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Abstract

The multi-group treatment has been used in the design study of fast reactors and analysis
of experiments at fast critical assemblies. The accuracy of the multi-group cross sections there-
fore affects strongly the results of these analyses. The ESELEM 4 code has been developed to
produce multi-group cross sections with an advanced method from the nuclear data libraries used
in the JAERI Fast set. ESELEM 4 solves integral transport equation by the collision probability
method in plate lattice geometry to obtain the fine neutron spectrum. A typical fine group mesh
width is 0.008 in lethargy unit. The multi-group cross sections are calculated by weighting the
point data with the fine structure neutron flux.

Some devices are applied to reduce computation time and computer core storage required for
the calculation. The slowing down sources are calculated with the use of a recurrence formula
derived for elastic and inelastic scattering. The broad group treatment is adopted above 2 MeV
for dealing with both light any heavy elements. Also the resonance cross sections of heavy
elements are represented in a broad group structure, for which we use the values of the JAERI
Fast set. The library data are prepared by the PRESM code from ENDF/A type nuclear data
files. The cross section data can be compactly stored in the fast computer core memory for
saving the core storage and data processing time. The programme uses the variable dimensions
to increase its flexibility. The users’ guide for ESELEM 4 and PRESM is also presented in
this report.

* Century Research Center, Tokyo
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1. Introduction

The multi-group treatment has usually been used for transport or diffusion calculation in
the design study of fast reactors and in the analysis of experiments at fast critical assemblies.
The accuracy of these multi-group calculations strongly depends on the generating method of
the multi-group cross sections. One typical type of the multigroup cross sections is the tabulated
constant set such as the YOM? and ABBN? sets. The JAERI Fast set® has been produced as
this type of cross section set based on a more advanced concept. When the JAERI Fast set is
produced, the fission plus 1/E spectrum is used as the weighting function for infinitely dilute
media to average microscopic pointwise cross sections for light elements, and an exact ultra fine
spectrum is used in the resonance energy region for heavy elements. The composition depend-
ency of the group cross sections is taken into consideration by using a 1/(o.-0,) spectrum as
the weighting function. The effective cross sections are then obtained from the tabulated in-
finitely dilute cross sections and the resonance shielding factors given as a function of temperature
and admixture cross section o, In this type of cross sections, the weighting spectrum used is
not the true spectrum in a real reactor and hence the elastic scattering resonances are not ade-
quately treated for light and medium weight elements. That is, the influence from the reso-
nances of another elements can not be taken into consideration because of the assumption of the
constant background cross section. Another defect comes from the fact that the self-shielding
factors for elastic removal cross sections are assumed to have the same values as for elastic
scattering cross sections of light and intermediate nuclei. This is known to cause a significant
inaccuracy in the calculation of elastic removal cross sections in the vicinity of the large reso-
nance regions. The EXPANDA-759 code, which uses the JAERI Fast set library, is devised to
treat analytically the resonance region near 2.85keV of sodium to overcome this defect. How-
ever, the applicable range of this treatment is limited to that resonance.

The heterogeneity effect is significant in the analysis of experiments in fast critical assemblies.
Among the codes utilizing the JAERI Fast set, the SLAROM® and EXPANDA-75 codes solve
the integral transport equation for heterogeneous cell to obtain the cell averaged cross sections
and perform diffusion calculations. However, since these codes essentially start from a broad
group cross section set, the defects mentioned above can not be overcome. Consequently, a com-
puter code is required to obtain a fine spectrum with composition dependency in heterogeneous
systems and to generate accurate multi-group cross sections. In order to overcome such defects,
the ESELEM® code series has been developed and used to study a suitable production method
of group constant set. The ESELEM 4 code is the latest version developed for obtaining the
effective cross sections weighted by the composition dependent fine spectrum with heterogeneity
effects. This code has a close relation with the JAERI Fast set concerning with the cross section
data and hence supports the code system utilizing the JAERI Fast set.

Several codes have already heen developed to calculate fine group neutron spectrum and to
produce multi-group cross sections. ELMOE?” is a representative code at the first stage to study
the fine spectrum effect due to the scattering resonances of light elements. MC?#® has a more
general capability to produce the multi-group cross sections. In the revised version, MC?-29,
advanced methods are incorporated for the calculation of unresolved resonance cross sections,
heterogeneity effects and continuous slowing down process. These codes calculate the fundamental
mode flux but do not treat explicitly the heterogeneity effects for multi-region cell. On the other
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hand, the MURALB!® code solves multi-group transport equations for heterogeneous systems with
1/128 lethargy width. This code treats the resonance heterogeneity effect by the histogram method.
However, MURALB is not available for us at present. The similar fine group spectrum code is
incorpolated in the DOYC code system!V which is used to obtain the AGLI data library by
adjustig cross sections so as to predict integral experiment data. The DOYC method for solving
slowing down equations is based on that in the ESELEM 29 code and the resonance heteroge-
neity is treated on the basis of MURALB method.

In the present paper the authors describe the main functions and user’s guide for the ESELEM
4. This code computes the fine spectrum in the heterogeneous plate cell (including a homogeneous
system) by solving the integral transport equation with the use of the collision probability method
and generates the multi-group cross sections for an arbitrary group structure. The treatment of
resonance heterogeneity effect in ESELEM 4 is different from the histogram method used in
MURALB and DOYC. In our programme the heterogeneity effect is taken into account by
using modified admixture cross sections with the Dancoff factors calculated for multi-region cells.

The reduction of computation time and core storage is an important problem for these fine
group calculation programmes. In the ESELEM 4 code the following devices are adopted for it.
The very efficient recurrence formula is used in the calculation of elastic and inelastic slowing
down source for saving computation time and data storage. Moreover, the broad group treatment
is adopted above 2MeV since the calculation of inelastic slowing down source is very time
consuming. As the cross section is comparatively smooth in this energy region, this treatment
does not lead to serious errors. The broad group representation is used also for the resonance
region, where the cross sections of the JAERI Fast set are adopted for heavy elements. These take
into account self-overlapping and interference effects between resonances. For saving the computer
core area the cross sections are compactly stored in the fast core memory. Therefore the data
processing time becomes short and the flexibility is provided for the maximum numbers of cell
regions and spacial meshes used for solving problems.

The nuclear cross section library is prepared by the PRESM code from the general nuclear
data file with ENDF/A type format. The same source nuclear data as for the JAERI Fast set
is used at present.

This paper consists of six sections and two appendices. In Section 2, P, and P, equations
are derived from general integral transport equation and the algorithm is explained to solve them
by the collision probability method. In Section 3 the recurrence relations are derived respectively
for the elastic and inelastic slowing down. Section 4 includes the explanation of the nuclear data
treatment and inter- or extra-polation method of pointwise data. Section 5 is devoted to the de-
tailed information of the programe and calculation flow of the ESELEM 4 code. The input and
output informations and data formats are described in Section 6. In Appendix A the library
preparation code PRESM is explained from the viewpoint of usage. The sample problems and
results are shown in Appendix B.
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2. Solution of Integral Transport Equation

2. 1 Basic Equation

The integral form of the Boltzman transport equation is written for the steady state in the
following form!?

So S
é(r, E, .Q):S ds exp[—-s S(E, r—s’!))ds’]q(r—sQ, E D) @1
0 0
where
q(r, E, Q)zgd.q'SdEfz(E'—»E, Q-0 r)jr, E', 2)+Sr, E, Q).
By using the expression

! — — r—r — /
r' =r — RQg, AQR—_’—,", R=|r—-7'|,
|7y —7'|
we can rewrite Eq. (2.1) as

dr’ r—r'
o, E, Q)ZSVIr—r'Izg(!)’ Ir—r’l)

lr—r’| r—or' r—r'
. _ 14 ! /
exp[ - Z’(E r-RE=T I)dR] (r E, 2= r,,) 2.2)

where

r—r |\ (1 for 2-2r=1,
6(9’ [y —7/ |>_6(g’ ‘QR)—{O otherwise,

and V is the volume of the system.
When we define the optical path length A(», #/, E) as
Ir—r|
Ar, ¥, E):SO Z(E r— R'l(" r ?)de 2.3)
Eq. (2.2) is reduced to the form

47, E, 2)=( dr’ 5(.9, (r— ')) exp [~ A(r, 7', E)]

vie—7r'|? lr—7'|
r—r/
. E - "~ )
q(r, A lr—r’l) (2.4)

Equation (2.4) can be represented in a spherical harmonics series by expanding ¢(r, E, ) as
or £ @=% % (2 %0, BYi@)
=0 m=—1\ 47
Similarly, 2(E'—-E, & -8, r), Sr, E, ), 6(2, 2%) and g(r, E, ) can be also written in the
spherical harmonics'®. Then Eq. (2.4) can be rewritten as follows!? :

§n<21+1>¢1m(r E) Ylm(g) S Ir r’lZexp [ 2(1" f, E)]ZYlm( )Ylm*(AQR)
204 1\13
'F(ﬂ*) 4B SE—E )0, )+ Senlt’, B) | Yo @0). (2.5)

Now, multiplying Eq. (2.5) by Y:»*(#) and integrating over £, we obtain the following
equation from the orthogonal relation,

(21+ 1)1/? in(r, E)= S

1/2
exp [-Alr, 7', B)IYin*(@0 3 (21))

vie— r’|2 4
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-BdE’El'(E’—»E, PNom (@', BN+ Soml?’, E)]Y,,m,(.QR). 2. 6)

The above equation set is the coupled integral transport equations for the angular flux ¢;n(7, E).
The source term is composed of fixed and fission sources. The scattering term is composed
of elastic and inelastic scattering. If we assume that the fission and fixed sources are isotropic
as well as inelastic scattering, then
Sym(r, E)=0,
Zpin(E'—E, v)=0, for I'>0.
If the scattering is linearly anisotropic, Eq. (2.6) is self-contained concering with @, $10. P11
and ¢;-,.
Moreover, if the scattering is assumed to be isotropic, Eq. (2.6) becomes self-contained only
with @go:
_ar’
vig—r'|

oo(#, E):S exp [—A(r, 7', E')]

-{SdE’[Z'O"’(E’éE, vV + 3 (E'—E, #')1¢oo(r’, E')+Seo(?’, E)}. 2.7
The physical meaning of @y is the total flux, that is,
buolr, B)=\d84(r. E, 9, 2.9)
and the current J is defined by

Jir, E)=Sdﬂ-!)¢(r, E )

Jx:%(¢l-l—¢ll), Jy:—71§(¢1—1+¢11), Jz:¢1o-
We rewrite Eq. (2.7) in the usual form

S, B, E):Svdr’P(r, v, E)[SdE’Z’(E’—»E, o', E')+Sr' E):l, 2.9)
where the suffix of @o, Seo and X, are dropped and P(r, 7', E) stands for the first flight collision

probability :

_ ZE, 7))

Plr, 7', E)_47r]r—r’|2

exp [—A(r, 7/, E)].

2. 2 Collision Probability Method

(1) Derivation of matrix equation
The integral transport equation is obtained from Eq. (2.9) in one dimensional slab geometry
by integrating over y and z coordinates as follows.*

Sz, E)p(z, E):Sde'%Z(x, E)E\[A(z, =/, E)][Q(z', E)+S(z’, E)], (2.10)

. —Css)ds
Svd"P(r’ . E):SVZ(Z;E E)tExP[]rS_or’l2 }

Py E)S dxrsznandRM
i v o R?

dr’!

&Z_E)S dx,swzz(;@dzz,

v z

where SR denotes the optical path length and we have changed the integral variables by making use of the
relation R?=r2+z2
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where Ei[A(x, z’, E)] is the exponential integral defined by

and

Q! B)={ dEUSAE—E, &)+ SulE'~E, 2, E'),

S(z, E):S:dE’X(E)vZf(x’, EN(z!, E')+s(z', E),

in which ¥, Y., and vY; are macroscopic elastic scattering, inelastic scattering and » times
fission cross sections.
When the region V consists of M unit cells and each cell has N regions, the balance equation
in the [ region of the j cell is written by using the neutron flux ¢,(?,
M N
5040z, B=3 5| de'-50(E)EAe, o, E)]
i=1Ek=1vy 2
L (2!, E)+S: (2, E)], (2.11)
where the suffices of cross section show the cell and region numbers and V. is the volume of
the region % in the cell . The average neutron flux and source in the region [ of the cell j are
given by the equations
) 1 .
(NE)=——— o) )
¢l 4 (E)_ Vl(j)Svl‘inx¢l I (x’ L))
and
= . 1 .
O(Ey=-—~ o)
5,0(E)= Vl(j)swdxsl Mz, E).
By integrating both the sides of Eq. (2.11) over the region / in the cell j and performing
the integration over the volume Vi on the right hand side, we obtain
_ M N — —
5O VIOBOE)= T 2 ViOP#1[Q 0 (E) +5:0(E)]. (2.12)
i=1k=1
The first flight collision probability is defined by using the collision density as the weighting
function, that is,

Z';‘”(E)de’gdxéEl[X(x, z', E)]2: 9D (2!, E)

Pjht=

delzk(i)¢k(i) (x” E)

If we assume that the cross sections are constant and the neutron flux and source are flat over
each region, we have
3,0 E)S S
P iot= 2\ da! dzE [Nz, ', E)]. 2.13
7 2Vk(1) Vku'x x V,(j» z 1[ (x x )] ( )
Thus, suppressing variable E, Eq. (2.12) becomes
_ M N — _
I DV,NGD =3 3 Vi OP #~[Qp ) +S, 9] (2. 14)
S1k=1
If the unit cell is infinitely repeated, the neutron flux of the region / in each cell is all the
same. Hence, dropping the suffix of cell, Eq. (2. 14) is rewritten as

- o N —_ =
21 Vigi= ,4?1 kZ_IlePi"”"[Qk +Se].
As we can drop the suffix 7 for the infinitely repeated cells, this equation is further reduced to
- N — —
2 Vigi= kz_ll Vi PP Qe+ Skl (2.15)

The neutron conservation law requires the following relation :
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N
> Pl=1, (2.16)
/=1

In addition, the following reciprocity relation is used in the calculation of collision probability,
which can be derived directly from Eq. (2. 13).

Dy VPt =3,V Pi-k (2.17)
We now write Eq. (2.15) in the matrix form for the volume integrated flux and source as follows :
YSE=PQ+S), (2.18)

where X#, Q and S are N dimensional vectors and P is Nx N matrix, that is,
2§ Py Py Py Q1 Sy
by 2 P2 | _ P 12 . % Qz + szz

g"' o ]51 N Pun sz SN

In the multi-group notation, Q;, is calculated by
g—1
Qig: 2 Eig’—+3¢i:g’
7=1

where the right hand term is equal to (Zy,;,s— 2 ig-e)Pi,e. The flux ¢ can be calculated by di-
rect matrix inversion method if P is factorized. Since Eq. (2.18) is given at each energy point
or energy group, the neutron flux can be obtained by solving these equations successively from
the highest energy group to lower groups, where the slowing down source is calculated from
the solution for the higher energy groups.

When the system is finite, neutron leakage from the cell should be considered. For a large
system, the fundamental mode approximation may be used and the average leakage from the
system is represented by DB?p. Since on the other hand the average collision rate is given by
3.$, the non-leakage probability is given by Y./(2.+DB?. Therefore balance equation (2. 15) is

written on the basis of the conservation law as

D
=g pE DTS,
or
2, _N k— 1
31+ DB jp= 3 PIQu+ S, (2. 19)

where ¢;, ¢, and S; are respectively the volume integrated values in region / or k.

(2) Calculation of collision probability in slab geometry
The collision probability from the region i to j is calculated numerically from the following
equations. By integrating Eq. (2.13) over z and z’ we obtain the collision probability as follows :

Pij= - UEs() = Exlo-+ 7)) = Euldort 25) + Esluct At i) (2. 20)

where A; and A, are the optical path length in the region 7 and j respectively, and A, is the value
in between the region 7 and j. In addition, we have used the recurrence relation for the expo-

nential integral function

o0

E,l(:c)zs E,_(z)dz.

X

Since Eq. (2. 20) becomes numerically inaccurate when the optical path length of the region 7 or
7 is small, we use the following approximate equations,'*>??

a) 2,<0.005
P; ,:EZX%[EZ(RO) — B+, @ 21)

b) 4:<0. 005,
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Piy=ZLEx()— Ealdo+29)], 2.217)
c) A;<0.005 and A;<0. 005,
Pij:'%‘;(jEl(Xo)- (2.217)

(3) Boundary condition of cell calculation

Two types of boundary conditions should be given in the cell calculation. The first one
determines the geometrical stucture of cells. When the symmetric boundary condition is chosen,
the unit cell includes its image part and this cell is infinitely repeated. On the other hand the
periodic boundary condition means that the same cell pattern is infinitely repeated on both the
sides of the assigned cell.

The another boundary condition is concerned with the treatment of neutron path crossing
the outer boundary. An isotropic or perfect reflective condition can be chosen in the calculation
of collision probability. When the perfect reflective condition is used, neutron passes straightly
until it collides in the region j even if it acrosses the cell boundary. In this case the collision
probability is calculated by tracing over a number of cells. Under the isotropic condition, on the
other hand, the neutron path is traced only in the unit cell, and the probability of collisions at
the outside of the unit cell is obtained for the uncollided neutron. The probability P;, that
neutron, born in the region 7, collides at first at the outside of the unit cell, is presented by

P,-(,:S dz'—~E[ Az, «, E)]. (2. 22)
vi 2V

On the othe hand we denote the probability that the isotropically incident neutron collides at
first in the region 7 as Q. Then collision number in the region 7 is given by (S/4)Q.:, because
the current into the region is S/4 when the uniform flux ¢ is incident isotropically on the surface
S of the cell. From the reciprocity theorem we get the following relation :

Q0i=4gi

Futhermore we represent the probability that the isotropically incident neutron escapes from

2 iPi. (2.23)

the cell without any collision, as Qo which is given by the formula
N
Qo=1— Zlon-
j=

Consequently the collision probability P;; is written by using the collision probability P;;* in the
unit cell, as

Qo
. — P,k .
Pij=Pij*+ Py = o (2. 24)

The computation time is required much more for the perfect reflective condition. In this

case, however, a sufficient accuracy will be achieved if neutron is traced over the six or seven
mean free path length, because the collision probability decreases exponentially with the mean
free path length.
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3. Recurrence Formula for Slowing Down Equation

The slowing down source from higher energy groups comes both from the elastic and in-
elastic scattering at discrete and continuum levels. For the multigroup treatment the slowing
down source is usually calculated with the use of scattering matrix or probability for elastic and
inelastic scattering. If this method is used for the fine group calculation, large computer core
memory is required for the inelastic scattering matrix in addition to a long computation time.
If the recurrence formula is applied to the source calculation, the scattering matrix becomes
unnecessary and hence the storage used for the scattering matrix is saved. As a result of this,
the source calculation becomes very simple as explained below.

The recurrence formula is often adopted to solve an ultra-fine group problem in resonance
energy region of heavy mass elements, as used in the RABBLE'Y and ERSE' codes. In these
codes only the elastic slowing down is calculated by the recurrence formula, since these codes are
developed to treat the resonance energy region. The contribution from self-group scattering is
negligible for so fine group width as to treat the resonance region. In the ESELEM 4 code we
use a recurrence relation also for inelastic scattering and take account approximately of the self-
group scattering which should not be neglected except for the light mass nuclides, because the
slowing down groups are only two or three groups for heavy mass nuclides.

3. 1 Elastic Slowing Down

The slowing down source due to nuclei with mass number A at lethargy « corresponding
to energy E is described by the following equation :

Ejay

SA(u):SE“ -Zl%‘%s(u/)du/, 3.1)
where

., _(1—A)2

AT+ 4

The slowing down source in the group 7 is assumed to be the average of the values at the
upper and lower group boundaries, that is,
SiA(uu’) + S (uL?)

5 s
where uy' and ;¢ are the lethargies at the upper and lower boundaries of the group 7, respectively.
Then the contribution to S/A(xz) from the higher groups is obtained from Eq. (3.1) as

SiA:

3.2)

y_ (Bo'lar S\ )du!
A 1y — A\
Sifur) SEU" l—aa
Li—1 EL""‘ZSA(u/)¢(u/)du/
= s \E AR R 3.3
P 3.9
LA—‘].
= > PI,ASS,i—IA¢i—I,
/=1
where P;,a is defined by
preeed —(l—l)Au p— ~4du
Pz,A 1—‘C¥Ae (1 e )Au (3 4)

which is the probability that a neutron is scattered down I groups by elastic scattering collision
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with nucleus A. The 3's,;,_;* is the macroscopic scattering cross section in group (—1), and La
is the maximum number of slowing down groups. Here, the cross section and the flux has been
assumed to be flat within the group with a lethargy width of du. By using the relation P;, 4
=e 4P;_1,a, Eq. (3.3) can be transformed to the following recurrence formula:

Sifur) =P, a’s,i1 iy +e 2 (Si 1 A(ur) — PLj,a2’s,i-1a-1"Gi— 1a-1} 3.5)
The calculation of S;*(uz) becomes much simpler with this equation than Eq. (3.3) when the
mass number is smaller.  When we take the summation over all nuclei contained in the medium,
the total slowing down source S;(u.) is obtained as follows :

Si(ur) :§[P1,A28,i—1A¢i—1+3_‘4" (Si(ur)—Pra,a2s,im1a-1"@i—1a-1} ] (3.6)

The source S;(u;) at the upper lethargy boundary can be written in the similar form by noting
that the self-group scattering contributes it but not the (—La—1)th group:

Si(uU) =§[Pl, AZS,iA¢i+e_Au {Si—l(uU) —PLA)AES:FLAA?Si—LA} ] (3 7)

Accordingly, the average elastic slowing down source into the group i is obtained from Eq. (3. 1)
as follows:

Si:Si(uL)';Si(uU)_

3. 2 Inelastic Slowing Down

(1) Discrete level contribution
When the isotropic scattering is assumed for the inelastic scattering, the energy transfer
probability from E’ to E is presented by the equation
dE'
(Emex— Enin)’
where E,.. and E.;. are respectively the maximum and minimum slowing down energy defined

by

P(E'—E)dE = 3.8)

_ A+l o, A 2A 2 A+l o,
o=t A+1‘°’+(A+1)2\/E —a

A+l A 24 oA+l 3.9
B = A 1) .A+r'(A+1VJE —a 59

In this equation, € stands for the excitation energy of the discrete level of nucleus A, that is, €

is equal to —Q. Equation (3.8) can be discretized for the scattering from the group i to j as
follows :

P(i—j) :1_——__}325;+1R(j_i_mj)’ (3.10)*

mj:[ln Elix /Au},
nj:[ln Ef:n/du],

R=e¢#, AE=E'(1—R).

