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The PROF-DD code system has been developed to generate
the multi—group double-differential form cross section (DDX}
library by processing thé nuclear data file compiled with the
ENDF/B-IV or -V format. This system consists of five steps
MCFILEF, RESENDD, SPINPTF, PROF-DDX and DDXLIBMK. By using
this system, a user can reasily produce a multi-group DDX
library with a few input data,‘and make_figures of thé pro—
cessed DDX data. The produced DDX library can‘ be used for
fusion neutronic calculations by the Monte Carlo code MORSE-
DD, 1- and 2-dimensional Sn transport codes ANISN-DD and
DOT-DD. This report has been prepared as a user ménual of the

PROF-DD code system.
Keywords: Multi-Group Double-Differential Form Cross Secltion,

Fusion Neutronics, Transport Calculation, Code Sys-
tem, DDX Library, ENDF/B Format}Mamm]
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1. Introduction

The anisotropy of neutron scattering angular distribution
plays an important role in the neutron energy and spatial
distributions at the high energy region as encountered in
fusion reactor shielding and blanket neutronics calculations.
The conventional multi—-group method using the P; expansion for
anisotropic scattering somelimes significantly mispredicts the
neutron transport phenomena in the materials  with highly
anisotropic scattering cross sections. The use of the lower
order P, expansion of the angular distribution leads to
negative energy transfer matrices, hence sometimes to negative
flux. Moreover, the conventional multi-group method can not
accurately take account of the energy-angle correlated kinema—
tics for neultron scattering.‘ln order to overcome such pro-
blems. the use of the double-differential form of scattering
cross sections (DDX) was proposed for the accurate treatment of
the energy-angle correlated kinematics by Takahashi et al.l.
The transport codes using this type of cross section can treat
accurately the strongly anisotropic scattering observed in the
fusion blanket and shielding materials.

At the present work, the PROF-DD code system has been
developed to produce the multi-group DDX library by processing.
the nuclear data file compiled with the ENDF/B-1V or -V
format. This system consists of five steps corresponding to
five independent codes : MCFILEF, RESENDD, SPINPTF. PROF-DDX
and DDXLIBMK. The PROF-DDX code is a main code of this systen,
which calculates the multi-group DDX and saves them on a
master PDS file. The MCFILEF code generates a control file for
the PROF-DDX code which contains energy group and angle bin
structures. The SPINPTF code prepares an input data file for
the PROF-DDX «code by combining the control file and other
input data. The DDXLIBMK code edits a DDX library for trans-
port calculations from the master PDS file. The resonance
cross section calculation and Doppler broadening calculation
are performed by the RESENDD code.

The validation tests of the produced DDX library have
been carried out by the MORSE-DD code” and reported

elsewhere® The DDX 1library can be used by other 1- and
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2-dimensional Sn transport codes ANISN-DD and DOT-DDY.

This report has been prepared as a user manual of the
PROF-DD code system. The description for an auxiliary program
DPXPLOT 1s also given. By using this system, a user can easily
producé a multi-group DDX library and plot the results by the
DDXPLOT code. In Appendix, the newly produced DDX library
DDXLIB3 and some results of benchmark calculations with use of

this library are presented.
2. Multi-Group Double-Differential Form Cross Section
2.1 Definition of Double-Differential Form Cross ‘Section

The collision source term in the  transport equation is

written as
Q{P,Q,E}ﬁ[dE:[dQ’w{r,Q',E')§3¥JUQQ(Q'%Q,E‘HE)_
b
+ZU{'“,1' A 'f'zinci,mrx (Q ’ ’Q =
i n

Y 000, E ) (1)
X

where ¢’ denotes the microscopiec differential cross section of
nuclide j. and the subscript el stands for elastic scattering,
{(in,1) discrete and continuum level -inelastic scattering,
(nymn) neutron multiplying reaction emitting m neutrons,
{(n.n"X) neutron and charged particle emission. If we define

the production. cross section by

Opr (E )01 (E )+ 0ins (E 3+ 0w an (B )+ 00 vy (E) . 2)
i m X

Equation (1 can be written as

'q{r,Q,E)f[dE:[dQ’¢{r,Q',E’}
%Y N lod, (E" 1) RL(E OPL(u, 1B —E )}, | (3)
j E
p=0-Q  and R, (E' =y 0:(E )/0p (E').

