 0.0000E+00  0.0000E+00 &.5270E-03  7.0885E-03
CO.O00E+00%) (0.00S+00%) {1.09E+00%) (8.94E-01%)
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JAERI-M 89-201

===== TABLE V.B.¥.1 REACTION RATES - ¥0O[D = 43% FOR §-2335 =====

BURNUP 0 cWD/T 50 GW0/T
VM F VF 0.6 1.1 C.& 1.1

ABSORPT FAST 2.751GE-03 1.9282F-03 1,4116E-03 1.010685-03
(2.58E-01%) (2.60E-G1%y (2.83F-01%) (2.7¥5E-01%)

RESONAKCE 1.06515-072 1.0676F-02 5.59042-03 5.8391E-03
(4.43E-01%) (4.00E-01%) (4.54E-017) (4.228-01%02

THERMAL 8.1737E-08 1.9916F-03 3.9230E£-04 1.127%E-03
(1.16E+0C%) (7.00E-01%) (1.20E+00%) {8.29C-01%)

1-GROUP 1.4220E-07 1.4597E-02 7.39438-03 &.0030L-03
(3.78E-012) (3.456E-0%%) (3.89E-01%) (3.99E-01%
FISSLON FAST ?.2530E-03 1.5950F-903 1.1563E-03 £.4033E-04
(2.57E-01%) (2.59E-Q1%) (2.828-01%) {(2.75E-01%)

RESONANCE f.763BE-03 6.51B7E-03 3.5515E-03 3.6334£-93

(4, 18E-01%) (3.6TE-C1X} (4.33E-01%) (4.08E-01%)

THERMAL §.2332E6-04 1.5849F-03 2.08T4E-04 9.03218-04

(1.18E+00%) (7.12E-01%) (1.24E+02%) (8.60E-01%>

1-GRIU?P 9.6450E-03 9.7886E-03 95.0066E-03 5.3774E-03
£3.51F-01%) (3.22E-01%) (3.656£-01%) (3.80E-01%)

PRODULT FAST S.6641E-03 4.0405E-G3  2.9075&6-03 2.13CGGE-03
(2.57E-01%) (2.61E-01%) (2.828-01%> (2.75E-01X)

RESONANLE 1.643%E-07 1.6074E-02 B8.6257E-03 8.83244E-03

(4 ,18E-01%) (3.67E-01%) (4.33E-01%) (4.088-010

THERMAL 1.5138E-03 3.8492E-03 T7.2553E-04 2.1935E-03

(1. L8E+00%) (7.12E-01%) (1.24E+09%) <8.£0E-010

1-GROUF 7.3618E-02 2.3964E-02 1.2258E-02 1.3148E-02
(3.50E-01%) (3.21FE-01%) (3.658-01%) (3.84E-91%)

===== TABLE ¥.B3.Y.2 REACILON RATES - VOID = 45% FOR U-238 =====

BURNUP 0 GWD/!T 50 GWD/T

WM OV 0.6 1.1 G.6 3.1
ARSARRPT FAST 1.4311E-01 1.0830E-01 1.3769€-01 1.0455E-91
(2.66E-01%) (2.80E-01%) (2.99E€-91%) (3.10E-01%)
RESONANTE ?.4044E-01 2.3132E-G1  2.37432-01 2.3389%8-01
(4,39C-01%) (4.40E-01%) (4.5T7E-071%) (4.63E-0134)
THERMAL 3.1374E-03 6.1724E-903 2.79646E-03 9.9922E-03
(1.08E+00%) (6.25E-01%) C(1.06£+00%) (6.78E-01%)
1-GROUP 3.86685-01 3.4580E-01 3.7790E-01 3,4452E-01
(3.285-01%) (3.37E-01%y (3.58E-01%) (3.70£-012)
FISSION FAST S.4T0SE-02 4.90B7E-02 5.2917E-02 4.7406€-02
(2.75E-01%) (3.92E6-01%) (4.42E-01%) (4.338-C13)
RESONANCE ?.5385F-05 1.9399E-05 2.4433E-05 1.8508£-05
(2.98F+00%) (3.14€+00%) (2.98E+00X) (3.39FE+00%}
THERMAL 2.9%3556-09 6.07316-00 2.6034E£-09 6£.0383E-29
(1.08E+00%) (6.17E-01%) (1.05E+00%) (6.29E-91X)
1-GROUP S.4731F-02 4.9106E-02 5.2942E-07 4.7424E5-02
(3.76E-01%) (3.92E-01%) (4.428-01%) (4.62FE-01%)
PRODYCT FAST 1,5300E-01  1.3813E-0%1 1.47%52-01 1.3331E-01

(23.86E-01%) (a4.02F-01%) (4.54E-01%) (4.73E-0W%)
RESOHANCE 5.8888F-05 4.50008-05 S5.8677E-05 4.2933E-05
(2.99E+00%) (3.14F+00%) (2.96E+00%4) (3.39E+001)

THEARMAL £.8112E-09 1.4086E-08 6.0385E-09 1.40Q7E-08
(1.08E+00%) (§.17E-01%) (1.05E+00%) (5.90E-01%}
1-GROUP 1.530865-01 1.3819E-01 1.48026-01 1.3335E-01

(3.86E-01X%) (4.G2E-01%) (4.54E-01X4) (4.75E-01%)
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===== TABLE V.B.V.3

ABIORPT

FISSION

PRODUCT

BURNUP

VM

!oVE

EAST
RESTKANCE
THERMAL

1-GROU?

FAST
RESONANCE
THERMAL

1-GROUP

FAST
RESONANCE
THERMAL

1-GROUP

===== TABLL ¥.B.¥Y.4

ABSORPT

FISSIUN

PRODUCT

BURKUP

VM

fVE

FAST

RESONARCE

THERMAL

1-GROUP

FAST

RESONANCE

THERHAL

1-GRCUP

FAasT

RESDONANCE

THERMAL

1-GROUP

JAERI-M 89-201

o
v

REACTION RATE

T.523TE-02  4.6340E-02
(2.90E-01%) (2.80%-01%)
2.37S7E-01  2.1033E-01
4.20E-01%) (4.10E-01%)
4.3519€-02 1,150G3E-01
(1.356+00%) (7.69:-01%)
3.5672E-01  3.7213E-01
3.59E-01%y (3.75E-01D

6.5260E-02  4.1458E-02
2.57E-01%) (2.61E-01%)
1.3399E-01  1.1849E-01
(4. 26E-01%) (4.03T-01%2
2.9302E-02 7.5T7V4E-0Q2
1.30E+00%) (7, 46E-01%)
2.2956E-01  2.3571E-01
3.90F-01%) (3.64E-01%)

1.9978F-01 1.2610E-01
(2.57TE-D1Z) (2.83E-01%?
3.B600E-01 3.4132C0-01
(4. 2RE-01X) (4,030-0130
8.4407E-02 2Z.1828E-01
(1. 506+00K) (7.46E-01X)
65.7018E-01 5.8565E-01
(3 4FE-01%0 (3.861L0-01%)

REALCTION RATZS - ¥OID =

O GwarT
0.6 1.1

1.6236E-02 1.0773E-02
(2.68E-G1¥) (2.78E-01%)
4.1145E-02  3.4395E-02
?PLOR9E-01%) (7.48E-01%2
4.2670E-02 8.6265E-02
1.34E+00%) (7.70E-01%
1.00058-01  1.3143E-01
5.51E-01%) (5.61E-01X)

1.12238-C62  7.%153E-03
ZL92E-01%y (3.05E-018)
1.1622E-03 8.1419E-04
(5.62E-01%) (3.B83IE-01%)
.51326-06 1.7167E-03
1.31E+00%) (7.52E-01%)
1.2393E-02 8.7466E-03
(?.87TE-01%) (2,.94F-01%3

3.4373C-02  2.4432E-02
7.95E-01%) (3.10E-01X)
3.2353E-03 2.26R7E-03
5.62F-01%) (5.83E-01%)
?.3699E-05 4.778%E-05
(1.31E+00%) (7,528-01%3
3.7T631E-02 2.B74T7E-02
(2.89E-01%) (2.938E-01%)

—109—

yOL0 = 45% FOR PY23Q9 =====

S0 GWD/Y
2.8 1.1
6.7140E-02 3,43579E-072
(2.81E-01%3 (2.75E-01%)
2.2030E-01  1.5821%-01
(8,99E-01%) (a4, 10E-01%)
I.V043E-07 3.5313LE-07
(1.30E+COK) (B 63E-01%)
3.2454E-01 3.073CE-01
CFUB1E-01%) (4. 30E-01%)
3.91495-02 3.0797E-02
(2.82E-01%) (2.78E-D1K
1.2353E-01 9.47296E-02
(4. 90E-01X) (4.300-01%)
2.4335E-02  5.50075-072
(1.266+00%) (9.36E-G1%3
2.0752€-01  1.9010%-03
{3.75E-01%Y (4.30F0-0130
1.7837E-01 9.3677E-07

(2.
3.
(4.
7.

(3.

45%

83E-01%) (2.79E-011
S355E-01  2.7163E-01
9QE-01%) (4.30F-01%)
1539€-902 1.8726E-01

LEBEHDOLY (936 E-D1K0
LOS577E-01 5.3253E-01

FRE-GAY (4,280-01%

FOR PU240 =====

50 GWD/T

LB519E-02  9.7512€-03
LITE-DEY (2.95E-013%)

4.2659E-0G2  3.3470C-02

L24E-01%) (6.3VE-01X)
L7273E-02  7.7177E-0F

GTE+O0%) (9.07E-01%

LG452E8-02  1.2040E-01
CATE-DTEY (6. 44T-01%3

1.1449%€-02 7.18658E-03

LETESDTEY (3.230-01%)
L2032E-03  7.5531E-04
LBE2ESD1EY (AL 3aE DR

4543E-06  1.33342-05
F3E+00%Y (B.3GE-0G172

1.26060E-02 7.93A2E-08

(3.

LJITE-Q1E) (2L1%E-01%D

L5064E-02  2.2113E-02
LATE-RINY (3.32E-0100
L3498E-03 2.10728E-03
LBRE-T1RY (A, 340-01K)
L07528-03 4.72328E-03
L38E+00%) (8.89E-01%2
LBa35E-02  2.4251E-072

17C-01%) (3.285-07%)



JAERI-M 89-201

===== T3BLE V.8.Vv.5 REACTION RATES - ¥DID = 43% FOR PU241 =====

BURND? U GWE/T 59 GWIIT

YM O/ VE 0.6 1.1 0.5 1.1
ABSORPT FAST 1,55390-02  9.3957E-03 1.5902%8-02 1.1653E-02
(Z.87F-0t%) (2.59E-01%) (2.828-01t%) (Z.7aE-01%)
RESONANCE 5.65%5EC-07 £.8073E6-02 6.83831C-02 8.0618E-07
T4 4AE-01%) 4. 58E-01%) (3.25E-01%) (4.43E-0120)
THERMAL .70%4E-03 1.4597E-02 6.5345C0-03  2.3150F-07
CTL2SE+O0%) (8.296-01%)Y (1.31E+00%) C1.01E+00%)
1-GROUP 8.8842F-02 ©.,0066E-02 9.0877E-02 1.1543E-0%
(3.92E-01%) (4.18E-01x) (4.48E-01X) (4.25E-01%)

FIS510N FasT 1.3471E-02 B.1908E-03  1.3838:£-02 1.018630-02
{2.STE-Q74Y (2.58C0-01%) (Z.81E-01%> (Z.7aE-01%D

RESONANCE 5,0657E-02 4.8427E-02 5.2010E-02 6.G795E-02
C4.21E-01%2 (4,31E-01%) (4.95E-01%) (4.21E-01%)

THERMAL 5,1969E-03  1.2619%-02 5.0543E-03 1.7309C0-0%2
(1.24E+00%) (B8.20E-01%) (1.29E+00%) (1.01E+00X)

1
1-GrOUP 6.9325E-02 6.9236E-02 T.0903E-02 B.B46YE-D02
(3.76E-01%) (3.95C-01X) C(4.19E-01%) (4.11E-01%3

PRODUCT FAST - 4.0865E-02 2.5013E-02 4.198VE-02 3.1043E-02
2.96E-01%) (2.59E-01%) (2.81E-01%) (2.7B6E-01%)
RESONANCE 1.4855E-01 1.4201E-01 1.5251E-01 1.7827E-01
AL R1E-01%) (4.31E-01%) (&.956-01%) (4.218-0G1%)
1.5239E-02 3.7002E-02 1.4820E-02 5.1340LE-02
1.24E+00%) (8.29E-01%) (1.29E+00%) (1.01E+00%)
1-G6ROUP 2.0465E-01 2.04028-01 2.09328-01 2.60646E-01
(3.76E-014) (3.93E-01%) (4.17E-01%) (4.10E-01%)

THERMAL

—=—== TABLE V.B.¥.6 REACTION RATES - VYOID = 43% FOR U242 =====

BURNUP 0 GWD/T 53 GWD/T
LA 0.8 1.1 0.6 1.1
ABSORPT FAST 4.00138-03 L6867E-93 3.6636E-03 2.5320E-03

2
(2.R9E-01%)> (1.95E-01%) (3.00E-01%) (2.89E-01%)
RESONANCE 7.3582E-03 5.9853E-03 6.8724E-03 5.8273E-03
(9.31E-01%) C(1.10E+Q0%) C(1.0%E=00X%) (1.11E+00K)
THERMAL 1.1988E-02 1.9448E-02 1.17396-02 1.8433E-072
(2.1Q0E+00%) (1.45£:00%) (2.15E+G0XY (1.63L+03%)
1-GROUP 2.3348E-02 2.81208-02 2.2273E-02 2.6734E-072
(1, 10E+00%) (1.198+00%) (1.20E+00%) (1.13E+00X)

FISSION FAST 2.6560E-03 1.9133£-03  2.4335E-03  1.8037VE-03
(3.01E-01%) (2.40E-01%) (3.3VE-01%) (3.34£-901D)

RESONANCE 4,4C33E-05 3.2045E-05 4.31777E-03  3.0734E-05

(1. 14E+00%) (1.15E+00%) C(L.18E+O0X) (1. 11E+00%)

THERMAL 8.843h5-06 1.49569E-09% B.5474E-06 1.3B857E-05
(1.52F=00%) (1,47C+00%) (2.00E8+00%) (1,46E+00%)
1-GROUP 2.7089E-0G3 1.959%9E-03 2.4839E-03 1.8483E-03

(2.97E-01%) (2.37F-01%) (3.34E-01%) (3.33E-013)

L2121E-03  5.9402E-03
LO7E-010y (3.17E-013)

8 LI396E-03 5.61212-03
3
RESONANCE 1.2385E-04 8.97728-05
1
2
1

LA2C-01EY (3L42E-01K)
LIT32E-04  8.6362E-05
LIBE+00R) (LLT1E+00X)
L40C02E-03%  3.890%E-035
LOOEQOX) (1.46E+00%)
LB810E-0F  5.73745-03
39E-01%) (3.40E-CG1X?

PRODUCT FaST

—~

L1SE+00%Y C(1.17EFOORY
LGBATE-05 4.0810E-09
LOZEFTORY (1.48E+000)
1-GROUP &.3807E-03 6.070BF-03

(2.99E-01%) (3.15E-01%)

THERMAL

I S e e |
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JAERI-M 89-201

===== TABLE ¥.8.V.7 REACTLOK RATES - VOILD = 45% FOR AM241 =====

BURNUF o GWDJT 50 GWO/T
¥H O OVE 0.4 1.3 0.6 1.1
A950RPT FAST G.000N0E+*00  0.D000E+00  1.45%0E-03 9.4311£-04
(2.DOE+00%) (Q.00£+090X> (2.85E-01X%) (2.23E-91%)

QESONANCE 0.9000E+906 0.0000E+00 5.1452E-03  4.7741£-03
0.00E+00%) (0.00E+00X) (4.36E-01%) C4.66E-0CTX2
THERMAL 0.00005+00 0.0000E+D0 2.5%30E-03 5.5575E-C3
0.00E+00%> (0.ODE+00%) (1.35E+00%; (9.24E-01%D
0.00GOE+0D  0.0000E+00  9.119%E-03 1.1272E-02
5.69E-01%)

(0.0QE+00Q%) (0.00E+0Q0XY (4.84L-01¥) (

1-GRIUP

FISSION FAST 0.0000EFQD  0.COCODE+OC  5.21245-04 3.9409E-04
(D.D0E+00%) (0.00E+00%) (3.362-01%) {3.62E-01%)

RESOMANCE 0.00COE+*00 0.0000F+00 4.03G35E8-0% 3.6773E-03
(0.0OE+0D%Y (0.00E+00%) (4.94E-01% (5.57E-01%)

THERMAL 0.0000E+00 0.0000F+C0  1.1837E-05 2.7376E-05
(G.00E+00%) (0.00E+00%) (1.34E+002) (9.74E-01%)
1-GRGUP 0.0000E+00 0.000DE+0D  5.734T7E-04 4.587208-04

(0.00E+00%) (0.00E+00%) (3.44E-01%) (3.33E-01%)

PROOUCT FAST 0.00005+00 0.0000E+00 1.3584%-03 1.3125E-03
(0.00E+00%) (0.005+00%) (3.62E-01X> (3.69E-011)
RESOMANLE D.000D0E+02  D.0D0CQE+00 1.2993E-04 1.1838E-04
(C.QQE+Q0%) (0.00E+09%3 (4.94E-01%0 (5.57E-01%2
THERMAL 0.0000E+00  0.0000E+C0  3.8479E-05 8.82458-0%
(0,00E+00%) (0.00E+00X%) (1.54E+00%) (9.74L-01%)
1-GROUP 0.0000F+00 0.0000E+00 2.0269E-03 1.6192E-93
(0.00E+00%) (0.00E+00%) (3.508-01%> (3.58E-01%)

===== TABLE V.B.v¥.8 REACTION RATES - VOID = 45X FOR AM243 =====

BURNUP 0 GWD/T S0 GWD/T

VM O OVE 0.4 i1 G.b 1.1

ABSORPT FAST 0D.0000E+QD  0.00COE+CD  1.6870E-03 1.2042E-03
(0.00E+00%) (0.00E+0D%) {(2.86E-01X) (2.87E-01%)
RESONANCE 0.0000E+00 C.00DQF+00 7.6225E-03 7.8973E-03
(0.00E+D0Q%> (0.0QE+00%) (3.24E-01%) (4,39€-01%2

5

1

THEAMAL 0.00002+00 0.0000E+00 .853a8E-03 1.1372E-G2
{0.00E+00%) (0.0DE+00%) C(1.86E+0Q%3 (1.32E+00X)
t-GRIUP .0000E+00  §.0000E+00 t.5173E-02 2,0&76E-02

(0.00E+00%) (0.00E+00%) (7.BVE-QLZY (7.93E-01%)

FISSION FAST 0.0000E+00  0.00GOE+Q0  5.2201E-04  5.21142-904
C0.00E+00%) (0.00E+00%) (3.638-01¥%) (J.63:-01%)

RESONANCE 0.0D0CE+00  G.0CO0E+Q0  7.3278£-05  2.4105E-05
(0.00F+00%) (0.00E+00%) (5.25E-01X) {4.64E-G1A)

THERMAL 0.0000E*Q)  0.9090F+00 1.6944E-05 3.2694E-C5

(0,00E+00%) (O.00E=00%) (1.83E+00%) (1.31E+00%>

1-GROUF 0.0000E+0C 0.COCOE+00 §.6223E-04 5.7794£2-04
(0.002+00%) (D.0CGE+IDX) (3.49E-01t%) (3.64F-014)

PRODUCT FAST 0.0000E+00  Q.0000E+CQ  2.2307E-03  1.878%9E-03

(0.0QE+ACE) {0.00E+O0%) (3.69€-01%) (J.r6L-01%)
RESOKANLE 0.000CE+00  0.000DE+Q0 7.47145-05 7.7370E-0C5
(0. COE+00%Y (0.00E+00%) (5.25E-01ZF (4.64E-01%)