Since the slowing down source to the group ; consists of the contributions from all the discrete

where

levels, we can write

Sp=x Ty IR piiemnzag, (3.11)

jA~ iA
level i=j—m 1 — Rnif~mit+l

* This representation is due to the discussion with Dr. J. Rawlands (U.K. AEE Winfrith)
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where 3, is the macroscopic inelastic cross section of discrete levels in group 7. If the m; is
zero, S; includes the source due to the self-group scattering. From Eg. (3. 11) the source at the
group j+1 can be written in the following recurrence formula:

j—nir+1
Sj+1A-— Z 1 R

leveli=j7+1— m,Al R"l" miAt+l
1-R 1-R

= S A _1-RrR

le%:el( +l R Qnih—m At 1 — Rrit-mir+1

If we denote 3 .S;A simply by S;* and omit the suffix A, we have

level

Rj+l—i—mjAZ'£A¢’,

Rn;A—mjA+1Z'j_njA¢j_m_A)_

— 2 jr1-mppPier-mpa—

Sjumeds sy =R 1-R

levell Rm21+l m}¢1+1 mi W‘R".’.—mi+lz‘j_ni¢j—ﬂj‘
(3.12)
(2) Continuum level contribution
The neutron energy distribution due to the scattering by the continuum level is assumed to
be approximately given by using the evapolation model. That is, the transfer probability is
presented by
P(E'-E)=bEeE/aVE, (3.13)
where b is a normalization factor and a is a constant. When the probability is normalized
between E, and E,, we have

b:l/a¢§7{exp< vz;(a«/E’+Eo)> exp( VE,(aVE’+E))}

In this case, the transfer probability from the group i to j is written in the discrete form:
P(i—~j)=bE e Ei/*VEAE;4E;.

The recurrence relation is then obtained as follows:

Pli—>j+1) = P(i—j)e4EiaVE: %;1 é’fErg
. J1+A4E;2T;,,
= Bt £ et} .14
P(i—j )1 AEJ/ZTR (3.14)
for which we have used the following approximations :
Ej+1 AEjﬂ_Ej"AEj Ein — 1 ~ R2

= =R ~
E; 4E; E; Ei.+4E;4 (1+4E; 1 /Ei1)
and denoting av'E; by T; and using the relation 4E;& T},
AE;  (4E;\? AE;\?
—aETi —1 . 4585 (AL ~ j
e 1+ T,-+(T,-)+"' ( ZTi)

L+4E;[2T;
1—4E;/2T;
Therefore, from Eg. (3. 14) the slowing down source is obtained by

1
Sj= ,Z_P(i—>j)2i¢,-

, ;_ Pl j—1)%1€22,¢, (3.15)

where the summation over 7 is taken from the highest group to the threshold group when E;
is below the threshold energy. The self-scattering term is neglected in the calculation of S; but
it is considered after the flux ¢; is obtained for the use of the S;.; calculation. As we have
shown above, the transfer probability can be calculated with the use of recurrence formula but
the slowing down source can not be represented by recurrence relation. Hence much computation

time will be needed for the calculation of the slowing down source due to continuum levels.
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4. Nuclear Data Treatment

4. 1 Broad Group Cross Section

The neutron spectrum above a few MeV is mainly determined by the shape of fission spec-
trum and depends only weakly on the reactor composition. Therefore the broad group treatment
will give a satisfactory result in this energy range with a reasonable computation time. The
energy range above 1.9MeV is devided into 7 groups with the same group structure as the
JAERI Fast set. The cross sections of the JAERI Fast set are used at present for these groups.
The transfer cross sections from these broad groups to fine groups should be prepared for the
calculation of slowing down source. These are obtained from the broad group tranfer matrices
as follows. The scattering probability from a broad group to a fine group is calculated by
interpolating linearly the scattering probability between the broad groups. The summation of
these probabilities should therefore be normalized to the value between the broad groups. This
method is used also for the calculation of the transfer probability of (n, 2n) reaction. Since the
elastic scattering slows down neutron energies only up to the second lower group in the broad
group structure, the transfer cross section from the broad group I to the fine group jis written
as follows:

ol~i =g, 405,77 +a 77, for jel+1, I+2,
= Ginl ™ O, for jeI+1, I+2. ' (4.1)

4, 2 Fission Spectrum and Released Fission Neutron Number

The fission spectrum is given by the Maxwell distribution function :

X(E)=Cv Ee EIT, (4.2)
where C and T denote respectively a normalization factor and a nuclear temperature, which are
given by the library data. The fission spectrum for each fine energy mesh can be calculated
with the use of recurrence formula. For the first group X, is obtained by the equation

E,
xlzg UE)AE~X(Eo) AE,
Ey—d4E,

=CV/Ey Esexp(—E T)* 25, R=e-s,
and for the succeeding lower groups, we have

E;
xm:S UE)dE

i+1

—C(Ei—dE)P exp( —%) AE,
1+AEi/2T
=Y,R3l-TEZilas
X:R 1_JE/2T (4. 3)
The released fission neutron number u(E) is presented by the polynomial,
o(E) =bo+ lz"‘,l b.E. (. 4)

In the present code the coefficient 4, can be given up to the fifth term for each nuclide.



12 ESELEM 4 JAERI 1245

4, 3 Fine Group Data Management

The cross section data in the library is arranged in the descending order of energy for the
energy points given in the nuclear data file. The data include energy, elastic scattering, absorp-
tion, fission, inelastic scattering for each discrete level and inelastic scattering for a continuum
level. As the fine group calculation proceeds these data at the corresponding energy point are
processed successively. The cross section of a fine group is represented by the average value in
the group width, which is calculated by using an 1/E spectrum. The cross sections are then ob-
tained by the linear interpolation in the log-log scale as explained below. We write the energy
and cross section at the nth point as (E., ¢,). The gradient of the cross section curve is presented
in the log-log scale as

Anzln(an/0n+1)/(un+l—un); (4.5)
where u, and u.,, are the lethargies corresponding to energy E, and E,; respectively. There-
fore the cross section at energy E is given by

o(E)=0,exp [ Anlu—u,)]l.

When the fine group 7 lies in the interval between E, an E,,; as shown in Fig. 4.1(a), the aver-

age cross section of the group 7 is given by

{o:y= S T, =}h4éwuuq%—dugh (4. 6)
4E; E

where 4du is the fine group lethargy width. When |A,| is very small, Eq. (4.6) can be approx-
imated by

(oip=0(u:). 4.7)
The criteria is set as | A,| <0.01 in the code. If £ energy points are included in the fine group

i as shown in Fig. 4.1(b), the average cross section is represented by

<ai>=[0(ui—1)—0(un+1)+ % U(un+j)-g(un+j+l)+0’(un+k)_0(un+k+l)}/du' (4' 8)

An j=1 An+j An+k+1
A
i group
AU
' \
' 1 \f
' | 1 /
o= ! I : g /l :
b ! | - I
cC 1 : 1 : C /, 1 \
- ! I ] t - ~d_ /) ! t
AR A I I
1
' ' kau ! i : i !
I ] t I | t ! 1
) 1 1 I | ] | !
) | t I | 1 1 1
1 1 J 1 > 1 I | | >
Unag Ui U Ui Uy u Unsked Ui Unek  Yne Uj-tUn U

(a) (b)

Fig. 4.1 Interpolation scheme of point cross section.

4. 4 Resonance Shielding Effect of Heavy Mass Nuclide

In the resonance region of heavy mass nuclide the resonance self-shielding effect is very im-
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portant. For example there exist several resonances of 238U in the fine group lethargy width of
0.008 about 10keV and more for 2*°U or 2%Pu. Therefore it should be neccessary to use an
ultra fine group structure of about 0.0001 lethargy width if we want to use infinitely dilute cross
sections. However this method is very time consuming. In ESELEM 4 we therefore adopt the
broad group cross sections and their shielding factors taken from the JAERI Fast set. As noted in
Ref. (3), the broad group treatment for heavy mass nuclide is considerably good for the group
lethargy width of 0.25. Moreover the resonance self-overlap and mutual-shielding effects have
been taken into consideration in the JAERI Fast set.

The heterogeneity effect on the resonance shielding is considered by using the rational ap-
proximation. Theoretical works for this effect have recently been performed for multi-fuel region
plate cells'®. In ESELEM 4 the approximate formula derived by Levine is adopted, where the
effective admixture cross section, ¢o* is represented by '

s_o o S (1=C)a
T AN T4 @-1)C “.9)

where a is the Levine factor, S; and V|, are the surface area and the volume of fuel region, re-

spectively. The o, is the homogenized admixture cross section given by ¢,= 3 3V//N;. Though
I

the Levine factor generally depends on the strength of each resonance, constant values are usually
adopted, that is, 1.20-1.25 for a plate cell and 1.30 for a pin cell. For the Dancoff factor C, the
following expression proposed by Meneghetti'? is adopted.

C:ES(SI;m(ZtT)k)+E3(Slllm(2tT>l)a (4.10)

where T is the thickness of the region 2 or / and E;(x) is the exponential integral function of
order 3. Each argument is the summation of the mean chord length over all the cell regions
between the regions involving the concerning nuclides. Equation (4. 10) is a convenient formula
for neutron transport codes using the collision probability method, because such codes necessarily
include the subroutine calculating the E;(x) function.

We should note that when the broad group cross section is used, the discontinuities of the
cross sections appear at the group boundaries. This sometimes causes sharp peaks or dips to the
neutron spectrum. To avoid such a defect, we use a linear interpolation of the cross section,
which interpolates the broad group values over a few fine group widths on both the sides of the
broad group boundary. Since the discontinuities are large for fertile materials, this effect is
noticeable in the blanket region. We have compared the effective cross sections obtained for
three different interpolation widths. TABLE 4.1 presents the results for the blanket region of the
ZPR III-53 assembly??. We adopt the value §=0.01 for interpolation width because the effec-
tive cross sections are nearly equal to the values for the smaller § value and the peaks or dips
are already considerably small.

TABLE 4.1 Dependence of eflective cross sections of ZPR T-53 blanket

on interpolation width (1072 cm™!) (du=A4U x20)

E Cross section 0=0.1 0=0.01 9=0.001
1. 29~ e 3.11 3.11 3.11
1.0keV Zer 1.27 1.27 1.27
129~ 2 6.33 6.63 6.67
100 eV Xer 1.52 1.50 1.49
27.8~ Ya 5.61 5.67 5.75
21.5eV Der 1.42 1.32 1.29
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4, 5 Data Library Form

The data library for ESELEM 4 consists of three parts. The first is the information on
nuclides included. The second is the cross section for broad groups. The last consists of in-
tegers to define the position of cross sections and of pointwise cross sections. The contents of
data are shown in TABLE 4. 2. The point cross sections are stored in one dimensional array, SIG,

TABLE 4.2 Contents of data library

Part 1. Information for library

Variable Content
JJA number of nuclides in library
JA] number of fissionable nuclides in library
NNN total number of fine group data
JFISS code number of the first fissionable nuclide
JINC code number of the first nuclide having inelastic continuum level
LEVEL maximum number of inelastic scattering levels
MEX sum of NPCN over all nuclides (see Part 3)
Q@) Q values of inelastic scattering
BO(J), B1(J), B2(J) coefficients for calculation of fission neutron number
c normalization factor of fission spectrum
T ) nulcear temperature

Part 2. Broad group data

Variable Content
JA code number of nuclides
X number of broad groups
11X maximum number of slowing down group from broad group
XBT (L, J) transfer cross section of broad group
XBTR (I) transport cross section
XBTT (I) total cross section
XBR (I) removal cross section
XBY (I) nu* fission cross section
XBK (I) fission spectrum
XBS (I) scattering cross section
XBA (I) absorption cross section
XBE (I) elastic scattering cross section
XBF (I) fission cross section
SIGBG (1, J) transfer matrix from broad group to fine group

Part 3. Fine group data

Variable Content
LFDA (I) location of the first data for each nuclide
NIDL (I) number of discrete levels
NPCN (D) total number of reaction types and inelastic levels
LLEX (I) (LLEX+1) is the location of elastic scattering cross section in
EXSEC (M)
INIC (I) indicator of continuum level
ITHI (1) threshold group of continuum level
JCAP (1) indicator of capture cross section
MINU (J, I) the highest energy point of cross section type J
MAXU (J, I) the lowest energy point of cross section type J
AM (I) atomic mass
AC (I) constant for evapolation model

SIG (N) array for fine group cross sections (NNN)
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where the cross sections are sequentially arranged in the order of E, 0, 0., 01, 0inl, 0ia? -+, Oic®
for each energy point from higher to lower energy. This set is repeated for all nuclides. For
energies below the threshold of an inelastic discrete level, the succeeding data are arranged com-
pactly to fill that position. Therefore the data can be stored in fast core memories and data
processing time is significantly saved.

When the JAERI Fast set is to be used as mentioned in Section 4. 4, the code requires the
standard data library with the 70 group structure.
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5. Description of ESELEM 4 Code

5. 1 Hierarchy of Subroutines

The ESELEM 4 code consists of eight overlay segments as shown in Fig. 5. 1. The main
programme calls six segments and subroutine ESELEM in the segment 4 calls the segment 6.
The segment 2 is the input module for input cards and library data. The segment 3 calculates
self-shielding factors for heavy mass nuclides. The segment 4, 5 and 6 are the main parts to
prepare point cross sections and to calculate neutron fluxes and average cross sections. The seg-
ment 7 is the output module for line printer or output files, and the segment 8 is used for plot-
ting the neutron spectrum. The function of each subroutine is described in Section 5. 3. The
programme is written by FORTRAN IV for using on CDC 6600 and FACOM 230/60 computers.
The conversion to FACOM 230/75 has been completed.

Since important variables are stored in the block with an adjustable size, the required core
memories depend on a problem type to be solved. For a problem that has NREG regions, NNN
fine data, JJB nuclides, NMS mesh points, IGMAX fine groups, ICOLP collapsed groups and
NMAX, the sum of the number of nuclides in each region, the amount of core storage in words
required for variables is given by the following :

A=NREG#*777,
B=NNN +359% JJB+ 2580, .
C=NNN4+NMS* (2% NMS+1817+IGMAX) + NREG % 2405
+NMAX % (ICOLP*ICOLP +8)+ICOLP,
Memory =Max(A+B, A+C).
The size of variable array is set in the blank common in the main programme. The used

core storage is printed out in the output list.

SEG1 FTMAIN
— CLEAR
—— FTNBIN
—E
SEGZ__] SEG 3 5504_I %Gs_' SEG7 SEGS8
INPUT JAERI ESELEM PATHSL EDIT DRAW
SSET SHIELD XSECP MATINV OUTPT1
SHORT ALPHA XSECN EEDEL OUTPT 2
BROAD BETA NUKAI ELAST
SWTCH INEDS
CHGFLO SEG 6 INECN -
CHGFL1 SEMIC FLUXR
&)CF SIMIC _EDCN

EAXIN

Fig. 5.1 Hierarchy of subroutines.
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5. 2 Calculation Flow

Figure 5. 2 shows the flow of calculations. The first locations of variable arrays are defined
in the subroutine SSET which consists of four entries. The locations are determined at four
stages of the calculation in order to save core memories. In the case where the resonance shield-
ing effect of heavy elements is not necessary to take into consideration, the routine to calculate
the shielding factors is bypassed.

The initial fission source distribution can be given by the input, otherwise the flat source dis-
tribution is assumed. The calculation of neutron flux consists of two loops for broad groups and
fine groups. The maximum number of slowing down groups from broad groups to fine groups
is permitted up to 700. The subroutines to compute the average point cross sections, » value and
fission spectrum are called at every fine group energy point. Then the slowing down source
from upper groups is computed on the basis of the recurrence relations. Since the fine group
data are kept in the fast core memory, data access time is very short.

After each outer iteration, the multiplication factor is calculated and the convergence test is

performed. If the outer iteration is converged, the edit routine is called from the main programme.

5. 3 Function of Subroutines

The main function of subroutines is explained below.
1. FTMAIN —assignes the unit number for scratch files and controls the flow of calculation.
Calls : FTNBIN, CLEAR, CLOCKM, INPUT, SSET, BROAD, JAERI, SHORT,
ESELEM, EDIT
2. CLEAR —sets variables to be a constant value.
3. E —calculates Ei(z) function. The approximate representations are used for small
variable ranges.
4. INPUT —reads and writes out input data.
Calls: CLEAR
5. SSET —consists of 4 entries, SSET, TSET, USET and VSET, and identifies the first
location of variable arrays and calculates the required total size of core memories.
Calls : CHGFLO, CHGFL1
6. SHORT —excludes the storage for cross sections of unused nuclides.
7. BROAD —reads cross section library and calculates macroscopic cross sections for broad

groups.
Calls: CLEAR, SWTCH
8. JAERI  —reads the JAERI Fast set library and calculates resonance shielding factors of

heavy nuclides for homogenized media and heterogeneous plates.
Calls: CLEAR, SHIELD, E
9. SHIELD —computes shielding factors for a given o, value from the table by inter- or
extra-polation. This subroutine is referred to the EXPANDA-4 code'®.
Calls: ALPHA, BETA
10. ESELEM —calculates fission and slowing down source, coefficients of matrix equation, multi-
plication factor, normalized fission source distribution and cell averaged effective
cross sections, and edits neutron flux and iteration information.
Calls: CLEAR, PATHSL, MATINV, XSECP, XSECN, NUKAI, INEDS, INECN,
FLUXR, ELDCN, CLOCKM, SEMIC, SIMIC
11. XSECP —sets the energy point of cross section data to the first fine group, obtains the
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12.

13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

gradient of cross sections and reads in shielding factors from scratch file.
XSECN —interpolates cross sections at an energy mesh point and reads in shielding factors
obtained in the subroutine JAERI if necessary.
NUKAI —calculates » value and fission spectrum at an energy mesh point.
PATHSL —calculates mean chord length and collision probability??.
Calls: EEDEL
MATINV —solves matrix equation.
EEDEL —controls computation flow of E#(x) function for small chord length.
Calls: E

ELAST —calculates elastic slowing down source for each region.

INEDS —calculates inelastic slowing down source from discrete levels and its contribution
to removal cross section.

Calls: EXIN

INECN  —calculates inelastic slowing down source from a continuum level and its contri-
bution to removal cross section.

FLUXR -—calculates macroscopic effective total, transport, removal and v times fission cross
sections.

ELDCN —calculates correction for elastic and inelastic scattering slowing down sources
from the highest and lowest group.

SEMIC —computes collapsed macroscopic elastic scattering cross section and matrix.

SIMIC  —computes collapsed macroscopic capture, fission, v times fission cross sections and
also inelastic scattering cross sections and matrix.

Calls: EAXIN

EAXIN —computes the maximum and minimum slowing down energy with use of @ value.
EDIT —edits for neutron fluxes and collapsed effective cross sections.

Calls: CLEAR, OUTPT1, OUTPT?2
OUTPT1

OUTPT 2 —prints input and output.
DRAW  —plots neutron spectrum by Calcomp plotter.
Calls: GPLOT1

The input and output devices are summarized in TABLE 5.1 where the standard amount of space

needed for the scratch data sets is also shown, though the values depend on the particular prob-

lem being run.

TABLE 5.1 Input and output devices

Logical number Name Space (track) Function
1 ISCR 600 Scratch
2 IPHI 600 Scratch (flux)
3 JSCR 600 Scratch
4 LTES 40 Scratch
5 IOIN Input (card)
6 10UT Output (print)
7 IPNC Output (punch)
8 JAER JAERI Fast set library
9 40 Scratch (cross sections)
10 ESELEM 4 library
12 40 Scratch
Plot Plotter
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6. Input and Output

6. 1 Input Data Format

Input data for ESELEM 4 is described below, together with their formats in parentheses.
Card 1 (18 A 4)

Title card
Card 2 (121 6)
1. JIB Number of nuclides
2. JBJ Position of the first fissionable element appeared in the library data
3. JKAI Position of the element for which fission spectrum is used
4. JFS Number of heavy elements to be used from the JAERI Fast set

Card 3 (121 6)
NEL (1), (I=1, JJB)
Define the code numbers in the library data. If you set an element to
K, K is the code number.
Card 4 (4 (I6, E12.0)) omit if JFS=0
1. ITEMP (I) Code number of element
2. TEMP (I)  Upper limit of energy where the JAERI Fast set is used

(I=1, JFS)
Card 5 (121 6)
1. NREG Number of cross section regions
2. NMS Number of meshes
3. NCELL Maximum number of cells traversed by neutron in the collision probability
calculation
4. IBOUND Boundary condition
0 Isotropic reflection
1 Reflective
5. JBI Number of broad groups
6. IL1
No effect
1 Read guess of fission source distribution
7. IL2 Plotter option to write neutron spectrum
0 Not used
1 Used
8. ICOLP Number of cross section groups to be collapsed from fine group structure.
9. JTERT Outer iteration maximum
10. IOPT Type of input group boundary
0 In fine group number
1 In energy unit (eV)
11. ICASE Not used (set ICASE=0)
12. ISY Cell structure

0 Symmetric cell
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1 Periodic cell
Card 6 (121 6) Option for output
1. IPR1
0 No effect
1 Print slowing down source from broad groups
2. IPR2
0 No effect
1 Print fine group neutron flux
3. IPR3
0 No effect
1 Write neutron flux on unit 2.
4. TPR 4
0 No effect
1 Punch macroscopic multi-group corss sections for each region and group.
5 IPR5b
0 No effect
1 Punch macroscopic cell averaged cross sections
6. IPR6
0 No effect
1 Write effective cross sections of each nuclide on unit 9
Card 7 (6E 12.0)
1. CONT Starting energy of calculations (=1.05x107eV)
2. B Buckling value
3. AIPS Convergence precision for the multiplication factor
4. DELU Lethargy width of fine groups (=0. 008)
5 TE Temperature (°K)
6. AINP Levine factor

Card 8 (121 6)
NOELM (I), (I=1, NREG)
Number of nuclides in regions
Card 9 (6E 12.0)
RMAX (1), I=1, NREG)
Dimension of each region (cm)
Card 10 (121 6)
MAT (1), (I=1, NMS)
Identification of region number for each mesh
Card 11 (121 6) Omit if IOPT=1
ML (1), I=1, ICOLP+1)
Number of fine groups corresponding to the boundaries of collapsed groups.
Card 12 (6E 12.0) Omit if IOPT=0
ETEP (I), I=1, ICOLP+1)
Boundary energy of collapsed groups (eV)
In Card 11 or 12 the values should be written in the descending order of energy.
Card 13 (4 (I6, E12.0)
NRJ @, J) Code number of nuclide I in region J
DEN (I, )  Atomic number density of nuclide I in region J (x10%/cm?)
(I=1, NCELM (J)), /=1, NREG)
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Input for each region must start on a new card.
Card 14 (6E 12.5)
(S (I), I=1, NMS)
Omit if IL1=0
Guess of source neutron distribution
The following cards are omitted if IL 2=0.
Gard 15 (12 1 6)
NSPEC Number of neutron spectra to be written
IREG (I), (I=1, NSPEC)
Identification of mesh numbers to be written
All these spectra are written on the same sheet.
Card 16 (2E 12.5)
WITHX Size of z coordinate (mm)
WITHY Size of y coordinate (mm)
Card 17 (10A4) Title of £ coordinate
Card 18 (10A4) Title of y coordinate
Card 19 (10A4) Title of this graph

6. 2 Detailed Data Notes

We present here more datailed definitions of parameters and a guide to use the JAERI Fast
fine data library.
(1) JIB, JBJ, JKAI and JFS

The total number of nuclides, JJB is 11 in the present available library and the first fission-
able nuclide is 2%U. TABLE 6. 1 shows nuclides and their order stored in the library. This order
is set as the code number, NEL. For heavy elements the upper energy of resonance region is
shown also in TABLE 6. 1.