P.{uiE"—-E)} is the  energy-angle distribution of neutrons

emitted from the reaction x. Summation over all reaction types

_2“
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2-dimensional Sn transport codes ANISN-DD and DOT-DDY .

This report has been prepared as a user manual of the
PROF-DD code system. The description for an auxiliary program
DDXPLOT 1s also given. By using this system. a user can easily
producé a multi—-group DDX library and plot the results by the
DDXPLOT code. In Appendix, the newly produced DDX library
DDXLIB3 and some results of benchmark calculations with use of

this library are presented.
2. Multi-Group Double-Differential Form Cross Section
2.1 Definition of Double-Differential Form Cross Section

The collision source term in the transport equation is

written as
q{r,Q,E}fde’jﬁQ'@{r,Q',E‘)E}j{o&{Q‘QQ.E'%E)H
b
+D 000 i (R QL E ~E )y 0] an (T Q. E E)
1 m

Y, Ok (0 QL EE)] (1)
X

where o' denotes the microscopic differential cross section of
nuclide j. and the subscript el stands for elastic scattering,
{(in,1) discrete and continuum level - inelastic scattering,
{(n.mn ) neutron multiplying reaction emitting m neutrons,
(n,n"X). neutron and charged particle emission. If we define

the production. cross section by

Tpy (£ =0 {E - Zoin,i <E1+Z MGy o (E )’":"Zon‘n';\' <E I (2
1 m X

Equation (1} can be. written as

q(r,Q,E)ﬁ[dE'j&Q'@{r,Q',E’)

XY N {0k (E' Y RICE PL(p, (B —E)}, | (3)
J x
wvhere

u=0-Q’ and R (K" )=m, 0,(E" )/0, (E}.

P.(u:E"~E» 1is the ‘energy-angle distribution of neutrons

emitted from the reaction x. Summation over all reaction types

_._ZA
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is reduced to the double-differential form cross section

0 (3B —E =0y, (£ 1) Ry (E" WPy (03B —E)=0,, ()1 (piE" £ ), 4)
x

where I (p E —E)=p. Ry(E' WPy E —E).

The energy—angle distribution function P,{p;Il'—E) can be
written as _
Po(p B —E)=g, (IEE" Yhy (n E" LE ), {57

where g, (F.E° ) is an energy distribution of secondary neutron
and h,(p:E',E) an angular distribution of this neutron. These
functions can be calculated based on the kinematics, if it is

known, as follows:

g, (B E" -):;f:c\,-’ )

|duc| _fafpe BT 2 6)
2x dr. 2% (1-a Y E B (E )

hy (UG E VE =8 {(p—pt) (7

where f, is an angular distribution in the center of mass (CM)

system, and

A1 _
Q'—(A+1 ) B (8 )

(ALY E A e Ly 1 \
pe= oyt BB B g e )

pi=ttb JE7E AL ETE - S (10)

B {E )= I+Lj(— T (113

In these equations, 4 and @, are the ratio of the mass of the
target atom to that of neutron and the @ value of reaction x,
respectively. When the kinematics are not known, functions
g, and h, are given in Files 4 and 5 of evaluated data file
with ENDF/B format, resgpectively. or P {(u,E'—E) 1s given
explicitly in File 6.

2.2 Calculation of Multi-Group Double-Differential Form Cross

Section

The multi-group form of energy-angle distribution of

'secondary neutrons within the ¢g-th energy group in the k-th
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angular interval P,{k:g’'—g) is obtained by

e

Iﬂ(k;g'*g)iﬁ dE'l; dEl Prdpoy(E P (gl BT =E b (BT
5’ Hg i

/f 0y (£ 3y (E o a2)

wvhere ¥,{(F) 1is a weighting function. When the kinematics for

reaction x are known, Eq. (12 can be calculated as follows:

, . t & f (e B0
Pk g —g)-————r d;‘ f dl Z,Ldfu (E -
SR o Oeg Yoy Jr Eo Bt ! 2w

* 2 « N ,
X(1fa>E'B(E‘)°{“”*”>¢”<E )

****** f de R0 (B ) fe e B ()

‘ ou; \I’ag
. 2
(1-a )K" 3, (E7 )
$ (H{pu—pilE" VE) ) -H e —ui (E L E )] (13)
where H is the heaviside step function defined by
g, 1, 1f x=0
”\l’“{ 0, 1f a<0
In the PROF-DD system. 1t isg assumed that
frlpe " )=Ffry (o) (=constant within g’'—th group.)
When p—pf(f .FE)=0,
.y E /\/ \Ql \.
E s T — JAT—1-A (A1) . 143
(A 1>> i } . ( .