THERMAL 0.0000FE+00 0.0000E+00 5.4382E-95 1.0493E-J¢4
(0.00E+OCY) (O.COE+00X) (1.83E+00%) (1.31E£+002)
1-GRCUP 0.0000E+G0  (.0000E+00  2.35998-03 2.0612E-03

(0.00E+GO%Y (0.00E+00%Y (3.56E-01%) (3.7JE-01%)

—111—



JAERI-M §9-201

———-- TASLF V.8.V¥.9 REACTION RATES - WDRID = 45% FOR TOTAL FISSION PRODUCTS =====

BURNUP 0 GWkD/T 50 GWD/ST

WM OSOVTE 0.6 1.1 0.8 1.1
ABSORPT FAsST G.0000E+Q0 0.00Q0DE=00  1.5797£-03  9.6747E-04
(Q.00E+00%) (0.00E+00%) (1.49E-01%Y (1.16E-01%)
RESOMNANCE g.000DE+D0  C.O00COE+00  1.9G83E-02 2.1620E-02
(G.00E+00%) {0.00E+00%) (5.05E-21%) (A.77E-01%5
THERMAL . 0.000CE+00 0.0000E+0C 5.06925-03  1.0077E-0%
(0.QGEFI0X)Y (D.O0E+00%) (1.39E+00%) (&.76E-01%)
1-GROUP 0.0000E+I0  0.0000E+GY  2.5732E-02 3.26658-02
(0. 00E+00%) (G.0DE+00%Y (5,28E-01%) (5.26E-012)
FISSTON FAST D.COGOE+DD  0.9CODE+OC  0.0000E+C00  0.00C0E+0D

(G.O0E+00%) {(0.00E+Q0%) {(0.00E+00%) (Q.90E+00%)
RESONANCE 0.00008+00  G.00COE+00  0.GOGOC+00  0.0000£+00
(0.00E+C0%Y (0.0CE+Q0X) (0.0CQE+00XY (0.04E+00%)

THERMAL 0.00G0E+00  0.0000E+0C 0.0000E+DC 0.0000E+D0
(0.00E+00%) (D.00E+00%) {0.00E+00%) (0.00E+QCK)
1-GROUP 0.0000E+D0  0.Q000E+00  0.0000z+30 0.0000E+04

0. 00EDO%) (0.COE+DO%) (0.00E+00%) (0.00£+001)

PRODUCT FAST 0.0000E+00  C.0ACOE+30 0.00CJE+C0  0.00002+00
(0.00F+00%)Y C0.Q0E+00%) (0.00E+00%3 (0.00E+00%)

RESONANCE 0.000G0E+00  0.0000E+00  0.000C0E+0C  0.0000E+00
(G.00E+00%) (0.00E+90%) (0.00E+00%) (3.008+00%3

THERMAL 0.0000E+00 0.000CE+00C 0.0000E+0G  0.000Q0E-+0D
(0.00E+00Y) (0.0OE+QOLy (0.00E+Q0%) (0.00E+00%)
1-GROUP 0.0000£+00 0.0000E+00  0.00COE+CD  U.0000E+Q0

(0.O00E+00%) (0.00E+00%) (0.00E+00X) (0.00E+00X)

—11Z2—



ABSORPT

FISSION

PAgoucT

ABSORPT

FISSION

PRODUCT

TAdLE v.B.vI.1

BURNUP
¥M 4 ONT

FAST

RESONANCE

THERMAL

1-GROUP

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-CROUP

TABLE V.B.VIL.2

BURNYP
VM VT

FAST

RESONANCE

THERHAL

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

JAERI-M 89-201

REALCTICGN RATES -

VOLD =

G GWD/T

5.08138-03
(2.67E-G1X)
7.5183E-03
(5. 18E-01%)
5.9803E-03
(4.528+00%)
1.38608-02
(3.615-01%)

LBT18E-03
LB3E-D1%3
S 1103E-03
L00E-014)
L 2172803
LATEF00K)
L0025£-072
JADE-DTRD

~ -~ ~
P T R

—~

1.20%8E-07
(2.62E-G1%)
1.2413E-02
(5.00E-01%)
1.0247E-04
(4. 4TE+Q0X)
2.4613E-02
(3.398-0120)

REACTION RATES -

1.1
L1436E-03
LBSE-01RD
LCa30E-07
JITE-01%)
L3012E-04
LATEEDDE)
.39128-02
LBS5E-01%

—~ ~ —~
[ N - BT I R |

4,1445E-03
(2.60E-01%)
4.9626E-03
(4. 89%E-017%)
1.7059E-04
(2.508+00%3
1.12786-02
(3.556-01%)

1.0327E-02
(2.60E-01%)
1.69116£-072
(4.8%E-014)
4.1432E-04
(2. 305+00%)
2.7652E-02
(3.53C-01%2

YLD =

0 GWi/T

2.7926E-01
(2.62E-01%)
2.0518E-01
(4.83E-01%
Z.96B7E-04
(4, 21E+Q0%2
4.8473E-01
(3.01e-01%)

£.00632-072
(3.92E-01%)
3.3479L-05
C2.61E+0030
2.3838E-10
(4 15E+007)
6.6697E-072
(3.%2£-01%00

1.8571E-01
(3.99E-91%)
T.THO4E-05
(2.61E+003%3
5.9933&-10
(4.150+00%)
1.857%6£-01
(3.99E-01%)

1.1

2.4402E-01
(2.65£-013)
2.3554E-01
{3.81e-901%2
1.0697E-03
(2.49E+00%)
4 80583E-01
(2.7BE-01%)

£.7980E-072
(3.88C-0130)
3.6105E-05
(3.00E+CO%)
9.5812E-10
(2.41E+00%)
6.80162-02
(3.88E-01%)

1.%013%E-01
(3.,99£-01%)
8.3758%-03
(3.00E+00Q%2
2.2178E-09
(2.41E+000)
1.3027E-01
(3.99E-01%)

—113—

0% FCOR U-233 =====
50 Gwo!T

0.6 1.1
3.1539E-03  2.7634E-03
(2.90E-01%) (2.785-0142
4., J546E-03  &.0841L-C3
(4, 31E-901%) (5.28E 0142
3.04182-05 1,29735E-04
(4, 37E+00%) (2.6RE+DOX)
T.238:E-03 B.979UE-03
(3.59E-01%) (4.10E-014)
2.52386E-03  2.2287E-03
(2.87E-01%) (2.73E-01%2
2.75658-03  4.0148E-03
CA_BIE-01%) (4. 99FE-01%
?.1474T-05 9.3153E-03

L4 2BE+00%) (2.57E+D0%)
S_3018E-03 8.3357E-03
(3.45E-01%) (3.78E-01%)

-

L5481E-03
LTRE-DTED
9.7510L-03
L99E-01E)
£-05 2.Z807E-04
E400%Y (2.57E+00%)
1.3015E-02 1.5528E-0%
(3.43E-01%3 (3.76E-01%)

)

90% FOR U-238 =====

30 GWO/T

2.7119E-01

(2.88E-91%) <
2.0738E-01

4011E-01
LTTE-QVED
LAB38E-01

~ RS e

(5. 06E-01%) (4.67E-0QL1K)
2.553%£-04  1.0387£-03
(3.95C0+00%) (2.44E+00X
4.7883E-01 4.8752E-01
(3.340-01%) (3.21E-01%2
6.4831E-02 ©.6751L-02
(4 10E-012) (4.23E-017)
3.29F4E-05  3.82218-35
(2_7BE+OO%) (2.6BE*QDXY
7.2300E-10 9.2749E-10
{3.880+00%) (2.34E+00%0
6.4863E-02 6.6789E-07
(4. 10E-0%%) (4.23E-01%)
1.8040E-91 1.36735-01
(6. 26E-01%) (4.31C-0130
7.64930-05 B8.8845E-05
(2.73E+GOZY (2.6EE-00X)
5.17253E-10  2.°513E-09
(3.88E+00%) (2.34%+00%)
1.8067E-01 1.868%2E-01
(4.26E-01%) (4.30E-01X)



TAELE v.B.v1.3

EURNUP
VM OLOVE

RESONANCE

THERMAL

FISSION FAsT
RESONANCE
THERMAL

1-GRJUP

PRGDUCT FAST
RESOMANCE
THERMAL

1-GROUP

TABLE ¥._.B.¥[.4

BURNUP
VMo OVE

ABSORET FASY
RESONANCE
THERMAL

1-GROUF

FISSION FAST
THERMAL

1-GROUP

PROGUCT FAST
RESONANCE
THEHMAL

1-GROUP

TAERI-M 89-201

REACTION RATES - VOID =
B GWDB/T
0.6 1.1

L5624E-01 0 1,
L9GE-01X) (2.
LOZ227E-01 0 1.
LI0E-017) (4.
L6BTOE-Q3 T
CBYE+QOGXK) (3.
L2018E-01 0 3,
L3BE-0TEY (5.

1354£-01
550-01%)
9384z-01
S55-01%

0464E-03
BRLA00%)
1822E-01
41E-017%3

—~ —~ —

[T Ry e

—~

1.33326-01  3.9701E-072
(2.56E-01%) (2.55¢-01%)
8.9978E-02 1.0935E-01
(5.29F-01%) (4,74E-01%3
1.224BC-03  4.9970E-03
(5.39E+00%) (2.81E+00%7
2.251¢E-01  2.14058-01
(3.13F-01%) (3.23E-01%)

3.9763E-01 2.9733E-01
(2.95E-01X%) (2.54e-01%)
2.5921E-01 3.15028-01
(5.29E-01%) (4.74E-D1%2
3.5276E-03 1.4393E-02
(5.39€+00%) (2,81E+00%)
6.6039E-01 6.2875E-01
(3.11E-01%) (3.23E-010

REACTION RATES - ¥0ID =
0 GWD/T
0.6 1.1
2.BTA4E-02  2.2170E-07
(2.37E-01%) (2.54C-01%)
2.9920£-02 3.5289E-02
(7.26£-01%) (7.19E£-01%)
2.1944E-03  9.2119E-03
(6, 27E+Q0%L (2.66E+030%)
8.0858£-02 6.6651£-02
(5.03E-01%) (5.97E-01%)

1.6395€-02 1.3402E-02
(2.84E-01%) (2.778-Q01%)
1.4233E-03 1.3623E-03
(7.63E-01%) (A.ABE-QU1X)
4.4666E-07 1.8529E-06
(5. 0HE+00ZY (2. 61E+020X;
1.781%g-02 1.
(2.84E-01%) (2,

4THHE-DZ
THE-01%)

4,9599E-02 4.0754E-02
(2.86F-0%%) (2.79E-01%)

3.9627E-03 3.7925E-03
(7.63E-01%) (A.88E-01X%
1.2435E-06 5.1580E-06
(6.0RE+00%) (2.51E+00%)
5.3563E-02 4.4352E-02
(2.85E-01%) (2.77E-01%)

—114—

a0x

50

o2
o

1.4075%E-01
(2.81E-21%)
1.53045-G1
(5.65E-012)
1.5919E-03
(5. 44E+00%)
2.9543E-01
(3.78E-01%)

LINAAE -G
ST9E-0LR
S49780-04
LTAE-D1%)
L1435E-03
LOZEFQUR)
LOBTTE-G
LATE-01ED

~ —~ -~
[ At

2N

3.5826E-01
(2.78E-311K>
2.4480E-01
(5.74E-012%)
3.2940E-03
(3.02E+00%)
6.0636E-01
LARE-D1X)

29% FIR PU24

L9497E-02
LP9E-01%D
. 1668E-02
L9BE-012)
LBTSTE-D3
LBAEH00KD
L3035E-02
L87E-01H)

~
o

—~ —~ -
s N O

1.8828E-G2
(3.045-01%2
1.497F2-03
(7.20E-G1%)
3.8330E-07
(5,55E+00%
1.8328E-02
(3.008-01%3

5.0%035E-07
(3.07E-01%)
4, 1699E-C3
(7.20E-01%0
1.0671E-00
(5.35E+00%)
5,5084E-02
(3.01E-01%3

FOR PUZ33

GWDAT

1.1

LFA1HE-02
LFOE-D1X2

1.684C1E-01

LB1E-D1HD
L3280E-03
LIBEFODED

2.5776E-01

— —~
[ N N =

o~

L80E-01%)

LS401E-02
LBBE-T1%)
L1126E-02
LO1E-0110
L3B14E-03
L3400
LFO91E-01
LHOE-D1ES

L 2486E-01
LBEE-DTHD
LB250E-01
LO1E-01%3
L2521FE-02
LHSEFODXD)
L9999%-01
LSTE-01Y)

.0479E-02
STAE-01RD
.5843E-02
B&E-012D
LG504E-03
JFAERQRD
L62228-02
LBSE-0TH)

L2333E-02

CreE-01%2

L3219E-03
LO0E-01%2
.602%E-086
LPOE+OOX)
L3656E-07
LABE-DTRY

LPS01E-92
LO9E-OTHY
LBBG2E-03
LIOE-O1%Y
L45208-08
LTOE+00%Y
.1135E-072
LOTE-0D1ED



TABLE v.3.¥{.5

BURNUP
VM S T

ABSORPT FAST
RESOMANCE
THERMAL

1-GROUP

FISSICN FAST
RESONANLCE
THERMAL

1-GROUP

PRODUCT FAST
RESONANCE
THERMAL

1-GROUP

TABLE V.B.VI1.6

BURNUP
¥M 7 OVF

ABSORPT FAST
RESUNANCE
FTHERMAL

1-GROUP

FISSION FAST
RESONANLE
THERMAL

1-GROLP

pPROCUCT FAST
RESONANCE
THERMAL

1-GROUP

JAERI-M 898-201

REACTION RATES - NOILD =
0 GWwD/ T
0.5 1.1

3.4048E5-02 2.4837E-02
2.635E-01%4) (2.61E-01%)
3.8595¢-02  4.8988E-97
5.BTE-01X) (3.39€-01%)
4.0072E-04  1.35156-03
4. 3FE+00%Y (2.99E+00%)
7.3064E-02 7.5217%-02
3.T4E-01%) (3.97E-01%)

2.9215L-02 2.1369E-02
(2.63E-01X) (2.60E-01%)
3.0010E-02 3.7789E-02
(5.586E-01%> (5.27E-01%2
3.23505E-04 1.1151E-03
(4. 3DE+00X) (2.65E+0010
5.9550E-02  5.0252C-07
(3.61E-01%) (3.31E-013)

8.7596E-02 ©5.4268E-07
(2,62E-01%) (2.353C-01%0)

5.8004E-02 1.1078E-01
(5.56E~-01%) (5.27E-C1%>
5.5313E-04 3.265%6C-03

(4. 30E+00X) (2.85E+00%)
1.76356E-01  1.78290C-01
(3.59E-01%) (3.78E-01%)

REACTION RATES - VOID =
0 GwWO/T
0.5 1.1

6.9600E-03 5.4176E-03
(2.60E-01%) (1.%0E-01X)
6,23290-03 6.97B9F-03
(7.79E-01%) (83.30E-01%2
1.0281E-03 3.8436E-03
(7LIBEH00XY (4, 328+00%)
1.4221E-02 1.5240E8-072
(6, 80E-01%) (1.118+00%)

3.6753E-03 3.0694£-03
(2.99E-01%%) (2.03E-01%)
5.1892E-05 5.1690E-05
C1.138+00%) (1.30E+0020
T.5493E-07 2.7927E-06
(B.B3E+00%Y (4.04E+000)
3.7279€E-03 3.1239E-03

(2.97E-01%) (2.0%E-01X3
i.12658-02 9.
(3.0TE-01XY (2.91E-01300
1.4573E-04 1.4450C-04
(1. 13E+003) (1.385+00%)
?.11%8E£-06 T7.8I13E-04
(6.83E+0D%) (4.05E+00%;
1.14136-02 G§.3633C-03
(3.00E-91%) (2.88E-01%2

4109E-03

—115-

90% FOR PUZ231

50 GWD/T

3.33388-072
(2.BVvE-01%)
4.15142-072
JAT1E-D1EY) (
L0311E-04

4,51E+00%) (2.528+00%)
v.7252C0-02 L3545E-02
3.T3E-Q15Y {4.19E-C1X)

L1413E-02
LTBE-01E
L52158-072
LE9E-0T )

LITYTE-Q2

~

DR e W O oro L

3.0318E-02 2. -
(2.86E-01) (2. 1
3.2273E-02 5.0326E-02
(5.31E-01K> (5.30E-01%:
3.2444E-04  1.517TRE-D3
C4.39E+00%) (Z,4TE+Q0Y3
5.2914E-02 7.B8386E-07
(3.91E-01%» (4,.01E-01%)

023

rmos
wiFal]

o
~ 2

e

4

- =

[w

9.0905E-02 8.1271E-02
2.85E-01%) (2Z.73E-0142
9.4541E-02 1.4758E-01
5.31E-C1%) (5.3QE-0Q1%3
9.5135E-04 4.4502E-03
4. 39E+00%) (2.47E+00HS
1.85850E-01  2.3329E-11
3.58E-01%) (4.00C-Q1%

90% FOR PUR42

50 GWD/T

L4254E-03 SI917E-D3
BOE-01%) (2.TRE-91X)
L9651E8-03 LEE93E-03

5

2

7
S065-01%) (B.73E-0120

3

4

~

L 2643E-03 LB57GE-03
L22E00%) (4.41E400%
J3655E-02  1,8039E-07
JTPE-0LEY (1. 10E+30%)

a~

~
B BN <N A =

-43
143

.33498-03 2,936
J1BE-01%) (3.
.0199€-05

3
3
2
{1.16E=00%) (1.
3
&

=]
n

) ad

)
oo oen oo

Do D D

LRy
=T A=
o

MO

wn

w
[

PR R |

e O

L0i12e-07
LBAEX00%Y (4.
3.4460E-03 2.
(3.17E-0%%) €5,

[ T R I
L
D omocx
|

Mmoo

(RIS PSS )

1.0406E-02 9.
(3.20E-01%) (3.25€-011)
1.4097E-04  1.4820GE-04
(1.16E+00%) (1.0B6E+QO0Y)
2.5304E-06 7.4594E-06
(6. 84E+00%) (4, 14E+00X)
1.95530E-02  9.1928E-03
(3.19E-01%) (3.21E-91X

N392e-03



===== TABLE ¥.9.v{.7

ABSCGRPT

FISSI0N

PRODUCT

BLANLP
VM S OVF

FAST

RESUKAMCE

THERMAL

1-GROUP

FAST

HESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

===== TABLE V.B.VL.8

BBSORPT

FISSION

PRIDUCT

BURKNUP
VM S VF

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANEE

THERMAL

1-GROUP

JAERI-M 86-201

REACTION RATES - vOID =

a9 GkDIT
0.6 1.1

0.0CO0EFOD  0.0000E+00
(O.00EFr00XY (U.0DE+Q0R)
0.0COGE+QG  0.000GE+00
(D.00E+00%) (0.00E+00%)
0,0000E+00 0.00Q0E+00
(0.005+00%) (0.00E+00%)
0.0000E+00  (Q.00CGOE+0Q
(0. D0E+00%)Y (0.00C+00%2

C.O000E+00  0.0000E+00
(0.00E+00%) (0.00E+CO%)
0.0C00E+00  0,0000E+00
(0.00E+0G%Y (0.00E+Q0X

0.0000E+00  0,0000E+00C
(0. 00E+00%) {0.00E+00%)
0.000CE+00  0.90CCE+QD
(3.00E+00%) (0.00E+Q0%)

0.0000E+Q0D  0.0000E+0D
(0.00E+00%Y (0.00E+DOX)
0.0000E+Q0 Q.J000E+Q0
(0,00E+QO0%) (0.00E+00X)
0.0000E+00  0.000Q00E+00
(0LO0E+00%) (0.00E+00X)
¢.0000E+0D  0.0000E+00
(0.002+00%> (0.00E+00%)

REACTLON RATES - VOID =

0.0000E+C0  C.00Q0E+QQ
(0.00E+00%) (0.00E+00%)
0.0000E+C0 ©.0000E+Q0
(0,00E+00%y (0.00E+00X)
0.0000E+00 0,0000E+00
(0.00E+0CXY (0.00E+Q0X)
0.0000E+G0  0.0000E+JD

(0.00F+00%) (0,00E+00%)
0.0000F+00  0.0000E+0D
(0.00E+00XY {(0.00E+Q0X)
0.0000E+00  0.0000E+00
(0.00E+00%3 (0.00E+Q0%)
0.0000E+00  0.9000E+00
(0. 0CE+00LY {0.00E+J0X)
0.000CE+00  0.0000E+00
(0.00E+00%) (0.00E+00%)

O.000AE+DD D.QQ00E+00
(D.00E+002%) (0.00E+00X)
0.0000E«00  0.0000E+00
€0 . QDEX00%) (0.90E+00%)
0.0000E+00 0.CO00E+0D
(0.00E+00%) (0.00E+C0OX)
0.0000E+G0  0.0000E+00
(0.00E+00%) (0.Q0E+00X)

— 116~

29% FOR

54

gsown
YL}
i
(=3
e > B )

e
Ead

Lo B3 e

moS M
O
m < m S o

(="

B I S R i |

nY e O
=
e

LIOEROD%S

L9923E-03

LB5E-D1HD

.9182E-04
L32E-01ED
L2715E-03
LATE-018)

7.3089E-07

90% FOR AM24

2.
5.
5.