TABLE 6.1
Nuige | Fimon | Upper energy of

1 C

2 o

3 Na

4 Al

5 Cr

6 Fe

7 Ni

8 235J yes 10 keV

9 2387 21.5keV
10 239Py yes 10 keV
11 240py 21.5keV

(2) NREG, NMS and NCELL

The number of regions NREG corresponds to the number of different materials. One region
may be divided into some meshes if the region width is large compared to one mean free path
of neutron. For NCELL, six or seven mean free path length will be sufficient. The number of
broad groups is seven above 1.9 MeV in the JAERI Fast library.

If an input guess for fission source distribution is not defined, a flat source guess is set inter-
nally. It will be helpful to use the SLAROM code® to obtain a suitable fission source distribution
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and an appropriate buckling value.

o O~ w

10.

6. 3 Output

The following data are printed out.

Input data

Collapsed group boundary is written in the fine group number, lethargy and energy unit.
Core memory

If the core memories are short, the message is printed out and execution is terminated.
Fission spectrum of broad groups

Outer iteration convergence which, includes CPU time, eigenvalue and convergence criteria.
Broad group flux for each mesh.

Cell averaged cross sections of the broad groups:

NMS NMS
<Z‘x’>:Skur1n Z‘x,k1¢k1Vk/§urln¢k1Vk-
Transfer cross sections from a broad group to fine groups is collapsed as follows:
(Z 27y =Sum Sum DI it ’¢k’Vk/Sum 1V
jeJ

I, J: Energy group in broad group structure
z: Reaction type
k:  Mesh region
FE Energy group in fine group structure
The maximum number of slowing down groups is limited to be 30. The above-mentioned
notations will be used below.
Fine group neutron flux and collapsed neutron flux for each mesh and region, together with
collapsed group flux per unit volume.
Fission spectrum normalized to unity.
Cell averaged effective cross sections where total, capture, fission, elastic scattering and total
inelastic scattering cross sections are defined by
(2= S’grln Skum DI Vk/Sum Sum 01 V.
Transport cross section is deﬁned by

1
1 [Zd+ T+ 2 (l—p) 1

Elastic and inelastic scattering matrices are given by

NMS
1/{Z.">=Sum Sum ér' Vi/Sum Sum ¢ V.
iel iel k=1

(277> =8um Sum SumZ’ Wit/ Vk/Sum Sum 6 Ve
iel je] k=1

Microscopic effective cross sections are also defined by 51m11ar equations and are stored on a
tape.
Graphic plot of fine group neutron flux

The z coordinate is neutron energy in eV and 7 coordinate is neutron flux. The neutron
fluxes of NSPEC regions are plotted on the same graph.
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Appendix A. Library Preparation Code: PRESM

The PRESM code produces the data library tape for the ESELEM 4 code from the ENDF/A29
type nuclear data filee. The ENDF/A type data is given in the BCD mode. Nuclei and their
reaction type are selected by finding heading cards. When a nuclide is assigned in input, the
PRESM code reads its elastic and inelastic scattering, fission and capture cross sections given in
the DCC1 type. Since the energy points must be the same for all the reaction types, those for
elastic scattering are adopted as the standard points. If such energy points are not given in other
reactions, the cross sections are interpolated to those energy points. The number of inelastic
scattering levels is limited up to 9 discrete levels and one continuum level for each nuclide. The
broad group data are prepared separately and edited into the library tape by this code. A brief
description of the code and input format are given below.

A.1 Description of code

Figure A.1 shows the structure of the PRESM code. The main program, PRESM calls six
subroutines. The subroutine INPT is the input module. The DATAIN block reads the ENDF/A
type tape, picks up and stores the data if necessary. The ENDF block reads the stored binary
data and arranges or interpolates the data points. The explanation of each subroutine is described
below.

1. PRESM Main routine to control calculation flow.

2. CLEAR sets arrays to a constant value.

3. INPT reads and writes out input data.

4. SET calculates array locations for variable dimensions.

5. DATAIN reads in the ENDF/A type file and converts it to binary data.

6. CHCK selects nuclide, reaction type and data type.

7. COMENT reads and writes out heading cards of the ENDF/A data.

8. DCC1 reads energies and cross sections given by DCC1 type.

9. DICT16 sets data card format.

10. ENDF reads binary data written in DATAIN and composes energy and cross sections
for each nuclide.

11. DICT finds the dictionaries 4-8 of the ENDF/A file.

12. CHANG arranges energy points in the descending order of energy.

13. FITE adjusts energy points to those of elastic scattering cross sections.

14. TRAC searches energy range of cross section data.

15. EDIT converts the point data produced in ENDF to the format which can be read
by the ESELEM 4 code.

16. FINAL edits library tape from fine and broad group data.

A.2 Input format

Card 1 (18A4) Title of this job.
Card 2 (1216)
IOIN Logical number of the ENDF/A type file
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Main programme

PRESM Jl INPUT I

CLEAR SET
T patain |
DATAIN CHCK

COMENT

DCC1

DICT 16
ENDF DICT
CHANG

FITE

TRAC

ML

EDIT

Fig. A.1 Structure of the PRESM code.

'R

10UT Logical number of line printer

NIN Logical number of input by cards 3 and 4

IBANK Scratch unit

JBANK Scratch unit (IBANK=2JBANK)

KBANK Logical number of broad group data file

LIBL Logical number of output library

LENX Number of total energy points for which we should assign a number more
than the maximum number of energy points

MTMX Number of nuclides to be included in library

Card 3 (12I6) Option for print out. If positive integer, the following items are printed out:

IPR1 List of heading cards of ENDF/A type file

IPR2 Error detection in editing energy points and cross sections

IPR3 Cross sections of each nuclide

IPR4 Library data for the ESELEM 4 code

Card 4 (12 (A2, I3, 1X))
(CEMS(I), Chemical symbol of nuclide
MSSN(I), Mass number of nuclide
I=1, MTMX)

A. 3 List of error messages

The following symbols are used for error messages.

** Fatal error

* Caution
CHEMS Chemical symbol
MASSN Mass number

JLK Energy point of error detected
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TEMP
ENRG
ENER
REAC
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Previous energy point

Energy point for elastic scattering cross section
Energy point for another type of reaction cross section
Reaction type

Error level message and explanation

* ¥

*%

*%k

*%k

JENDF/ ARRAY SIZE OUT OF RANGE
CHEMS MASSN ] TEMP
The maximum number of energy points is greater than LENX.
/ENDF/ ENCOUNTERED SAME ENERGY POINT
CHEMS MASSN ] TEMP
The same energy points exist for elastic scattering.
J/ENDF/ ILLEGAL ENERGY
CHEMS MASSN ] TEMP
The order of energy points is illegal.
/ENDF/ NO. OF ENERGY POINT UNMATCHED
CHEMS MASSN ] TEMP
Total number of energy points is missmatched.
/ENDF/ MAXIMUM ENERGY POINT NOT 2.0 MEV
CHEMS MASSN J TEMP
The maximum energy for elastic scattering is not 2.0MeV.
J/ENDF/ MAXIMUM ENERGY POINT LESS THAN 2 MEV
CHEM MASSN
The maximum energy for elastic scattering is less than 2.0MeV.
UNMATCHED ENERGY
CHEMS MASSN REAC ENRG ENER ] K
The energy point for another reaction does not exist in the energy points for
elastic scattering.
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Appendix B. Sample Problems

1. Core cell of the FCA V-1 assembly

A sample problem is run for the cell of the core in the fast critical assembly FCA V-1.
The unit cell consists of 13 plates and drawers with symmetry at the center line as shown in
Figure B. 1. The fine group calculation is performed for the energy range from 1.9MeV to 10eV.
The effective cross sections in this range are collapsed into 48 broad groups. The neutron spectrum

in the Pu plate region is shown in Figure B.2. The sample output list is shown in TABLEB. 1.

2. Blanket of the ZPR 1lI-53 assembly

As mentioned in Section 4. 4, broad group representation is used for the resonance region of
heavy elements. Since the group cross sections of heavy elements show a large variation between
neighbouring groups below about 100eV, sharp flux peaks or dips appear at the group boundaries.
Such a shape is especially pronounced for fertile material riched composition such as a depleted
uranium blanket. Figure B. 3 is such an example, which shows the neutron spectrum in the blanket
of the ZPR-I11-53 assembly. However it does not affect significantly the effective cross sections
(less than a few percents at about 100eV). In keV region such peaks or dips do not appear

because the variation of group cross sections are not large between neighbouring groups.

v

Na Al203 Na

Fig. 8.1 Cell structure of the FCA V-1 assembly.
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Fig. B.2 Neutron spectrum in Pu plate region of the FCA V-1 assembly.
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Fig. B. 3 Calculated neutron spectrum in the blanket region of the ZPR III-53 assembly.
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TABLE B. 1 Sample output list

SHaRd ESELEMmE nusaw

IMPUT LIST
*ESELEM 4% SAMPLE PROBLEM #FCA y=) CORE CELL#* 15412/1%
wob NUMBER CF ELLMERTS 11
vBJ FIRST F1SSIONABLE ELEMENT ON LIBLAKY TAPE )
JRAL ELEMENT CODE NUMBER FOR FISSION SPECTRUM .10
wkS NG OF ELEMENT TU USE JAEKI FAST SET &
ELEMENT CODE NUMBER
i 3 4 5 3 7 8 10
MREG NUMBER OF REGIONS 8
18 NUMBLK OF MESMES 5
NCELL  NUMBER OF CELLS FUR COLLISION PROBABILITY ©
TEOUND BUUNDARY CORDITIGNCN/ISOTROF [C1/REFLECT,) o
Jel NUMBER OF BFUAD GROUPS 7
i OPTIOI TO SOURCE DISTRIBUTICN INPLT, 1
2 1/PLUTTER b
ICOLP  NUMBER OF CCLLAPSED BRUAD ORQUPS 43
VIERT  [TERATION CCUNT LiNTY 2
10PY OFTION TO LSt COLLARSED FRERGY BOUNDARY 1
ICASE 1/ TRANSPORT AFPRUAIMATION, [
18¥i4  Gs7SYMMETRICL/PERIOGEC ]
JFR1  SUURCE PRINT UPTION [
iFhe FLUX FRINT OFTION i
1FR3  OPTI0i TO PUNCH SULRCE DISTR(BUTION, o
iFRa  CGLLAPSED SIGMACREGIUNGRCUF) PUNCH LHTIUN [
JFRS  CULLAPSEU SICMA(GRQUF) Pub.Ch OUT UST 0N G
[FRo  GPTION TO »KITE $1G¥A T0 TARE UNIT 9 0
CONT MAAIMUN EREROY 1.0630008+07
L EuCKLING £.%0000E=02
FIPS  CONVENGENCE CRITERICN 1.G00U0E=U3
LELU LETHARGY wiCLTH OF FINE GRUUP ¥.0G000E=-03
1t TEMPERATURE 3.00000E+02
LINP  LEVIN FACION 1.15000E400
ELEMENY CODE huMBEH AND UFPER ERERGY TO USE JAER]T FAST SET
1 0
2 0.0
> 0,0
& 0.0
> v,0
& U.¢
1 L.
8 1.,00000L+04
9 2,15000k+404
10 1,0000GE+C4
1 2,15000€+404
pAP (FOR EACH MESHY
1% 2% 3% 4w 5% g% Tw g
HEGION |NFORMAYION
ReolCN NO. GF NQ. CF MESH #10TH KEGION
MA{ . MESHES : w1DTH
1 3 1 2,62T0UE=0L 2,62700E=01
& 5 1 1.58750E=01 1,58750E-01
3 5 1 3,27500E=01 3,17500e=01
4 4 1 6415000E=01 6.15000E=01
2 ] 1 1. E=0L 1, 01
[ 5 1 6415000E=02 6,15000E-01
7 5 1 3,17300E-01 3,17500e~01
s 4 1 3.07500E-01 3,075006E=-01
INPUT ENERGY BOUNDARY FOR COLLAPSEL 8ROAD GROUPS
1 1.90000E4Cs
i 1.40000E+06
3 1,10000L+C6
4 8,00000E+C5
> €,30000e+05
3 5,00000E+C5
7 4,00000E+C5
] 3,10000€E+05
Y 2.50C00E+05
10 2,U0000E+05
11 1.50000E+CS
12 1,20000E+C5
13 1.00000t+05
14 T7.73000E+C4
13 5.98000E+C4
16 4,65000E+04
17 3,00000E+04
16 2,78000E+C4
19 2.15000E+Ca
20 1,66000€+C4
21 1,29000E+04
22 1,00000k+04
23 1,73000E+03
24 5.96000£+03
25 4,65000£+403
20 3.,60000L+03
21 2,78000E+03
24 2.15000€+03
29 1,66000E+03
3u 1,29000E+03
3l 1,UC00UE+0S3
32 7.73000€+02
33 5,98000€+02
34 4,65000E+02
35 3,60000k +02
3o 2,18000E+02
37 2,15000E+02
38 1.6600CE+02
A 1,29000E+02
4y 1.00000£+02
41 7,7130006+0;
42 5.98000E+03
«3 4,8500UE+01
“s 3.60000c~01
45 2,78000E+01
“t 2,15000E+901
47 1.66000E¢01
a8 1.2%000E+01
a9 1,0000UE+01
CULLAPSED BROAD GROUP [NFORMATION
Br0AD FINE LETHARGY EKERGY
GROUP GROUP BOUNDARY BOUNDARY
1 213 1.10400E+00 1.91052E+06
2 2351 2.,00400E+00 1+80970E+U6
3 282 2.45000E+400 1+10007E406
3 el 2.56500E90D B.05232E+05
> 351 2,80400E400 6.33418E+05
© 380 3.04U00E+00 5102266E405
1 408 3,26400E400 4,01469E+05
8 440 3.52000£+00 3.10794E+0>
9 467 3.73600E+00 2+50818E405
10 495 3.96000€E400 2,00163E+05
11 331 4,24800E+00 1.30074E+05
y2 258 4.46800E+00 14209206405

13 331 4.64800€+00 1.00598BE+03

1

JAERI 1245
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Table 1 continued

MUCLIDE LENSITY

REGION 1

KEGION

~

REGICN

w

REGION &

NEGICN 5

REGION

£

~

REGION

REToH

>

[3%]
heb
6wt
Tuy
%1
13
Ry
837
a69
YUy

lue9
1081
1094
lies
1157
1149
141
1453
1285
1217
1349
1581
1433
1443
1«77
1509
1540
1512
1805
137
leo9
170l
1733

COUE
MO

-
NOWEN HCNEOU NOVW QR NN ~NOVEN

NPLVW Vv ~wOw

It Gl SOUKCE DISTRIAUTION

1 0.0 2 0.9
5 3.80000€~31 [ [VIAN]

THIS PPOBLEM REGUIKED 161701 «ORb3 ( FUR JALk]

UPKAL = 0.41192c400 UPKF = Y. 10207001

FISSION SFECiRUM Ub LERER GRNPS

4.91059E~03 1,53100 =92
1.23536E-U1

4,90200%+y"
J.16800EvL0
5.41%Q0E+ul
2467, QUE+LL
5492400kl
Lol buVOR$LO
n B4A00L e
0 04uUOE +U0
6.99500k L0
{.20m00E 0L
7,6484U0F+00
14 12GO0E+LL
7297000k 00
Ba23¢00E00
8,458400EL0
8159008 +0u0
9.0C000EeCh
Y4250U0E+00
74912008400
Y4 7T68UOE+Y0
1.00240k+01
1,028U0E+01
1,05360E+01
1,07420E+0)
1.10480E¢01
1.,13040E+01
1.156U0E+01
1,18:60E+01
1.2G720E+01
1.23200E+(1
1.25700E+01
1,28400E+(1
1.30650£+01
1,33520E+¢1
1.36L50t+C1
1,26640E+01

NUCLIDE
DEMSITY

1.12190€-02
3,89340E~02
4.U8390E~03

5.72920E=02
3484760802
5.50700E~0%
2,95200E-03
3,10100E~04

£.50700E-04
2,.95200E=03
3.10100E=04
6.51940E-03
3.382106=02

1.80800€=02
3.64500E~03
1.33»50€-02
2.19.00E=03

6.17300E=03
2.26620E=02
2.38390E-03
1,99530E-y2
1.78230E=03

57232002
3,854760¢=02
5,5GT005=u4
2,95200E=03

3416100E=08

8,5C700E=04
2,95200E=03
341G 1u0e =04
#.21940L=u3
3.30,10€E=u2

1.80500E=-02
3,64500E-03
1:33450E=02
2.19:00E=03

3

T TBITQE+Us
2.98U750+0%
“106714E 404
3.613U3E+uS
7. 1909400
£+160275 408
126né8TEI0G
1.29704E 404
L400456E 404
T4 17669E4U3
©.,02026E+03
L.bBUDSEFUD
3+60792Fe03
24793048403
<el6221E+03
1.66USZE4U3
1,29580E+03
1.UD314E403
T.16569E402
6011758402
40653956402
3.60282E402
&+ T8309E+02
©.12915E02
1.67149E+02
1:.29397E+02
1.00172E+02
T4 73471F+01
6.00325¢ +01
4.,68469E+01
3.62662E401
£,T8515k+01
2+15610E+01
1:66913E+01
1.29214E+01
1.00030E+01

3.1600ue -0l 4

T 3,3000ut=91 8

1983 +FUR EstLEm 341701 4

2 INTG3E=0/

5.8040z6 =02

8,13170e~0¢

B.96361E~02

31
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Table 1 continued

1TERATFCN TiM
MINS
1 13,4

2 27,

ITERATION COUNT LI

SOURCE DISTRIEULTION
0.0 0.0

FLUX OF BRUAD GROU
GRP o MESH 1
5,4302i=0%
1.7.81:-02
3, 1960t~02
EaedubBL=(2
9.9371e-02
142499E=G]
1.8112¢=01

—~EVEWN

BROAD HROUP CHOSSH
GRP 10T &L
1 1,5984t-0]
2 l.78i4k=01
3 1.91%6L=01
“ 2.U383i =01
5 2,25 1t~01
5 2,0U¢li~0L
T 2,021hE=C1

ThANSFER MATRIX FHUY aqUGAL GROULPS
2

1
4,38090=02
1. leder w02
4eudink=03
S.,0801i=03
le3222e=02
1,U3% =02
1.1704: =02
4.56%97r%03
9 26819 "03

XN U PN

10 3,0698t=03
11 1 6%8ut=03
12 9.4835r.=04
13 &,693: =04
L4 5,5u34r ~Us
15 2,89190 =04
1s ¢.Uunit=Ga
17 2.0Uerb =04
14 T.4907e-05
19 3.88176=0%
20 &,42618=0%
21 2.0Y56t=0)
22 1ebldie~05
23 1,037t Y3
24 b.3143E~00
25 3,8400L~Ch
g 223035t =00
21 1.239nt~06
48 T.0970e=07
249 3.563¢2E-07
30 G0

ESELEM 4

*ESELE’t 4% SAMPLE PROBLEM #FCA v=1 CORE CELL®
3 BROAY GROUP EIGE~ VALUE  CONVERGENCE
EC, EIGEN VALUE CRITERION
1 0.1590262194 1,0032323301 1,00000E+0)
é 0,1004573387 1,00456860662 1.33026E~03
il EXCEeDED 2
3.09283c-01 0, 3.80994F-01 0.0

#LSELEN 4e
P
rESH 2
3,3317:-03
Levbllce =02
2,3304c=02
396442 -0,
3,U99et =02
l.obele=0;
L.10o%r=01