This relation is plotted in Fig.2.1 for some values of y. The
integrand - in Eq. {13) has non-zero values 1in the region between
the two curves assigned by p=p. and p=pr.. Therefore the
integration with respect to £° and E is carried out in the
hatched region in this figure, for instance.

As for the reactions such as continuvum inelastic scatter—
ing, the integration with respect to F and y can be ©carried
out separately as follows:

P(kig —gi=Pi{kig ) -Pelyro’), ' (153

where
kg’ ‘,::f c!li'f duphy (piET o, (B 0, (B /0, Vg . {186
AE T

_..47
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Potgrg [ i [ B EIE You (B W B ) /0y a7
A, aE,

The factor o,(E »W,{E') 1in these two equations 1is assumed to
be constant. Instead of Eq. (1B}, 1f reqguired, we can adopt the
following probability calculated with additional assumption
that no neutron emerges in the direction k from the scattering
reaction with higher energy than ki, . which is determined on
the basis of the two-body reaction kinematics. With this
assumption, the probability of Eq. {19} 1s modified as follows:
Pi(kig ~9)=0.0  for all g such as Eg zEha,. '

and they are renormalyzed as

YPeikig —g)=Pikig ).
g

I Py{u;lk —E) is'éxplicitly'given in the evaluated data file
{ File 6 ), this probability can be processed as follows: At

first,

P;(u;g-f—w)fﬂf dE‘fF dEP, (11, E" —E )0y (E" Yy (B 3/ 0ug Vg
AF, Jag,

then

Pk gg ;wa APy (130"~ ) . (15" )
l"_ik "

In the PROF-DD system, the lowest energy group is assumed
to be the'thermal neutron group. The energyFangiE‘diétribution
of neutrons scattered into this group 1s automatically calcu-—
lated, though several optional procedures are prepared for the
calculation of the self-group scattering cross section as
mentioned 1n Chapter 3. " '

By using P,k:g' —g" ), the multi-group PDX is written as

ok g g =0, ol {kig —g )ﬂopr,g'z Re(g 3P (kig —g). (18
T

Accordingly. the collision term presented in Eq. {1) is rewrit-

ten as

ol (kig g
qg(r,Q};Z,fdQ’@g‘(r,Q' Nk —g)
a 7

2Thpg
' - : I ikigl g .
=§fd9 py (1,0 )XJLVJ-O;L,,Q- Ezi;u,,- g, (19)

where b indicates an angle bin such as <0 -0 <Tuy.
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In the Sn transport code, Eqg. {189} 1is <calculated as

follows:

— VA A ) ‘j\'-'.:!'“"’,
S SRR 3 3 g T Ry
g m i

Mie

1 f — Ga . . .
A7 Wy e dag,. a0 mgdgo“‘k’ (20
vhere - _
\ ﬁ{l for = pt=0-Q =y,
o otherwise, _
m and w, denotes the Sn direction and its weight, respec-

tively. And AQ, 1is a solid angle corresponding to the direc-
tion m.

In the Monte Carlo calculation, the scattering angle and
secondary energy group can be directly determined from the

energy*ahgle-distributioh I{k:g —g).

o Eg'
é.
(=]
Ka
°©
L 4] |+1
bt
2
-1
o Eqo
]
oh
E .
W Egy
!
0 Eget Eg

Energy after collision, E

Em =241 Q
Fig.2.1 Diagram for illustrating the scattering kinematics

in the (E,E") pléne and the integration limits in

calculating the multi-group DDX.
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3. Multi-Group DDX Library Generation Code System © PROF-DD

3.1 General Feature of PROF-DD

A calculation flow in the PROF-DD system is shown in Fig.

3.1. This system

includes five steps -corresponding  to five

independent codes. In this chapter, the descriptions are given

for each step in the order of calculation flow. The outline of

each step 1is as follows:

MCFILEF

RESENDD

SPINPTEF

PROF--DDX

DDXLIBMK

A control file for the PROF-DDX code., which

contains energy group and angle bin structures

" of produced DDX, is generated by the MCFILEF

code. A user should run this <c¢ode initially
prior to executing the job. _

In this step, pointvise cross sections of one
nuclide specified by an input data is prepared
as. a PROF-DDX input file. Doppler broadened
resonance cross sections aré calculated by the
RESENDD code® which is a modified version of
RESEND.