L22252-03
(5.

(5

(a.

L3

3

L05E+COND
S25375-04
L23z-01%)

L4510E5-03
S30E-015)
L0547E-04
LATE-01%)
.3560E-06
LOSEF00%]
.5588E-03

L2TE-OR

50

.3495E-03
acE-01%)
L2166E-03
THE-O1%D
L9642E-04
IGE+00L

25E-01%)

L10842-04
(3.

FEE-01%)
L5930E-00
LB0E-01%)
.3306E2-00
TLE+DDY)Y
. C81TE-D4
L34E-01R)

LBB12E-03
LEAE 01D
L1132E-05
LBOE-D1X)
L2899E-00
LT1EHDOXS
L95056E-03
L3IE-01%D

AM241

GWO/T

2
2.
4
(4,
6
(2.

3
(4.
(3.

(3

L3545E-03

TAE-C1ED

LFGBY9E-03

E9E-01%2

L8403E-04

ASL+00%)

L8381E-03
LT2E-01E)

L0Bast-04
LA2E-01%)
L9710E-05
LB1E-0%
C1104E-G8
LOeE+00%)
L 49a5E-04
S3lE-0t

L 1569603
LA4E-D1%D
L 2801E-04

TE-01%)

L0028E-05

DGE+00%)

L2950E-03
LIAL-01%

GWD/ T

(2.
(5.
<3

(7.

3.
{5,
3

(3

{3.
(5
(3.

3

LOO005E-03

THE-01%)

L5903E-03

196-01%)

L9921E-03
L82EFD0X)
L25838-072

68E-01%2

T.B6592E-04

S1E-01%)

L3185E-03

2RE-01H)

LTOO8E-08
LIEEFGOYD
154BE-04
L48E-01M0

L815318-03

52E-01%)

L4413E-05
L22E-DEED
L8518E-05

TBE+QODX)

.9030E-03
LIDE-DTHD



ABSCRPT

FISSICH

PRODUCT

TABLE v.B.v1.9

BURNUP
VM [ VF

FAST

HESONANCE

THERMAL

1-GROUFP

FasT

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

REACTION RATES -

JAERI-M 89-201

VL0 =

T GWD/T

LCOCOE+CD
LOOE+DOXD
LOQD0E+D0
LO0E+0QK)
LQ000E+0D
LQOERT0ND
LQIG0E0D
LOOE+DOE

0.0090E+00

LO0EFQ0X)

3.0000E+D0

LO0EYDORY
LOR00E+DG
LOOE+QDEY
L0000E+00Q
LOOEFDOED

L0000E+FQD
LO00E+D0%)
LOGOCE+O0
LOCE+DGEY
L0000E+0D
LOOE+Q0X)
LQOCOE+D0
LODE+0QX)

1.1

D.000CE+00
LQUEFO0E)
0.0000E+00
LO0EF DO
0.3000E+00
LO0E+D0%)
0.00008+00C
LOCEF00XK)

0.0QCOE+DD
LO0E+00%}
0.0000E+00
LO0ESDOK)
0.0000E+GO
LO0E+30R)
0.00G3E+00
L00E+ODED

0.0000E+0D
(0.00E+00%)
D.0000E+DD
{U.00E+0Q%)
0.0000E+090
(D.0QE+007)
0.000GE+00
(0.005+00%)

—117—

agi FOR

0.6

L3890E-03
L39E-01%)
LB233E-03
LTRE-OTRS
L818530-04
L3HEHDDES
L4034E-07
L25E-01%)

SRS RV R Y]

et O

-~

¢.0000E+FDD
L00E+00X)
0.0000E+0D
LODE+ODN)
0.000CGE 00
(0,00E+00%)
G.0000E+00
LOGE+0UXS

0.0000E+Q0
{0.00E+00%)
0.0000E+Q0
(0.00E+00%2
G_0000E+3D
(0.0QE+00%)
0.0800E+0D0
(0.00E+00%)

TCTAL FESSION

50 GwD/T

i.1

OfB3E-03
L20E-D1ED

1.3914E-07

LATE-D%)
L13408-43
LTAESDORY

1.8125E-06¢

J34E-D1R)

LOG0QE+OD
LOOEFQOED

0.0000E+00

LODC+DONY
LDO0QE+QD]
LOO0E+D0)
L000DE+QC
LOGECOCE

LOCGOERRD
LQ0E+0922
.000OE+QTY
LO0E+02%)
L0O0CE+OD
LO0ESQ0E)
L0000E+0D
LO0E+00%)

PRODUCTS



ABSIRPT

FISSIONM

PROGUCT

A350RPT

FISSI0ON

PRODUCT

TABLE v.B.VIi.1

SURNUP
VM [ OVF

FAST
RESONANCE
THERMAL

t-GROUP

FasT
RESONANCE
THERMAL

1-GROUP

FAST
RESONANCE
THERMAL

1-GROUP

TABLE v.B.¥I[I1.2

BURNLP
VM [ VF

FAST

RESONANCE

THERMAL

1-GROUF

FAST

RESOKANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

JAERI-M 89-201

REACTION RATES -

KAIRRY,

0 GWD/T

LBA2FE-03
LBGE-O1E
L0053E-03
LTSE-01 R
L33CBE-C6
L23EF01ED
L2651E-02
S17E-01%)

—~ -~ ~
[ R Y ]

-~

6.8482E-C3
LBTE-D1XD
2.8387E-03
(3.68E-01%2
1.665685-05
AR R
9.6883C-03
L08E-012)

1.6931E-02
(2.86E-01%)
6.8950E-03
(S.68E-D1K)
4.04739E-06
(2.21E+01%)
2.3830E-0%
(3.06E-0130)

REACTION RATES -

3.8491E-01
LBBE-O1XY
1.3973e-01
LS1E-0TRD
1.2462E-03
L2290 01%)
5.2465E6-01
LA0E-D13%)

7.00F0E-D2
(4.16E-0143
2.1619E-03
(3.25E+00:0)
9.9980E-12
(2.20E+01%)
7.00926-02
4. 16E-01K

1.95068-01
(4.21E-01%)
5.0153E-05
(3.24E+00%)
2.3192E-11
(2.20E+071%)
1.9911E-01
(4. 21E-01%)

GwWl/T

1.1

9.1118E-03
(3.10E-01%)
4.6205E-03
(7.41E-01%)
T.37565-06
C1.498+01%)
1.3740E-02
(3.95E-01%)

T.2111E-03
{(3.07E-01%2
3.2329€£-03
(7.34E-01%)
5.4260E-00
(1.44E+01%)
1.0469E-02
(3.80E-01%)

1,7330E-07
(3.06E-01%0
7.9012E-03
(7.34E-013)
1.3178E-03
(1.448E+01%7
2.5744E-02
(3.77C-01%)

Y019

1.1

4.0714E-01
(3.09C6-01%0
LA855E-91
LS5BE-01%)
L01488E-405
LGBE+01R
L5573E-01
L52E-01K

—_

[E R

~J

. 4046E-072
.07E-01%)
L34T7TE-05
L22E+00%)
LS001E-11
LAHE+DTED
L408GE-07
LO7E-018)

e R U Z¥RL S =

L0695E-01
LIAE-QTED
L4466E-03
L22EH00%S
LT185E-11
LABEFD1ED
2.0701E-01
(4. 14E-0G1%0)

]

RN SRR NI Y

i

—118 -

u

23% FOR U-233

50
0.6

4,5221E-03
(3.07E-013%)
2.2136€-03
(6.67E-01%3
7.8836E-07
(3.02C+01%)
6.7364E-03
(3.62E-01%)

3.5808E-03
LOZE-01K)
1.5672E-03
LITE-DLID
S.3617E-0G7
LBTYE+O1ZD
5.1484E-03
LS0E-01)

8.8510E-03
3.02E-01%3
3.8067E-03
6.57E-01%)
1.3021€-0%
2.8TE+01X)
1.2639E-02
3.48E-012)

59% FOR L-

50

3.75806E-01
LORE-O1HD
1.4385E-01
L2HE-O1XD
T.9938E-08
LBOE+D1R)
5.20728-01
L3TE-01K)

L77B1E-Q2
LBIE-DTED
.2288E-03
LVISEFDOID
6.77T0RE-12
2.79E+FDLED
B.78042-072
3.R3E-01X)

1.23658-01
L9TE-01R)
5.17028E-05
L35E+00%D
1.3705E-11
LTREFDND
1.8870E-01
L91E-0130)

GwD/ T

4.3946E-03
(2.63E-01%)
2.7859E- 03
(5.34E-01%3
1.6565E-06
(2.10E+01%
T.TB21E-13
(3.16C-0%%)

3.9479E-03
(2.60E-01%)
1,9596E-03
(5.25E-01%)
1.2314E-C86
(2.13E+01%)
5,9088E-03
(3.05E-01%)

9.7583£-03
(2.508-01%)
4.7598E-03
(5.25E-0G1%)
2.99G66L-05
(2.13E+01%)
1.46321E£-07
(3.03E-011)

GWDR/T

4.0850E-01
(2.67e-01%)
1.6117E-01
(5.128-01%2
1.4642E-05
(1.89E+01%)
5.6378E-01
(2.94E-01%)

L2741E-012
L2TE-G1ED
L5520E-0%
LBaEr0QEd
L3583E-11
L82E+01%3
L2TETE-D2
J21E-01%

~ —~
B R

=

2.0314E-C1
L3SE-OED
5.9203E-05
LH4ED0%)
3.1508E-11
B2EHD1ED
2.03720E-01
L35E-0LID



ABSCRPT

FISSION

PROBGUCT

ABSORPT

FISSI0N

PRODUCT

TABLE V.B.VIL.3

BURNUP
YM / VF

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

TABLE v.3.vII[.4

BURNUP
VM OVE

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GRGUP

FAST

RESONANCE

THERMAL

JAERI-M 89-201

REACTION RATES -

2.1496E-01
(2.64E-01%)
B.1601E-02
(5.98E-01%2
3.4474E-03
(3.05E+0130
2.9660E-01
(3.01E-013)

1.8155E-01
(2.92E-01%>
4.5127E-02
(5.02E-0D133
2.82372-05
2.THEFDIR)
2.2670E-01
(2.83E-01%)

5.3601E-01
(2.62E-01%)
1.3001E-01
(6.02E6-012)
8.1338E-05
(2.74E+01%)
6.6610E-01
(2.81E-01%)

REACTION RATES -

3.71038-02
(2.68c-01%)
1.4838C-02
(8.83E-014)
3.9023E-05
(4, 17E+01%)
5.1980E-072
(3.16L-011)

1.8639:-02
LO1E-O1%)
5,8023E-04
(9.13E-0110)
8.3684E-09
(3.85E+01%
1.9619E-02
(3.01E-01%

5.6103E-02
(3.03E-01%
2.7291E-03
(9.13E-01%
2.3295E-08
(3.85E+01X)
5.8832E-02
(3.01E-01%>

vaID

SWO/T
1.1

LB433E-01
LO02E-0130
.1539E-02
LBAE-017)
1.3816E-04
1.36E+000
2.76C0E-C1
3.76E-CiR

-] €O L b

1.63838-01
LO9BE-01%2
4.53032-Q72
LBBE-U1ED
1.07&6%E-04
LASERDLED

2.0923E-01
(3.41E-01%)

4.83798-01
(2.97E-01%)
1.3051E-01
(7.66E-01%)
3.1021E-04
C1.45E+0G1%K)
6.1402E-01
(3.38E-01%2

YO LD

GWODJT
1.1

3.3548E-02
L02E-01%)
1,4803E-07%
LITE-OIED

2.1030E-C4
(2.10E+01%)

4.8565E-02
LE0E-OTHY

LBTOZ2E-02
S23E-01)
LBTATE-0D4
LOTE+0OR)
L3294E-08
LOTE+O01E)
.7588E-072
JI8E-Gins

5.0351E-0¢2
L24aE-0t
2.47096-03
1. 01E+00%)
1.2052E-07
LO1ErOLEY
5.28228-02
1880122

—119—

= 997

54

1.8515E-31
(2.985-01%)
(. 8737E-02
CH.FBE-DLID
2.3021€-03
(2.52E+015D
2.73%16£-01
(3.37E-01%>

1.0464E-01
(2.828-013%7
4.3636E-072
{5.71E-C1¥%)
1.8909z-05
(Z2.60E+01%)
2.0830E-01
(3. 13E-01%)

4.8602E-01
(2.90E5-011)
1.2371E-01
(6.71E-01%)
5.4488E-09
(2. 60E+01%)
6. 1179E-01
(3.11e-01%y

= 949%

50

3.8248E-02
(2.898-013
1.6192E-02
(7.73E-01%3
5.4751E-05
(4, 15E+01%)
L4894E-02
LSBE-DTED

[PV}

S9110E-D2
LO0CE-01%)
.0B89E-03
LI0E-01%3
.1095E-08
LASE+0TEY
0179E-02
LE9E-D1HD

~ —~ —~
M) L D e (e

5.7510E-072
S0DE-01K)
LBFGTE-03
(9.30E-01%)
L.088T7E-08
(3.99E+01%)
LO485E-02
(Z2.99E-01%)

(3%

L

=8

FOR pU240

FOR PU23Q s====

GWD/ 7

1.2937E-01
(2.56E-012)
7.02835E-072
(5.67E-01%
3.3075E-05
(2.35E+013)
2.1%94E-01
(3.06E-01%)

1.2583E-01
(2.548-01%3
3.8898E-072
(5.87E-01%
5.8729L-95
(2. 16E+01X)
1.6479E-01
(2.84E-01%)

3.7146E-01
(2.53E-01%)
1.1296E-01
(5.87E-01%)
1.6918E-04
(2. 10E+01%3
4.8389E-01
(2.83E-01%)

GWio/T
1.1

J.1386E-02
(2.61E-01%
1.5352E-02
(7.25E-011%»
1.0033E-04
(2.28E+0130)
4.6839E-02
(3.50E-01%)

1.5448E-02
(2.94E-0100
B.G968E-04
(3.77E-011)
7.0408L-48
(2.22E+01%)
1.63556-02
(2.94E-014)

4.6548E-07
(2.988-01%)
2.3328E-03
{(3.77E-01%)
3.68128-08
(2.23E+01%)
4.9078E-02
(2.97L-01%)



ABSORET

FISSICN

PROJUCT

ABSORPT

FISSION

PRODUCT

ABLE

[

V.B.VILLS

BLURNUP
VM VF

FAasT

RESONANCE

ITHERMAL

1-GROUP

FasT

RESUNANCE

THERWAL

1-GROUP

FAST

RESONANCE

THERMAL

TagLE v.B.¥I1.%

BURNUP
VM VF

FasT

RESONANCE

THZRHAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

FAST

RESONANCE

THERMAL

1-GROUP

JTAERI-M 85-201

REACTION RATES

0

4.80928-072
(Z.68E-01%)
?.0102E-07
(5.75E-01%)
1.4980E-05
(2.50E+0 123
6.8211E-072
(3.13E-C1)

4.1078E-02
(2.586E-01%)
1.5854E-02
(5.65E-C1%0)
1.2342E-05
t2.45E+012)
5.6944E-02
(3.0868-012%3

1.2263E-01
(2.66E-01%)
4.6498E-02
(5.65E-01%)
3.6192E-05
(2.45E+01%
1.6917E-01
(3.05E-01%)

8.9523E-03
(2.71E-01%3
3.5521E-03
(6.95E-01%)
4.,2718E-05
(3.,05E£+01%)
1.2548E-072
(3.370-01%)

-
[

ho037E-00
(3.20E-0130
3.0839€-05
C1.32E+00%)
3.0930E-08
(2.9062021%)
4,0680E-03
(3.19E-01%)

1.23388-07
(3.20E-01%)
8.6607E-05
(1.32E+00%)
3.6852E-G8
(2.50E+C1X)
1.2425E-472
(3.20E-01%)

- ¥0Id

GWh/T

1.1

4.,35375C-07

(1.
5
(3

1.
3.
4,
(7.
7.
(1.
1.
(3.

LOB8E-01ED
L0010e-072
L42E-011)
.B442E-05
LSEE+O1ED
L3B26E-07
LB3E-01%)

LT213E-072
LO0BE-013)
L5TS9E-Q2
L3TE-D17D
LA0AS5E-D5

54E+01%)

L3006E-02
LTAE-01%

1110E-01
OSE-0123
52175-012
37E-01%)
9390E-03
S4E+01%)
5741E-01
T1E-01%)

LT423E-03
LFOE-01%3
L5271E-03
L2BE-D1ED
L2639E-04
CITEFOLED
L17ssE-02
LBTE-D1H)

3.6282E-03

L28E-01%)
L0S43E-05
LT0EEQ0E)
L25235E-08
LDSEFOLED

3.6988E-03

(3

1

(2.

t3

LJREE-01HD

.1088E-02
LATE-Q1R

L5344082-05
LT2EH00X)
.5883E-CT

Q5E 012D

L1154E-072
L3BE-01ED

—120—

= 989% FOR PUZ41

"

5.0343€-02 3
LQaE-01%2
LP162E-02 2.
.59E-01%)
L0E8RE-05 2.
LEPEFDTED
L25165-02 8.
LS3E-DED

— i~ -~
[N SIS B = SRRV I SRS

o~

39%

{4

3.71935-03
LIEE-DTRY
3_1783E-05 3.
L55E+00%)
1.7181E-98 7.
L30E+01)
3.7512E-03 3
LI3E-D1ED

4.
L14535E-02 1.
(3.

L2928E-02 4.
02E-01%) «
LTeT1E-G2 2,
LS3E-01%0
.7350E-06 1
LTHEF01E)
LB46¥E-02 T,
LAST-DTE)

L2E3NE-01 1
LO1E-018)
.1237E-02 6
L338-017%0
L3613E-05 5.
YRS
.7958E-01 2
LA3E-017Y

L3071%2-03
L93E-01%)
L4813E-03

LS1E-D1%Y (
.3260E-05

LE&ER01Z)
L1812E-072
LADE-O1%)

50 60/ T

LBYFAE-D2
(2.61E-01%)
3235E-07
28E-01%)
3660GE-03
9TFE+012]
4432E-02
LO7E-01ED

(s,

(1.

(3

T94£4E-02
.BOE-D1%2
2221E-02
14E-01%)
LABALE-DT
L1EFUTHD
0184E-07
QOE-01%)

(5.
(1
(3.

LA309E-01
(2.59E-01%2
.516%E-02
16E-01%)
5548L-05
J1E+D1X)
2.0832e-01
(2.98E-01X)

(5.

1.