*ESELLY e
SECTIONS
NIRFISS ION
340796t =02
AR LT )
3.103;==02
2,174 ue

2,114 v2
2.0462c~02
2.09072=02
Ved

Y.445 02
1.3%48 02

3,9025u=03
4.0Gd6L =03
3.96235L=03
38,5729t =03
1.0650E=02
1 1069E=03
7.8l6he=03
3.5947t-03
2,32h4r=03
1.2696E=0
1,3307¢=03
T.03917~04
2.24ah=00
S.25¢ 04
2. 1a8zc=04
1.9377¢ =04
1,170k =0
Tol839c~03
4e38loL=02
2, 19900205
1.7153E=05
1,9569: =05
7.53)5L=00
4,235ut=00
2.26451~00
l.28lur=0o
2,868 E-07

GAMPLE PRUALEM

aEsH 3
6.9214k=03
2.2034E-02
4.8334E-u2
be23%4k=U2
l.2eut=0l
LaS%99k=ul
4.2320t~01

SAMPLE PA{BLEM

REOVAL

telideb=ue
1.6%03t=y2

3

0,2

(2%

6. 1340E=De
1,6491E-02
3.5997E=03
4, TCugE~03
66402t =ul
8,4040E=03
be375e 3
G,551¢
4.5301k=ul
3. 3300kmuld
2.6413E=0)
2,1e73E~03
la1598E-02
BeAll2E-us
BaRRI2E=Lb
2ubieyb-us
LeB3U2E-L4
AP RN I T NY
Leilasb=ca
ceD2Tat~ud
2.1542E=00
6.6511E~u5
1.9bc6k=i4
3.6774E~05
CRCLIV LT
4.1b40k=ub
2.5n13E=i0
Seaby5E=07

MESHh 4
1.3432E-02
167¢-02
FedlU2€=02
1+6070F =01
.4 e6k UL
3.0306=01
4,4272E=01

wrCA Y=l
SCATIER!NG T
00 3403002
l.0ls0t eyl
le2942i-01
1.3¢44F =01
1,5489E<0L
leduditeul
l.a/15e=-01

o
0.9
Ged
e

liluvlEe2
heb308E-03
8.5234cmu’
4.37835~93
3.70t%é-03
£03i44F=U3
Z.61628=03
1.43772:-03
le12395-03
141152L =33
47538 5
2437255 =04
2.8143f =04
1.87191t =04
L1216t =04
6:9i0lt=0%
442240 =05
2,5348F =05
1457498 =y5
8.7089 =06
5252580 ~u6
3.3573F-0¢
T04999e=017

#FCA V=3 CURE CELL®

MeLH 5
3.3188E~03
1.0G042c=02
2,3370k=02
4,u233:. =02
6,176 =02
T, 6ubs=02
1.0360z=01

CLHE CELL®

CARTURE
AolplTe=0C%
543493203
1,935Te=03
2.06079c=03
5.9201a=04
4,5026c=04
4,9J495R=04

2

U.¢

9.6

v.a

0,u

1.3543e~0)
3,04172-02
6.5360e=U3
5,9382c-03
5.,2029e=03
8.n3560-03
3.2U57e~03
4, g0her=03
3.3502e-03
3,1744E=03
1.6239c=03
1.4173e=03
1.4630e-C3
6.2267F=04
3. l441b~ta
3,7233c=04
2,38l6e~C6
1.2828e=04
B.e345e=05
4,93660=05
2,96tbe=05
1.0284£=05
9.9899t =6
6.3668c~0e
3,8320t=06
8.4450E=07

15712715

BUCKLING CHY

4.76100=03 5,91954E~01

4.76100t=03 5.91954€~01

3.09724E=01 0,0
15712415
MESH & MESH 7
1.33208~-02 6.9917E=03
4,2431t~02 2.22218=02
9.3306L-u2 4.8746E202
1.9868c=01 8,2933%E=02
2.4133e-41 1.2643E=ul
3.0644E=01] 1:5699E=01
6,395%E=01 2,2598E=91
15/1271%
TRANSPOKT  ELASTIC RE4.
9.3099L=02  T7,2833E-03
F49720E=02  3.53u0E-u3
l.Ud2uk=01 1,4414E=02
1.1640E=01  1.,78lek~u2
103957k=l1 2.5043k~02
1.2h26E=04 2,3216E~92
1,3911E=01 2,23378=92
& 7

2.0 0.0
GV 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.21G7k=01 G0
2.98326=02  1.2519E=G1
1.0995E=02  3,0468k=02
4.,0727E£=03 T.7955E=03
5,7602e~03 8.5967E=03
4,0136E-03 4.76358=23
3.3846L=03  3,1694E=y3
2.9148E~03  2.5657E=03
2,9902b-03  2.4712E-03
1.7363e=03  1.6012E=03
1,38456-03  1.,2663E=-03
1.4476E-03 1+4353E=03
5.8839E=04 9. TT49E=04
3.1069E=04  3.43b6k-04
3,9306E=004  4.4834E-04
2.7396E=04% T.3522E=04
1.1824E=04 2.0162E=04
1.2349E-04 3.4665E-05
6.9203E=05 5.89426-0%
4,2307E=05  3,5348E-05
2. 7261E=05 2.2353E-05
1.6348E=05  1,2856E-05
141540E=05 8.2711E=06
6.,7268E=006 5.1215E~06
1:3€79E=0¢ 1.16¢1E-06

MESH 8
©.6214F~03
2.10775=02
4.63078~02
T.8904k =02
1.,2p73€=01
1,5003F=-ul
2,16935=u1

Fisslon .

1iu598fe02
1.3398~=Q2
950001 @03
8:9811F=03
241743 3
9.23726-03
9.30616=03

JAERI 1245



JAERI 1245

Table 1 continued

FLUX OF FINE GROUP

GRP MESH )
COARSE GHOULP 1
213 4,7493t=03
214 5,3295k=03
215 5,46)5E=03
216 5.5811k~03
nr 5.5261E-03
218 5.5G84£~03
219 6,0682E=03
220 6,1687:~03
221 6,1267€£-03
222 6.,0084E=03
223 5,851¢6t~03
224 5.9159L=03
225 6.20776-03
226 6.64038£=03
227 6,5016£+03
228 6,4191£-03
229 6,3387t=03
230 5. 8669E-03
231 5,517T8E-03
232 6,0658t=03
233 6,27556=03
234 6,4856E=03
235 6.,b946E=03
236 b 8465E-03
237 6,9302:-03
238 6.7662E=03
239 6,6181£-03
240 6.8383E=03
241 7,2063L=03
242 7,4398E~03
243 T.5598E-03
244 1.5378£=03
245 7,3496£=03
246 7,0939£~03
247 6.9979£-03
248 7,0646k=03
249 7.1651E=03
250 7,2710e~03
251 7.4004L=03
COARSE GROWP 2
252 7.5823t=03
253 7,6956E=03
254 T7.6019t-03
255 7.37166-03
256 7,1082c~03
257 6.79U5c=03
258 6,5137€~03
259 6.2335¢=03
260 6,2355E=03
261 6.6051£=03
262 6,8714f~03
263 6,9858E-03
264 7.0576¢-03
265 7,17916~03
266 7.2119E=03
267 7,4659L=03
268 7.6278£-03
269 7.788GE~03
210 7.9255L =03
2N 8.,0251€-03
272 7.9511E=03
273 7.9242¢=03
274 7,8609E-03
215 7.7348E~03
276 T7.7543E=03
217 T.82528-03
278 7,8226E-03
2719 7.8033t-03
280 7.8535E=03
281 8,0492t-03
282 8.2469: =03
COARSE GROUP 3
283 8,2288:~-03
284 8,1107e~03
285 71.9323t=03
206 T.5871£=03
287 T7.53450=03
288 7.5113e-03
209 7.5227e-03
290 7.5771t=03
291 7.45156=03
292 7.13056-03
293 6.92136=03
294 6,8203E=03
295 6,6037E~03
296 7.0266£=03
297 7,3620£-03%
298 7.1948E-03
299 8,4604E-03
300 8,8118E=03
301 8,9460:-03
302 8,9631k=-03
303 9,0078£-03
304 8.9727e-03
395 8.9107:-03
306 8,8909L-03
307 9.2321e-03
308 9.8064£-03
309 1.01756-02
310 1,03168-02
E3BY 1.0566E=02
312 1,0915t =02
31> 1411336-072
31a 1,1192t=02
315 141260E-02
316 1,1181L-02
v 1,1017¢=07
318 1,0666L~02
319 1.0335e~02
320 1,6170L-02
321 1,0133t=02
CUARSE GROLP 4
322 1.0631g=02
323 1,ub34E~02

®ESELLN 4

MESH 2

2.8835.-03
3.2341t=03
3.3213:=03
3,3916t =03
3.3642%¢=03
3.3165t~03
3.0664e=03
3,705 =C3
3.690;c=03
3.6297L~03
3.5640t=03
3.58088~03
3.73%9ut=03
3,8513c~03
3.9311E-03
3.8993: =03
3.848bt-03
3.2404L =03
3.,316eL-03
3.6536.:=03
3.5006L=03
3.9211k=03
4.,052.L-03
4.1451e-03
4,197az=03
4.116°L=03
4,0391k-03
4.1589t=03
4,3624-03
4,4949E=03
4,56164t-03
4,5475E-03
4,4421E-03
4,3011t=03
4,2481:=03
4,2710L=G3
4.3231e=03
4,3784L=03
4.4524L=03

4.5627-03
4,6366~03
4,57856-03
4,44256-03
4,2853E-03
4,0903e~032
3.9204t~03
3.74778~03
3.7553c=03
3.99/26~03
4.1713k=03
4,2682¢=03
4,2916k=u3
4,3552e=03
4.4024c~03
4,50401 =03

4,5895E=03
4.67346-03
4,745Gc-03
4.7967L=03
4,7613c=03
4,7501e~-03
4.7274E=03
4,6693c-03
4,6876£~03
4,73876-03
4,7512c-03
4. 747T8E-03
4,7799.~03
4.8902E-03
3.U016E=03

4.9806c=03
%,896b6e=03
4,8013¢c+03
4.b220E=03
4,9793:-03
4,5482c=03
4,5307:=03
4,9285:-03
4,940]1c=03
4,250€0=03
441314E=C3
4,uBUYCc =03
4,1204c=013
4.2504e-03
4,519 =03
4,7093c-03
3,0680t=03
5.42637c~03
5.36735-03
5.3959:~03
5.4335:-03
5.43252-03
5.,6232:=03
5,43476=03
5.,6331c=03
5.9626r.~03
541837203
9,¢8001.-03
6e4227:=03
©,6087:c-03
4.12920~03
n, 16212203
$,3107ce=03
. 155¢e=03
2. hbZeL*00
S.46610=0)
%22751e=03
& LTD1e=G3
f,1608c-03

543450r=0
ERRT P TEIVE]

Appendix B. Sample Problems

SaMPLL POOBLeM

MESH 3

5.9%0aL=ul
b, 6435E«03
6.7954k=03
6,93228=03
beEnuit=ud
6. éu02t=03
Te6764E=03
Te51T6E"u3
T.9N39E=u3
T43433k=03
T42737k=03
Ti26929E=03
1.5912E=y3
Teb128k=03
7.9770E=-u3
7T.9318E=U>
T bnd1E=03
Tezr48bk=03
6. 0tU2E~03
T 4343E=0D
7.6 739E=-03
T.9218t=u3
b5.20:438=03
vab108E=0L3
B.5250E=03
be3F69E=03
8,2632E=03
Bt Z8E=0U3
8.8366E-03
9.0k45E=0:3
9.2231E-03
9.20.69E-u3
9.0113E=03
8,7638E-03
4.6532E~03
§.7063E-03
847695E-u3
5.8500E-03
9.0122E=03

¥.2411k=03
G 4l 16E=U3
9.3003E=03
9.0490E=03
beT501t03
Be3F30E=03
8.07Y8E=03
T.7696E-u3
T.7420E-03
d.1%11e=U3
8.5154E=03
£ EnbbE~-LD
B.T491E~03
B bR62E=L3
B.94DTE=(3
9. 15¢4F =03

v.31828-43
Y.u823E-03
9 bZ27TE=-L3
$.72528=03
4.6+ 73E~0u3
9. 6446E-03
9.5950E=u3
9.ae99E=(3
9.44950k=03
9.5962E-03
§.625T€E~0(3
9.6119E-L3
9.6ST5E~03
9,858 2E-G3
1.0095€=C2

140C50E=C2
9.8755E=03
9.724%9E~03
Qebg55E~03
94350 7E=CS
9.3153E=C3
9.2347E=03
J.3015E=03
9s1543E-43
8.80uBt=0d
8.5329€E=03
Bo4b4DE=C)
8.53353t-u3
BeTTUGE=U3
S.18BuE=¢3
G.6uezk=13
1.03uut=y2
1.0537E=02
1.0338E~u2
1.0371k=22
1.03L7E=02
1.0991E=134
1.0R92E=0¢
1.0318E=02
1,13v9E=02
1.1379E~02
1,2443E=02
1.2610E=02
1.2923k=02
1.3307E=02
143543k =v2
1.36u9k=02
LedTeek=u2
1.3631k=02
1.34050~ue
1.305E=Ge
Le275i0k=02
1.2%)3E=ud
Le2auok=ue

1402725E~u2
i.299)E~02

¥FCA v=) CUFE ChLiw

MESH o«

1.1713k-02
143U39F=02
1+3316E=02
1.3562¢ <02
1.3394E-02
1.33076=02
1,8525k=02
1.6601(=02
1.6039L=02
1.4391E-02
1.4086E-02
1.4218L =02
1.4832k=02
1.52688-02
1.5014k=02
1.55.0t~02
1.5330kw02
1e42,8r=02
1.33928=02
1:44751 =07
1.4555k=02
1.2618E=02
1.6L00t U2
lebaTle=02
1.67028=02
15408k =0U2
1.61108=02
1.6058E=02
1.7292F=02
1.7763F=02
1.8048F=02
1.,8011L=02
17593t =02
1.7066F =02
1.6883t-02
1.,69b4L=02
147142802
1.7328t =02
17248 =02

1.803Bi=02
1.8397: %02
1.8l89E=02
1. 1669E=02
1.T06TE=02
1e6378rap2
1.5776£=02
1:9159F =02
1.5164E=02
1.5988E-02
1.6600E=-U2
1.5068E=02
LeTul¥e=02
1.7:48t=02
1.T64z26-02
1.7502k~07

1.8119E=-02
1.8439F =02
1.8730L-02
1.89420=-02
1.8510f =02
1.8744k=02
1.8616E=02
1+8371k =02
1,3400L-02
1.8563E=02
1,85%06F=u2
1.8513k-02
1,8578F =02
1.8903¢ =02
1.9411E=02

1.9354£-02
1+300bE=V2
1,8084E-02
G99t -02
1.8UGTE=02
14 7968E-02
1.7963E~-02
1.8069€=02
1.7628E=02
1.7190t-02
1.6748t=02
1.6469E-02
1.6471t=92
1.6920E=-02
1.7732E~02
1,3693E=02
1.9999E=02
2,061 7E=02
2,0869L~02
2.70818E-02
2.90821E=02
2.0136F =02
2.07udk=u2
2,20851E~02
2.17uft-02
2,3Ub6E <02
2.4019E-02
Z2,44T74F=02
245048E-02
2.5152E-02
2+6¢19E-02
2.6360E~02
2.H540E~V2
2.5314£-02
2.5939L =02
2.5)31E-02
2443539 -02
2.3273F 02
Ae31IVE=V2

2.424bF =02
245515602

MESH D

2,€E949: =03
3,¢107e=03
3,2853E-03
3,3473c=03
3297403
3.2/11E=03
3.5825L=03
3.6118 =03
3.olbeEL=03
3.5483,.~03
3,473pe~03
3.50T4c=03
3.6450e=03
3, 714%65c=L5
3.0295t=03
3.¢102¢-03
3,730t =u3
3.4792c=v3
3.2725L=03
3.5%662c=03
3,1892c=u3
3iellar=u3
3,%390L=93
4.L2820=03
4,u179E=03
4,0114c"03
3,9441L~03
4.0472:=03
4,.222¢=03
4,3300t=03
4,39600=U3
4,3832¢=03
4,2886e=03
4,.659L=03
4.3191e=03
4,.387e=03
4,,724e=03
4,21700=03
4, T4b6L=03

4.58408=03
4,6570t=03
4,6059c~03
4,0823e=03
4,1407c=03
3.96746-03
3.6142L=03
3.0006e=03
3,08b6c~03
3.0777e=03
4,0352c~03
4,1047:2=03
4,.427c=03
4,31958c=03
44,¢353e=03
4,3201e=03

“,3912e=03
4,4622c-03
L.5252E=C3
4,5707e=U3
4,5405L=03
4,5288c=03
4.5080t~03
4,4603E=03
boaT442-03
4,5146c=03
4,5273r=03
£.52376=03
4,5485e=03
4.64228=03
4,74C6t=03

4,7226==03
4.6415¢=03
4,5571=03
4,4080c=03
4.3703c=C3
4.36472=03
4,3311£=03
4,3331c~03
4,2616c~03
4.1030c=03
3.9934c=03
3.9361c~G3
3.9554c=U3
4,,106E=03
4,2027t=U3
4.4892e~03
4,7991e~03
4,9604c-03
5.0403e=03
5.u522n=03
S.uTéle~ul
5,0707e-03
9.U739c-03
5.1ub%c =3
5.7980.~03
5.5947L=03
Setd24e=03
3¢9922e-03
nel3l4L~U3
A 12120=03
has9i9%=U3
6,3309c=U}
S.3012L=03
he3il3c=03
34724003
Hel425c=03
Sebn2le=03
5.,1009e=03
ERRLYEIESR]

2.0337r~03
ERRG LNV}

15712418

MESH &

1.1236E=02
1.2620E=02
1.3C45E~0¢
1.3217k=02
142959602
1.,2749k=02
1.4314k=0c
1.4416€E=02
1.4342k=02
146093E=02
1.3¢01k=02
1.3936E-02
1,6648k=02
1,4644E=02

1.5308E=02

1.5292k=02
1.56538=-02
1,3553k-02
1,2514E-02
le4l4le=02
1,4648E=Ce
1.5335k=02
1.5806E=02
1.6153E-02
1.6351E=02
ls6130E=02
1.5690E-02
1.6298£~02
1.7008E=02
1.7482E=02
1.768%E=02
1,7601E~02
1.7226E=02
1,6742E-02
1.6548E-C2
1,6577k=02
1.6656E=02
1.6823k-02
1.7102k=02

1.7536E~02
1.7814k=02
1.7570€~02
1.70278=02
1,6337k~02
1.9579E=02
1.,4835E-02
1.4U97E=02
1,4179€E~02
1.5321k-02
1.8126E=02
1,64R68-02
1.6658E=02
1,6853c-02
1.0977E=02
1.1256k=Cz

1.1531E=02
L. 7774E-02
1,7950E-02
1.8127€-02
1,8020E~02
1.7998€-02
1,8005E-02
1.7905E=-02
1,8029k=02
1,8269E=02
1.8397E-02
1.84478=02
1,8610E-02
1.90198=02
1.9386E=02

1.9235E=02
1.8836E~0;
1,8674E=02
1.1884k=0¢
1.7618k=02
1.13726-02
1.1136k~02
1,6930E-02
1,0485E=02
1.5146E=02
1.5269E=-02
1.5116E=02
1.5424E-u2
1.60656-02
1.6920£=02
1./893e-02
1.9121k=02
1.98430=02
2,0353t-u2
S517E-02

2.130%e=92
2.20b35=02
2.3275e=052
2.4043E~02
2,4455L=72
2.4939E=02
2,55955E=0¢
2.5%0lb=02
2.6U7sb=02
2.0133b=-ue
2+9%¢lE=0s
2.56yule~02

3b1ek=02
2.39%0k=0¢

2.,4656kLw02
2:51ndt=0e

MESH 7

5.8797€«03
6.9813E=03
64 7554E~03
6.8994£~03
6.7TTC1E=03
6.6BLTE-03
T.3625E-03
744365E=03
7.41928=03
7.3049E=03
7.1619E~03
T.2206E=03
T.4Be0E=03
7.6912E=03
7.9011E-03
7.8948E=03
7.7980E=-03
T.1594E=03
6.6853E=03
7.3430E=03
T,6257E=03
7.8815E=03
8.1466E=03
8.3437E-03
8.4572E=03
8.3560E=03
8.23p8E=03
8,4356E=~03
B.T766E=03
9.0069E=03
9.1296E-03
9,1072E-03
849267E=-03
8,6849E-03
6.,6032E-03
8,6283E-03
B846818E=03
B8.7651E=03
b5.8835E=03

9.1067E=03
9.2678E~03
9+164%0E=03
8:9112E~03
8.6140E=03
B42245E=03
7.9023E-03
7.5645E«03
T.57e8E=03
B.0637E=Q3
8.4294E~03
8,604TE-03
8.0308E-03
8.79V1E-03
8.8453E-03
9.,0286E=03

9.1682E-03
9,3057€E-03
9.4209E=03
9.5046E=03
9.4585E=03
9.4440E~03
9.4224k=03
9¢3353E~03
9.3791E-03
9.5015E~03
9.9618E=03
9+5708E=03
9.62952E~03
9.82264E=03
1.0030E=-02

9.9737€~03
9. TT45E=D3
9.6367E=03
9.386%E=03
9.2926E-03
9.2092E-03
9.1334E=03
9,UTUBE~03
8. 8904E=03
8,5291E~03
843286E=03
B.24U2E=03
5.3418k=03
B.6202E=03
9.0307E=03
¥+4931E-23
1.0008E=02
1.0607E=02
1.064%E=02
1.078k=02
1euBUbk=02
1.0830E~02
l.Goo8E=02
1.U957E-02
1.1338E=02
1.1973E=02
1.2632E=32
l.26{0k=02
1.29482E=02
1.3250E=02
1.3860k=-y2
L.3524t=u2
La36¢0k=02
Le3541kmn2
1.3302k=-y2
1+3030€-32
l.2003k=02
1.,264i0t~02
li260ck=02