The SPINPTF code prepares an input déta file
for the PROIF-DDX code by combining the control
file and other 1input data. Some parameters
assigned by the MSFILEF code can be changed in
this step. A weighting function 1is  produced
from the data in the control file or read from
an input file.

The PROF-DDX code is a main code 1in - this
system. This code calculates multi-group cross
sections and energy-angle distributions {DDX).
The calculated DDX are saved on a master PDS
file with a member name assigned by the code.
The DDXLIBMK code reads the DDX 1in a master
file and edits a DDX library in a specified
format for a transpert code such as the
MORSE-DD code. . This code can also print out
the DDX data in the master file.
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This system has functions described below.

{1y Production of multi—-group DDX library

Tyvpe of processed reactions

(1

(11

vy File 4 - kinematics
elastic scattering - {MT:25
in,?n' 1st scattering neutron {(MT=6-9
discrete level inelastic scattering {MT=51-90"

{Two optional procedures are avallable. See 3.2.1.9

Yy File 4 + File 5F

n.2n) direct {(MT=186)
{n,3n; (MT=177 "
{n,n o) - ' {MT=22)
{n.n 3a} - o (MT=23
(n’2na) | (MT-24 )
(n,3n«a) {(MT=25)
(n,n"p) S (MT=28)
-{n,2n Znd neutron (MT=46-49)
continuum level inelastic scattering {(MT=G1"

* File 6 can be processed if it is available.

R

{Four optional procedures are availlabhle. See 3.2.1.

{i11) Absorption reaction

MT=102-109, 111114

Weighting functiion

- (1) Maxwellian + 1/E -+~ fission spectrum

{ii) Maxwellian +  1/E* + Gaussian

(iii) Arbitrary spectrum

(2) Production of cross section library for reaction rate

calculation

Type of reaction ; any reaction specified by a user
Weighting function | the same as in (1)
In the following sections. input instructions, sample

inputs and sample JCLs are given in detail for each code.

code .
and

used

MCFILEF

The MCFILEF code prepares a control file for the PROF-DDX
This file contains sone parametefs such as energy group
angle bin structures of produced DDX, which are commonly

in calculating DDX for each nuclide. Some parameters to

determine a weighting function are set by the MCFILEF code.

_8#
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The following processes are carried out:

{1) Parameters which define a produced DDX library are
read from cards and written on a control file.

(2) A consistency among input data 1s checked.

(3) Energy group and angle bin structures are stored 1in a
master PDS file with member names assigned by the
code. The names are fixed as follows:

BPDSHO! : number of energy group,
BPDSHOZ2 : energy boundaries,
BPDOSHO3 : number of angle bins,
BPDSHOA © angle meshes.,

3.2.1 Input Instruction
The following free-formatted data are read from cards.
CARD A (%)
NGRMYX ; number of energy groups {1s=NGRMX=150;
MAXMU .; number of angle bins {(1=MAXMU=40;
IEOPT ; input option for energy group structure
=0 : Energy boundaries are given from high to low

energy 1in e¥ unit.

=1 : Maximum enecrgy and lethargy widihs are given.
ISW ; input option for angle meshes
-1 ¢ card input

0 ! equal width of cos 8,
A= 2/ MAXMY
1 ¢ equal width of 6,
Af =z /MAXMU .
NOAQ ; option for treatment of the NGRMX-th group (thermal
energy group

-2 © NGRMX-group DDX library is produced vwith reac-—
tion cross sections of NGRMX-th group which are
read from cards. Isotropic scattering is assumed
in this group.

-1 . NGRMX--group DDX 1library is produced with reac—
tion cross sections of NGRMX-th group which. are
calculated by the PROF-DDX code. Isotroplc scat-
tering is assumed in this group.

0 : standard treatment. (NGRMX-1)-group DDX library

is produced with slowing down cross sections to

_9__,
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the NGRMX group, i.e. {(NGRMX-1) reaction c¢ross
sections and ({NGRMX- 1 kNGRMX+MAYXMU scattering
probabilities are calculated.

1 : (NGRMX-1)—group DDX 1library - is produced. The
slowing down cross sections to NGRMX—th group is
added Lo the self-group séattering of (NGRMX-1)-
th group.