FOR PY24z2

50 GwWD/T

L9R2YTE-03
LB65E-01%)
.7491E-C3
L82E-0110
L0225E-04
LBBEFO1ED
LA7B1E-072
.958-01%2

O e e A B

S

(oY)

L4815E-03
(2.18E-01%>
1949E£-05
LATE+OOXD
1577E-08
(2,370+01%)
.5136E-03
(3.15E-01%

1

LGBSTE-07
(3.21E-01%
LB7TBE-O5
LATEXD0X)
.00%9E-07
(2.57E+013
Q747£-02
L18E-01%)

Ci

136-01%) (3



TagLE v.8.wIL.Y

BURNUP
VM OONT

ABSORPY FAST
RESONANCE
THERMAL

1-GROUP

FIS3S1UN FAST
RESONANCE
THERMAL

1-GROYP

FAST

RESOHANCE

THERMAL

1-GROUP

TABLE V.B.¥II.3

BURNUP
VM OWF

ABSORPT FAST
RESONANCE
THERMAL

1-GROUP

FISS1UN FAST
RESONANCE
THERMAL

1-GROYP

FROOQUCT FAST
RESONANCE
THERMAL

1-GROUP

JAERI-M 89-201

BEACTION RATES - VDID =
0 GkDIT
1.1

0.0000E+00
(3. 00E+Q0%
0.0000E+00
(0.00E+00%}
0.0000E+0D
(0.00E+0O%)
0L,0G000E 0D
(0.Q0E+00X)

C.0000E+CD
(0.00C+00%
0.0000E+00
{0.00E+00%)
G.00G0E00
(0.00E+00X)
0.,0000E+00
(0.0DEFQCR)

0.00C0E+Q0
(0. 00E+O0XES
0.0000E+00
(0.00E+00%D
0.GOB0E+D0
(D.00E+00%)
0.0000E+0QQ
(0.00E+002)

0.0000E+0Q
(0. 00E+00%)
0.0C00DE+OD
{0.00E+00DX)
D.00R0E+FCD
(0.O0E+GOX)
0.0000E+0G
(0, 00E+00L)

0.0000E+00
(0.00E+00%3
0.00G0E+0D
(0. 00E+09K)
0.0000E+QD
(0.00E+00%)
0.000AE+GD
(0.O0E+D0%)

0.0000E+D0
(0.00E+D0O%)
0.0000E+00
(0.00E+D0%
0.9000E+Q0
(0.00E+00%7
0.0000E+00
(0.00E+Q0R)

REACTION RATES - vOID =
0 GWD/T
0.6 1.1

G.0000E+0Q0
{0.90E+00%)
0.00005+00 0.000DE+00Q
{0.00E+00%) (0.COE+QOXY
D.00CIE+00  0.0000E+0D
(0.00E+00XY (0.00E+00%)
0.00A0E+00  D.0000E+0D
(0,002+30%) (0,00E£+00%)

0.0CO0E+QD
{(0.0CE+D0X)

L0Q00E+00  0.C000E+00
LOOE+CO%Y (0. D0E+D0%D
LOO00E+QC 0.0000E+00
LOGE+O0RY (0.00E+00X)
LO0R00EFDD 0,00008+00
LOOE+00X%Y (0.C0E+00XD
LOQ09E+00  0.0000E+00
LO0E+A0KY (0.002¢00%)

~

-~ ~
O D O SO D O

~
(=)

LOO0ODE+FG0
LO0EFOGED
L000E+D0
CGOE+G0X)
L0000E+OD
LO0EFDOX)
.BOGOE+00
D0E+90%D

0,00G0E+00
(0.0CE+OOXD
0.0000E+00
(0.00E+CO%)
0.0G00E+DD
(0.005F00%) <
0.oo00gscd U0
(0.00E+00%Y (0.

—~ ~
[T sl R em B o I e B o)

—121—

961 FOR AM241

50

4,3152t-03
(3.04E-0C110
2.9565E-03
(6.34E-011)
h.22728-00
(3.25E+010)
B.4159E-03
(3.32E£-01%)

T.453520-04
(3.25E-0110
1.9426E-05
(6.25E-01%7
1.7875E-08
(3.93E+01%0
7T.6496E-04
£3.20E-0132)

2.
(3.
6,
4P

63432-03
25E-017%)
2629E-05
A6E-017)

5.7620E-08
(3.93E¢01%)

2.68702-03
(3.21E-013%D

9%

50

5.05350E-03
(3.07E-01X)
2.8021E-03
(6.80E-01X)
1.0041E-053
(5.2CE+G1)
T.86T71E-03
{3.73-01%)

8.64832-04
(3.33E-01%2
8.5574E-C3
(5.82E-01%
3.0134€-08
{5.10E+01%)
8_7343L-04
(3.31E-01%)

3.0779E-03
(3.34E£-01%3
2.7469E-05
(6.B2E-014)
9.47V14E-0G8
(3.108+011)
3.10348-03
(3.32E-010)

FOR AM243

GwD/T

4. 1287E-03
(Z.61E-01%)
2.2750E-03
(5.99E-G14>
2143E-D6
(2.62E+01%)
LALLBE-O3
{(3.15E-01%)

&u

o

6.9835E-04
(3.,38E-01%0)
L1342E-05
L62E-01%2
.0834E-04&
(2 32E+01%)
T.1973E-04
LI2E-01H)

a3

&

[39]

2.4722E-03
(3.43E-01%2
6.88C4E-05
(5.61E-01%)
5.93938-08
(2.32E+013%)
2.5411E-03
(3.37E-01X)

GWo/ T

5.3317E-03
(2.65FR-01%
3.36408-03
(5.72E-01%2
Z.4189E-05
(2.29E+013%)
8.7199£-703
(3.44E-010)

3.9113E-0z
(3,320-01%0
1.0275E-03
(5.726-010)
7.22535E-08
{2,290+01%0
9.0148E-04
(3.49E-91%)

3.1782E-03
(3.56E-01%)
3.29B2E-05
3.72E-01%)
2.3191E-07
(2.29E+01%)
3.21156-03
(3.54E-011)
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===== TABLE V.B.Vi[.9 REACTION RATES - ¥D[D = 99% FOR [OTAL FLSSIGN RRCDLECS

BURNUP G GWO/T 50 GwD/T
WM OoWE 0.5 1.1 0.6 L
ABSORPT FAST QQE+Q0  BL,0683E-03  6.097220-03

¢.0000E+00 0.0
(3.00E+007Y (0.0

2
QE+QOX) (1.6BE-01%) {1.20E-01%3
RESONANCE G.00COE+QQ 0.00

AQOF+G0  4,7810E-03  5.3559E-43

(0.00E+00%) (D.0QE+C0X%) (4.55E-01%) (3.20E-01%)
THERMAL 0.0000E+00  0.0000E+00  6.5372E-06  1.23131C-05
(0.00E+90%) (0.00E+00%3 (4.265+01%) (1.383E+C1H)
1-GROUP 0.0030E+00  0,0000E+C00  1.0837E-02 1.148d8-02
(0, 00E+00%) (Q.00E+00%) (Z2.46E-01%2 (2.639E-01%)

FISSION FAST C.0000E+GQ  0.0200E¢00  OQ.0CGCOE+00  0,000CErI0
(0.00F+00%) (J.00E+00%) (0.GOE+00%) (D2.00E+00%)

AESONANCE 0.0000E+QD  0.0000E+00  0.0000E+20  §.0000E+CO
(D.O0E+00Z) (0.00E+QO¥%) (0.Q0E+J0%) (0.00E+00%)

THERMAL 0.0000E+00  0.0000E+00 0.0000E+30 0.C000E+J0
(D.6G05+00%3 (0.00E+00G%) (0.000+00%) (0.00E+00X)
1-GROUP O.00Q0E+00 O0.00C0E+00 O.0000E+00  0.0000E+0C

(Q.008+00%) (0.00E+00%) (0.00C+G0OXY (0.03E+00%)

PRODULCT FAST 0.GO00E+00  0.0000E+00 0.0000C+00 0.0000E+00
(0.00E+00%) (0.0CE+00%Y (C.00E+00X%> (0.00E+0C%)

RESONANCE D.0Q00E+00 D.0GAGE+00  0,0000E+00  0.0000E+QC
(G.00E+00%) (0.00E+00%) (C.0O0E+00X> (0.00E+00X)

THERMAL 0.0000E+00  0.0000E+00 O.0QGCOE+00 0O.0000E+Q0
(GL.OCE+00%) (0.Q0E+00%) (0.00E+00%) (0.00E+00%)
1-GROUP 0.0000E+00  0.0000E+0C 0.0000E+0C 0.0000T+00

(0.00E+00%) (0.00E+00%) <0.90E+J0%) (0.90E+00%)
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Appendix @ Cross—Sections and Reaction Rates (SRAC/VIM)

===== TABLE R.B.II[.1

SIGHA-A

SIGMA-F

SIGHA-P

BURNUP

I

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERHAL
1-GROUFP

FAST
RESONANCE
THERMAL
1-GROUP

===== TABLE R.8.[I1.72

SIGMA-A

SIGMA-P

BURNU?
YN/ VF

FAST
RESOHAMNCE
THERMAL
1-GRJUP

FAST
RESORANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUFP

===== TABLE R.HB.I1.3

S51GMA-A

SIGMA-F

SIGHMA-P

BURNUP
VM [ VF

FAST
RESONANCE
THERMAL
1-5ROUP

FAST
RESOMANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GRQUP

CROSS-SECTIOHS FOR U-235

L0387
00744
02614
01308

—_ e e s

LG0819
LD2754
L1198

— e e

.00349
00825
.02750
01184

[

CROSE-SECTIONS FOR U-238

[
[=}
[=]
]
s
[}

CROSS-SECTLONS FOR PU239

,0n2a?
. 99657
02538
L99872

[= I =

L0G242
.99503
.02507°
.397083

A O -

.00243
L 99597
L02501
.99708

S o O

—123—

.00360

0 GWD/T
1.1

.00s77
L0779
L03354
.01102

R

L00554
.Q072¢6
.034472
00918

NN Y

L00510
L0732
L03440
.08t

- s

0 GWD/T
1.1

1.00802
1.00812
1.03504
1.01549

1.01138
G,99374

0 GWD/1
1.1

1.00495
0.5%9520
1.03308
0.99841

1.004485
0.39682
1.03293
0.99853

1.00437
0.99681
1.03233
0.9%985%4

(SRAL/YIMD

50 GWD/T
0.6 1.1
1.00309 1.005286
1.00381 1.00531
1.01994 1.02829
1.010086 1.00748
1.00278 1.00493
1.00381 1.00453
1.01904 1.023372
1.00843 1.005538
1.00253 1.00427
1.00382 1.00458
1.01904 1.02879
1.00841 1.00551

(SRAC/VIM)

50 GWD/T

G.6 1.1
1.00817 1.0067
0.99493 1.00822
1.03747 1.03103
1.00634 1.01432
1.01129 1.00963
1.01737 1.02435
1.007865 1.00788
1.00861 1.00515
1.01737 1.02438
1.005072 1.003472

(SRAT/VIHY

50 GWO/T
0.8 1.1
1.00205 1.00469
1.00053 1.00570
1.02873 1.021872
1.00373 0.99727
1.00179 1.00443
0.9239538 1.00235
1.02754 1.02227
1.001540 0.59568
1.00167 1.003572
0.93957 1.002597
1.02757 1.02231
1.001489 0.99588



TASLE R.B.IL.%

BLRNUP

VM W
SIGHA-R FAST
RESONANCE
THERMAL
1-GROUP
SIGMA-F FAST
RESONANLCE
THERMAL
1-GRAUP
SIGMA-P FAST
RESONANLE
THERMAL
1-GROUP

—————— TABLE R.B.II.5
BURNUP
WM OVE
SIGMA-A FasT
RESUNANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

FASTY
RESONANCE
THERMAL
1-GROUP

————— TARLE .B.I1L.%
BURNUP
VM J VEF
SIGHA-A FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANIE
THERMAL
1-5ROUP

FAST
RESONANCE
THERMAL
1-GROUP

3I1GHA-P

JAERI-M 88-201

CROSS-SECTIONS FOR PUZ240

0 GWD/T
0.9 1.1
1.004720 1.C0575
0.98973 0.98854%
1.01935 1.013172
D.97964 0.979:9
1.00368 1.00527
0 532 G.o97rv9
1 1 1.01556
0 993 1.001853
1.00380 1.00459
0.38529 0.97783
1.01951 1.91558
0.9%9849 1.00138

CROSS-SECTIONS FOR PU241

D GWD/T
J.8 1.1
1.00333 1.00343
1.00224 1.00857
1.02334 1.03748
1.00510 1.01081
1.00341 1.60537
1.00365 1.00837
1.02977 1.03824
1.00914 1.01088
1.00328 1.003072
1.003606 1.00833
1.02976 1.03827
1.00%08 1.01081

CRUSS-SECTIONS FOR PUZ4Z

0 6W0/T
6.6 1.1
1.00578 1.00882
0.4987485 1.92499
1.00933 1.00959
1.01108 0.981472
1.00593 1.00863
1.0003%0 0.38787
1.0631% 1.01082
1.60251 1.00399%
1.005639 1.00587
1.090G91 0.98783
1.96318 1.01087
1.00221 1.00322

—124—

(SRACIY

1.00405
0.99293
1.00129
1.00087

(SRAC/V

1.00229
1.00836
1.02289
1.01233

.0023¢2
LD0E7S
.02349
L012460

[P

L00213
.0a87?
.02350
01233

_ e

(SRAL/Y

0.6

LO06GT
L01223
L0246
.99120

e R

L0065k
.02218
.0e27s
.00338

—_ e s

.00604
.02219
.G2273
.00273

[V

1M

50 GWa/T

1.00875
0D.98943
D.93817
0.96962

LC06TY
L3338
L99711
L00432

S Ry

.003550
.98831
L9717
Q0323

S I

182

50 GWD/!T

1,00475
1.01137
1.03195
1.01004

.00464
.01191
L03299
L0t09d

Y

1.00414
1.01186
1.03297
1.01042

9,04

50 GWOD/T

1.00785
1.005°27
1.02039
0.98847

1.008723
1.00837
1.01969
1.00832

1.00671
1.00840
1.01870
1.00490
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===== JABLE R.8.[I.7 CROS3-SECTIONS FOR AM241 (SRAC/VIM) =====

BURNLP Q GWoiIT 59 GWDIT
VM / VF 0.4 1.1 0.5 1.1
SIGMA-A FAST  mmemcoo o Tmmmomen 1.0054% 1.00708
RESOMANCE -------  —-oo=ee 1.02295 1.03282
THERMAL  -==r=>-- mommmo 0.3923983 0.39178
1-GROUP  eee---- mmmomo 0.994830 0.98477
SIGHMA-F FAST oo mmmmoo 1.00964 1.03084
RESONANCE  ------ == 1.01533 1.015994
THERMAL - ------ oo 0.9874% G.98971
{-GROUP - mmmmmon 1.006528 1.00475
SI1CMA-P FAST  mmmmem s 1.0088% 1.00914
RESONANCE  ------- mrmmmme 1.01988 1.019572
THERMAL - -----=  =ooomo- 0.98738 0.38977
1-GROUYP  semm--- o TTT 1.00451 1.00372

—==== TABLE R.5.II1.8 C[ROSS-SECTIONS FOR AM243 (SRAC/VIM) =====

BURNUP 0 GWD/T 50 GWD/T
WM VF 0.6 1.1 3.6 1.1
SIGMA-A FAST  eeeeem e 1.00710 1.00877
RESONANCE  -------  ==-===-= 0.99451 0.99518
THEGMAL =~ -<--= == 1.00917 1.00852
1-GROUP  mmmeme e 0.98417 0,98245
SIGMA-F FAST  mmmmen mememes 1.01187 1.01255
RESONANCE  ~------ 0.9%47%2 0.9%9552
THERHAL ~ =------ 1.01002 1.00862
t-GROUP - 1.00611 1.0071%
SIGMA-P FAST  metmems mmmmmee 1.01070 1.01046
RESONANCE  —------  ~---=-- 0.99472 0.99552
THERMAL = -r---- = 1.01001 1.00865
1-GROUP  memrmmm e 1.005728 1.00572

sz=== [AGLE R.B.I[.9% CROSS-SECTIONS FOR STRUCTURAL MATERIALS AT O GWD/T (SRAC/VIMD

SIGMA-A 3-GROUP
FAST RESONANCE THERMAL 1-GROUP
FE 0.57207 0.95695 1.04508 0.975490
CR 0.99813 1.01083 1.06378 0.29635
NI 1.00515 0.35924 0.940848 0.97755
MN-55 0.99233 0.94750 1.01625 0.979¢21
IRY 0.98999 0.96657 1.06016 0.98241

— 12—
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——==z= TABLE R.B.ILLI.1 REACTION RATES - ¥0ID = QX FOR U-235 (SAAC/VIM) =====
SURNUP 0 GWarT 53 SWDIT
WM OFOVE 0.5 1.1 0.0 1.1
A4S50RPT FAST 0.39787 1.20295 1.000C0 1.006865
RESONANCE 1.01%78 1.01911 t,01r82 1.01309
THERMAL 0.96200 0.93952 0.97417 0.99199
1-GROLP 1.01075 i.01027 1.0105%9 1.01067
FISSION FAST 0.9975¢2 1.00257 0,94%97% 1.008352
RESONANCE 1.02038 1.01258 1.01793 1.018372
THERMAL 0.97031 0.991386 D.97353 0.99256
1-GROUP 1.00969 1.00838 1.008147 1.008772
PRODUCT FAST 0.948733 1.00217 0.,39955 1.005848
RESONANLCE 1.02059 1.01358 1.017986 1.01833
THERMAL 0.97029 0.39133 0.97335 0.99253
1-GROUP 1.00%951 1.09826 1.0C883 1.00857

e=z== TABLE R.B.IIL[.? REACTION RATES - VOLD + Q¥ FOR U-238 (SRAL/VIM) =====

BURNUP 0 GWO/T S0 GWOD/T
vM [ VF 0.6 1.1 0.6 11
ABSORPT FAST 1.00191 1,00511 1.00309 1.00811
RESGNANCE 1.01768 1.01939 1.00895 1.02205
THERMAL 5.98107 0.99195 D.89091 0.99449%
1-GROUP 1.01215 1.01470 1.00687 1.G1750
FISSL10N FAST 1.00811 1.00841 1.00818 1.01107
RESONANCE  1.00715 1.004%4 1.03170 1.03840
FHERMAL === --=  meeme== moo—sssmeemooo
1-GROUP 1.00808 1.00843 1.00820 1.010%9
PRODUCT FAST 1.00574 1.00523 1.00546 1.00653
RESONANCE 1.00710 1.00490 1.03168 1.03840
THERMAL  m=-----  mmmessssssss—s oemoes
1-GROUP 1.00574 1.00523 1.60546 1.00643

===== TA3LE R.B.I1101.3 REACTION RATES - VOID = 0% FOR PUZ39 (SRAL/VIM) =====

BURNLP 0 GwWo/T S0 GWn/t
VM S WF 0.6 1.1 0.4% 1.1
ABSORPT FAST 0.99679 1.00203 0.99898 1.006G3
RESONANLE 1.00879 1.00634 1.01949
THERMAL 0.96821 0.99008 . b 2.98578
1-GROUP 0.99634 2.88765 1.00424 1.00044
F1SSION FAST 0.95844 1.00179% 0.99868 1.00579
RESGMANCE 1.00817 1.50801 1.01364 1.01871
THERMAL 0.96732 0.98949 0.98146 0.98623
1-GROUP 0.99473 0.99773 1.00216 0.99380
PRODUCT FAST 0.99642 1.00148 0.99858 1.003529
RESOMANCE 1.00815 1.00802 1.01360 1.01671
THERMAL 0,%46793 0.%8540 0.93144 0.98827
1-GRIUP 0.99477 0.99775 1.00203 C.99877
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===z= TABLE 2.3.[1[.4 REACTION RATES - vOID = Q% FOR PU240 (SRAC/VIM) =====