1,201 3E=02
Le2980F=i2

MESH 8

5.6688L-03
6,340¢F=03
6.4976E=03
6.6256E=03
645160E-03
6,448 =03
TUT8E=03
7.1509€=03
T.1322¢-03
T.0165€=03
6,8687E=03
6.,9386£=03
T.212¢4E~03
7.4241E=03
T.6163E=03
7.5974E-03
7.5037E-03
6,911CE~03
6,4618E-03
7.0538E=03
T.2766E=03
7.5514£=03
T.8404E=03
8.0523E=03
8.1674E-03
H.0523E=03
T.9264F=03
6.1291E~03
8.,4706E-03
B8.6953E=03
¥.8251¢=03
8,6061€-03
$,6167E=03
8.3716E~03
8.2907¢=03
8,3246E-03
8.3842E~03
8.4663E-03
8.56556=03

8.8096E=03
8,9829E~03
8.,8828E-03
B.6269¢=03
8.3374E=03
7.9631E-03
T.6616E=03
7.3404E=03
7.3507E=03
To7999€=03
6.1344£-03
8,2887€-03
3.3677e-03
8,46976=03
8.5353E-03
8,7159F=03

8,8582E=-03
9.0005¢=03
9.1255E=03
9,2161£-03
9.1617e=03
9.13698-03
9.0962F-03
8.9962€-03
9.0247€¢=~03
9+1204E=-03
9,1586¢=03
Y.1498E-03
9.1916E=03
9.3784E=03
9.5916€£-03

9.5485¢=03
943582€-03
9.2198£~03
8.9697E=03
8.9051€~03
8.8554E«03
8,8178E=03
8.8005£=03
6.6498F=03
5.3146E=03
b6.1090E=-03
T.9963E=03
8.0516F«03
8430655=03
$.7145F=03
9.1777E«03
9.7765E=03
1.0072¢=02
1,0250F«02
1,0269E=02
1.0299¢€-02
1,0291F=02
1.2305€-02
1,0401E~02
1,0309¢-02
1.1467E-02
1.19395h«02
1.21768=02
1.2456F=02
1.27768=02
1,23955=02
1.3058¢=-02
1.3154¢=02
14305 u2
1.288 02
1.2515(-02
1.2145F=02
1019218 ~02
1.18902=02

1,2139k=02
1.,23071.-02

33
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Table 1 continued

1622 B.926UL=10  D.1407L~1y F.3703E-1U l.408/E=U9  4.2323c~1u 1.6580L=04  B,8269E~l0  B,9653e~1C

1623 A,8030L=10  5H.ubBrL=1(  9.245¥r~lu  1.%013t=u% 6, 150L~10 1.6302b=09  b.6944k=10  8.8339E~10
1624 8.6827e=10  4.990bt=1u Y. 1lb4k=iv  1.%365L=U9  4,)296L=10  1.0UrSE-0Y  B.5614k=i0  0.105TE-10
1625 8.5645: =10  4.92Yer=1y 8,9892b=1U  1,3002tw09  4,0701:=10  1.7/52b=~09  &,44z0k=10  8.5796t=10
1626 8,6490L=10 4.8621t =1y B.8n22e=LU 1182101 ~09 4,ul200~10 1.14586~09 g.3201E~-10 b,4504F~10

1627 Y¥e3364L =10 4. 1963ce1y d. T4dBE=LV 1. 71582E~09 3.95%6z=~10 1.7225k=09 8.20c1b=-1U ¥.3389c-10
1628 B,2261c=10 Y. 131E=10  8,6799E~1U  1.7341E=09  3.3003:=10  1.6969L=0¥  3.0856t-10  0,2224F=10
1629 B.11190L=10  4.66B5c=10  6.511lk=Lu  1.T7lu6f=09  3,c46ut=iC  1.6718t=39  [.9711E-10  8.1078E-10
1630 8,ullot=10 4.0063c~10 6.3713k=10 1.0874t w07 3. 13250~ 1.6470L=0Y 7.8504k=10 1.9991E=10
1631 7.9072E=10  4.245.t=10  bi2556E~1U  L.0o06ht=0%  3.7/400z~10  1,0¢2/t=0Y !, 7476k=i0  7,8843¢-10
1632 T.BuGbE=10  4,9851F =10 B 1737E=1U  1,6423t-09  3,5883t~10  1,598/&é~09  7,63b6E=10  7,7754k=-10
1633 7.7037E=10  4.4260t=lu  0.0ATBE=LU  1.6U9E=09  3.0375:-10  1.5(51E=~0Y  7.5313t-1U  7.6684F=10
1634 T,60450=10  %.3679r =10  1,96i6b~l0  1.9988E-09  3,0875c=1C  1,5518k~09  7,4257€E-10  7.5631E-10
1635 7.5069c=10  4.3106c=iu  T.BST1E=1Y  1.5776b-u9  3,5382c-10  1.5269£-0Y  7,3216k=10  7,4594t«10
1636 T.41206=10  %.25%e=10  1.75%0E=lu  1,5571E=U9  3,4309t-1U  1.5072b=0%  7,2216€-10  1,3592€-10
1637 7.6253E=30  4.4007e=10  B.1T14E=1U  1.65¢1t=u%  3,0380t=10  1.0UT2E=09  T.7413E-10  7.7986E-10

COARSE GROUP 45

1638 6,6284L=10  3.7322:=10  6,4796E=lU  1.4236t~09  3,3b689t=10  1.3835t-0%  6,0154E-10  6.3004F=10
1639 6,4582b=10  3.0320c=10  6,249E=lu  1,306%E=U9  3.5011c=i0  1.3%65e-0Y  5,81lb3E~10  8.1G35¢-10
1640 6.3503Ea12  3.5T6ei=ly  6,1573E=lu  1,3643t=09  3,2463t=10  1,3249b=0Y  5,73:UE«lU  6,0040F-10
1641 6,2271E=10  3.5067e~10  b,0B36L=1u  1,3398E-09  3.1901c=10  1.3013t=09  5.6258k=10  5.8860E-10
1642 6,4U52L=10  3,43%9i=10  5,9/£9E=lU  1.3i56E~09  3,1354t=10  1,2764E=09  5.523bt=10  5.7715E-10
1643 5.9824E=10  3.37sbL-10  5.Res4b-1U  1.2918E-0%  3,UE06E=10  1.Z555E-09  5.4216k=10  5.6386E-10
1646 9, B590ke10  3,3052£=10 5.74sst=lu  1.267BE=U9  3,Uz60E=10  1.2327€=09  5.3198E=10  5,5427E~1C
1645 5.7258b=10  3.2330e=1U  5.63UGE=10  1.24156-09  2.9668c=10  1.i0EDE-0Y  5,2115E-10  5,4190E-10
1646 5,0062c-10  3.1l6bic=1g  5,5177E=1u  1.21e7§-09  2.9102c=10  1,1b54£=0Y  5.1094E-10 53,3056 =10
1667 5,5082c=10 3.11l9e=10  5.4251E-1v  1,1%06E-09  2,5628c=10  1.1656£=09  5.0240e-10  3.2153€-10
1648 5,4183E=10  3.960¥r=10 5,3%5t=10  1.1777F=09  2.el8lc=1C  1,1468E=09  4,9438E=10  5.1309E-10
1649 5,3312b«10  3.0115e~iU  5.2549€-iU  1.1593E=09 2, /T46c=1G  1.1285%E=09  4.B664E=10  5,0493f~10
1650 5,2467c=10  2,96356~10  5,1737€-10  1,1614E=09  2,7323t~10  1,1106t-0%  4.7911E=10  4,9700E-10
1651 5,1648=10  2.916bc=10  5.CG46E~1U  1.12640E=09  (,6909E~10  1.UY32E=09  4.T71I5E=10  4,6926E-10
1652 5,0855k@10  2.,871l5t=1u  5,01/7t=10  1.1070=u9  2,0505c=10  1,U/ol€=uY  4.6457E~10  4,8174E=10
1653 5,0095c=10  2.8276L=10  4.9433e~1v  1.0UbE-U9%  2.5113c=10  1.0595%e=0Y  4,5760E=10  4.7445t-10
1654 4,9366E=10  ¢.7857c=1G  4.8714E<lu  1,0747E=09 L5732e-30 1,Us33E-0%  4,5082E=10  4,6739¢=10

1655 4.,8660L=10 2. labbe=1u 4,8016E-1V 1.0592£-09 Z.5359L~10 1e02T4e=u9 4.4418E-10 4,6050E~-10
1656 4,1975k=10 2.7051c~1y 4,7334e-10 1.0441L=-09 Z2.43%5L=10 1.0119E=-0Y 4.3771E=10 4.5378E~-10
1657 4.7312e=10 2.0661r =1y 4.,66713E=10 1.92%4t-09 Z.4b43L=10 9.909ckw1y 4+3143k-10 4,8725¢=10

1658 4,6663E=10  2,029)r=10 4,60¢3t=1U  1,01e9t-09  2,4296E=10  9.822¢k=1lu  4,25Z4E=10  4,4079E-10
1639 4,0U32E=10  2.5925e~10  4.53%1E-1V 1.0008E=09  2.3957t=10  9.6788E=10  4.1923k=10  4,3455E=10
1660 4,5418E=10 2,5%6%c~10 4,4718k-1v 9.8726t~10 2.,3629L-10 9.9395E~10 441361E=10 4,2859¢-10
1661 4.4818t-10 2,5221t~10 4 41 19E=10 Y.7403k-10 743308L=10 9.4031lE"iV 4.0713E~-10 4,2278E~10
1662 4,4233€-30 2,4880t=1U 4,3593L~10 9.61G9t-10 2,¢99%c~10 Y.2690E=10 4,021TE~10 4,1710E=10
1663 4,3659L =10  2.4587L=10  4.3C18k~1U  9.4b41t=10  2..686E~10  9.138BoE=10  3.9672E-10  4.,1153t=10
1664 4,3097e=-10 2.4220c=10 4.2u55E=1v 9.35996-10 2,2384t=10 9.010ék=10 3.9138E=10 4,0008E=10
1665 4,254TE=10  2.390Ut=1u  4,1903E=1U  9.23E1t~10  2..081t=10  B,8643c=,U  3,8613€-10  4,0074E=10
1666 4,20068~10 2,3585e~10 4,1361E=10 9.1168E~10 2,179e2=10 8.7607/L=1C 3.80%9E-10 3,9550€=10
1667 4,1476L=10 2.3276c-10 4.08e9E=L1v J.0ulit=10 2.i311c=)0 ¥,6394E~1U 3.7594E=10 3.9037t~10
1668 4,0950E=10 2.2969c=10 4,0501E=1y B.8856F =10 i012260=10 B.5160E=10 3.7050E=10 3.8527€-10
1669 2,7064t-10 1.3937c=10 le3509Eelu 5.52¢8t=10 1.43847 =40 5.31276=10 1.1024k=10 1,6478E~10

COARSE GROUP 47

1670 4, 424CE=10  2.55TCe=10  4.8147E=10  9.1859F=10  1,5436c=1L  8.67/1bE=10  4.4018E=10  4.3914€-10
1671 4,3580E-10 2,511l =10 4, 10beE-1U 9.0316k~10 1.3152t=10 8.5323E=10 4.3192t=10 %,3220E=-10
1672 4,2649c=10 2.46060 =10 4.5609E= U a.80.9E=10 1.o846=10 B.3784E=-10U 4.2248E~10 4. 2424E-10
1873 4,2522t =10 2,4391i=10 4,540TE=lv 8. 7{44t=10 1.5639L=10 B.2F4UE=1U 4.1797E~10 4,20642E-10
1674 4,2248L=10 Z+4210c=10 4,50¢2E=10 8.5971t=10 1,n454L =10 B.1994E-120 441409E=10 4.1715E=10
1675 4,2016E-10 Z2,405%5c~1¢ 4,46 36E-L0 8.6205E-10 1.7286E=10 8.1lr26E=10 4,1069E=-10 4,1433E=10
1676 4.1809E=10 2+3915c~10 4,4396E=10 8.5641t=i0 1.£128E=10 4.9200e-10 4,0753€E=10 4.1172k-10
1677 4,20068=10 2,398uc=10 4, 4452E-10 8.5164E«10 1.0105k=10 B.028%E=10 4,0723E=10 4,1277E-10

1678 4,2191E~-10 2,4045¢e =1y 4.4520F-10 8.5922¢-10 18095 =10 8.UJ29E~10 4,0714E=10 %4,13806-10
1679 4,1941E-10 2,3897¢=10 4,4245E-10 §.5330L-10 1.7959c~10 Te94Bagelu 4.0419€=10 4.1096£~-10
1680 4,1661c=10 2,3131e=10 4,3%¢1E-10 8,4680E~10 1,i8l0e-10 T7.8790k-10 4,00b5E~10 4,0775E=-10
1681 4,1336E=10  2.356b6t=10  4.359¢E=10  8.4U33E~10 1./661t=10  7.6094E-1u  3,9744E=10  4.U450k-10
2.3403c~-19 4,3267E~10 8,3397¢=10 1.7514t=10 7.7411t=10 3,9407/E=10 4,0130E~10
2.3243E«10  4%.29%6E=1U  8,2773k~-i0  1,/370c=1U  T7.67642c=10  3.9075E=10  3.9815E-10
1684 4,0580E=10 2,3084k-10 4,2€29E-10 $.2157E-10 1,7228-10 7.6085E-10 3.8745E-10 3.9503E~10
1685 4,0304£~10 2:2921E=10C 4,220TE-1V 5,1531E-10 1.70u86E=10 T.5429e-10 3.845Uk~10 3.9188€-10
1686 4,0006E=10 2.2T49c=10  4,1509F=10  8.0876E=10 1.,-939c=lu  7,4764t=10  3,8085E-10  3,8862¢=10
1687 3.9703E-10 2,25717e=10 4.1£31E=1V 8.0219E =10 1.6795e=10 T.4130k=10 3.7759E~10 3.65641E=10
1688 3,9397-10 2,26806E=10 T.9561L-10 1.5651c-10 T7+3510k=1y 3.7435E=10 3.622CE-10
1689 3.90836-10 2.2225L=10 7.88%0F=10 1.6503c=1u Tectale=10 3.7100E~10 3.7891£~-10
1690 3,8776£=10 2.2046e=1y 4,06U3E-1V T.8266E~10 1.0363L=10 T.2210E=10 3,6703k-10 3.7550E~10
1691 3,84706=-10 ¢.1874t=10 4.0z {bE=1V  7.7641k=10  1,0223t=10  T.1528k=10  3.64tTt=10  I,7286E~10
1692 3,6155E=10  2.1694t=1G  3.9931E~10  7,6970i=10 1,00/7c=10  7,0943E=10 3,6155E«10  3,6955&=10
1693 3.7839=-10  2.151%E=10  3.9%504E~=,U  7.83UlE-1C  1,2931t=10  [,0303E=10  3,58udt~10  3.6624E-10
1694 3,7523t-10 2,133bk=10 3.9239E-10 7.5635«10 W5787L=10 6.9668E=10 3.5417E=10 3,6295€=~10
1695 3. 7208L-10 2.1151r=1u 3.8870k=10 Te4%13L=10 1.2044L"10 6.9039E=10 3.5152E~10 3.5969F=10
1696 3.6894e~10 2,09b0c=10 3.8505E=-10 1,4315t=10 1.3502e=10 b.8416b=10 3.4829k-10 3.5645E-10
1697 3.6582E-10 2.uBU3sL=10 3.8;15k=10 T43660F=10 1.5362c"10 6./ 198E=10 3.4509E=~10 3,9323E~10
1698 3,6272c=10 062Te=10 3.7¢(BE-10 T7.3008E-10 1,5421e=10 6. 7181E=10 3.64191E~10 3.5003E=10
1699 3,5962c=10  2.U452c=1C  3.7542E=1U  7.235t=l0  1.208lt=1G  6.6581lt=1U  3.3873E=10  3.4684€-10
1700 3,5601E=10  2,0245c=1¢  3.T1ulk=1l T.1536k=10  1,4900t=10  6,9863E«lU  3,3460E~10  3,4273E=10
1701 3,4092b=10  1.925t=10  3.6%89E=1U  6.741%6-1C  1,38%4£=10  6.1982b-1U0  3,1038E=10  3,2171E=10

COARSE 3ROUP 4y
1702 3,¢817e=10 1.8481: =10 3.26996~10 6.4213k=-10 1.3117r =20 9.889b0E=10 2.9150E=10 3.0495¢=10
1703 3.2385E~10 1.8Z04r=10 342103E~10 6.3161E=10 1.28926=10 5,1945E=10 2.8b58E=10 249982E=10

1704 3,1891k=-10 1.7927e=1¢ 3.1¢ fuE=lU 6.2137t-10 1.2684t=10 5. 1039E=1U 2.8164E=10 2.9481E=10
1765 3,1413E=-10 1.7663t =10 34119210 6.1165E=10 1.26491E=i0 5.0196E-10 24 115%E=10 2,9017E~10
1706 3,u9e9L-10 1.13%0 =10 3.0412E-10 6,0189¢=10 1,.298e=10 5.0355¢=10 2,7348E~-10

1107 3,0439e-10 i1.71260=10 3.072bt=10 5.920%L~10 1.2105t=10 5,4512E=-10 2.6901E=10 2.8080k~10
1708 2,9941c=10 1.6852r-1¢ Z.9140E=10 5.8210E=10 1.1909€=10 5,3663E-1U 2.6472E=10 2.7620G¢=10
1709 2.9468E-10 l.0091r=1¢ Z.9718E=1U 5. 1270t =10 1,3726L-10 SegbasE~-1u £+,6061E=10 ¢.7176t =10
1710 2,9050L-10 l.0357e=1y £, REDTE=1D 5.6444E=10 1.4558t=10 5.2099E~1v 2.5009E-10 Z.07d7E~10
1711 2.8606E~10 1.6141E=10 ZeBbi3b=10 5.5686E=10 1,.404t=10 5.1397e~1u 2.5364E-10 E.6420F=10
1712 2,8294t-10 1.2931e=10 £.8101E-10 S.4952E-10 1,3455t=-10 S.0714E=10 2.50Uvk=1u 2.0U0%e=10
1713 2.7932e-10 1.9721e=10 2.1759E-10 5.4237t=10 1.2109c~10 5.0U44E=-1y 2.4652E~10 2.5721E-10
1714 2,1577c~10 1.95%¢0c=10 2,7385E=10 9.3537E-10 1.uy66E=10 4.9383E-10 Z.4301E-10 2.5391E~10
1715 2.7232e-10 1.5330c=10 2. T03%e-1V 5.28528-10 1.0625e=10 4.5733t=-1v 2.6045E=30 2,5002t=1U
17le 2,6896E~10 1.513%t-1u Z.671E=10 5.21l65E~10 l.CoBse=1y 4.,5C94E=10 2.37146k=10 E,4141E=10
17117 Z.6570L-10 1.4953t=1v c.6311E=10 5.1534¢=~10 1.L553e=1n 4. T465L~1V 2.343cE=10 £.44268-10
1718 2,6253E=10 1,4T71E=10 2,60%9E~10 5.0898E~10 l.,0421lc=10 4,6b41E=10 243134E-10 2,4317¢=10
1719 2.5942e-10 1.,4593e~1v Z2.57330L=1U 5.0274k=10 1.0292e~10 4.0240E~10 4.2B842E-10 2.3814E=10
1720 2.9638E=10 l.w4lyE=1y 2,5uc6E~ LV 4.90e/k10 l.ulédE=10 4,5648t~1u £,2555E=~10 2,35lo0k=1U
1721 2,5340£-10 i.4247c=10 2+91¢0e=10 4.9061E=10 liLusle=lu 4.0060E=1U Z7,22T4E=10 2.3224t=10
1722 2,5067E-10 1.400yr=1y 2,40é2E=1U 4. .84 14F =10 Y.yleac=11 4,4494E=1U 2.1997t<10 2,2934€=10
1723 2,4761k=10 1.3914e=1C £e8530E-10 4,797k =10 F.i9B8c=11  4.3Y3zc=10 2.1721t=10 2.200UE=10
1724 2.4079L=10 1.3153c=10 Z,4245E=1V 4.1563k=1C u8lat=i 2,1461E=10 2,2381E=10
1725 2.4203E=10 143590 =1G 2.3704t=1U 4.67v61 =10 F.06d9e~11 2,1200t=-10 2.21198=10
1726 2.3931e=10 1, 343110 ¢,3buit=1V 4.6253F=10 Y.4d2uc=11 2,09428-10 2,1856E=10
1727 663t.-10 1.3283 =10 £43640kE=1V 4.5722t-10 Y, A0917e=4l 401165k=10 2.0608t=1U 2.1595E=10

1728 2.3390b=10  1.313uc=1y
1729 2.3131e-30 1.298uc~lu
1730 2.2881E=10  1.4857-=1y

45198 =10 F.,¢89u=10 4. 12&1E=10 2,0457E=10  2.133ve=10
s.4te3i=dl  F,:090t=ii 4,0723k~l0  2.0lvUkelu  Z,1097E-10
Gohif4t=20 F.ual¥e=il 6,0Z11E=10 1.9946k-~1lUu  2.UB837E-10
1731 2.2627k =10 li.26doz-1y 4,373t <10 Fozubti=ll 3.9106L=10 1,97u5t=10 ¢ G592€E=10
1732 2.2397E=10 legdb1t=1u 435506810 b.rudor =11 30942%E=10 1.9%201E=10 £.0388t =10
1733 2, 1624=09 1,02¢7e=03  &,700fk=Uy  D.¥183Eeuy 1,201% =LY 6,3380k=07  2.5001E=U9  2,e077E=U9
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Table 1 continued

wedELEm 4

Appendix B. Sample Problems

SAPLE FrUDLES  #FCA y=)

COLLAPSLD FLUA#VOLLYE (GRUUP/MESHY

1
2.51120t~01
2+30770E~01
3404064 =0)
3.84109=01
4,15818:=01
24,6039t =01
4,97001t =01
4,45699c=01
3.75965L =01
10 4.358068-01
11 3,67300t-01
12 2.4960le=01
13 2.04342p-01
14 3,29511k-01
15 2.28928E~0L
le 1.71754E=01
17 1.01913t=01
18 1.87631t~01
19 1:17995L-01
20 Te4fa2at=02
21 5.87341E-02
22 3.74203t =02
23 2:52981E=02
24 2:04299k=02
25 1.22735L=02
26 3.90229t=03
27 3:91637c=03
28 8.89418c=03
29 6,91815c=03
30 4.11576e«03
3 2:19815e~03
32 1.11905e~C3
33 5:1U765E=04
34 2.25594t~04
35 9.74714E-05
36 3.,83762E-03
37 1.43310t-0%
kL) 5:44143E~06
39 2.15367e-06
40 749364507
41 3,70715e-07
42 2443998£~07
43 3,21733t=08
44 4.95044E~08
45  2,92010t-06
46 1.61832c«08
47 1.21286E~08
48 1+111496-08