IUPZI ; option for . calculation of energy-angle distribu-
tion based on kinematics

1 ! collision density within a group is assumed to
be constant in lethargy.

2  collision density is calculated by o, {(F ), (E" ).

IF45 ; option for calculation of energy—angle distribu-
tion from Files 4 and b or File 6
1 . Isotropic scattering in the laborary system 1is
assumed .

2  angular distribution is taken from File 4.

3 : angular distribution 1is taken from File 4 and
scattering probability is set as 0.0 for neutron
emitted with higher energy than that determined
by the tLwo-body reaction kinematics 1in each
direction. |

4 ! energy—-angle distribution 1s obtained by inte-
grating the energy—angle distribution data in
File © 1f they are given. When they are not
given, JF45 1s set to be 2 by the PROFDDX code.

IPDS ; output option for a master PDS file

0O © no cutput on a master PDS file.

1 : numbers of energy groups and angle bins, energy
group: and angle bin structures are steored with
member name assigned by the MCFILEF code.

CARD B () Enter 1f TEOPT=0
EN(1},1=1,NGRMYX+1 . energy boundaries from high to low {(eV}
CARD C (%) Enter if ITEOPT=1
-EMAX ; upper energy boundary of 1st group {eV;
Du¢i),i=1,MGRMX ; lethargy width of group i
It is required that Du{k)=n#Du{l’, where n
18 an 1nteger except for k=MGRMX.
CARD D () Enter if ISW=-1
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TABMU{(i},i=1,MAXMU+1 ; angle meshes from +1 to -1
CARD E (%)
Ei, Ez, T, «, Ay, A2
parameters to define a weighting function. The
SPINPTF code generates a weighting function ¥,{E)

as follows:

v, (F=C\Eexp (-E/kT ) _ (E=E)
Vv, (FEi=1/E% ‘ (E\=E<=k2)
V. (EV=Coexp {(—E/ A )sinh,/A-E {E=f> and A2>0)

¥, (2 =Crexp [ ~{(E-A1)/{0.426608421%/2) (E= Ep and Ax<0)

where C; and C» are determined from the continucus condi-
tion. If £E4=0.0, then the following values are adopted:
=107, Ee=2x10"", T=300,

a=1.0, A1=10"%, A-=2x<10°.

If an arbitrary spectrum is used as a weighting function,
this is read in by the SPINPTF code instead of using V¥,
shown above,
CARD F (% _
EPSPR ; error criterion. If R,y <EPSPR, R, 1is set as 0.0. If
I(k;g'%g)<EPSPB(ﬁEPSPR2}, I is set as 0.0, After checking,

these values are recalculated.

3.2.2 Sample Input, JCL and I/0 Files
"~ The 1/0 files used in the MCFILEF code are shown in Fig.
3.2. Sample input and JCL to produce the DDXLIB3 library

presented in Appendix are shown in Fig. 3.3.

3.3 RESENDD

The RESENDD code selects one nuclide from the ENDF/B
formatted data file and performs resonance cross section
calculations and Doppler broadening to produce temperature
dependent pointwise cross section data file. This code has

been developed by Nakagawam of Nuclear Data Center of JAERI.
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The details of this code 1s given 1in Reference {(B). Some
parameters which should be specified to run the PROF-DD system
are described briefly in the following. The RESENDD code can
be replaced by computer codes which have similar functions,
for example, the LiNEAR, RECENT and SIGMA1 codes’ .

3.3.1 Input Instruction for the PROF-DD System

The parameters which should be specified are as follows.

1 Job-condition cards
Job—condition inputs should be 1nput in a form of
Parameter name = value '. The parameters which should be

specified are as follows:

MAT ; MAT number to be selecled

TEMP ;. temperature 1n Kelvin

ERR © ; accuracy of calculation

LSIG {(=1E-10: ; option on negative cross sections

QUTF (=2, ; data set reference numbcr of an output file
FORM ; format of an 1nput file

4 : ENDF/B—1V Format
5 ¢ ENDF/B-V format
OFORM (=4 : format of an output file
QPT (=2 ; output option
Values in parentheses are standard values for this system. It
should be noted that the present version of PROF-DDX can
process the data for a number of energy points less than
IC000. A user has to set ERR by which RESENDD produces energy
points less than 10000. If more points than 10000 are gener—
ated, the job 1s terminated by printing error messages at the
followving step (SPINPTF ).