BURNUFP 0 GWD/T 50 GWa/T
WM 7 VE 0.6 1.1 0.6 1.1
ABSORPT FAST 0.959819 1.00279 1.00130 1.00208
RESOMANCE 1.00136 0.997586 1.01G37 1.01308
THERMAL 0.96259 0.97284 0.95570 0.35101
1-GRGUP 0.97733 0,97871 0.977a0 3.97268
FLISS5I0N FasT 0.99769 1.00235 1.0013% 1.003815
RESCNANCE 0.8973% 0.98878 1.00648 1.00233
THERMAL 0.982772 0.97326 D.%99833 0.9671895
1-GRANK 0.%94975% 1.00104 1.00175 1.00744
FRCOUCT FAsST G.9976AT 1.03170 1.00097 1.00688
RESONANTE 0.99733 D.33872 1.00851 1.00235
THERMAL 0.962649 0.97327 0.856357 0.96157
1-GROUP 0.99756 1.00055 1.00138 1,00634

—==== TABLE R.8.III.5 REACTION RATES - WOID = 0% FOR PU241 (SRAC/VIM} =====

BURNUP 0 GWD/T 50 GWO/T
VM / VF 0.6 1.1 0.6 1.1
ABSORPT FAST 0.997283 1.00253 0.99%517 1.00614
RESONANCE 1.01452 1.01987 1.02255 1.0
THERMAL 0.97129 0.95429 0.97701 0.8g
1-GROU 1.00578 1.01003 1.0128% 1.0131¢
FIS5LON FAST 0.99741 1.00247 0.999728 1.00691
RESONANCE 1.01595 1.01968 1.42293 1.02577
THERMAL 0.97242 0.99504% D.977272 0.99657
1-GROUP 1.00680 1.01007 1.01z2897 1.01366
PRADUCT FAST 0.997128 1.00212 0.98910 1.00551
RESONANCE 1.01394 1.01862 1.02296 1.02580
THERMAL 0,57240 0.99505 0.97757 0.9%855
1-GROUP 1.006772 1.91002 1.0128%9 1.01358

===== TABLf R.B.ill.6 REACTION RATES - VOID = 0X FOR PU242 (SRAT/VIM) =====

BURNUP 0 GwWD/T 50 GWD/T
¥M J VF 0.8 1.1 0.6 1.1
ABSURPT FAST 0.99977 1.00371 1.09301 1.00920
RESONANCE 1.01007 1.43629 1.026044 1.01902
THERMAL 1.00973 0.95733 0.97815 0.98437
1-GROUP 1.00877 G.98047 0.99179 0.99157
FLSSION FAST 0.99995 1.003586 1.00357 1.00968
RESONANCE 1.01318 0.948872 1.03855 1.02215
THERMAL 1.003%3 D.56855 9.97684 0.98377
1-GROUP 1.000138 1.00289 1.003%4 1.00858
PRODUCT FAST 0.99963 1.00290 1.00300 100813
RESCNANCE 1.01316 0.%9891 1.035858 1.02219
THERMAL 1.00384 0.96877 0.97687 0.98378
1-GROUP 0.99953 1.00251 1.00330 1.00804
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—==== TARLE R.B.LIL.7 REACTION RATES - vOID = 0% FOR AMZ41 (SRAC/VIM) =====
BURNUP 0 GWD/T S8 GWO/T
VM 1 WF q9.6 1.1 2.5 1.1
ABSGRPT o 1.00243 1.00847
RESOMANEE  ------- oo 1.93731 1.04658
THERMAL —--=---  —------ G.94940 0.95580
1-GROUP == - meeees $6.98535 0,98778
FISSION FAST  me-ees e 1.00680 1.01221
RESONANCE  -------  —------ 1.03427 1.03352
THERMAL - -----  mmemoe- 0.94300 0.95481
1-GRAUP m------ oo 1.00580 1.00787
PRODYUCT FAST  meeees oo 1.00580 1.01061
RESONANLE  —-----+  ------- 1.03426 1.03347
THERMAL  -=-----  ~emeo- 34307 0.95482
1-GROYP - ------ e 1 510 1.0059D
====z TABLE R.B.ILI[.8 REACTILON RATES - V0OID = 0% FOR AMZ243 (SRAC/VIM) =rmwm==
BURNU? 0 GWB/T S0 GWD/T
VM [ VF 0.6 1.1 0.8 1.1
ABSORPT FAST  memccos emmeees 1.00411 1.01019
RESONANCE  -=-v=--  —====s- 1.008672 1.00879
THERMAL  -------  —---e- 0.963%0 0.97306
1-GROUF  ------- meseee- 0.98464 0.98355
FISSION FAST  meeee mmmmo 1.00876 1.0139%
RESONANCE  -=------ ------- 1.00877 1.00908
THEAMAL < ------  m-see- 0.96469 0.97313
1-GROLP o -e----- eoooe- 1.0064% 1.01033
PROGUCT FasT seese- S 1.06741 1.01187
RESONANLE  -w-----  sem-n-- 1.00871 1.00914
THERMAL  ------- =-=---- 0.96488 0.97308
1-GRAOGP - mmmemo- 1.00583 1.00882
~—--= TABLE R.B.111.9 REACTION RATES - VOID = 0% FOR TOTAL FISSION PRODUCTS (SRAC/VIM)
BURNUP 0 GWD/T 50 GWO/T
Y I VF 0.6 1.1 d.6 1.1
ABSORPTY FAST  meeeees mmeeee 1.00105 1.00674
RESDNANCE  =---=--  —-=o 0.986383 0.34756
THERMAL  -—---=-  ------- 0.979772 0.98318
1-5ROUP B 0.95575 0.95279
FISSLON FAST  me---ss meemee- eesoooo mmeoe
RESONANCE  —---==-  cor---=  ceses-= S
THERMAL  ---==-v =------ Ceeemes e
1-GROUP === e=c  mem---- = R
PROOUCT FAST  mmemme- mseeees eeoooo mmeoee
RESONANCE  —------  mm=m=m=-s eemmeoe oo
THERMAL e R
1-GROUP  mm-m--- mmmmmem s s
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===== TABLE R.[Y ABSORPTIIN RATES - WDID = 0% (SRAC/VIMN) =====
BURNUP 0 GWD/T 50 GWD/T
WM 4 OVF 0.8 1.1 0.5 1.1
rc-g9  fast 0 m=----- 0 mmommos 0.99853 1.00620
RESOMANEE ------- == ----- 1.00803 0.88532
THERMAL - ------ === ---- 0.33563 0.35268
1-GROUP mmmmee mmmmmme 1.00530 0.984572
RH103 FAST  =-mmm-- mmmmmes 1.00127 1.00532
RESONANCE  -»- -0~ oo 0.91741 0.94403
THERMAL  -=mem-- = 9.955820 0.953140
1-GROBP  mwemmme s 0.9%4263 0,953386
XE131 FAST  seersss o mmmmmms 1.00244 1.0073G
RESONANCE  -n----- swrm-o- G.91541 0.84922
THERMAL R 1.03545 1,0¢509
1-GROYP  -=--r--- mmmeme 0.91974 0.85899
L5133  FAST Soeo-ee mmmme 1.001572 1.00700
RESONANLE  ---7-0 - St 0.963%1 0.94515
THERMAL - -==----  mmmrco 0.94?86 0.96350
1-GROUP  ------- oo 0.96450 0,%4501
SM149 FAST  ------- 0 mooooo- 1.00t41 1.00756
RESONANCE  ---=---- - ------ 1.01439 1.01507
THERMAL ---==-- =~ -=-=-=-- 0.86077 1.0215%3
1-GREUP  -----em e 0.9%853 1,02105
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ABSGRPT FasT
RESONANCE
THERHAL
1-GRGUP

FISSION FAST
RESONANCE
THERMAL
1-GROUP

PROJUCT FasT
RESOKANCE
THERMAL
1-GROUP

===== TAQLL R.B.V.?

BURNUP
VM /4 VF

ABSORPT FAST
RESONANCE
THERMAL
t-GROUP

FISSI0MN FAST
RESUNANCE
THERHAL
1-GROUP

pRODUCT FAST
RESONANLE
THERMAL
1-GROUP

===== TAHLE R.B.V.3

BURNUP
¥M / VF

ABSORPT FAST
RESONANCE
THERMAL
1-GROUP

FISSION FasT
RESONANCE
THERMAL
1-GROUP

pRODYCT FAST
RESONANCE
THERMAL
1-GROUP

JAERI-M 89-20!

REACTION RATES YolD =
0 GWDsT

0.6 1.1
0.9897 1.00451
1.02141 LL02211
0.915%3 0.96480
1.01104 1.01:185
0.99933 1.00401%
1.02004 L.021yd
0.9130 0.96530
1.00829 1.00897

999772 1.00349
1.02013 1.oz2ten
9.91300 0.96529
1.00817 0G9sa

REACTION RATES - vOID

0 GWD/T
0.5 1.1
1.00307 1.00563
1.01483 1.01733
0.93858 0.97605
1.00985 1.01293
1.00813 1.0061%
0.998586 G.99598
1.00813 1.006149
1,00549 1.00232
0.95865 0.95%500
100549 1.002372

REACTION RATES - VOID =

0 GWD/T
0.6 1.1
0.99851 1.00354
1.01587 1.012738
0.89955 0.96541
0.99790D 0,996 949
0.99814 1.00289
1.01184 i1.01232
0.9G117 0.9657%9
0.99360 0.99553
0.9980% 1.0024%
1.01158 1.01231
0.90116 0.96523
0.99%54 0.39552
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457%

A R

[ g —

a3 e

45%

45%

[ =N

[ R R

1
1
o

g

- O

FOR U-235 (SRAI/VIMD

30 GWDJT
G.& 1.1
L0120 1.01121
01580 1.01978
91434 0.35613
L00845 1.00975
.000%5 1.01102
LO0157T 1.01811
91223 0.935585
L00613 1.008653
.0C089 1.01066
LQ1579 1.01813
.91223 0.95537
L0620 1.606%4

FOR U-238 (SRAL/VIM)
50 GWD/Y
0.8 1.1
09508 1.01358
01704 1.014179
.54336 0.96204
.01220 1.01324
01241 1.01776
01023 1.02772
.01z241 1.01775
00950 1.01433
01023 1.02774
00980 1.61440

FOR PU239 (SRAL/VIMI
50 GWD/T
0.8 1.1
L0005 1.01850
L0157 1.02247
.91920 0.95820
. 99874 0.96997
L000D34 1.01026
L0G830 1.01839
L918094 0.85770
.98588 §.99679
.a0039 1.00993
00891 1.01949
. 91895 0.95771
L39576 0.99685




TABLE R.B.V.4

BURMNUP

¥M S OVE
ABE0RPT FAST
RESOMANLE
THERMAL
1-GROUP
FI5510M FAST
RESGMANLTE
THERMAL
1-GROUP
PROGUCT FasT
RESONANCE
THERMAL
1-GROUP

TABLE R.B.V.S

BURNLP

VM /W
ABSORPT FAST
RESONANLCE
THERMAL
1-GROUP
FISSION FAST
RESOGHANLE
THERMAL
1-GROYP

FAST
RESONANCE
THERMAL
1-GROUP

PRODUET

TABLE R.B.V.5
BURNUP

VM [ VF

FAST
RESGHANCE
THER™AL
1-GROLP

B35ORPT

FAST
RESONANCE
THERMAL
1-GROUP

FISSICN

PRODUCT FAST
RESONANCE
THERMAL

1-GROUP

JAERI-M 89-

REACTIGN RATES - vOID
0 GWD/T
0.6 1.1
1.000C43 1.0G&35
1.00338 100217
0.91992 0.96113
0.95731 0.97702
1.00035 1.00323
1.00G17 0.99391
0.919935 0.96132
1.00032 1.00227
1.00008 1.00229
1.00025 G.29391
0.97995 0.96131
1.00003% 1.00150
REACTION RATES - VOLID
0 GWD/T
0.6 1.1
0.99%16 1.00410
1.01635 1.01990
0.89%31 D.FE218
1.004568 1.00758
0.99913 1.00388
1.017a7 1.01869
0.90338 D807
1.00535 1.00880
0.99902 1.00348
1.017484 1.01864
0.303038 0.96311
1.00523 1.00576
REACTION RATES - VOID
0 GWD/T
0.6 1.1
1.00252 1.00335%
1.04100 1.01538
0.99495 0.957539
1.01075 0.97468
1.00309 1.00230
1.04733 1.01618
0.98683 0.95738
1.00377 1.00219
1.00257 1.9035%
1.04730 1.01859
0.93%580 0.95%693
1.00316 1.80339
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= 45%

=T <Y

— DO e

= 45k

—_ L e e IR e RIS

[ P,

= 45%

P

— O e

f R R

FOR PU24D (SRAC/VIM
50 GWh/T
0.5 1.1
L6925 1.01293
00159 1.00094
91759 0.9592%
95954 0.97517
00271 1.01316
99149 1.00238
L 91801 0.95518
.00150 1.01202
.00259 1.01239
99119 1.00238
91798 0.95%12
L0C1se 1.01147
FOR PUZ241 (SRACIVIMD
50 GWR/T
0.6 1.1
.G0069 1.01089
L01803 1.01903
GO897 0.45825
00659 1.90804
00087 101082
01865 1.072083
90853 0.9593%
00735 1.00737
00074 1.01053
61853 1.02064
90854 0.95943
.007728 1.00733
FOR PUREZ (SRAC/VIM)
50 GWD/T
0.6 1.1
00431 1.91445
04358 1.02903
96363 0.99533%
95555 100448
00541 1.01497
02391 1.02806
95548 §.99011
00554 1.01504
00500 1.01404
.02387 1.02804
95942 0.99011
00512 1.01405



ABSORPT

FiSSTON

PRODULT

ABSORPT

FISSION

PRODULT

ABSORPT

FISSION

PROOULCT

TABLE R.B.V.T

AURNUP
VM T WF

FAST
RESONANCE
THERMAL
1-GR0L7

FasT
RESONANCE
THERMAL
1-GROUP

FAST
RESONAKCE
THERMAL
1-GROYP

TABLE R.B.V.3

BURNUP
VM J OVF

FasT
RESGMNANCE
THERHAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

TABLE R.B.V.9

BURNUP
VM J VE

FAST
RESONANCE
THERIMAL
1-GROUP

FasT
RESORANCE
THERMAL
1-GROUP

FAST
RESDNANCE
THERMAL
1-GROUP

REACTION

REALTION

REACTION

JAERI-M 89-201

RATES - ¥OID = 45% FOR AM241 (SRAC/VIM)
0 GWIIT S0 GWI/T
1.1 0.6 Bt
_______ 1.00370 1.01329
7777777 1.03088 1.04285
_______ 0.%722%3 0.%3553
e 0.99654 0.98731
,,,,,,, 1.00%67 1.01764
,,,,,,, 1.0312% 1.03853
_______ 0.91953 0.93381
,,,,,,, 1.00924 1.01427
,,,,,,, 1.00899 1.016472
....... 1.03117 1.03843
,,,,,,, 0.91959 0.93383
....... 1.008588 1.01353
RATES - VOID = 45% FOR AMZ&} (SRAC/VIM)
0 GWB/T 56 GWR/T
1.1 0.6 i1
P, 1.00575 1.01495
....... 1.00094 1.004586
,,,,,,, 0.934G°? 0.95613
------- 0.87561 0.97832
_______ 1.01219 1.01973
7777777 1.90112 1.0C494
_______ 0.93643 0.95641
,,,,,,, 1.00972 1.01552
fffffff 1.01116 1.01829
_______ 1.00108 1.00432
7777777 0.934453 0.95645
,,,,,,, 1.00903 1.01455
RATES - VOID = 45% FOR TOTAL FISSION
0 oGWo/T 50 5WD/Y
1.1 0.8 1.1
....... 1.70091 1.00328
_______ 0.97509 0.95883
,,,,,,, 0.97644 0.95253
....... 0.95594 0.95807
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TABLE R.E.VI.Y

BURNUF

VM S OVE
ABSTRPT FAST
RESCNANLCE
THERMAL
1-GROUF
FISSION FAST
RESONANLE
THERMAL
1-GROUP
PROGULCT EasT
RESONANTE
THERMAL
1-GROUP

TABLE R.B.VI1.Z

BURNUP
VM J VF

FagT
RESONANCE
THERMAL
1-GROUP

ABSORPY

FISSI0ON FAST
RESONANCE
THERMAL
1-GROUP
PRODUCT FAST
RESONANCE
THERMAL
1-GROUP

TABLE R.B.¥I.3

JURNLP
M J VF

FAST
RESCNANCE
THERMAL
1-GROUP

ABSORPT

FISSLON FAST
RESONANCE
THERMAL
1-GROUP
PRODUCT FAST
RESONANCE
THERMAL
1-GROUP

JAERI-M 89-2C1

REATCTION RATES - VOID =
0 GWD/T
0.6 1.1
0.96183 1.00278
1.01113 1.00513
0.72891 0.80010
1.00132 1.00124
©.99160 1.00236
1.01002 1.004%0
n.71r3vy 0.79293
0.98930 1,00071
0.99t142 1.00232
1.01067 1.004597
0.71738 0.79287
0.99938 1.00GE0
REACTIGN RATES - VOID =
0 GwD/!T
D.6 1.1
9.99731 1.00541
1.01257 1.014071
0.7497% 0.84150
1.00363 1.00928
1.00928 1.00393
0.95057 0.986850
1.0082s 1.00992
1.00721 1.00757
0.935057 0.98690
1.0071% 1.00762
REACTION RATES - ¥ULID =
G GWB/T
0.6 1.1
0.99104 1.00164
1.00961 1.00194
0.66023 0.78280
0.99872 0.99701
039067 1.00087
1.008917 1.0C01139
0.68803 0.78457
0.996348 0.995938
0.%9087 1.090631
1.00914 1.00114
0.66802 0.78451
0.99631 0.99504
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80X FOR §-235

50 GW

[ou)

.952490
1.0C811
L68347
Q0014

— o

L9927
L00634%
.87403
L3987 4

OO s D

L9287
L00693
L B7401
. 99885

Lan T s R e )

90% FOR U-238

30 GW

0.99878
1.01201
0.78689
1.00438

1.0141G
0.96901

1.01407

1.01168
0.94500

g0x FGR PUZ23Y

50 GW

. 99226
.00%a1
60191
.98907%

[ B ]

.99204
.00525
L6166 1
.99579

oo - o

0,99230
1.00625
L81861
. 99588

& O

(SRACIVIM)

DiT
1.1

1.00521
5.00258
L7847 4
20022

- o

.00&85
-G024%
LTTBEY
.995493

[ I e A

1.00483
1.00255
0.77835
1.00006

(SRAC/IVIMY

A
1.1

1.00804
1.01335
0.83357
1.0103%

1.014235
0.96021

(SRAC/VIMY

b/T
1.1

00412
L0017
LT396°2
.99a8068

[

L0033
.00238
LT4558
L83620

D@ e

L00342
L00240
.743558
.99534

[ e



JAERI-M 88-201

===== TABLE R.B.vl.4 REACTIOK RATES - WVGID = 90X FOR PUZ40 (SRACIVIMY ==v==

BURNUP 0 GWD/T a0 GwDrT
WM o4 OWE 0.6 1.1 0.6 1.1
ABSORPT FAST 0.99555 1.00519 0.59588 1.00817
RESONANCE 0.99860 0.9930% 1.00322 0.93388
THERMAL 0.74357 0.78714 0.72821 0.780658
1-GROUF 0.98759 0.%68363 0.99297 D.96884
FiSS[ON FAST 0.99713 1.00530 D.95947 1.00851
RESORANCE 0.99446 0.995672 0.99513 0.939803
THERNAL G.74259 D.7§83¢9 0.7293¢ 0.78757
1-GROUF 0.,%9:91 1.00420 0.98913 1.00747
PRODUCT FAST 0.99730 1.00469 0.93951 1.00827
RESONANCE 0.99460 0.99665 0.9%609 0.93807
THERMAL 0.74264 0.78839 0.729238 0.78763
1-GROUP 0.%9703 1.00397 0.99933 1.00731