CELCME LN

2
1.51923c~01
1439291t =01
reavodbE~0)
£+34853c=0y
7450854 =0}
1.51008 =0y
A GUdbSE =0
Z.,09421c=01
2ec1295e~01
2.028Uzc-0)
2.21811:t -0}
l1.0lb6ze=0)
1.5816uL=0]1
1.994356=01
1+38459e~0}
1.03352e-0)
6.54047e-07
1.10218e-01
741835610,
4,52315e=02
RRELLIVEIR 2 ip)
2.2831L=02
1+51917c=0¢
1.22158e=02
131494 =03
2.33882c=0)
2»37227:~03
5.3491ut=-03
4.16638c=03
2.49158e=03
1.32327L=03
€,13415c~04
3.06847E=04
1.3%48yt=Us
5.85085c=05
2430294£-0Y
£.46603:-006
3.,6660c-00
1,285(3L=06
4y l13364r=07
2,2L050e~07
1.428647(=07
4LaBl64LE=UE
2.81114k-08
1,68131t-0»
9166 =09
7.25669L=09
be3a884E-09

.
3090610
2,083 19k=0
4ez2Tinlb-ul
4y04FILE=LL
5¢0h2I2E=ul
A, 280a0k"Cd
5097 /94E =
4. 37¢1ab=0)
4.56E6ck=0L
5.270%3k-u1
4,389 /st=ul
3.02519E~01
3.1%406E=01
3.95¢¥5k=ul
24 79308E=C1
2.07z12k~Cl
1.28231E~01
2.164U1k=ul
1442139k=ul
8.94534Ew0e
T+U0LSBE=UL
4.51036E=02
2.98803L=0¢
2.38306E=0¢
1:91508E=02
4.21%18E=03
4+933156L=03
1.08937E-u2
84236058 =03
4, 85913E=03
2:55678L=U3
1.29650E~03
5.851cTL=0%
2:57FL0E=ub
1,10842E=0e
4432045E~02
1,97517E=ud
6413500E=0b
2,39754E~Gb
8479 U6E-ul
6,248V EmUT
2166%63E=01
8.56350E=08
5:56560E-0b
3.07013%k-us
1aHTRITE=UB
1¢34013k=00
1.U9931E=08

“
U3 1c8 01
5,90552t =01
Baz3ivsE=01
#9162k -02
9491323t =01
6.19009Eaul
ledldouib+00
1.C6u53kevn
8. 17997t =0)
1.02851E+00
B.4Y808E =01
5.£9343L-01
&¢11lb/p =01
7.€655Tk-0)
5e¢3%4)12c =01
4,062za8k=U1
2.49214E=01
4,2329TE-01
2. 777818 =01
1.75399t-91
1.37453L=01
0.87671L=02
5.673L0E=-V2
4,64112E=02
2.72479E-02
T.14843E-03
1.08219t-02
2,27¢48E=02
1.€6911t=-02
9.8C615L=03
9954 =03
2.58032E-03
1.16930E~03
5.182z1F-04
Z,21058t =08
6.55.089k=05
3.20077E=-0S
1.235706=-u5
5,01 71HE=U6
1.T1564E~06
9. U9319E~07
5.93¢08E=07
1.60896L=07
1.16123E=07
6,20650E=08
3.20509E=u8
PR LT TIZNTY
2.20227E=08

¥ESELENM 4w SAMPLE PRCBLEM #FCA y=1

CULLAPSED FLUX (GROGUP/MESH)

1
9.55920L~01
6.78458F =01
1.32647c+00
1.46216e+00
1.582866+00
9.917/26=01
1.89190L+0y
1469661E+00
1,43116E+00
10 1165895t +00
11 1,39817e+00
12 %150443E=01
13 1.,006256+00
14 1.25432t+00
15 4,71444t=0]
1e 69380301
17 3.81946E=01
18 Terb4241b=01
19 4.4¥163E-01
20 2+84516E=01
21 2.23579E=01
22 1.42445c=01
23 9463002t =02
24 T.77689E=02
25 4067206£=02
26 1.48545:.-02
27 1.49081E-02
28 3.385608E-02
29 2.63348E-02
30 1456672E-02
31 5+36753E=03
32 4,25980L=03
33 1.96505e-03
34 8.58753L=04
35 3.71037t =04
e i+40084£-04
37 5.37913t=05
38 2.07135E~05
39 8419821k =00
“u 3.02111ceyh
w1 1.4111/e-00
42 9. 288UTE =07
“3 3.10803007
46 1.80485¢<07
45 111157 =07
48 6416035e-08
47 484578t =08
“8 4,23103E~04

R R R

2
9256994k =01
b.71859p=01
1:326962400
1.46049+0u
14580188400
$.53029e=01
1489269400
146371641 +00
1.43118L+00G
Le05545c+00
14397242400
G.266l61=01
1.00006EL+00
1226296 +00
8,72186E~01
€.51039¢ =01
4.11995c=01
6+94287=0)
4.2€509-01
2.84925.=0)
2.23315.=01
1.43860t=0]1
756924 =02
T.09501t =0,
4,.645630=07
1+41327E=0¢
1:67434.202
3,36951c=02
2.02849E =07
1.90946E~0¢2
B.33141t=03
4,249236E-03
1433289=03
8.23420E-04
3:60557c =04
1,45067L=04
5033295 =05
2,057 t0e=0%
54Uy =06
7,331b9e =06
1.39264e~00
A.Y9824r =07
3. LHU25 =07
1,008 =g 7
14U29U9 =97
5.7361luc-us
42211]14c~08
1.9603fe=0n

9.T3440E=01
8.92219e-01
1.34541E+00
1:46022e+0V
14601511400
1.01423k+00
1.88252E+00
1.69204E+400
1+43201E400
1r66024E+00
1+3820VUE+00
9+5281TE-01
9+93604E-01
1e24628E+00
B0 TIVVE=UL
5:05263TE-C1
4,U3561E=01
6.81517E=00
4,47€32E=01
2e817603L=01
2.20545t=ul
1442059601
2.41112E~02
T+49942E~-v2
4. 46953E-02
1.32686k=02
1-55375€-02
3,43109E=02
24594.2k=04
153043602
4405916k =03
4.08345Em03
1.83a01E-03
5a.11998E=0U4
249235804
1 3RUTIE=UY
449611 tE=U2
1.93¢ubk=0D
7439151k =ve
2. 16k04E=Ub
1e33747k=00
Ro4QaZob=0f
2699 TE= S
1.0893 b=yl
.0089¢ )=y
423T1eak=U8
w122zitt=uo
3. 461108-ub

COLLAPSED FLUA#VOLLUME OGP ZFLGTUN)

1
4451120t=01
24301708 =01
3.48404b =01
3486410 =05
Golo8lbe-Gl
24005390 -0)
4.9700Ule=01
4.49699: =01
3. 19965km(L

CTFNEVP PN

2
1.91923-01
1.392%1L-0)
ZeAd630eL=01
PEEITEETIVY
2.9185%: =01
s fQler=U)
PR TR 6
LR L TR VRV
2ol l29or=ul

3
30I9 U tEe0l
293 tyt=Ul
wedllylt=ul
aebdn} kE=Ul
KR ERPT4 LT
See2rant=yl
Badlivabeul
Sealaisb=ul
e heazkeuy

o
9.81671E=01
8.9520bE=U1
1.33852E400
1.46955E400
1.61191E+00
1.00759E+00
1.E67979L+00
1.69192E+00
1.42164E+00
1e67¢38E+00
1.38193E+00
F.08281E-01
9.93801E=01
1+28643E+00
8., 70509E-01
54160566E-01
4,05324E-01
6o88286E-U1
4,510806k=01
2+8520lE-01
2,23501k~01
1444309E-01
9.549060£=02
Tr54b654¢-02
4,43U56E=02
1.16235k-02
1.75%965L-02
3,695108=02
24713%9E=02
1439450E-02
B.29193k~03
4,20540E«03
1.901318~03
B.42636E =04
3060744k =us
1.390655E-08
5.,2045UF=u5
2,00926E~U5
8.15801L=ub
€,Ba396E~06
A047857E=06
Y.04003E-07
2e94139E-0T
1.,88006E~07
1039098 -97
5.69934E ~UR
4.20271e=u8
3,928093t-u8

o
4, 03Tent-ul
5.20552:=01
a.¢310¥k=-Ul
0:Y1472t=ul
4.91023t-01
oel7009b=u]
selhvulbeun
L G4UD3E2Y0
L Ty TE=UY

Cure ChLLw

H

lesaUl /=0t
1,39046L=01
L.90739c=U1
£414292E-01
e 30822e=u]
3.60123c-V1
o 19T9up ey
Za4y 36101
e UaddYe =ty
PEEPLD RIRL'SY
2:LebBY =0)
14400TRc=01
lobabb3r =1
1.82570e=01
1.2711br=b1
Y.57363c-02
®. 2260002
¥,94731L-02
6,62270L"02
4,11755e-02
3426293c=02
zs1e324t=02
1.6u183L =02
1.,30313e=02
©.63270L=03
2.05250t=03
7+36536L=03
5,0cuBbr=03
3.84879L~03
2.304b6e=03
1:1%384L~03
©.,U7035¢ =04
e+ 76635 =Us
1.24692L-04
5421196=05
1.97104c=0%
T.56747L=06
2+91846=0Us6
L.21725c=0s
4.164022L~01
£4339620=07
1.4T7844 =07
@, 310k Te=08
Z+91838E=08
1039 747c=08
be37046E=05
5,44039c~0Y%
4.66510c~09

CELL*

5
1.01381e+C0
9.15384:=01
1.3a122E4C0
1.64670Teru0
14598780 400
L.0u0B4L*UL
1.868900L400
14694251400
l.4zb49L+0U
1+66U3BE+LG
1.35825L 200
9.59439L=01
9.9¢164E=01
1.250b8L+00
BeTUOTOE=0L
0456303 =01
4.2c0l6L=01
b6.8i32ze=01
4,5010e=01
z.8v134L=01
2,224850~0]
1:485428c~01
9.5v880L=~02
7.5u568c=Ly
4.56294L=02
le39212e=07
1.6Ub43e=02
3,400634E-02
2,63616L=02
1.57852e-02
6.17699c=03
4.17447L=03
1.851l06L"U3
B.40359L-04
3.50¥82L-04
1.35003t~04
5:18320c=05
3.9789%=U5
8.35133=Us
Z.853117e~U8
1.6u248=Ub
1.01263t=0b
2195260e=u1
1.99389t
7504 TUR=UK
S Ts06 L=V
3.7.070L=0x
KIS EPLLIRUY

l.9e139t=04
del4a9ee=vul
¢.Ysu2et=01

leswcyzic=ul
PR RA TRV Y
Cewt3tii=ul
PELEPEPEIR D |

12412715

-
Y.9uza3L =01
S.34e29k-ul
6.uT44cp=0L
&,9¢b10t=UL
Y.6UeYoE=-01
S.vle1se-0l
1,16 163E+00
1,U4590E 00
8,8UflubE=0L
1,Ui%31Ee0u
B.64625E=01
5.97831k-01
€.11346E-01
1,79462E=01
5.,40222¢-01
3.98193E=01
2.8b46LE~01
4,114619E=01
2.8%959E=01
1.78752E~01
1.39152e~01
9.11948E=02
5.98592E~02
4, /0e03k=02
2.B8498E=02
9.36101E-03
Y.55845L=03
2.08497k=-02
1.63%12e=02
1.0U1l64E=02
5.2621Tk=03
2,88127E=03
1.22592k=03
5.44U80E=04
2,342481E=0u
9.16750E=05
3,42612E=-0%
1.32v61E=05
5.,314988-00b
1.90399%k=08
9.30326k=~017
6,0OVL4E~0DT
1.93710t~07
1.1233/E=07
6,VY719E=00
3.39713bk~00
2.401n8E=00
2.12207€-0%

15712715

&
9.59144E-01
b.68665t=01
1,31291E+00
1.45373£+00
1.56178c+0V
9.62297t=01
1.890826E+0V
1.7uV64E+0V
1.43217e+00
1.650928+00
1.40U289E+00
9.72083e~01
9.94059E=~01
12261426400
b.T889 /=01
6.474008E=01
4,65 19VE=01
6,089 74k=0]
4,03348E=01
2.906%E=01
2.20264€~01
1.49¢59e~0L
9.73320E=02
1.65208E=02
4,69103E-02
14523098 ~02
1.95422E=0¢
3,39019k-02
2.66626k-02
1.62869E~02
8,55636L-03
4,35979¢~03
1.99336E-03
B,84684E-04
3.8UY945L=0%
1.49065E=04
5.31092E=05
2,147%98-05
B.6%225E-0b
3.U9285L=-086
1.54513L~00
5.83763L=017
3.1%0aiE~yt
liaidave-07
Fuvlieler=io
5.5242ue-va
3.909) fe=ve
3,45U53t-un

5
5,90243kau1
2038229t ~-ul
B.0Teacte0l
8.9e8i0keyl
9,0U4Y6E=(L
5.71013k=il
1.lofe3ben0
1.0459vt 40U
t,oufnot=Jl1

7
3.06157E-01
2.7936bk=01
4423119E=01
4,63094E~01
5.052¢7E-01
3.109326~01
5.98344E=01
5.37955E=01
4.55391t=-01
5.21151E~01
4.640962E=01
3.04802E=01
3.15164E~01
3.971921€=01
2,76511E-01
2,06434t=01
1.39154k=01
2.11936E-01
1.436)4e-01
9.02560c=~02
71.02349E-02
4.59784E=-02
3.00723E-02
2,35245k=02
1.41450E~02
4,231428-03
5.07661E=~03
1.096U1E=02
B.26921E~03
4.921b8te03
2+58079E~03
1.305038-03
5.877¢4t=-04
2,59603€E=04
1.118619€E=04
4.37811E~05
1.58616E~05
6.18971E~06
2.39923E-06
B.B683LE~0T
4,24919k=-u7
226144 1E=07
B,36640E=08
5¢157c2E=08
2,88857E~08
1.45782E=08
1.21992k=08
9.94119€-09

7
9.64211E-01
8.79836k-01
1.33266E+00
1.45857+00
1.99127€+00
1.00451E400
1.88455E+00
1:69828E+400
1.43630E+00
1.60025E+00
1.38819E400
9,6U258E-01
9.92644E=01
1425331E+00
8.709V1E=U1
64950187E=01
4.38260E~01
6.67514k=01
4.52321E=01
2,84211k-01
2.212¢3E-01
1.44814E=01
94715802
1440929L~0¢
4.45513E=02
1.33213E=u2
159893k ~02
3.44510k=02
2.60441E=02
1,55040k=02
B.12847E=03
4,1103¢k=03
1.851c3k=03
B lT643t-04
3.5¢lobk=04
1,378%5E=04
4,995 (8E=uD
1.96951k=05
71.55%663t=ub
2.793117t=-06
1.33833k-06
B.2340«Ew07
2.63509E=u?
1.62632E=07
Y.0%704k=00
4.59157k=08
3.86227E=08
3.151ust=08

1
3,00137tD1
2.79348E=ul
4,23119e=91
4.63094k-0L1
5.,0%2218-01
ERPLLEPIEIE
5.98344E=01
5.37193%k=01
42959394k -01

L
2.94882¢ =01
2+09479E=01
4.06T93E=V1
4464530E-0]
40931528-01
3.08592¢-01
5.T77824E-0)
5.20416E=01
4.40033E=-01
5.139726-01
4+26052E=01
2.95345E=01
3.05730e-01
3.8447HE-01
2+68010E-01
2.0228CE-V1
1430224£-01
2.U9089E-C1
1:39022e=01
B.7T033E=02
b+84362E-02
4.458T0E=02
2493150E=02
2:28928E=02
1.34914E-02
3.504688=03
5443062E=03
1.13331£=02
8.28891E-03
4.87222€-03
2458464E~03
1.28486E=03
5.80464E-04
2.55913E=04
1.1031(E=04
4.32718€~05
1.57306E=05
6.10945E =06
2.37814F<06
8:160889E=07
4.17985F-07
2.62689£=07
3.,40741F =08
5.18181E=08
2.93526E-08
1452079E=08
1.24087€~-08
1:03426E~08

8
9.28967g=01
B.T6355E~01
1.32261E+00
1444563€+00
1:603T4E+00
1:00355E+00
1+87910E+00
1,69242£+00
1.431008+0u
1:67145¢+00
1.36552E+00
9:60472¢-01
Ge99245E-01
1+25034E+00
beT1578E=01
6.57827E~01
4423491E-01
6.79965F=01
4.5210¢k=01

1:44998E-01
9.453334E=02
T.64481E-02
4,38745L-02
1:13973¢=02
12766058-02
3.685576-02
2469558E=02
Liob644e6k-02
5+27525F=03
4417839603
le80765E=u3
He32434E=06
3¢58755: =04
146G721E-0s
5¢11565F=0>
lasEo8lE=UY
T« 13377E~00
2.8b6668F=Ub
135924808
Babug 5t =07
2.73412:=-07
1:0851be U7
Y.56355£~08
4.99566L=U8
4.03%30e-08
34363460t

&
2.94882e-01
220696791 «01
4.00703L =01
44645305 =01
4,931526=01
3. 0B992EeU]
5. 17024E=01
S5.204lbE=01
CRRIUVERTX IV

35
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Table 1 continued

4,3>806L=01
3.67300E=01
2+49081L=01
2.64342.~0L
3429511e =01
2,28928L =01
1,721754k-01
1,01913t=01
1:876316=01
1.17995t=01
T 474240 =02
587341t ~02
3, 16203k=02
2452981t-02
24.04299t-0%
1.22735t-02
39022903
3,91637E=03
8.BY418L=03
6491815~-02
4.11576¢-03
2+419815L-03
1411905603
5.10965E=-04
2.25594£-04
9. T4TLl4E=05
3.83762e=05
1.41310E=-05
5.441430-06
2:1536TL=-00
T,93645£=-07
3,70715t~07
2.63998L-07
Ka21733E=08
4, 95044£-08
2,92010EL-06
1.61832e-08
1.27286c-08
1.11149t-08

7+.02802c~01
2+¢1811t=01
1.5186ze=0)
1.9060c=01

1994350
1.388560-01
140335001

6.24062L 00
1414218101
7.18358E~02
4.5¢3150-0,
A,546U08:.-02
2.28317_~02
1.5191ze=02
12215802
1.31434L=03
2.3388,L+03
2.31227¢=03
5.349)10E=03
4,10638:~03
2.43152E=03
1.34357t=03
6o 13815e~06
3.,ULBATE=04
1.35%480c-04
5.65085c=0%
2-30294e~-05
2.496U3c=06
3.20660L~08
1.28513L=00
4, {3344, =07
2.2i0%0e=07
1426670 =07
4.b2bult =08
2.61ll6r =08
1268131k =08
5.10606E=0Y
T.e5669L=0Y
6h.31884r-09

#ESELEr 4%

YeelTyise=ul
“s3ndtobmul
3,02019k=Va
3. 154Untmul
EER S LERLS
2. 75305k
2 072i2b=ul
1.28131E=01
241b6ULE-LL
1.42139E-01
82 94234E=~0
7.u0lobt=ul
w1030k =0¢
ERET.EIVET VTS
2.381UbE=UE
1.41908k=-02
4egl9.at=u3
4.731%0k-ud
2 UB893TR=04
R.23665E-00
6489923600
2,558 ToE~u2

1.10852E-04
44 32095E=05
1.57517k-0D
6.13556L=06
?7:39798E=v0b
s T9LUbE~UT
4o 24RuTE=0F
Ce6b6963k=01
Be5435UE=VE
5.36506E=Ub
3.UT0ivE-ud
145TR3TE=ub
1+340/3E=00
1,03911E~Ub

SANPLE PRUBLEM

ESELEM 4

1:02691E400
H,49089E=U1
2.893643L-01
v lliblE=-v]l
164551
5.356412¢ =01
403248801
4s49214E01
4.23¢91t=01
2,7110lE=DL
1e72399E=01
1.37653t =01
8,876871 =02
5,873008=02
4,645128-02
2.72419E-02
fe140843E-03
1.05219E~02
2,27248E~02
1.6%911E-02
9.8001%t=03
5.,09954E=03
Z+98032F=03
1.10%30E=-03
5.13221E=04
2,21855E--04
8.55185E=U5%
3.2600718-U5
i+ 23570805
$,0171RE=U8
L. TT304E=0¢E
9, 09319k-07
5.93208t =07
1.808968=0T
1,16153E-07
6, 20650k-J8
3,90509E~U8
2.56806tE=08
£, 2022 1E~VR

F1SSION SFECTRUM (RENURMALIZED) weeas 2494954101

UPPER GROLPS F15510N SPECIRUM

~NoWw PR

LOWER

CONOUEW N

1
4,89164E=03
1.52514L=02
3.30423t=0¢
5.76162L=02
4,698U0L=02
8.92901E-07
1.23059-01

GROLPS F1SSION SPECTRLM

1
1.,39866E=01
9.89807e=02
1.02822¢-01
6.20224E=02
4e71096E-02
3,92258E-02
5402113€-02
1+89006E-02
1,46912k-02
1+33968L-02
7.06930e=03
4,53930E~03
4.62742E=05
3,28191e-05
2412303L-0)
1+51563L-03
1+03960L-03
T.11956E=06
4.9940bE-0w
3,20342L=04
24212346E-04
14550T6E=04
1.05768L-04
7¢21399E-0%
#,91809E=05
3.35221e=05
2428454E=05
1.59640E=0%
1:02100E<05
7.22643L=00
4.92311k=06
3.353719L=06
2:26464E=00
1.950<bE=0¢
1:06011E=0¢
74221106=07
6,91873E-07
34350410=CT
2426213007
1e50440E=0T
2.0568)L=0/
T.0¢596k =00
4,97166k-08
3,47265E-08
202T906E=-0b
1.55¢35€-0¢
1.05736£=0¢8
T101626L=0Y