LABEL statement
Title (GGA1:

GO statement
EQF statement
STOP statement

{02 B & I Vv I A

3.3.2. Sample Input, JCL and I1/0 Files
The folloving is a sample input for the RESENDD code used
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in the system,

//SYSIN DD

MAT=1272, TEMP:-300.0,ERR==0.01,LSIG~1.E-10,0PT=2,FORM=4,

OFORM~4 ,0UTF=2

LABEL

T-1.1 ENDF/B-IV

GO

EQOF

STOP

VE:
Figure 3.4 :shows JCL for a continuous run of the RESENDD,
SPINPTF and PROF-DDX codes. The 1,/0 files used in the RESENDD

code are shown 1n Fig. 3.H.

3.4 SPINPTF
The SPINPTF code produces an input data file for the
PROF-DDX code from the control file generaled by the MCFILEF
code. The folloving processes are carried out:
{1y The SPINPTF code sets wup input parameters for the
PROF -DDX code based.on the control file and other
data read from cards.
() A weighting function 1is <calculated or fead from a
file.
{3y An input file for the PROF-DDX code is prepared.

3.4.1 Input Instruction
One card is read by the SPINPTF code in the free-format.
CARD A (%)
IPRINT , output option
O ! brief print.
detailed print {(a lot of outputs’.
IFLXY ; option on a weighting function
0 : a weighting function is calculated with parameters
in. the control file as described in Section 3.1.
N :.a weighting function is read from a file {unit N}.
TUPz ; option for calculation of DDX based on kinematics
See input instruction for the MCFILEEF code. If
IUPZ2-0, the data in a control file is adopted.
1F45 i option for calculation of DDX from Files 4 and 5
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See input instruction for the MCFILEF code. If

IF45=0, the data in a control file is adopted.
EPSPR , error criterion

See input instruction for the MCFILEF code. 1If

EPSPR-0.0, the data in a control file is adopted.

If EP3PR<0.0, an error checke 1is not performed

{ 1i.e. EPSPR=0.0}.

3.4.2 Sample input, JCL and I1,/0 Files
Sample input and JCL are shown in Fig. 3.4. The 1/0 files
used in the SPINPTF code is shown in Fig. 3.6. A weighting
function in unit IFLX¥ should be given in the following form
{( if IFLXW =0. )
DATA 1 (216
N1. N2 ; numbers of interpolation ranges and energy points
given for a arbitrary weighting function
DATA 2 (1216 '
(NBT (i ), JNT{i},1=1,N1)
NBT{i3; point number of the end point in the i~th inter-
polation range. NBT{(NI) must be NZ.
JNT{1), inlerpolation scheme for the 1i-th interpolation
' range. Parameter values of 1-5 have the sanme
meaning as used in ENDF/B files.
DATA 3 (BFE12.5)
(E(iy,F{iy,i=1,N2)
E{i}) ; energy in e¥ of the i~th point.
. The relation E{i<E{i+1) should be satisfied.

F{ij . weight of the i-th point.

3.5 PROF-DDX
3.5.1 Outline of PROF-DDX

The PROF-DDX code is a main code 1in the system, which
calculates

{1) multi—group reaction cross section weighted with the

input function for neutron transport calculation,
(£2) multi-group energy-angle distribution,
(3 multi-group reaction cross section for reaction rate

calculation, and

P
b
ND

stores these cross sections into the master PDS files
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labeled with member names.
The details of input instruction are described in Section
3.5.3.
The calculation flow of the PROF-DDX code 1is shown 1in
Fig. 3.7. The functions of important subroutines are briefly

described below.

0s

Iy

This subroutine calculates averaged cross sections for
each group and each reaction, and stores them in a PDS file
{ PDSOUTZ 3 if required.

PRODCT
Production cross section o, ., and the ratio Ry =0.y/0p g
are calculated in this subroutine. The following check is

carried out. If R,, is less than EPSPR, then R,y andoy, are
set to be 0.0, where EPSPR 1is an input value. After this

check, o, 4 and R, are recalculated.

TRANSM. TRANSZ

As for elastic scttering (MT=2). discrete level 1inelastic
scattering {MT=51~90 and sequential {(n,2n; reaction
(MT=6~-9 ), for which the reaction kinematics are known,
energy-angle distributions are obtained by calculating Eq. {(13)
in the subroutine TRANSM or TRANSZ2. TRAMSM assumes that a
collision density within a group is constant in lethargy. In
TRANS?, this assumption is not used. The calculation procedure
in TRANSZ is as follows.