===== TABLL R.E.V[.5 REACTION RATES - VOID = 90% FOR PU241 (SRAC/VIM) =-===

BURNU?P 0 GWD/T 50 GWarT
VM J VF 0.8 1.1 0.6 1.1
ABSORFT FAST 0.99104 1.08221 0.59202 1.00452
RESONANLCE 1.01197 1.00569 1.00588 1.00549
THERMAL 0.67169 G.77830 0.63647 D.74511
1-GROUP 1.00034 1.G60033 0.99772 1.00010
FISSTON FAST 0.99113% 1.00197 0D.99218 1.004289
RESONANCE 1.01195 1.00625 1.00607 1.00572
THERMAL 0.68054 0.78274 0.66844 D757
1-GROUP 0.99995 1.00081 0.59765 1.00034
PRODUCT FAST 0.96119 1.00190 099276 1.00423
RESONANCE 1.01198 1.00823 1.00604 1.00369
THERMAL 0.68053 0.78275% 0.68844 0.75217
1-GROUP 0.99983 1.00056 0.99759 1.00039

===== TABLE R.B.¥I.6 REACTION RATES - VOID = 30X FOR PUY242 (SRACIVIM) =====

BURNUP 0 GwD/T 50 GWO/T
YM 1 WF 0.6 1.1 0.6 1.1
ABSORPT FAST 0.99784 1,00367 0.,995904 1.01089
RESOMNANCE 1.02734 1.02535 1.02998 1.02878
THERMAL 0.94554 0.81822 0,740G45 0.87441
t-GROGP 1.00717 0.96909 0.98838 0.98772
FISSION FAST 1.00093 1.00414 1.00315 1.01168
RESONANCE 1.00852 1.01555 0.99365 1.022893
THERMAL D.92477 0.81559 0.73950 0.86810
1-GRGUP 1.00103 1.0041% 1.002%4 HEUE B
PROOUET Fast 1.00080 1.00753 1.00307 1.01114
RESONANCE 1.008853 1.01943 0.99382 1.02298
THERMAL 0.,92476 0.819r79 0.73983 0.86810
1-GROUP 1.00088 1.00754 1.00234 1.01119
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==z== TABLE R.B.vI1.7

BURNUP
YH 4 WF

ABSORPY! FasT
RESONANIE
THERMAL
1-GROUP

FISSIOK Fasy
RESONANZE
THERMAL
1-GROLP

PRODLGCT FAST
RESONANCE
THERMAL
1-GROUP

===== TABLE R.B.VI.8

BURNUP
Ve o VE

ABSORPT FAST
RESONANCE
THERMAL
1-GROUP

FISSION FAST
RESOHANCE
THERMAL
1-GROYP

PRODUET FAST
RESUNANCE
THERMAL
1-GROUP

==2== TABLE R.B.VI.9

BURNUF
VM S OV

ABSORPT FAST
RESONANCE
THERMAL
1-GROUP

FISSI0K FAST
RESONANCE
THERMAL
1-GROUP

PROQUCT FAST
RESONANCE
THERMAL
1-GROUP

REACT{GHN

REACTION

REACTIGN

JAERI-M 88-201

RATES - ~OI

0 GWp/sT

RATES - VOI

D GWOIT

RATES - w01

b = 94% FOR

1.00731
1.00654
9.74215
1.00723

D = 90% FOR

0.99745
.39910
.76708
L 98637

[ en B e )

01045
.99G44
. TH83T
QD983

ST R Y

LO0BYS
. 99941
.TB832
00923

LI =N

b = 99% FOR

0.99248
0.97839
0.659653
0.537405
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AM247 (SRAC/VIMY =====

50 GWD/T
1.1

.Q0752
L00436
L8450
.33269

[ R QY

Ld1ags
L20788
LBO0ED
L01318

[ R

1.01382
1.00781
0.30033
1.01250

AM243 (SRAC/VIM) =====

50 GWD/T

1.01744
0.985948
0.78339
1.01487

1.01627
0.98402

0.75340
1.01403

TOrAaL FLSSION PRIDUCTS

S0 GWD/T

=R =S
et}
~1
=
=)
~

CSRACIVIMD



JAERI-M 89-201

===== TABLE R.3.vil.1 REACTION RATES - VO0OID = 99% FOR U-233% (SRAC/VIM)

il
1
0
3

BURNUP O GWD/T 50 SWo/T
VM o VE 0.6 1.1 0.8 1.1
ABSORPT FAST 0.98753 0.98957 0.38762 0.39023
REZSINANCE 1.02044 1.062773 1.01884 1.02124
THERMAL 0.23518 0.24116 0.34503 0.54443
1-GROUP 0.969638 1.00204 0.38779 1.00127
FISSION FAST 0.98760 0.93%4 0.98502 0.99045
RESONANCE 1.0251s 1.023883 1.01799 1.02133
THERMAL 0.21831 0.23750 0.33693 0.58118
1-5RCOUP 0.%93851 1.00134 0.99707 1.00064
PROTUCT FAST 0.8878% 0.93985 0.98833 0.99075
RESONANCE 1.02531 1.07882 1.C1815 1.02168
THERMAL 0.21821 0.23749 0.33695 0.58119
1-GROUP 0.29857 1.00144 0.89724 1.006083

===== TABLE R.B.¥II.? REACTION RATES - VOID = 99% FOR U-238 (SRACIYIM) =====

BURNUP G GWO/T 50 GWDJT
VM / VF 0.8 1.1 0.6 1.1
ABSORPT FAST 0.992072 0.99268 G.99310 0.99320
RESONANCE 1.027172 1.02398 1.02475 1.02203
THERMAL 0.23911 0.25812 0.34596 0.71472
1-GROUP 1.00135 1.000%39 1.00184 1.00135
FISSION FAST 1.00608 1.00975 1.017%0 1.01863
RESONANCE 0.91507 G.96639 0.91833 0.977156
THERMAL  -------  --oeem oseeooo oo
1-GROUP 1.00603 1.00973 1.01783 1.01667
PRODULT FAST 1,0037% 1.00636 1.01342 1.01423
RESONANLE 0.91512 0.%6699 0.91834 9.97718
THERMAL - ------  e--ee-o seooo-o oo
1-GROUP 1.40037% 1.00691 1.01547% 1.01422

===== TABLE R.EB.¥I[I.3 REACTION HATES - VvOID = 93% FOR PU239 (SRAL/VIM) =====

GURANUP 0 GWD/T 50 GWorT
YM J VF C.g 11 0.6 1.1
ABSORPT FAST 0.98772 0.9897% 0.98882 0.9%0%1
RESONANCE 1.03163 1.03117 1.02365 1.02137
THERMAL 0,2255%4 0.,13130 0.294717 0,26879
1-GROUP 0.99%970 1.90159 0.99861 1.000355
F15510NM FAsT 0,98739 0.98924% 0.98931 0.930358
RESONANCE 1.03078 1.028867 1.01991 1.02265
THERMAL 0,22833 0.198953% 0.2%568 0.30132
1-GROUP 0.99643 0.99761 0.98563 0.958172
PRODUCT FAST 0.98823 0,.98948 0.98965 0.,99117
RESONANCE 1.03077 1.029863 1.01939 1.02267
THERMAL 0.22833 0.139548 0.29570 0.30130
1-GROUYP 0.99643 0.99759 0.9%9580 0.99822
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===== TAQLE B.B.VIl.4

ARSORPT

FISSLON

PRODUCT

===== TABLE R.B.VII.5

ABSORET

FISSION

PROBUCT

===== TABLE R.B.VI[I.&

ABSGRPT

FISSEON

FRODUCT

JURNUP
¥M 1 OVF

FAST
RESONANCE
THERMAL
1-GRJIUP

FAST
RESONANCE
THERMAL
1-GRIUP

FAST
RESOMANCE
THERMAL
1-GROUP

BURNUP

VM

i VFE

FagT
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANLCE
THERMAL
1-GROUP

BURNUP

VM

I VF

FAST
RESONANCE
THERMAL
1-GROUP

FAST
RESONANCE
FHERHAL
1-GROUP

FAST
RESONANCE
THERMAL
1-GROUP

JAERI-M 89-201

RZACTION

]
=3

. 99310
L02884
L3600
L0279

D e Ty

0.29903
1.019e8
0.30118
1.00G05

. 99900
.01968

REACTIOH

B.9470¢2
1.0?636
0,21091
0.99849

G.98732
1.02580
0.21497
9.96783

J.98744
1.02574
0.21486
0.,99775

REACTION

0.39509
1.05223
0.3158¢
1.00893

1.003863
1.06591
0.31032
1.00418

1.00332
1.069488
0.31053
1.00378

RATES - vD1ID

0 GWDsT
1.1

. 95598
L02857
.19413
00247

O

00108
04370
19863
L00330

=

.00997
L04a357
.19565
.0o029r

= T =

RATES - vOiD

O GWO/T

1.1

98942
L0277
L 237472
. 00097

L =N Y

.98927
.02718
.23624
.Qgoo2

= e )

L98929
L0275
L23024
.99994

[ I o P )

RATES - vpID

0 GWD/T
1.1

0.99473
1.04281
0.29077
1.001572

1.032293
1.04014
0.28525
1.00260

1.005351
1.04412
0.28633
1.00583
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%% FOR PUZ40 (SRAC/WIM)

0.89575
1.02280
0.13399
1.00295

1.00513
1.01%188
6.19194
1.00530

1.00532
1.01183
0.1%19a
1.00565

50

G

W

DT

1.1

0.39774
1.02912
0.35333
1.09654

1.0058¢
1.04308
0.37085
1.06774

99% FOR PUZ41 (SRAC/¥[M)

0.387335
1.02116
0.253518
G.989759

0.98v72
1.92061
G.30340
0.99714

0.98800
1.02061
0.30341
2.99716

50 GWD/T

1.1

0.92003
1.02348
0.53321
1.0010¢

0.99003%
1.02304
0.55854
1.00037

0,909022
1.023060
0.55856
1.00034

99% FOR PU242 (SRAC/VIM)

0.99744
1.04587
057171
1.01084

1.0103¢%

50 GWD/T

1.1

1.949597
1.049498
0.33851
1.01081

01128
06994
L39564
L011¢5

- O e

1.01038
1.06904
0.39564
1.0113%



JAERI-M 89-201

===== TABLE R.8.¥I[l.7 REACTION RATES - VOID = 59% FOR AM?41 (SRAC/VIH) =====
SURNUZ 9 GWD/T 50 GWD/T
VM S VF C.6 1.1 0.8 1.1
ABSORPT FAST  smmmmm- mmemme 0.590356 0.99249
RESUNANCE  -------  ------. 1.01%994 1.02220
FHERMAL - ------ amam e 0.30383 0.573583
1-GROUP ee----- oo 0.99936 1.002453
FISSION FAST  mmmsem- e e 1.01482 1.01485
RESONANCE  -------  ----e-e 1.6G2110 1.01752
THERMAL  ----2- - oo 0.29734 0.62129
1-GRGUP oo - Seem oo 1.01&76 1.G14889
PROGUCT FaAST  cmee--- e 1.014135 1.01424
RESONANCE -------  -e----- 1.02104 1.01751
THERMAL e 0.23235 0.621390
1-GROGP  —--m-em e 1.01427 1.01432
===== TABLE R.B.¥I1.8 REACTION RATES - VOID = 99% FOR AH243 (SRAL/VIM) =====
BURNUP 0 G%D/T 50 GWD/T
VM S VF 0.6 1.1 0.6 1.1
ABSORPT FAST  ==mm-mm emmem o 0.99139 0.99329
RESONANCE  ----vee mmmmm e 1.01624 1.0175%8
THERMAL - ~-r-- momee 06.3774872 G.59368
t-GROUP e mmemm e 0.99545 1.00189
FI1SSTOUN I e 1.01747 1.01812
RESONANCE  -----e- ------- 1.01810 1.91771
THEAMAL  ------- - 0.37423 0.53972
1-GRoUP  se----- —m - 1.01738 1.01808
PROGUCT FAST  mmmmimm e 1.01&857 1.91718
RESONANLE -------  ------- 1.01503 1.01771
THERMAL  ------- —------ 0.37423 0.58967
1-GROYP  ------- oo 1.01638 1.01713
===== TABLE R.B.VIL.9 REACYLON RATES - VOID = 99% FOR TOTAL FISSION PRODUCTS (SRAC/VIMY =====
BURNUF O GWD/T 50 GWO/T
VM OLONE G.6 1.1 0.6 1.1
ABSDRPT FAST  somm-o- mmmme 0.93417 0.98905
QESONANCE  -------  ------- 1.0021 1.00877
THERMAL - ------  ----r-n 0.27346 3.57146
1-GRGUP --mmmm e 0.99229 5.99798
FISSIGN FAST  comooms mmmmmms e oo
RESONANCE  -------  ------e oo e
THERMAL -~ ----- mmmmmmm e
1-GROUP --m-m- emomeoe e o
PRODUCT FAST  smmwmes mmmmmos eree o T
RESONANCE  ---r--- mmmmmme e s
THERMAL  -==-=-r mommmmo reeen e am e
1-GROUP  ---mmve mmmmmee meme e e
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Appendix IV Sample Inputs for VIM and SRAC

{fJCILG JO8

!/ EXEC JCLG

FASYSIN DD DATA,DLH="++~

JPJUSER XXXX4245,KE.OKUMURA,Ca31.01
T.9 C.3 W.6 1.8 NGT

J AR R A R AR AT X AR XK ER XTI AKX KTTKRKE LKA LE

Jfx WM SAMPLE INPUT : (PROTEYS CORE 1) =

frfx FILE ; 4244 ,NEABENCH.CNTL(PRITERLY =

IFES S22+ L LR s E N P e RS T T S ST

/1 EXEC ANY

SIVIM EXEC LMGO,LM="J3803.VIMJAERL ' ,PHNM=V[N

J/FTOGFO0L DO DAN=24244 PROTCRL.OUTLIST,DISP=SHR

J/FTOTFOO1 DD DSN=J4264 . PROTCRL.RETALLY.DATA,9L1SP=(NEW, CATLG,OELETEY,
i SPACE=(TRX,(2,2),RLSE},DCE=(RECFM=FB,RECL=80,BLKSIZE=3120),

I UNIT=T55WK

ff EXPAND DISK,DON=FTI0FO01

FIFTLIFGOT OB OSN=J4244 PROTCRL.REST11.0ATA, OISP=(NEW,CATLG,DELETE),
1 DCB=(RECFM=YBS, LRECL=X,BLKSIZE=23476) ,SPACE=(TRK, (10,103 ,RLSE)Y,
1 UNIT=T3SWK

{/FT12F001 00 DSH=J4244.PROTCR1.RESTI2.0ATA,DLSP=(NEY,CATLG,DELETEY,
I DCB=(RECFM=V¥35, L AECL =X, BLKS[IE=23478),5PACE=(TRK, (50,302 ,RLSE),
i UNIT=TS5WK

Jf EXPAND DISK,DON=FT13F001,5PC="100,10"

ff EXPAND DISK,DON=FT14F001,35PC=r100,10"

/1 EXPAKD OLISK,DDN=FT15F001,3PC="100,10"

{f EXPAND DISK,DON=FT16F0G1,8FC='500,50"

S EXPAND DLSK,DDNM=FT17FQQ1,5PC="150,10"

/! CXPAND DLSK,DDM=FY18F001,5PC="100,10"

J4FT21F001 DD DSN=J4244 STAYJ2P.CATA,BISP=SHR,LABEL=C,,,IN)
J/FT22F001 DD DSN=U4244 MOVEJ2P.DATA, DISP=SHR, LABEL=C(,,,IN)

J{SYSIN DD =

1987635432148 PROTENS (CORE-t : HZOD
100 3 0 3 0 -1
2000 20080 5 ol a o
1 1 0 0 50
13 L4 9 90 272 20090
2650, 1.00E-5 275.0 .3 1.00€-5 1.E+7
0.90 3.92790E+0 109.9
1 0 0 a a Q 0 0 0 Q 0

103006 20300 30300 40300 50300110300130300210300220300230300240300263300
2303002%030033503003803004203060900300
5 10300 20300 30300 40300 50300
3 10300 20300 30300 403090 50300

0 21 21

cylL 1 C. 0. 0. 1.E+15 0.1934172
cyL 2 0. 0. 0. 1.E+15 0.2735728
cYL 3 Q. o. 0. 1.E+15 0.335
CyL 4 Q. Q. 0. 1.£+13 0.411
YL 5 0.779423 0.43 Q. 1.E+15 0.1933512
cyL 5 0.779423 0.45 0. 1.E+15 0.273528
CYi TO0.779423 0.45 0. 1.E+15 0.335
cyL 8 0.779423 0.45 Q. 1.8¢15 0.411
CvL g -0.7794723 0.453 z. t.E+135 0.193417
CYe 1% -0.779423 0.45% 0. t.e+15 0.273324
CvL 11 -0.779423 0.45 G. 1.E+15 0.335
cYL 12 -0.779423 0.45 . 1.E+15 0.411
cYL 13 -0.779423 -0.45 Q. 1.E+15 0.193412
cYL 14 -0.7794723 -0.45 c. 1.E+15 0.273524
CcYL 15 -0.779423 -0.45 a. 1.E+15 0.335
CYL 15 -0.7749423 ~0.459 0. 1.E+15 0.311
CYL 17 0.779423 -0.45 0. 1.E+15 0.1534172
CyL 18 0.773423 ~0.545 0. 1.E+135  0.273%258
CYL 19 0.779423 -0.45% 0. 1.E+135 0.335
CYL 20 0.779423 -0.45 0. 1.E%15 0.411
RPP 21 -0.779423 0.779423 -0.45 D.4%3 0.0 1.E+15
RPP 22 -0.800000 0.800000 -0.50 0.50 -1.0 2.E+19
END
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1 +1
2 +2 -1
3 +3 -2
4 v 4 -3
5 +21 -4
£ +21 +5
7 +21 +6
8 +21 +7
9 21 +8
10 +21 +9
1 t21 +10
12 +21 +11
13 +21 12
14 +21 +13
15 +21 +14
16 +21 +15
17 +21 +16
13 +21 +17
19 +21 +18
20 +21 +19
21 +21 +20
22 +22 -21
ND
1 1.17521+14 2
5 3.41599+14 ]
9 4.452893+13 10
13 4.45289+13 14
17 4.45289+13 18
21 4.45289+13
1 11 1 1
4 4 0 3 1
7 6 2 2 1
14 5 2 2 1
13 8 0 3 1
16 72 2 1
1% 5 2 2 1
22 100 -2 1

10300 20300 303iD0 40300
280300290300350300380200

20300 30300 40300

JAERI-M 89-201

R AR R

-3
-6
-7

-9
-10
-11

-13
-14
- 15

-17
-13
-13

L17521+14
L93804+13
-93804+13
L93804+13
. 93804413

2
5
8
11
14
17
20

AR = NV
E =T S R I e

-16 -20
3 1.17521+14 &4
7 2.93804+13 8
11 2.93804+13 12
15 2.93B04+r13 15
19 2.93804+13 20
1 1 3 31
[ 1 5 5 2
2 1 9 80
2 1 12 7 2
2 1 15 & 2
3 1 18 5 2
? 1 21 30

-CA116+1s
L93304+13
.93304+13
.93804+13
L 93804413

NN R R e

(SO AS IS A A

1
1
1
1
1
1
1

503001103001303060210300220300230300240300260300

50300240300260300

210300220300230300240300280300290300380300420300

260320900300

e e 0s W n

IR
++
I

L69900C-04
LB3300E-05
.12300E-06
LQ0000E-12
L.53600E-03
L12400E-0a
.32600£-02

O R I N N L LT |

LT8B0E+06
L73TTEXDR
JBFTHEHDS
6517E+04
-9303E+05
.3074E+03
S6112E+02
LHAASEXD2
-7851E£+01
L0ATTEFDTL
.3824£+00
.9312€-01
.65312€-01
.0090E-01
L5TB5E-072