2.42415e-01
£.U¢b8YLe0]
1.60008L"uU]
1,4406532=01
1eBe5T0e=01
1.2711ke~01
9452363002
6,20660L02
9,94731e =V
6.6c210m=02
“ 11755 =uz
3.26293- ~02
2.1e326E~02
1,40163c-02
1.1Ud13L=02
6,622T0r =03
2,03250==03
£.34538L=03
5.0e0B6L=G5
JeBanTyc=U3
Z+.304b4E=03
1.17384=03
5.09035c=04%
¢.74035¢~04
li2ee92e~04
5.21i%4c=0%
1.9710sc=U5
1.56747e=06
£+9i0bbL=VE
1,21125E=08
4.140220=07
éa32962e=07
1-4f048e=07
~+3iuBTc=Us
2.91538L=0s
1.3976100=08
de3iohot=Uy
5.4639c"09
Lot TOL-US

#*FCA y=1 COKE CELL*

1.U1531k+0u
H.64625t=01
5.9f83lt=-01
6.11340E=CL
EERALL T Y
5.40522L-01
3.,968193e-01
2,86461L-01
4.116419E=01
2,64959L-01
1.780526-01
1.391526-01
9,1iv44t=n2
5.98592k=0¢
4. 7U8D3E=NL
2,088938-02
9.56101t=03
9.95845E=03
2.48897E=-02
1,63970e=02
1.00164E-02
5.26217€=03
2.68127£-03
1.22592E=03
5.44050L=04
2.34231t=04
9.16/50e~05
3,62612E=05
1.320678=05
5.31498E-06
1.90395k=06
9.38326€=01
6.09014E-07
1.93778E=07
1.15337e-07
6.,091196-00
3.39736E=08
2.401606E-08
2.12¢07k=08

75712715

%.27131k~01
4.40962k-01
3.04882e-01
3.15164E=01
3.97927k-01
2.76511E=01
2.08834E=01
1.39154k=01
2411936t=01
1.43614E=01
FdeIbut =02
7.02319L-02
4.59To4k=i2
3,007238-02
2.,35245E-02
1.41650E=02
4.,23142k=0)3
$,07661E-03
1.09401E~02
3.26921€E=03
4.92188E=03
2,58079t=-03
1.30503E~u3
5.8T7764E=0¢
2.59603E=04
1+.11819E=04
4,37817€E=02
1.58610E=05
6.,189T1E=00
2.39923t-06
B.86831k=07
4,24917E-07
2.6184 (EnG?
8.,3664UE=08
5.,15T¢2E-08
2.888578-08
457828~-08
1.219928-08
9,94119E-09

5.13972¢=01
4026U52E=UL
2:953645E-01
3.05730€=01
3.,86478E-01
24680104201
2.022808-01
1.30224€-01
2+03G89E =01
1,39022€-01
8. T7033F~02
6+843627-02
4.65870L=02
2.93150E-02
2.28928¢~02
1.36714€-02
3.50668L=03
5.43062E=03
1413331€-02
6.28891E~03
4487222E=03
2+54464E-03
1.284865-03
5.80464=04
24559T3E=04
1:10317¢=04
4.32718E=0%
1.57306€=05
6.10945E=08
2.37814E=06
8.80889e~07
4.1796%E=07
2:62689E=07
$.60741E~08
5.181381E-u8
2+935267 =08
1.52079€-08
1,240872=08
1.03426E£=08

JAERI 1245
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Table 1 continued

*LSELEM 4w

Appendix B. Sample Problems

“APLE PRUBLET

MACROSCOP |C CRUSS SECTIUN PUR mEGIUN 2

OKP TCYAL
1 1e5688% =01
2 1.sci9¢e-01
3 1.4371ke-Gl
“ Leb33bbreCl
5 1.,4656Ct =01
[] 1.95915L-01
7 1.6632¢b=01
6 1.3b0UfL=0)
9 1,856300 =01

10 z.21077e~01
11 2.21150e=01
12 Z+130b6E=01
13 2.840000 =01
16 2+31684t=01
15 2.62995k=01
16 2+543G7t =0}
17 8281951L-01
is 2.84087t.-01
139 2.44483c-01
20 4.06456E-01
21 422134801
22 6.U2BT6E-OL
23 9.8610:8-01
24 6.59811c-01
25 5.338¢4E-01
26 3,92437L=01
27 3:5996£-01
28 3,80U2764¢ =01
29 4,060,801
30 4,5587.0k=01
E3Y 4.71663t.-01
32 4,98439:-01
33 5.,18%20£=01
34 5.33721E-01
s 5.66792E~01
36 5,52831t=01
37 5.58355c-01
38 5.61628£-01
39 5+63380t-01
40  5.,64261t=01
41 5,64676£=01
“2 5,65066E=01
43  5.65622e-01
48  5,66190t-01
45 5,66813t-01
46 5,6T461L=01
47 5.68112e~01
48 4,27451t-01

MACROSCOPIC CRUSS
ELASTIC MATRIX

0
1,11206¢~=01
1.08345E-01
1,15187e+-01
1.41377L=01
1.24314t-01
1:61953c=01
1.47006L=01
1014925t=01
1,57262E=0)
10 1.97212=01
11 1.98935L=01
12 1.65016E-0)
13 2.540726=01
14 2094550 =01
15 2.34521L=01
16 2.292126-01
17 6,97269L~01
18 2.67552£=01
19 2+09100L-01
20 3.97947c -0
21 3.,74902L =01
22 5.150z6t=01
23 8.864U3E=01
24 5,98528L-01
25 4,8/6b8L-01
26 3.05z68E=01
27 2,79526t~01
28 3.32283E-01
29 3605121 =01
30 3.9148li=01
3 4,26313€=01
32 4,51493L=01
33 4e72965L=01
34 4,8649/L=0)
35 4,91010r =01
36 35,0749t =01
37 5.14745E=01
3y 5.13275t=-01
39 5+18U63L=01
LT] 5¢17162c =01
41 4.83b69.-01
42 9.724100E=01
“3 9215480E=01
“q 5.01212e-01
“9 9204351k =01
46 5.09430c=01
47 4.93744E=01
48 3,87420.=01

CBLAOLEL N~

nESUKP ) [UN

ivplel /=04
Lay1l36eL=-06
2 uudHet =04
LebYAdIE =04
2016990 =0u
2.03620L-04
2.91693L ~0y
3.0Y093c-0u
3439310000
4.1 1605 =04
4,300300 =04
aobe Bl =04
Y.bz240t-Us
TeouB)ob=Us
J.ubsi3r -0}
KiU17obr =04
1.0900GUL =03
1.676641=03
T.143431 =04
1,0%310e~03
3.u¥068r =03
1.,6931{t-03
3.40799L =03
1.1236/t=03
1-23585E=03
L.1u53 7 =04
T.84148L=04
1.29484L=03
1.149¢8t=03
201166t =02
9.Ul355E=04
Y. 66583t «0a
Jeléb43e=03
1.188/5c=03
1.3491%9e-03
1.931138=03
1.74023t=-03
1.9/691e=03
2424612:-03
€e9981bL=03
2094076 =03
3.¢7892c-03
3.79629L=03
4.20567t=03
4.81834: =03
5.53304t=03
6+31348L=03
5.31487e-03

SESELEM 4%

ELASTIC 5.

1.e6003E=0l
Je2derub=lil
Jedh Tt =L
1+62%lob=ys
1, 46208k o0l
Jey5231t-tl
TenhlouE=Ua
TesTh%obmuL
MR T2 Y
Ses0bLUESOy
2e/13asb=un
Pel2601670s
2.8300TE=01
Fe30939E=yL
2,6195uk=01
2a54300E~0L
ge80061E=01
2.82411k=ul
¢+ 43769E=VL
4. 453%5k=Ul
4.207251E-0L
6,0U13183E=01
a,78674k"u
6 OB0BTE=UL
5+3¢b00k=0l
3.91ta0E=0L
3+5914cE=Ua
A 1BYI9E=-UL
4.05400E=01
4.34T03k=ul
47076 t=0s
6.976T2E=UL
Y2 176T4E-Ua
5.32552k=01
Hee3843E-0i
5,91300E=0L
5e26014E=01
54596518 -0l
Hebllabt-0l
fenlbbbE-GL
5161735E=0L
4.61769k~ul
Debl8{5E-0)
S 61904E~0L
5eb61935E=01L
5,61%l0Ewul
5e617%k=01
4,220 7pE~0L

SAMPLE PRULLEM

SECTION FUR KEGION 1

1
Lewi9flp=02
1.10757e=02
2.15757e~02
2:10812E=02
2.19406k=02
3.32780t-02
1.902431-02
2:21731e~02
2.78363L=02
24348 (3e=02
2.23764k=02
4¢76051e=02
2.836531.-02
2014864502
2,74089L=02
2,48930c-07
1.83576c-01
1o 48585002
3.,40686:=02
4. 7405002
4.52951E-02
4.01567E=0¢
9.2220hc=02
5.95288e=0;
4,492U061=02
1.63581e-0;
7.901572=02
4.66925c=02
Saad4Uei a2
4.34212v =02
1,48491E-0;
1.27188e=02
4.45082£=02
3.603u =02
4.08212v=0,
4.38107c=02
w.18b8YL=0;
+.0371012=02

3. led89e=0¢
4038910y
5.40921E=02
S.i384ite02
9.249¢0t=02
4420947c=02
3,40894L=02

e
[{F3Y)

LY

CAPTUhE
1.6164 k=08
1.91068E~08
2.80580L-04
£.65451E=UA
¢, 16599t w0l
830,004
Z.91493b~us
3.09LR3E~08
3,355186 =04
4.170u5E-us
4, 38038E-Ua
Gobh T IBE~04
4,62240E U4
{.448)3E~04
1.06473E=03
t.0G1706E-04
1.0%00UE=U3
1.67b664E-03
T,14343L=04
1,09310L-03
i.09066E=-03
1.649317E-03
3.87799E=03
1,72381E=03
1.23585E=03
6,10537E-04
7.84148E=04
1.29454E~03
1,14928E=03
2,11678E-02
9.012556=04
Y.66583E-04
1. U4083E-U3
1,10875E-03
1,34919E~03
1,53113E~03
1.78053E-03
1.97691¢E--03
2,24612E-03
2.55478k=U3
Z4.94%076E~03
3,27692E-03
3.79029E~03
4,28567E=03
4,8 1834E~03
5,53304E-03
6.31348E~03
5.37407t-03

#HCA vy=1 Cukt CLio#

AR IV
0.6
u.0
G0
u.o
Con
u. 0
[V
U0
v.0
Vel
v.D
'Ry

0.0

cecococcoccccececccoQcoccccocoCcecce

c
DO CCCC oS00 CODEC00EECOCIO00000

<

*FCA v=1 CORE CELL#

THr12015

TURE IS,
0.0
Vv
O.v
.y
.u
Vv

CCCCCDOOO0CDOTCONOCEECECaCCCoECCeCECOReaC

cccececcecoccocceccocopcegCeceococococcoceccocecccecccoec

15712715

INELA. S,
3.U7230E-02
1.7180.k=02
Ho71600E=03
1.825508=04
4,86130k=05
0.0

V.0

0.0

PR

)

OCRCOOOEOCODCICIOLOTS

=
cocoovcoobcOcoCcEcEcEOET

DCCOCLTCOOLOLOOOCOCO

cccocpoococoQooOoccccC

TRANSPORT
1.20153k=01
1:198508~01
1.U9058% =01
1.28732F-01
1.13352¢~01
1.61986F=01
1.27115E-01
1.07200t-01
1:53567E=01
1.8U682L=01
1+20953F=U1
1.730841=01
1.71125E«01
1458997e=01
2:132238~01
2442682E~01
5.51236E~01
1.27564L-01
2.264319E-01
3.93984E-01
3473836E=01
5.54014E=-01
8,95584E=01
6010282E~01
5+18813e=-01
3.83207€-01
3.54912E-01
3475353E-01
4401563E-01
4.%46173E-01
4.65852E=01
4,92416E=01
5+12301£-01
5.27347€-01
5.38303E=01
5.46236E~01
5+51719€=01
5¢54958E~01
5+56694E-01
5.57549E=01
5:57984E=01
5.568374E-01
5.58928E-01
5.59497£-01
5.,60118E=01
5,60764E=01
5:61418€=01
7,48034E-01

37
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Table 1 continued

#ESELEM 4w

SAMPLE PROBLEM

MACROSCOR IC CRUSS SECTION FUR =EGION L

INELASTIC FATR{X

CENOUEWNE

v
2.0
0.0
0.0
0s0
0.0
0
Uelr
ety
D
Veli
Jew

Ueiy

T odau
IR
(")

Uy
Gotle
0.0
Sl
0.0
U

TG
2486332 =04
2.01345t =09
Hebedlen-08
1, Fea3be=us
9.284250=06
0.0

COCOCCOCDVO0O0000000

COCOOCOCCGOI00NCO00T

0
0
9
Q
[]
[4]
0
0
[
[
4
0
Q
[
0
4

ccoccocgcTooRIeoSCo

2u
1,09450E~05
1.45571e~07
1408179E=0>

0.2
5.70286L~07

COOOCODDDUCOOOOOCRO.

COO000CCTCORLUTTY

1
ERC R FRE TN
T.120%;L=0¢
Gl
[
Cib
[yt

etk

il
1.,64228L 04
491050, =0y
4e0d995e =04
re2 18U =UL
Leul te3e=Gy

21
1.264 (€03
6.09158¢ =0

7.70940L=06
[V
704089 =07

2
303350403
1.4372011E=00
5.34904t~0%

Ny
B
Q.U
Q.0
bRy
0.0
Y
EAY
Ce
2.0
BN
Q.
N
NV
GaY
Q.0
Qe
0.0
0.
.9
0.0
<Y
OV
(Y]
Gew
0.0
SV
Gev

17
1.607v1t~u8
B,89210k=00
20 122559E=04
G U
8e0U0IE=CO
0.0

22
9.63641E-0b

0.0
9186566E~0E
940
3.45G65E=ul
0.0
0.0
¢.0
Uy
0.0
0.0
[
0.9
0.0
Y
0.0
Qv
0.0
(23]
0.0
0.9
[
0.0
GO
00

3
9,64351E-03
1.569320 %03
£.533130=U5
Gt

L.
0.0
LU
Je0
U0
13
le25anat -0
u.u
1.79500L =04
[
o.18g12t=Cb
0.0
G0

ScconcecTccCcCcoEErOCOOCcOCOCOCCCC

ce

)
0
']
4]
o
0
i)
o
v
4]
o
U
0
19
[
c
v
v
o
v
0
G
19
0
©
4
[
¢
19
19
0

9531E~06

[T8Y
43533482107

ccececcoccocecon
CCCCORCOOOOCOGCT

ESELEM 4

*FCA y=1 CUKE CELL®

L}
6,6L9990~03
5.34637c=03
To1he260=03
u.0
['A
0.0

‘u.0

U, 0
(o)
[TN9)
UL
Ut
vel
Ga 0
el
v.n
U. 0
G0
vl
Ul
vy
(V)
U0
G0
v.Y
vl
Ul
'R0
Gl
el
Yl
('Y
Ul
Uy
uel
el
UL
)
vl
0
(e

vl

)

(]

Lt

vl

L

U.0

14

9.041200=U>
LeTro2ie=ut!
leZe¥12L=v6

e9edr=Le

RN -T-T-R-F-R-R-2-N-R-N-R-T-R-R-F-N-F-T-X =}

scecocee

.
.

sl
1.14%834L=Ub
ve )

£937E=0U7

3.0el38L~07
vald
.l
U0
Ga0

Ul

cccceccnCec

cocooccococ

75/12/1%

S
6.T74112E=04
4, T4187L=03
1,01729E=04
1.7067dE=05
0.0
[
0w
[ "

Gou
Geu
[V
0.9
0.u
[
0.0
Geu
G,u

15
64524 (9E =00
3.96353e=01
T.50€95E-05
C.v
3.43213k=0b
0.0
0.0
0.0

[3
9.74753E-08
3.653¢0E=03
1,04737E=03
5.544177k-0>
0.0
v.0
Ul
0.0
Q.U
C.0

ccoccEcCcoOCcecCe

T OCTeTCEDCCO

coeeon
©

C O ¢

cccoccoccLcogcQCccoccon e

cocccecooCcCcOCCoC

°

9.0

16
4.25889€-00
4. 40625k =0T
4.892L9L =03

V.0
2,05%1ct =006
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
LRy
0.V
0.0
Q.0

0.0
0.0
Qb
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

T
6.,30584k =04
1.74892E-03
1:95651€-03
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Table 1 continued

*#EobLEN 4 SAMPLE PRUBLEM #FCA vel COWE Ckloe 75712415
MACROSCOPIC CRUSS 5-CTIUN FUR wESION 3

GRP To1AL AJSURY, [ON ELASTIC S CAPTUSE F15510n NUsk (S, INELA. S, TRANSPORT
1 3.09011k=01 2:63136.=02 1.801/6k=01 2.67936L=U3 2.36344r=02 6,11/73E=02 1.02524E=01 2.22633€=01
2 24992440 =01  L[103031z-Ugz  1.83971E=01 4.31298E-03 1,25701E=U2 3,16233e-02 9,877u5t-02 2.26603E=01
3 3.093196=01  1i57691 %02 2.U7405%E=UL  &,44¢508=U3  1.052666=U2 Z2.65665b=U<i 9.UBE46E=V2 2.42542E=01
4 3.32598=01 1.0l255:e0% 2:36106E=Us ©,35¢81k=U3 Y. /03{0c=U3 2,44845c=02s 8,0363¢k=U2 2,61361E~01
5 3095649 =01 1455719 =02 24609u9E=Ul D.ThobBE=U3 9.B1124c=U3 Z,44UBYE=02 7.31619t«02 ¢.BUUSCE=~UL
Y 3.84913E=01 1.5392%:-02 3.U3002E=Ul D, T1523E-02 1,01 777e=U2 2.52051c~=02 6.593664k-02 3.08477E=0L
7 4010415t =00 10602310 =0¢  3.35040k=vi  5,90914t=03 1.,07180c=U2 2.043lee=0z S.67T66E~V2 3.3496UE-V1
8 44315741 =U1  1.7476uc=02 3.0C444t~Ul 5,61831E=03 1,140%6t=u2 2.761/33c=02 5.326U1E=02 3.60973E=01
9 #154371e=01 1.v4359:=0, 3.86953k=0i 1,42838L=03 1.20075c=02 2,94245t~0¢ 4.79811b=02 3.88207E~01

10 4o T8L23E=01 2.1291b1wU2 34.158%6E=Cl  B8,30027E-03 1,29363c=02 3,17906k=U2 4,U9651keu2 4.13784E=0)
11 5.00013c~01 2.3082u-=0; 4.43923E=ui 9,85 7J0F=U3  1,38273c=U2z 3.37905t~04 3.240/41=C2 4.41477Ea0)
12 5.14430E=01 2.558% U2 4.61740E=ul  1,11037E-02 1,44262v=02 3,52196k=u2 2.70999t=02 4.67569E~01
13 5:37153E=01  2.70U30L=02 4.91000t=UL 1,26133t=-U2 i,519%02e~U2 3,70486b=02 1.b83494E=0U2 4.92985E-01
14 5.51214E=01 3.06195c=02 S.1430bE=UL 1.92(35b=U2 1.61460c=U2 3.934/9£=02 6.42851E=03 5,14328t~01
1% 5.656U2e~01 3.3vbYur=ug 5,30910€=ul 1.67711keu2 1.7:979t=U2 4,18843c-02 [,22900E=04 5.31615E~01
le 9.d13%8c=01  3.971560e=0; 5.41332E=Ul  ¢0126439E~U2 L.85126:2=U7 4.50649E=02 2.6919/k=04 5,51541E«01
17 6.46041E=01 4.35325.-0¢ A,U2349E=Us  2,35342E-u2 1,99982t=02 4,00615E~02 1.79611E-04 5,94404E~01
18 6e24TI3E~01 4,20724c=Uz 5, 79558E=0L Z.46850E=U2 ¢.04865L=U2 4.98342k=02 4.33475E=05 5.85789E=03
19 0,1847Te =01 4,47932c~02 3.7393uk-Ul  ¢€.34337E-02 2,120940=U2 5,18239E-U2 3.61206E=06 5.92526E=01
20 6135498E-01 4.Y60500n~0, S5.0%046k=0i 2.55ub9E=U2 Z.40452e=UZ D.84b6UE=-02 V.0 6.09249€=01