(1) Fine  energy meshes used for the integration in Eq. (13)
are determined by the following method. Incident neutron
energy group, ¢, 1is divided into IND, fine energy
intervals of equal lethargy width AUy, . IND; 1s deter-—
mined such as

IND, =AU, /AU,

~and

AU e In{(A-13/(Ax1)57
AU TRE 750 50,

vith a minimum integer INN,
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wvhere AUy and A are lethargy width of the
g’ '—-th group and mass of target atom, respec-
tively.

INDg is modified as follows!:

INDg =8, 1f IND,<8.

IND, =32 if Ew=<g th group and if IND, =32.

Then AU, =AUy /IND, .

The - slowing-—down energy range for each incident energy
E' is divided into INDO energy  intervals of equal
lethargy width. The follovwing value 1ig adopted for INDO.

MAXMUETNDg,/2 for MT=2

INDO= INDO-‘%:;\-"l * NP for MT=2

5 1f INKz=2

s
where N1={g® 1f JE

1 for B=fw .
Ne=42 for foplfi<fiy or Bi6<Bx
A4 for Boy<f<Ba

where v and fay are [ values of Eq.{1}1) at
which the lethargy width of slowving-down
energy vrange is two and four times larger
than that by elastic scatftering. respec-

tively, as shown in Fig. 3.8 for A=7.

{(2) The values a,¥,, Cross: sections multiplied by a

(37

(4}

veighting function are calculated at each fine energy
mesh point .-
The P; expansion coefficients for scattering anisotropy

are calculated for each energy group as follows:

jég‘ip‘fi(ET}ol{Ef}ww(EZ) dﬁ;:ﬁ_‘ol{ﬁfﬁww(E)(ﬁf.

If thegangular distribution; are given 1n - the form of
table, the coefficients flig: are calculated by using
the data in the table prior to calculating f@- shown
above.

The numerical integration with respect to £ and ' 1is
carried out based on the fine eneregy meshes shown In
Fig. 3.8. The following algorithm 1s applied for each

incident neutron energy group ¢ -and each reaction x.
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For each fine energy interval t ( t=1,IND, )},
1i=IND,+1-1,
AUP=AU, g (i1 )+ AU /2,

E =F,+exp (-AU" Y,

3= ]+_—A_ ‘E—. s
AR+
(-\high (Tf:"l )23

Al,=£./INDD,

For each outgoing energy mesh boundary j (j=1,INDO+1)},
Up=AUpt (J=1 ) —oer Ey=E " exp (-U, ).

U=Up-AU,/2 ——— EnE exp(-U,)  (i=1),
Up=Ugt AU/ 2 ——= Ei=E exp (~U;)  (j=INDO+1),
A= FyFy

2l

(ALY E Anp2 14 1
He=1 24 E° 23‘E> ZA}Bx(E')’

20, (K" ¥, k- J‘fgf (e YAE
{l-w Bk’
for Ega<E;<fy and prpa<plpg.

Poikig —g)=Py(kig —g)+

After the calculation is performed for all 1 and j, the

normalization is performed as
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Y P kg =g =Ry
g.k

IMAT, TMATILT

These subroutines calculate Eq. (15} for reactions such
as continuum inelastic scattering. for which reaction kinemat-
ics are not known. Hence, energy-angle distributionsg are
obtained by calculating energy distribution and angle distri-—
bution separately from the data in Files 4 and 5. In IMAT
calculations, hovwever, scattering is assumed to be 1isotropic
in the laboratory system{ IF45=1 ). IMATLI can processg both
files ( IF4%-2 or 3 ). A user should specify the parameter
IF45. As an optional <calculation ( IF45=3 ), IMATLI can
calculate the energy-angle distribution by setting
P,(k.g —g)=0 for g<glk,. where ¢, th group includes the energy
Ff. which is the maxmim energy of scattered neutron in the
k-th direction predicted by the two-body reaction kinematics.
File 4 is processed by the subroutine LTIF4, The summation of

the calculated distribution for reaction v is normalized to be

This subroutine calculates the energy~éng1e distribution
from the data in File 6 ( IF4b5=4 ). The summation of the
calculated distribution for reaction ¥ 1is normalized to be
R,y .