L67500E-05
L84300E-04
LITEDOE-0S
L 851D0E-05
.11800E-03
.32300E-03
.65200E-02
L0653E+08
.3534E+08
.D197E+05
.T3BOE+04
L5034E+04
L3545E+03
L4852F+02
LETG2E+02
L T265E+01
V31353E+00
LB554E+00
_T642E-01
.1399E-01
L6T43E-01
L060ZE-02

o B 00 s 00 = L e O L e O

. 7B100E-05
-30100E-0s
LO00500E-04
L32800E-012
.12500E-02

P - (T BN, R IS

-T237E+04
LO940E+DE
L 351884+035
L2475E+04
L1709E+0a
L6126E+02
L8295€8+072
L3007E+02
L9023E+0 1
L47a0E+D0
.B8374E+00
LT344E-01
LA528E-01
L3700E-01
.8467E-012

.B83900E-02
.50000£-03
. 28600E-05
LOneooE-12
.08C0CE-03F

V- QR VI N T T S N JRY- R - S o S I}

67880108
.2085E+D5
-8314L+05
L08BRE+04
L1{BRE+03
LO34TEFO3
L3400EO2
LO130E+02
L2603E+01
LOA33EF00
L 4450E+00
L8256E-01
S1961E-01
L0963E-01
.3805E-03

—140 —

O N T L > BT RN R VIR Y

.53000E-03
.683090E-04

.82700E-D4
L35400E-04

LBESTE+OS
L 3928E+05
L4264E+05
L1828E+04
J1GLTE+O3
.5848E+03
L5337E+02
LBEI3E Y01
L TB0aErO1
L9279E+Q0
L2752E+F0D
L0236E-01
LT699E-01
.5387E-02
L3423E-03

1.25800E-03
4.34¢00E-02

4.67T00E-072
1.00100E-03

L2313E+05
LGTATVEFGS
.1109E+CS
LETRBEH0S
.5308E+03
L2341E+03
L7SIGEF02
1h42EH0
371060
L0590EF00
L1254E+00
L3138E-01
L3742€-01
LEDITE-02
LODOCE-DS

Y. S IV R SR O Y Y )
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J1JCLG  JOB

I1 EXEC JCLG

JSYSIN DG DATA, DiM=-++°

[0 JUSER XAXZ4244,KE.GKUMURA,0431.01
T.0 €.3 W.6 1.8 NGT

/R XX T A KA KL AN AL XTI X TFXEXLXREXXART R X
Jix WIM SAMPLE INPUT @ (PROTEZUS CORE 43 =
Jix  FLLE : J&284. NEABENCH.CNTL(PROTCR4) =
IFE2 SRR 22 S 22 R e SRR LR R LR B Rt b
11 EXEC ANY

JIVIM EXEC LMGO,LM="J3803.VIMJAERLI’,PNH=VIM

JIFTO6F001 DO DSN=J4244 . PROTCR4.OUTLIST,DISP=CHR
JIFTOTFOOL DU DSMN=J4244 PADTCRA.RETALLY.DATA, DISP=(NEW, CATLG,OELETEY,
[ SPACE=(TRK,(2,2),RLSE) ,OCB=(RECFM=FB,LRECL=80,BLKSIZE=31202,

I UNTT=TSSWK2
!4 EXPAND CDILSK,DDN=FT10F0C1

JPFT11F001 DD DSN=J4244 . PROTCR4.REST11.DATA,DISP=(NEW, CATEG, DELETED,
Hf DCB=(RECFM=YRS,LRECL=X,BLKSIZE=23476) ,SPACE={TRK, (10,102 ,RLsE),

i UNIT=T554%K2

JIFT12F001 DD DSN=J4246 . PROTCR4.REST12.0ATA, DISP=(NEW, CATLG, BELETE) ,
Ii CCB=(RECFM=vBS,LRECL=%,BLKSI7E=23476),SPACE=(TRK, (50,303 RLSEE),

I UNIT=TS5WK?Z

i/ EXPAND DISK,DON=FT13F001,SPC=-100,10
/1 EXPAND DISX,0DN=FT14F001,5PC="100,10"
{1 EYPAND DISK,DUN=FT15FC01,5PC="100,107
Ff EXPAND DISK,RDW=FT16F001,5PC="500,90"
f7 EXPAND DISK,DOMN=FT17FO001,8PC="150,10"
/¢ EXPAND DLISK,DON=FT18F001,8PC=7100,10"

JI/ET21FO0Y DO DSN=J4244 . STAYJ2P.DATA, DISP=SHR, LABEL=C,,, [N
FIFT22F001 0D DSN=J47244 MOVEJZ2P.DATA,DISP=SHR,LABEL=C,, [N

J1SYSIN DO =

1987654321A8 PROTEUS (CORE-4 : DOWTHERM)

100 3 0

2000 2000 5

1 1 0

18 4 g

2650. 1.00E-5 275.0

0.80 3.92790E+0 100.0

1 o 0 ¢} 0 0 0

a

Q 0

2000

1.E

+7

0

10300 20300 30300 40300 50300110300130300210300220300230300240300260300

2703002803002903003503003380300420300
5 10300 29300 30300 40300 50300
5 10300 20300 30300 40300 50300

0 25 25

oYL 1 G. 0. 0.
Cyt 2 o. g. o.
cYL 3 G. o. 0.
tyL 4 [ 0. 0.
cyLl 5 0. 0.9 0.
CYL ] 0. 0.9 Q.
cyL I 0. 0.3 0.
[ ge 3 0. 0.5 0.
cyL 9 0.779422 0.45 0.
YL 19 0.7794322 Q.45 g.
YL 11 0.779422 0.453 G.
YL 12 0.779422 Q.45 a.
YL 13 0.779522 1.35 0.
CYt 14 0.779422 o 1.35 0.
CYL 15 0.773422 1.33 0.
CYL 16 0.779422 1.35 0.
CyL 17 1.55884%8 0. 0.
cYL 18 1.558348 g. 0.
CyL 1% 1.558344 0. 0.
tyl 20 1.935834% o] 0.
Lyl 21 1.55884% 0.9 0.
LYL 22 1.358848 0.9 0.
cyL 23 1.558846 6.9 Q.
YL 24  1.53538846b6 .9 0.
RPP 23 0. 1.558844 Q.
RPP 26 -.1 1700000 -1
END
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v T T

JE+1s
LJEFLS
CEF1S
JEr1s
LEr1S
LE+1S
CE+1S
LEFLS
LEF1S
LE+1S
JEHYS
LEFLS
JE+15
JERLS
LE+LS
LEFLS

E+13

LEriS
LE+19
LJEXLS
LEHTS

E+13

JE+1S
LE¥1S

1.39
1.43

0.193412
0.273526
0.335
0.411
0.193412
0.273526
0.335
0.411
0.1938172
0.273528%
0.335
0.411
0.193412
0.273526
0.335
G.a11
01593412
0.2735258
0.335
0.4&11
0.153417
0.27332s%
0.33%
0.411

Q.

-1.

V.ERLS
2.E+15



1 +25 +1
2 +25 +2
3 +25 +3
4 +25 +4
5 +25 +5
ol S k25 +5
7 +25 +7
2 +253 +8
g +9
10 +10 - g
11 +11 -14Q
12 +12 -11
13 +25 +13
14 +23 +14
15 +25 +15
16 +235 +16
17 +25 +17
18 L] +18
19 +25 +18
20 +25 +20
21 +25 +21
22 £25 +272
23 +25 +23
24 +25 +24
25 15 +25 -4
28 +25 =25
END
1 2.838048E:13 2
5 5.87H09E13 6
9 1.17321E14 10
13 5.87809E13 14
17 2.93804%13 18
21 5.87609E13 22
25 5.123%9E14
1 5 2 2 1
4 30 3 1
7 31 i 1
10 21 1 1
13 5 2 2 1
16 8 0 3 i
19 Vo2 2 1
22 21 1 1
25 90 & 1

103040 20300 30300 40300
730300230300350309380300
20300 30300 40300 50300740300240300

JAERI-M 89-201

-1
2
-3
-5
-4
-7
-13
- 14
15
17
-18
-19
=21
-2
=23
.8 -
2.93804513
S.87609213
1.17521E14
5.87506E13
2.93804¢1
5.87609513
2 52
511
8 40
11031
16 & 7
175 2
20 80
23031
26 10 0

-16 -20 =24
3 2.93893E13 4
75.87509513 8
i1 1.17521E14 12
15 5.87509C13 14
19 2.933804E13 20
23 5.37609€13 24
2 1 3 72
1 1 ] 21
3 1 g 11
1 1 12 4 0
2 1 15 72
2 1 13 6 2
3 1 21 11
1 1 24 4 0
2 1

SAS2E9E1S
LG0579E13
LT8116E14
L90579E13
L43289E13
L39579213

o A 00— 0 b

[ I R P L)
o s e e e e

50300110300130300210300220300230300240300260309

210300220300230300240300280300290320380300420300

26G300270300350300
5.69900E-04 5.67VS00E-05
3.83300E-05 6.84300F-04
8.12300€-06 5.37600£-05
1.00000£-12 9.85100GE-05
8.53600E-03 5.11800E-03
8.12300E-04 1.32300E-0%
2.83200E-03 4,57800E-072
T.7380E+006 6.00653E+0%
1.7377E+06 1.35348+086
J.87T74E409  3.0197E+0)
8.6517E+04 &.7380E+04
1.9305E+04 1.5034E+04
4_3074Ev03  3.3544E+03
9.6112E+02 7.48352E+02
2.144356+02 1.6702E+02
4.TB51E+01  3,7208E+01
1.0677E+01  8.3133E+00
2.3824E+00  1.8554E+00
9.9312E-01 8.7642E-01
4.6912E-01  4.1399E-01
2.0090E-01 1.6743E-01
4.5785E6-02 3.0602E-072
I3
++
i

T.7B100E-05
3.30100E-04
2.0035008-04
2.332800E£-02
3.125006E-02

3.82400E-07
4.7237E+06
1.0540E+05
2.3518E+05
5,2475E+04
1.179%2+04
2.6128E+03
5.8295E+072
1.3007E+02
2.8023E+01
6.47B0EQ0
1.63742+00
T.T348E-01
3.6528E-01
1.3700E-01
1.8467E-02

[ SN SV S

.83300E-02
.60000E-03
.28A00E-05
.00Go0E- 17
.0800Q0E-03

— 1R e B g D B e 6 Ly

M Ly Oh

L6738E+D6
L20B5E+05
L8318E+05
.0858L+04
LL183E+03
03478603
L3500E¢02
.0t30Er02
L2603E+01
L0435E+00
LA850£+00
L8256E-01
L1968 1E-01
L0963E-01
.3305€E-03
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2.33000E-0Q3
3.68300E-04

3.82700E-Q4

7.358400E-04

2.8A51E+06
5.3928E+053
1.42645+05
3.1828E+04
7.1017E+Q3
1.38456E+03
3.3357E+02
7.8893E+01
1.7804E+01
3.9279€E+00
1.2752E+00
5.0236E-01
?.7699E-01
8.35397E-02
3.3423E-03

.25600E-03
L 34000E-07

LHTPO0E-C2
LO00100E-03

2.2313E+00
4.9787E+05
1.1109E+09
2.4788E+04
5.5308E+03
1.2381E+03
2,7530E+072
6. 1442E+01
1.3710E+01
3.039GE+00
1.12348+00
3.31586-01
2.3742E-01
6.4017E-072
1.0000E-03
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FHACLG Jog
/4 EXEC JELG
fISYSIN OB DATA, DLM="++"
S OJUSER XXXX4244 KEISUKE,D831.01
T.7 C.3 W.s 1.5
DPTP  PASSWORD=7777727,MSGCLASS=X NOTIFY=24244
IEEEET TSRS RS TS R LRSS 2 SRS R L R L R
= VIH SaMPLE INPUT : DNIT PIN CELL x
tl= CASE @ VM/NF=1.3, EOL, 0% ¥DIJ *
Hix FILE : NEABENCH.CNTL(MEV10D) x
,',lzzxxxx!xxx‘xxxxxxxxxxxt):x:«x!txxxxxxxxxxx
It EXEC ANY
JIVIH EXEC LMGO,LM='J3803.VIMJAERL  ,PNM=VINM
JIFTOSF001 DD OSN=J4244 HEV100.OUTLIST,DISP=8HR
JIFTCTFODT 0D DSN=J4244 MEVIOO.RETALLY.OATA, DISP=5HR
/4 EXPAND DISK,00N=FT10F001
JIFT11F001 DO DSN=J4244.HEV100.REST11.04TA, DISP=C, CATLGY  UNLIT=00430,
i DCB=(RECFM=VBS,LRECL=X,8LKSI7E=23475),SPACE=CTRK, (5,5) ,RL3ED
{IFT12F0C1 OD DGN=J4244 MEVIOO.REST12.08TA,DLSP=(,CATLGY UNIT=0D0430,
il DCB={RCCFH=VBS,LRECL=X, BLKSLZE~23476),5PACE=(TRK, (30,15) RLSED
!t EXPAND DLSK,DDN=FT13F001,SPC="100,10"
!+ EXPAMD DISK,DDBN=FT14FA01,8PC="10G,10"
}4 EXPAND 01SK,DDN=FTI5F0C1,SPC="100,10"
11 EXPAND DISK,DDN=FT16F001,8PC="500,90"
/7 EXPAND DISK,DDNSFT17F001,SPC="150,10"
I/ EXPAND DISK,DDN=FT18FO001,8PC="100,10"
JIFT21F001 0D DSN=J4244 _STAYJ2Z.0ATA,DISP=SHR, LABLIL=(, . [
JIFTZ2F001 0D DSN=J4244 MOVEJ27.DATA,DISP=SHR, LABEL=(,, IN)
f/8%¥50IN DO =
E592B382063D MEV100 ¢ EOL , VR=t.1 , 0% ¥0ID , HOT , JENOL-2 LIE.

100 3 0 5 0 0
2000 2000 1 0 o 0
i 1 0 8] 50

17 3 4 3 4 20490
1150, 1.00E-3 275.06 1.0 1.00E-5 1.50E+7

0.95 3.92790E+0 100.0 0.0
1 0 0 0 0 0 0 0 0 0 D
10900 20900 30990 40900 50900110900130900140900240600260900450500670900

650600700901750900770900500800
5 10500 20900 30900 40900 50500
5 10900 20900 30990 40900 50900

0 1 i

CYL t 0.0 G.0 0.0 1.000E15 0.410
YL 2 0.0 0.0 0.0 1.000815 0,475
RHP j 0.0 0.0 0.0 1.000€15 1.2204
RHP 4 0.0 0.0 1.0 2.000815  1.30
END
FUL 1 +1
CLo 2 -1 +2
400 2 -2 +3
REF 2 -3 +4
END

1 5.28107E14 2 1.80720E14 3 5.B1016E14

1 11 1 2 20 2 3 30 3

4 4 0 -2

10900 29900 30900 40900 S09001109001309001340900260500450800670900700301

750900770900
590600

250600900600

5.38906-06 2.9760FE-04 3.2390E-05 1.9880E€-02 1.0070E-03 1.725CE-04
3.0630E-05 4.9000E-0S 4.6080E£-07 1.0900E-06 &.47O0E-05 2.5919E-05

S.7T720E-05 5.¢780&8-05

3.7020E-02

2.3720£-02 4.744QE-07

9.1180C+233  4_.000CE+*0Q  1.0000E-05
I=
++

i
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/7JULG JOB

I/ EXEC JCLG

JAERI-M 89-201

FI5YSIN DY DATA,DLM=++’
F7OJUSER XXXX4244 ,KE.OKUMURA,0431.01
T.5 €.3 W.4 [.4 GRP
OPTP PASSUDRD=?????,HSGCLQSS:X,HUTIFY=J42&¢,HSGLEVEL:(E,1),CLASS’!
J R R N R K KKK KA XXX T T LR R E N TR

7% "SRALC SAMPLE INPUT : (PROTEYS CORE 1) =

fix  FILE

JA4244 NEABENCH.CNTL(PROTCR1S) =

/jxxxxxxzxxxx:rxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
/1SRACERY EXEC LHGO,LM=J4254.$RACHRY, PNM=SRACERXA
J/RUNLFTOTFOOT D00 DUMMY

f)OEXPAND GRMLP,SYSQUT=M

JIFTEBIF001
ri
JJFT82F001
i
JIFTBIFOO1
1
fIFTB4FQTT
¥
FIFTRAF00
{4
JIFTO2F001
I
F/FTOLFODL
i
FIFTO2FO0N
I
FIFTO3F00T
i
FIFTO8FO0 Y
I
fHFTCOFOO1
i
fIFTI0F0OL
ri
FIFT11F00
i1
fIFT12F001
7
JIFTI3F00T
{1
f/FT21F001
14
JIFT22F001
i
FIFT31F00Y
i
FHFT32F000
74
FIFT33F001
I
flxsxxsrxxx
FIFASTP

i

i

I

it

i

i

I

[ I THERMALP
i

it

it

I

i
/IMCADSS
I

i

I

il

0o DSH=8RWRKE1,SPACE=(TRK, (120,100, UNIT=%K10,
DLB=(RECFM=VBS,8LKSIZE=32760, LRECL=X,BUFNG=2)

o DSN=&&URK82,SPACE=(TRK,(IUG,IG)),UN[T=UK10,
DCB={RECFH=VYBS ,BLKSIZE=32760,LRECL=X,BUFNO=2)

D& DSN=&&VRK83,SPQCE=(TRK,(100,10)),UH£T=UK10,
DCB-(RECFH=VES,BLKSIZE=32760,LAELL=X,BUFND=2)

oo DSH=&&WRK84,SPACE=(TRK,(100,10)),UHIF:WK10,
OCB=(RECFM=VBS,BLKSI7E=32750,LRECL=X,BUFND=2)

Do DSN=&&WRKG¢,SPACE=(TRK,(30,10)),UH1T=WK10,
DCB=(RECFH=VBS,BLKSIZE=32?BO,LRECL=X,BUFND=1)

DO DSN=28WRKY2,8PACE=(TRK,(5,2)),UNLT=wK10,
DC3=C(RECFM=FB,BLKSLZE=3120,LRECL=8D)

00 DSN=84WRKC1,5PACE=(TRK,{30,10)),UNIT=WK10,
OCB=C(RECFM=V8S,BLKSIZE=32760, RECL=X,BUFN0=1)

OD DSN=3LWRKOZ,SPACE=(TRK,(30,10)),UNIT=%K10,
BCB=(RECFM=VBS,BLKSIZE=32750,LRECL=X,BUFND=1)

oo DSN=&&URK03,SFACE=(TRK,(30,iO)),UNIT:HKED,
DLB=(RECFM=VBS,8LKSIZE=32760,LRECL=X,BUFNO=1)

00 DSH:&SWRKUS,SPACE=(TRK,(30,10)),UN[T=WK10,
DCB=(RECFM=VBS,BLKSLZE=32760,LRECL=X,BYFNO=1)

Do DSN=&&HRK09,SPACE=(TRK,(30,10)),UNLT=WK10,
DCB=(RECFM=VEBS,BLKSIZE=32760,LRECL=X,BUFND=1)

0D DS&:&&URKlo,SPAEE=(TRK,(30,10)),UNIT=&KEO,
CGUB=(RECFM=VOS,BLKSLZE=32760,LRECL=X,8UFNO=1)

00 DSN=83WRK11,5PACE=(TRK,(30,10)) ,UNIT=WK10Q,
DCB=(RECFM=YBS, BLKSIZE=32750, LRECL=X,8UF D=1}

Do DSN=&&VRK1?,SPACE:(TRK,(30,10}),UHIT=HKIO,
DCB=C(RECFM=VES,BLKSIZE=32760,LRECL=X,BUFNO=1)

OD DSN=2&WRK13,S5PACE=(TRK,(30,10)),UNLT=kK10,
DCB=(RECFM=VES,8LKSL2E=32760, LRECL=X,BUFNO=1)