21 6,36250E=01 5.%0057c=02 >.81045t=01 2.B84409E~02 (.b15BHE=UZ 6,35967E=0¢ 0.0 6412473E-01
22 6438303E=0U1 S5.922VU7c=02 5.7871226=0i 3,30306E=02 2.64301-=U2Z 6.4¢490E=G2 0.0 6:16933E=01
23 6.T9UT4L=01 5.02926c~02 4,1278ik~us  3,70921E=02 Z,9.005t=U¢ 7,09717E-02 0.0 6.52830€E-01
24 6163650 =01 7.4UDU4z=Us  $.83649E-ul  +.1547bb=U2 3.24328c-UZ T.o8lc2k=uz 0.0 6459873E=01
25 623830301 T7.77Bouc=07 5.005lek-ul 4,26519E~02 3,5.345e-0¢ 8.53919t-02 0.0 6.37167E~01
26 6.17244c=01 8.7830V3c=0¢ 5+49444E=01 4,84T02E=-02 3,93220t=02 9.55659%~02 0.0 6¢16525E=01
27 6.53888e-01 1.,U22/2c=01 S.51616k=01 5,37300E-02 4,85421t=v2 1l.17/96%E=01 0.0 6¢53255E-01
28 6+38808L =01 L 0UPbLE=U1 9.3784Bt=vl &4,77542t=02 5.3c062c=U2 1.29Y301E=01 Q.0 ©:38366E=01
29 6.2617TE=0L 1.13465e~01 5,12742k=01 5,31277k«0z o.033761~-02 1,4663Gt=-01 0.0 6:25790E-01
30 6:903B0E~U1 1.37991c=0)  5.50349k~d1  6.b3888E=02 7.16027t~U2 1,74003t=01 0.0 6.89405E~01
3 6:73763c=01 1.37519:-01 5.362%4E=U1 6.39v21E=U2 7.,35267c=02 1.78677t-01 0.0 6:73032E-01
32 6.73367L=03 1.539031=U1 5.25e4k=0ul  [T.353%94E-02 5.03634L=07z 1,9528%E=01 0.0 6.78844E=0]
k) £,94466E=01 1.91011:5-01 9.U3454E-ul  0.10748t~U2 1.09940c~U1 2,6716VE=-0L 0.0 6.93986E=-01
34 6.93611FE=01 1,9649€e=0) 4.9711%E-C1 ¥.03937k=02 1.0eU97c=Ul £.57020E-01 0.0 6:93117E=01
35 7,17738L-01 1,98854:-01 b5.18k03k=ul 5.,60503k~u2 1.,12804c=U1 2,74117e-01 0.0 7.17219€-01
36 T.209208=01 2.11422:=01 5.09398k=ul 9.,22355E«02 1.19187c~Ul 2.8%626E=01 0.0 7.19172€~01
37 8,75680E=01 2.065530c-01 5,10150t~ui 1.1l4505t=01 1.5u%65c=U1 3,06847t-01 0,0 8.,61714E=01
38 TeB82220E=01 2.73385c =01 5,06834E~0s 1.3200%k=ul 1,4¢78lc=Ul 3.4656Uk=01 0.0 7.81681€E=01
39 1,080656+00 3.52111c~01 7.28368E-Us 2,37139t=01 1,14%972c~t1 Zz.793&3E-01 0.0 1.07979E+00
40 T7.43391e=01 3,32184E=01 4,1120ek-Ul  1.810266=01 1.5115%9e=Ui 3.67317t=01 0.0 T182860E-03
41 9.89724E~01 3.,66106:-01 6.215l6k=L1 2.11140t~U1 1.50968r~01 3,814364k-01 0,0 9,77217€~01
42 1,0T638E+00 5.17999:=01 4.9837Tt=ul 1,730uBE=U1l 4,04390L=U1 9.82671E=01 0.0 1.06048E+00
43 1,64076L+00 6.07474c=01 1.,03%69E40U  3,63431E=01  2,44083L=01 5,93026&-01 0.0 1.60029€E+00
44 9¢39111t=01 6+408060=01 3.22243E=UL . YY30YE~U1  3.17554c=U1l T.71666E=01 0.0 9436978E~01
LY) 1.069726+00 3,32359¢=01 3.34307k=-ul ), 88999t=01 3,60360e=01 B8.41657k=01 0.0 1.06883E+00
46 1,40136E400 9.24665r=05 4.T66¥4E=UL €.11182t=U) 3.13480c=Ul 1.,61/5/E=0L 0.0 1+136951€+400
47 8024462001 4,28972u=01 3.95469E=U1l  1.63044k=01 Z.65325c=U1 6,44748E=01 0.0 8.23575E=~01
48 7.62634c201  4,30316n=0)  3,26259E=0L  /,59453k=01 [.7€323c=U1 4.2Y922E~01 0.0 1438155€+00

#ESELEY 48 CAMPLT PRUBLEM  #FC4 v=1 Curk CEluw T5/41i715
MACROSCOPIC CROSS SECTION FUR KESION 3
ELASTIC MATRIX

[ 1 é
1.753234t=01 4.83947:-03 0
1:¢77914E«0)1. 6.U2640c~03 &
£¢953916~01 £€.0L71375:-03 ©
2+27802E=01 8.30437c~03 0O
2.58595€-01 8.31427L-03 O
2+,9U983E=01 1.40991L=02 G
3.24341L=01 1.Uv{36E=02 ©
3149380€=01 1.10b4be=0¢ 0
3.75485c=0)  1.14685£-02 O
10 4,07027£=01 §.6198Ur=03 ©
11 4,33449k=01 1.,U47426-02 D.U
12 4446728L=01  1.5012%e=0y 0.0
13 4,72619-01  1.83801t-02 0.V
14 5,01746E=01  1,2020zc=02 Ol
15 5,161636=01 1.474/3k=02 0.C
16 5,32950L=01 5.3818%c~03 O.U
17 5,80418ke0)  2.19108k=02 0.0
18 5,67931E=01 1.16268e=07 0.0
19 5,61562b=01 1.2118UE~02 0.0
20 3,71576L=01 1.62{U1E=02 0.U
21 5.,67b6l4e=01 1.4030sc-02 O.U
22 5.63238L=01 1.55438c=02 0.0
23 5,94815E~Ul  1.T¥664i=02
24 5,74791e=01 L.4bd81e=0%
25 5,49281 =01 1.,1229ik-0¢
26 5.:242140-01 5,23005=03
a7 5.23879£-01 2,771363£-0z

VENOLELR

[¥]

v

0

7

9.0

28 5,23667£~01 1.4181Ce=02 0.0
29 4,998T2t=0l 3,208400L=0; 0.0
30 5,38818E~C1 1.153Uer=02 0.0
kY $.23566c=01 3.20782E=0¢ O0.v
32 5.143%1e-01 J).1U73(e=02 O0.U
33 4.929250=01  1.0229%e=0, 0.0
34 4,58666TH=01 1.usdl4r=0z 0.9
35 5,080%6E=C) 1.ulBITE=0 0.u
36 5,01206£=01 &,292207~03 0.0
31 5.90028L=01 7.UL228L=02 .V
38 4,96b26Ee01l 1,04103E=0; 0.0
39 Ta16128E=01 1+2¢39%c=0; 0.0
40 4,02600L=01 5.HUbLEE=U3 0.0
41 5:93502E=01 2.81187L=u; G,U
42 4,93425L-01  4,9224bL=03 0,U
43 1+:00820E+00 24519390 =0, Y
(1) 3,10932E=C1 1.13101€=02 O.u
4% 5.74033k-01  1.9326LL=0,. 0.
46 4,61829e=(1 1,48605t=0e¢ C.v
47 3483455E=01  i,cUléar=0z 0.0

48 3,23032k=01 L.edbdereULs G00
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Table 1 continued

*ESELEM 4w

Appendix B. Sample Problems

SAMPLE PROULEM

MACROSCOPIC CRUSS SECIION FOR REGION &

GRP TUTAL
1 1.07297€~01
2 1.13415L=01
3 1.30234e=01
4 1.T74064E-01
5 1.16343t=01
6 Je304sbe 0]
7 1.21400E=01
8 1:12265% =01
9 1.60T5TE=D1

10 1e4629e~01
11 1.40U66k=01
12 1435632e-01
13 1.69004L-01
18 1.64414E=01
15 2.029630~01
16 l.61148L-0,
17 4,07307:-01
18 1.8b621t-01
19 l.842636-01
20 2.8b5z6E=01
21 2.629506-01
22 3.24961c-01
23 4.88688E-02
24 4a953723c~01
25 7.02156E=01
26 3.09957:+00
27 1.84593E+00
28 4,90995%-01
29 3.08082:-01
30 2.68352E=01
k39 2.49297¢=-01
32 2:47537c=01
33 2+48658E-01
34 2.52197L =01
35 2:55176x=0)
36 2+58620e-01
37 2.60608L=01
38 2,61917:=01
39  2.62581k=01
40 2,62913c=01
41 2.63095L=01
42 2:63246L-01
43 2,63417c-01
L1 2+639476~01
45 2.64349:2=01
46 2,64704t~01
47 2.65109t=01
48 1+90970c~01

MACROSCOP1C CROSS
ELASTIC MATRIA

[}
6.87577E-02
7.08909e=02
8,97616£-02
Le22677E=01
9,09966E-02
9414 1414E-02
9.44897L=02
T7.96030E=02
1.17580E=01
10 1.23719E-01
11 1.08696E«01
12 9.371993E-02
13 1.32862E~01
14 1+34190E=01
15 1.63963E=01
16 1+35170c=01
17 3.09400L =01
18 1.,60735:=01
19 1.47427c-01
20 2.38723t-01
21 2+16866£~01
22 2,b2167¢ =01
23 4,0726bE-01
24 3.51126L~01
25 5.u4816i-01
26 2.08Ub9E+00
27 1.36480E400
28 3,97389L=01
29 2.52495E-01
30 2.21791t =01
31 2.14155E=01
32 2.142928~C1
33 2.17022e=0CL
34 2.2092%t-01
35 2424781t=C1
36  2.28137:-01
37 2432047601
s 2.30663E=C1
39 2:33100E=01
40 2.32519t~C1
41 241321CE-0)
42 2.36989L=C1
L¥] 2,321635-01
44 2.2743840=01
45 245602t =01
a4t 2429313e~01

2.23384£-01
48 1.71261t =01

CDNRWY P WA

ANSUKKE T 10N

6oVLTIRE=05
14135V0t =05
9. ladd3e -0y
LeulBbit ~0u
LeUT0B2E =04
LallUBhe=iis
1.49827%1 =04
1e23228-~u4
1344231 =00
V02854t =V
1./2615t~0«
1easashe =04
3.25191c=04
263913 =4
3.982261 =06
3.41078 =04
4.3U365L=04
negt9e~04
2.9 1T 1L=~04
4:22344 =04
44044k =00
5337 1uc=08
1.24917Ce-03
©.29635.~04
3.1236e=04
1.576570-03
1.411550=03
le21516c-yu
3. T1794:i=04
Tev3285%e~U3
4.323816~04
4.208451 04
B 091990 -04
$.33893c=Cs
5.9156er=04
&, 12196 ~04
7.59413%.-04
845045100
3. 116495 =04
1+410106€=-03
1.¢659C2=03
1.40750e=03
1.00602:-03
1+03495c~03
2.0U895C1L=-03
¢+J08b0r=03
2.10263--0)
2.27090r =03

*ISELEN 4

CLASTIC S

3e18101EmGe
46909 1E=Ue
1e201ssb=vi
1.080 4E=U)
141500 LE=0L
1a30200E=0d
1.213u5k=01L
1e121~2b"ul
1.60022F=u)
Tikhloabmul
143947 3E=0L
1.3%%03E"0d
l.e8b%ok=ul
Lr08130E=UL
2.02502E~u1
1008370
L UeRTTE=CL
iebl390k=ui
1.83304E=-0}
2.86074E=U1
2.625u4C-Ca
3.24307E=va
AaTlé3ot=va
4:330n%E=01
T.01542E=01
3.U9T3gE+CU
logdbizEse)
4,90238E=01
3.0751vE~0L
2¢00719E=us
2.48800E~GL
2.970dak=ul
2.48118E-01
2e51603E=0L
2e925178E=y1
24579 7E=ut
2+.99848E-u)
2+.01028E=0L
2enlouik=0L
2e0l¥12E-UL
Zib1829k=0l
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Table 1 continued

#ESELL™ 4k SAMPLE PKOoLEM #FCA ¥=1 CURE ChkLLs- ~ T5/12/15
MACROSCOPIC CROSS SECTION

GkP TOTAL ABSORPIIUN  ELASYIC S CAP1LRE FISSTON NURE 1S, INELA. S. TRANSPOR1T
1 2,07123E=01 £.6926/c=03 1.59307E=C1 6.,98060b~04 1.79821,.-G3 2,12943E-02 3.93220E=02 1.56849¢=01
2 2430830E=0)  6.08287L=03 1.89193b=0U) 1.06570E=03 5,C1717e=0> 1.,36112¢«0¢ 3.51560k-02 1,50940E=-01
3 V33155001 6.L8652ee03 2,20152Eeul  1,6612T1~02 4,64.525t-03 1,20768k=02 2.09164E-02 1.93620€=01
& 2.55187c=01 S5.T/163c~03 2.27405E=L)  1.66587t=03 4,10597c~U3 1.11079k~02 2.19503k=02 2.004TbE~01
5 2,52292b~C1 5,62681E=03 2.27995k=U) 1,55625%k~03 &,07256c=03 1.09409E=02 1,86€695E=02 1.91610€~01
6

7

8

9

3.6b423L=01  5.75535t=03 3.4590Bk-iLl L58Y04E=03 %.126631c=U> 1.11135e=02 1.6680U2E-02 2.83956k=01

2.78513E=C1 5.86334t-03 2.55051keul 1,64002E~03 4,21653c=U3 1,11748ke02 1,859%1E-02 2.52588E<01

2:69129L =01 €,17090E=03 2.49733E=U) 1.£6373k=03 ¢.3,716r0> 1,14U%6k=0z 1.32¢51E-0:2 2+38091t=01

3,10768E=C1  6.56447c=03 £,922>3E~C1 £,06675L=03 4,85773r=03 1.17Y36t-02 1.195008-02 2,76603E=01
10 3,369916=01 7.U%667E=05 3.19T25E=C)  «.317036=03 #,73%64: =02 1,23105k=0c 1.02095E-02 2.80756F~01
11 3,07711k=01 7,TU851e=-03 2,91f¥9t=ui 2,72267L=03 4,9b584c=03 1,2976bc=0d 8,10400E=03 2.51550E-01
1z 2,09164E=01 E:el53.6=03 2.94135E=01 3,05519E=03 D5.16013r=03 1.34U70t~0¢ 6,61615E=03 2.792623t-01
13 3,95466E=01 £.85979:=03 3,81eb5E=ul 3.51258t-03 5,34720e=0U3 1,38521k=0Z 4.72107€E=03  3,20346E~01
14 3.,10601€=01 2.39Y3Uyt=U3 2.98699k=uUl 3,83893t=03 D.55616e=03 1.43460t~02 1,9090/E=03 2.73994E~01
15 3,81014k=01 1.0392¢E~02 3.30069E=ULl 4,56953E=03 5,6c271t=03 1,49979=0z 5.52904E=04 3,10417E~01
16 3.82334E=01 1.19280£=02 3.6996(E=0s 5.74340t=03 6.18262:=03 1.5690%k=0c 4.43988E~04 3.48567E-01
17 5,66398E=01 1.29227E-02 5.53062E=0i 6,4C93/8=03 6,51336c~03 1.66920t=0z 4.13261E=04 4,09631E-01
18 3,32308£=01 1.3335:£=02 3.18¢11E~Ul 6.7BUb3E~u3 6.55459n-03 1.67e42¢-04 3.62489E=04 2.74935€=01
19 3,26810b=01 1.32827t=02 3.12799E~(1 6,40694t-03 o.b87775¢=03 1,712990t=02 3.28718E=04 3,10064E-01
20 3,96843E=01 1.47025%E-07 3.81#>ak=(1 [.14060F=03 {.56190c-03 1,72B8alk=0¢ 2.86371k=04 3.69607E=01
21 3.87227TE=01 1.60B84r=02 3.7092zE~Ul  b.C2UIDF~U3  8.0eBUIc"U2 2,Ud266k=0¢ 2:16TUTE~04 3,62335E-01
22 2035338E=01 1.7761Ut=02 4 17951%E=U1 9.55032¢=03 8.20266L=U3 2.UBbIVE=0C 5.72951E=05 4.13113E=-01

0

23 3,60102E=01 2.0U3976=02 5.6400e2b=ul 1.10413r-02 5.99839L-03 2,28969e-02 0.0 5.25557¢~01
20 4,99839L-0Ul 2.1796br=02 4 TTre3E~01 1,20722b=02 Y.92462:-03  2,52305E-02 0.0 4. 77850E=0L
25 5,53118E=01 2.3093¢E-02 5.300c5E=01 i,2%2468-02 1.0co90e~0z 2,709798-02 0U.0 5,21945€-01
26 1.2099UE+00 2.666476-02 1.1B3V4E+0UU  1.47I02b=uz  [.21285.-02 3.082%4k=0¢ 0.0 8.80865E-01
21 9,6779CE=01 2,0916bL-07 9,36:75terl 1,66708E«02 1,64357r=0Z 3,66190E-02 0.0 7,39870£-~01
28 6,68020E=01 3.106a0k-02 6.36956k=ul 1,53439k=ui 1.57200c-U2 3.919/9t=-02 0.0 4,69576E=01
29 4,05369; =01 3.46866L-02 3.70603E~Cl 1,£51i76~02 1,8lu69c=U¢ #,61333E=02 0.0 3.98162E-01
30 4.11334k=01 64.59662L=02 3.65308F=01 <.4B8UL4E-UZ &-11638c~u2 5.,3630bt=02 0.0 4,04222€-01
31 4,0997bk=01 4.43326£-02 3,65643b=Ui ¢,ULl9YUE<UZ 2£.41333L-02 6.19147L=02 0.0 4.04469E=01
32 4,12890E=01 4.68316E-07 3.65858E~UL €.29137b=02 ¢¢29179c=Uz 6,06994E-02 0.0 4,07338E=01
33 4,23043Em01  5,59165b~02 3,68126t=Ul 2,49457E=U2 3.39708t=07 5.66935E=02 0.0 4.17686E-01
34 4,22428E=01 5.73231b-02 3.651U5E-U1 2.56333F=02 3.16893:-0Z B8,U3630t-0¢ 0.0 4,17031E-01
35 6.3890BL=0l €,2Bl64z-02 3,76)Y0be0l 2,65334ke02 3,42650c=U2  b,73519E-0: 0.0 4,33474€=-01
36 4,55839E=01 7.8379%5e-02 3.77459E=ul Z,89029E-02 4.94169L=0¢ 1.30128t=01 0.0 4450110€-01
37 4, T6TTBt=) E.E0249L=02 3,94753L=UL 3,21959t=02 -4.Yx260c=02 1,28488E-01 0,0 4,68407E~01
38 4.62041E-01 6,4492CE=-02 3.TT549E=01 4.19860t«LZ 4.25G6UL=0z 1,UBl08t=~01 0.0 4.56556E=01
39 5,25057k=01 1,U216UE=DL 4.22f17€E=ULl ©6,28009E-02 5.93793t=U2 1,02102e-01 0.0 5,19476E-01
40 2+60731E~01 1.05019=01 3.55712zE-0L 4.63329t~02 5.8to064r=U2 1,53E51k~01 0.0 4455204E=01
41 5,5094Tk~01 1,4181b6k=01 4,09529E=UL ©6,50036k=02 7,5y546c-02 2.0320¢k-01 0.0 5,42277€E-01
42 5,83898E~01 2.092318~01 3.74627E"UL 6.24281E-02 1,6e/93.701 3.443216€~01 0.0 5.74667TE-0}
43 6,56235E=01 1.65336t-01 4,90897E-UL  1,09300t=01 5.60382ce02 1,36235€-01 0.0 6.42509€~01
44 4.723616=01 1.38945E-01 3.33¢loE~0L 6,65198f=02 7.06251c=02 1.72622t~01 0.0 4,65996E-01
45 5,57853E=01 1.79156k=01 3.8265Tk=0l 7.36342E=02 1,C1562:=01 2,58146t=01 0.0 5:51924-01
46 5,91966E=01 2.¢43%2c-01 3.67Alak=ul 1,42125k=01 5.22263c=U2 2,08074t-01 0.0 5.80209€~01
a7 5,32911E=01 1.601%c=01 3.52i55ke0l 6,37>01teu2 1,le393c=01 3,U7791€-01 0.0 5.27447E-01
48  4,27356k=01 1,62791t~01 2.,645¢5E"0L 56.23411£=02 8.04496L=02 2,14343c=01 0.0 7.886427€=01
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1,26768E=01 3,25387t=02 0.
1438456E=CG1  5.07/36Yc~0z¢ O.
1,68163k=01 5.17696¢=02 0.
1, 70785601 5.0602te=0¢ T4 757%3k=ud
1,70569E=01 5,7134bE=02 2.916082E=04
2.33476E=C1  1:1251¢e=01 GC.0
2,00695E-01 5.689bbr=Uc 4,554U5E=04
1.8956TE=01 5.96265e=02 2.41634E=04
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10 2061975k=01  2.74532e-02 2.97210k-04
11 2,31756L=01 5.b8344br=0¢ 1.79795E-U3
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13 3,10813t-01 7,10722t=0¢
14 2+50875E=01 4. iB823kc~02
15 2.T0708k=01  5.93611t-02
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a2 3.34921L=01  2,9705%4¢=02
“3 4, 400UCHE=01 5.U892bL=0
44 2.821%4¢=01 5,12612
“5 3.29408E=01 5.2189it

coe

VRNV ELN M

a
<

ccoccecccoecececececececcececoceoececcccce

~

SO COCOANCCCONCOLANOCONO0ODIODOSO

b6 3,1539%=01 $.22190k=0¢ U.v
41 2+9124UE=01 5400149z =0e LU
by 2,3062Te=01  3,4l389e=02 .U



T

JAERI 1245

Table 1 continued

MACROSCOPIC CROSS
INELASTIC MATRIX
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Appendix B. Sample Problems
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6,76636L =05
8,70706E~05
1.94860L=0>
6,55946L=04
5.841373c=04
.0
0.0
0,0
1,019643c=06
%,3)778k=07
8.998441~0>
6.89869L=05

0

.0

o

CECECCCECECCECEECCCCCCCECCO

CODCOOCCECO0OCOOOOOC0OEOC

14
1.22016E=04
1,3u327c=04
Y.64046C-05
7.20T64E=086
3.837198L-06
3.1e694t=uUb
1.02231t~0s
2,71¢80e=07
&.8,99L =09
3.88031E=07
v.0
¥.34977c=08
L1+51403L=0U7
9.61107c=08
l.6656Te=07
u,0
6.0
U, 0
v.0
uv.0

v,0
ie5006Uc=Ub
Y
0.0
.0
U0
V.0
v.0
u,0
v.0
V.0
v,0
Va0
v.0
V.0
vl
v.0
v.0
v.0
v 0
v,0
c.0
V.0
Ye0
v
u,0
L0
UG

4
1,02404¢ =00
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