00 DSN=3&WRK21,5PACE=(TRK,(30,10)) , UNIT=WE1Q,
DCB=(RECFH=VBS, BLKSIZE=32760,LRECL=X,BUFND=1)

0D DSN=&&WHK22,SPACE:(TRK,(30,10)),UN!T:WKIO,
DCB=(RECFM=YBS,BLKSIZE=32760,LRECL=Y,BUFND=1)

0D DSN=38WRK31,SPACE=(TRK,(20,5)),UNIT=¥X10,
0C8=(RECFM=FB,BLKSEZE=32C0,LRECL=80,BUFND=1)

Do DSN=&&WRK3?,SPACE=(TRK,(EO,S)J,UN[T=HKIO,
OCB=(RECFM=YBS,.BLKSIZE=32750, L RELL=X,BUFND=1)

DO DSN=38WRK33,SPACE=(TRK, (20,5)),UNIT=WK10O,
DCB=(RECFM=VBS,BLKSIZE=32760, RECL =X, BUFND=1)

JENDL? X X X X T XN R LXK RN KK A X T K T AKX AN K KX X ME XA KT X
oD DSN=J2031.FASTLBJZ.PSEUDO.DATA,D!SP:JHR,LABEL=(,,,INJ
0D DSN:JO?SZ.FASTLBJZ.FINAL.FP.DATA,UiSP=SHQ,LABEL;(,,,IN)

Do DSN=JU752.FASTLBBS.FINAL.FP.UATA,DISP=SHR,LABEL=C,,,IN}
0D DSH=J0?52.FASTLBJ?.F!NAL.DATA?,DLS?=SHR,LAEELﬁ<,,,iN)
o] DSN:JO?SE.FASTLBJ?.FLNAL.DATA,DIS?:SHR,LABELi(,,,iN)
Do DSN=JO?S?.FASTLBBS.FINAL.DAFA,DISP=SHR,LABEL=(,,,iNJ
a0 DSN:JOTSE.FASTLSB&.FENAL.ADD.DATA,DiSP=SHR,LABEL:(,,,IN)
DD DSN=J 1480 . FASTLBB4, 0ATA,BISP=SHR,LABEL=(,,, I

oo DSN:J1Q80.THERHLJ?.AETINIDE.GAIA,DESP=SHR,LABEL=(,,,IH)
hi DSN=J2031.THERHAL.J?PSD.DATQ,D[SP=SHR,LABEL=(,,,[NJ
Do DSN=J2031.THERHAL.JZFP.DATA,DLSP=5HR,LQBEL=(,,,IH)

Do DSN=J1480.THERHLJE.DATA,D[SP=SHR,LABEL=(,,,1N)

] DSN=J?O31.THERHAL.SSFP.DATA,DiSP=SHR,LA8EL:(,,,lN)

oo DSN=J1480. (HERMLB4. DATA,DISP=5SHR, LABEL=(,,, N}

oo DSN=JO?52.HCRDSS.JZADG.DATA?,UISP=SHR,LQSEL:(,,,IN)
tb] USN:J1480.HCRGSSJ?.DAT&,DLSP=SHR,LAEEL:(,,,[H)

90 DSN=J1#30.HERUSS#.DATA,DISPHSHR,LASEL=(,,,[N)

Do DSNHJO?S?.HCRCSS.J?ADD.DATA,DISP:SHR,LABEL:(,,,[N)

Do OSN=J0?52.HERGSS.HAADD.DATA,D[SP=SHR,LABEL=(,,,[H)

/[xx:xxx:xtxlxxzxtxstxxxxxxttxxxx::xxxzxxxxxx:xtxxxxzrxt:xr*xxxxxxxxzx
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FIFASTU DO DSN=2AWRKFST,SPACE=(TRK, (50,102,300} ,UNIT=4KI0,
74 DCB=(RECFM=U,BLKSIZE=19069) ,DL5P=(,DELETE}
JUTHERMALU DD DSN=33wRKTML,SPACE=(TRK,{350,10,502) ,UNIT=WK10,
I OCB=C(RECFHM=Y,BLKSIZE=150069),015P=¢(,DELETED

i IMICREF DD DSN=Z&MICREF,SPACE={TRK,(153,2,1000),UNIT=wK10,
[ DCB=(RECFM=U,BLKS178=15086),0I8P=(,DELETE)

FIFLGY DD DEN=ZAFLUX,SPACZE-C(TRE, (20,10,10)) UNIT=WK10,
ri DCEB=({RECFH=U,3LKS1ZE=19069),0L5P=(,DELETE)
TiMALRD UD DSN=3LMALRD,S$PACE=C(TRK, (20,10,2003) ,UNIT=WK10,
H DCB=(RECFM=Y,8LKSIZE=13069),08[8P=(,DELETE)
JIMACROWRE DD DSN=48MACLWK,SPACE=C(TRK,(15,5,200)) UYNIT=wK10,
H SUB=(RECFH=Y,BLKSIZE=19069),00I5P=( DELETERD

FIFTS0FGOT DD DSH=J3973.BURY.DATA(CHALNGHE) , DISP=3HR, LABEL=C, 1N}
[PFT51F00t DD DSH=8&WRKS1,SPACE=(TRK, (20,531, UNIT=WK10,

i DCB=(RECFM=v¥B3,BLKSIZE=32V60,LRECL=X,BUFNG=1)
JIFTS2F001 DD DBSH=8RWHK32,3PACE=(TRK (20,53, UN[T=%K10,
I DCS=(RECFM=VES,BLXSI7E=32750, LRECL=X BUFNDE=3)

JiFT59FO01 DD DUMMY

FIFTYRFQ01 DD DUMMY

JIFTS9FGO1 0D SYSOUT==,0CB=(RECFH=F8A,LRECL=133,8LK512E=32718)
JISYSIN DD =
PRT1
PROTEUS-LWHCR ( CORE-1 )

11112 140-21 00002 00100/ SRAC CONTROL
8.279E-&  / CRITICAL BUCKLING
Jazas g a
J4Z44
J4244
J4244
4244
4244
J4244
Ja244
59 31 2 1!
59(1) J
15¢1) 1521 3 !
28 31 4
317
XU050001
XU030001
UQRN0T1
X008%001
XPUI0001
XPUCOOO1
XPU1G001
XPUZ200Q01
XAH10001
XH0 10001
XAL70001
XSINODG!
FMNS0001
XFENOOD
ANIHOOD1
XCRNOOO1
XMONOOOL
XHO1HOO!
XC020001
XN040001
X0060001
Xun30001
XTH20001

[ Y e B e e R e e i 3
coOo o oo oo

13123 5 1 12240 5 0 10 43 2 1 180 0 { PATH

g0 20 50 5 35 5 -1 0.0001 0.0000% 0.01 1.2 100, 0.8 7
5 5 x 1
5 5 ¥ o2
12 ¥ §5-7
J 4 3 4 ¥ 5-T
T2 ¥ §-T

5(17 /i X-R

123 %5 /7 M-R

0.0 2x0.77942 J RX

0.0 0.45 0.9 [/ 1Y

71 3 2 I NPTX

12 2 3 /I ONPTX

4¢0.0 ©.335 0.4ll )/ ROFP
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5 1 NMAT

MAT1X01X 0 18 30C¢. Q.67 1.0 7/ MAT 1 < FUEL ROOC{isX PU2/UC2)
LUDsS0001 2 0t TLYB1E-0 4

YUOEWDO1 2 1 1.839£-92 f ¢

XPU30GO1 2 1 2.58CE-03 [/ 3

XPUDQDOT 2 1 5.89%5E-04 /4

XPutgoot 2 1 5.87¥5E-05 1 5

XPYZgo0t 2 1 1.256E-05 [/ o

XAMiODOOtT 2 1 3.833E-03 /7

1UQ30001 2 1 1.0E-12 b8 DUMMY

1THZO0001 2 1 1.00-1% /9 UUMMY

100sW001 O O 4.34HE-02 710

XHO10001 O 0 2.003E-04 /11

XAL7O001 2 0 3.683E-04 /17

YFENODQ1T 2 0 2.600E-03 /13

XCRNOODCL 2 0 6.843E-04 14

XNINOODT 2 0 3.301E-04 /15

IMNSO001 2 0 5.375E-03% 16

LSIHGODYT 0O 0 3.288E-035 /717

IMOHNODO1 2 0 B8.123E-06 /18

MATZ2x02x O & 300. 0.152 1.0 ! HAT 2 : CLADOING (STEEL+AIR+AL)
YALTOOO1 2 O 6,080E-03 /1

XFENODO1 2 Q 3.125E-02 1 2

XTRNODO1 2 0 8.336E-03 ) 3

(NINODO1 2 0 3.118E-03 1 &

XHNS0001 2 6 1.001E-93 "/ 5

IMONODOQT 2 0 7.354E-04 ] &

XS{NQRO1 O 0 8.124E-0Q4 1 7

XND4QDO1 O 0 1.323E-05 / 8

MAT3IX0ZXx 0 11 300. 0.67 1.0 f MAT 3 ¢ DEPLETED Y02

YLU0s0001 2 1 9.851E-93 [/ 1

Yyogwoot 2 1 2.328E-023 ! 2

xpPy9s0cGi 2 1 1.CE-17 I 3 DUMMY

xPyogoot 2 1 1.0E-12 !4 DUMMY

xfut10n0l 2 1 1.908-12 IS5 DUMMY

YPY20001 2 1 1.0E-12 I & DUMMY

XAM10001 2 1 1.0E-12 17 DUHREY

$U030001 2 1 1.0E-12 /8 DUMMY

XTH20001 2 1 1.0E-1¢ I 9 DUHMY

XCO6WOG1 0 0 4.8677E-02 / 10

AALTOOGT 0 0 3.827E-04% 7 11

MAT&X04X 0 8 30C. 0.152 1.0 / MAT 4 : CLADDING (STEEL+AIR+AL)
XALT7000T 2 0 6.08DE-03 [/ 1

YFENCOODT 2 0 3.125L£-02 /1 2

XCRNCQOT 2 O 8.3538%5-03 1 3

ININDOOT 2 0 5.118E-0F /1 &

XMNSQ001 2 0 1.00tE-03 [/ 5

LMONGOQOT 2 0 T.334E-04 4 B

£5IN000T O 0 B.124E-04 /1 7

INO4ODOT O O [.323e-035 [/ 8

HATSX05Xx 0 2 300. 0.10 1.0 { MaAT S o LEGHT WATEZR (300 0 K)
LHOTHODT O 0 6.632e-0G2 /1 1

Y0000t O 0O 3.328E-02 /1 2

00 10 2 ¢ [GPT{(1:3) ,MREC --------- << REACTION RATE 2> ----=--------
39 /I NREC

11 2 10 0 5901.0 31¢0.0) / HWPOSL,L235,L238, 1%, 1Y, [Z,FG50t1GHAXY |
13 &4 100 59C1.0> 31¢0.0) / |
1 56 VG 9 59C1.,0) 31(0.0) ¢/ |
I 781060 5%¢1.0) 31(D.9) /

199 109 0 59Ct.0) 3:1<(0.0) /

2 12 300 590,00 31(0.0) /

23 4 300 59(1.0) 31€0.0) ¢/

2% 6 300 59<1.9) J1c0.02 !

27 8300 359¢1.0)y ZLC0.0) 4

29 9 3 00 5301.0) 31€0.0) [/ - R +
0/ PLOT(PAECD

43

i
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IR T e F e R e e R E
J/x  SHAT SAMPLE INPUT : (PROTEUS CORE &) =
fle FILE @ J&244 HMEABENCH.CNTLC(PROTTR4S) =
IR IS F RS EEEEE RS EF RS LR EE R RS R

f18YSIN DD x
PRT4
PROTEUS-LWHCR ¢ CORE-4 )

11112 140 -2 1 0c0a0 2 C o100 4 SRAC CONTRAL

9.180G51%-4 / CRITICAL BUCKLING
JéZ4a 0
JE244
J4244
J4744
JAR44
J4z46
JA244
47244
59 31 2 1/
5901y f
15¢1) 15(2)y 3/
23 31/
3t 7
Xu0socol
Xuoaonool
XUOBWO01
X0068W0OO1
XPUgInGcol
XPYg0001
XPU10001
XPYZ00a1
XAM10001
KHO1GD0A
XALTOO01
XSINGO01
XHH50001
XFENOOOQ1
ININODO1
XCRNDOO1
IMONOCAOL
XHOLHOO1
16020001
XNO4QODY
X0060001
xU039001
XTHZ20001

OO0 O o o o o O
o QG c O oo

180 0 I PATH
16, 0.5 7
1

1 16 2100 3 Q0 10 29 2 1
0
¥
5 5 3 ¥ o1
¥
¥
¥

35 -1 0.0001 0.00001 0.001 1.

13 32 5
g 20 50
5 5

5 5

2 -

1
2

()
ek P e
(S PV T R I I |
=
L
[
e
[ RN
— = -

1 X-7

234 /I M-R

L0 6x0.43 RX
0 TY
2

/
/
I ONPTX
!
R

O3 = o

2x0, 77942
4 & 135 ¢ 2
i1 22272 3
10¢0.0 0.333 0.411
5/ HMAT
MAT1X01X

xXyos0001

XUos8%woo1

xPuUaGoat

XPUOQO0OO1L

XPUl109o01

xpyzooot

XAM10001

Xu030001

XTH20001

]
3 NPTY

Y4 RDP

18 300. 0.67 0.58755 4 MAT 1 : FUEL RODOISX PL2/UQZ)
LT81E-05
LB39E-02
-580E-03
L6E99E-04
LG675E-05
.23548E-09
L833E-03
£-12
LOE-12

I = R

8 DUMMY
3 DUMNY

R AR RO R R MR N O
—- e e e e e e s
PO UV R V. TIPS QPR N
— e e e e e e
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X006%001 0 0 4.3486E-02 /710

XHO10001 0 0 2.005E-04 /11

XALTOQDL 0 0 3.88B3E-04 /12

XFENOQGO1 O 0 2.600E-03 /13

YCRNOOO1 0 0 &.843E-04 /14

XNIKODO1 O 0 3.301E-04 15

XMN50001 0 0 5.37%E-05 /15

XSINOGOY 0 0 3.288E-035 /17

XMONDCOY 0 9 8.123E-06 /13

MAT2X02Y 0 8 300. 0.10 1.0 / MAT 2 : CLADUDING (STEEL+AIR+4L)
XALTCO01 0 0 6.030F-03 /1

XFENGOOL 0 0 3.1258-02 / 2

XCRHOOOT O 0 &.536E-03 1/ 3

XNINOOOL 0 0 S.118E-03 1/ 4

XMNS50001 0 ¢ 1.001E-03 1/ 5

XMONOO0O01 0 0 7.354E-04 1 &

YSINOCO1 0 0 8.124E-04 J 7

XM04D00T 0 0 1.323E-05 [ 8

MAT3X03% 0 11 300. 0.57 ©0.587$5 / HAT 3 : DEPLETED uQ?

XUDS000t 2 1 9.851E-05 1 1

XYUOBWOOT 2 1 2.328E-02 2

XPUJ0OOOT 2 1 %.0E-12 73 DUMMY

YPUCDOO1 2 1 1.0E-%2 I o4 DUMEY

XPU10CDT 2 1 1.0E-12 IS DUMNY

XPU20001 2§ 1.0E-12 ! 6 DUNMY

XAMi0001 2 1 1.0E-12 /7T DUMMY

Xup3coot 2 1 1.0£-1%2 !B DUMMY

XTH2CGO001 2 1 1.0E-12 {9 DUMMY

X006W001 Q0 O 4.577E-02 /10

XAL70001 0 0 3.827F-04 /1%

MATSX04X 0 3 300, 0.10 1.0 fOHAT 4 : CLADDING (STEELFAIR+AL)
YAL?OO00T 0 Q 6.080F-03 /1 1

XFENDOO1 0 0 3.1298-02 /2

XCRNGODT O O 8.5358-03 /7 3

XNIKODOL G 0 S.1188-03 [ &

XMHS50001 0 G 1.001E-03 7/ 5

XMONOGD1 0 § T.354E-04 [ 6

XSINOODT O 0 8.124E-04 4 7

XNO40001 0 0 1.323E-05 /7 8

HATSXQ5% 0 3 300. 0.10 1.0 !/ MAT 5 : DOWTHERM (300 0 X)
YHOTHOO1 O 6 3.824C-02 f t

X0060001 0 0 2.832E-03 + 2

xCD20001 0 0 4.S57RE-02

DG 10 2/ [OPT(1:3),4REC ~-===----~ << REACTLON RATE 2> --=---------- +
g 9 / MNREC ]
112 100 59¢1.0) 31¢0.0) / MPOSI,L235,0L238, 01X, 0¥, 12, FGSC1:1GMAXY |
13 4 100 59¢t.0) 31(0.0) « !
156 100 59¢1.0y 31¢0.0) |
178100 59C1.0) 31(0.0) / i
19 % 100 5%¢1.0) 31(0.03 I
212300 59¢1.03 31¢0.0) ¢

23 4300 359¢1.0) 31¢0.0) ¢

256 300 59C1.0) 31403.0) / {
27 8300 5%(1.0) 3140.0) / !
29 %300 59¢1.0) 31€0,0) f —ecmmmmmmm oo +
1 1 PEACD

++

I
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IBEST 2SR E LS RS RS R S A - R R R EE S S
[ix  SRAC SAWPLE INPUT : UNIT PIN CELL
Jix  CASE @ WM/¥F=1.1, EOL, QX YOID *®
Jix  FILE : Ja244 NEABENCH.CNTL(SEViY *
IFEEEEE L EE EE R E RS SR S-SR S 2 S R R R EE S B
JISYSIN D o«
v170Q
RUN HO. ViET D:0C
1t 1112 1 4
1.0¢0000E-15 ! B
J4244
Jazad
JAazZas
J4244
J4244
Js244
Jazss
J4244
5% 31 21
59(1)
15¢1) 15¢2) 3
28 31
31
Xygs0009
xuoe0009
YUogwo0nd
X006w009
XPUI0L209
XPUGOOOS
XPU10009
XPUZO00Y
YHP9I0009
XAM10003
XAHMMOQO09
XAMGOONS
XAR30009
XCHagons
XZIRN0O0SE
XHO1HOO3
X0060008
XKR30001
XZR50001
XIR30001
XZRB0001
IMO50001
IMOTO0001
XMOF0001
XMO30001
(M000001
RTC90001
XRU10001
XRYU30ODIT
XRYsS0001
XRUZ00G01
XRU40001
XRH3IQOOY
XRH30001
YPDS0001
KPO70001
XPO8SGCO1
XPDJ0001
(PO&QO01
YAGSQO0S
XAG90003
xCo30001
xCD00001
xco1o001
XIN30001
XIN50008
X1010001
X1030001
X1050001
XI070001
xro9eon
XXE10001
XXE30001

wn
"
-
Q

¥:i.1 YOLD QX EOL  CHAINBSE/PEZACD
0 ooao2 000 Qg 1/ §RAL CONTROL

]
— R
=z

L B
o

ucK

O o O O 0 0 0 O DG
[ v I o T o Y o o Y o Y Y el

— e e e ey
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XIESDO01
XXEBQDO01
XXE20001
XLA90001
XC530001
XC3540001
XLS50001
(CE100Q01
XPR10001
¥PR30001
XND300Q01
XND40D00D1
XNG50001
XNDaQ001
XNOTQO01
XNDEODO01
XPM7Q001
XPHM0O0D1
TPMG0001
XPMID001?
XPHMOOOO1L
XPM10001
XSMT0001
XSMa0001
XSHA0001
XSHOODO01
XSM10001
XEH2G001
CEUIO001
XTU40001
YEUSO0O1
XEUGQ0O01
AG040001
AGRS0001
AGOECOD1
XG0r0001
LGD800D1
(P&70Q0T
LFENDQOE
XCRNI00E

ﬂﬁu

T Y

50 6 15 0 o 300 f FATH
401 0.00001 G.0061 1.0 10. 0.5

[ RN w]

6 5 1
0?2 59
111 rT
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