CSWRT

The subroutine CSWRT is called after all the probabili-
ties are calculated. This subroutine sets T(k;g —g)=0.0 if it
is less than EPSPB given by a wuser, and renormalize
XLkI(k;g'ﬂg} to be unity. Then the result 1is written on a

file ( unit 72 .

PDSOUT

The subroutine PDSOUT reads the data from unit 72 and
stores them on a master PDS file ( PDSOUT1 ) with the follow-
ing name:

B4aaaaCT | MATNO, MAXMU. MAXT, MGRMX., IDMAX, ISMAX and




JAERI-M 86-124

MAXSD {1 ;,1=1,MAXT,
BdaaaaAT ; ZA and AWR,
BdaaaaTh . production, fission, absorption, wvkfission
and total cross sections,
B4aaaaTB , double-differential scattering probabilities
1ik,g —qg),
wvhere asaa are the NAME with 4 letters given by a user (See
3.b.2).

3.5.2 Input Instructions
The following free—formatted data are read from logical
unit 80,
CARD A (%)
I0PT ; option of PROIF-DDX calculation
0 : calculation of multi—group DDX library.
1 : calculations of multi-group DDX and responses
libraries,
2 | calculation of response library for reaction rate
calculation.

IREACT ; number of reactions to be processed { no meaning
if IOPT=1 ). These are usually used as detector
responses.

CARD B (%) Enter 1if IOPT = 1
IMT {1i),1=1,IREACT ; MT number of the 1-th reaction which is
stored in a PDS file (PDSOUTZ ) for the
reaction rate calculation
CARD C (2A4) Enter 1f IOPT = 1
TITLE(i} ; ID name assigned to the 1-th reaction in a PDS
file ( PDSOUTZ ;
IREACT cards are necessary.
CARD D {A4: Enter if JOPT = 1
NAME ; ID name assigned to the calculated -DDX in a
master PDS file ( PDSOUT1 . If NAME=" ", the
calculated DDX are not sftored.
CARD E (%) Enter if NO40 = -2 {(see MCFILEI:
XT,XPR,XC,XF.XNF ; total, production, absocorption, fission
and wvkfission c¢ross sections of the

MGRMX-th group, respectively.
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3.5.3 Sample Input, JCL and I/0 Files
Sample input for a simaltanecus calculation of DDX

three responces is as follows:
//FT80F001 DD =

1 3
18 162 107
AAAAAAAA
BEBBBBBE
CCCCccce
XXXX
/¥

If only the DDX calculation is required, then
//FT80F001 DD %
0] 0
XXKX
/¥

and

A sample JCL is shown in Fig. 3.4 together with those for

the RESENDD and SPINPTF codes. The I/0 files used in
PROF-DD code are sumnarized 1in Table 3.1.

3.6 DDXLIBHMK
The DDXLIBMK code accesses the master PDS files.

code has the following funcltions:

{1y to edit a DDX library from the master filles for

transport code such as the MORSE-DD code.
{2} te print ocut the DDX data in a master file,

{3) to retreave energy and angle boundaries from

control file into a master file, and

the

This

a

a

{4} to retreave Lhe binary data produced by the PROF-DDX

P

code { unit 72 ) into a master file.

3.6.1 Input Instruction
CARD A (k)
ISW : function
1 : compilation of a DDX library for a transport
such as the MORSE--DD code.
2 ! printout of the DDX data in a master file.

code

3 ! retreaval of energy and angle boundaries from a

control file into. a master file.
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A : retreaval of the binary data from the PROF-DDX code

( unit 72 ) into a master file.
If ISW=1, CARDs B and C are necessary.
CARD B (&3

NMAT ; number of elements to be compiled in a DDX library

NOPT . output format
=2 . binary for MORSE--DD etc.
2 . formatted
CARD C (A4)
NAME{i) ; ID name for the i-th element 1n a master

file,

which is assigned by a user as an input data for

the PROF-DDX code.
NMAT cards should be repeated.
If ISwW=2. CARDs D, E and F are necessary.
CARD D (A4}

NAME : ID name of an element to be printed out
CARD E
NINT ; number of incident groups'to be'printed out

CARD F (%)
IGINT{i},i:I,NINT . incident energy group to be printed
If ISW=3, no inpul card is required.
" If ISW=4, CARD G is necessary.
CARD G (A4) |
NAME ; ID name assigned to the present DDX data

3.6.2 Sample Input, JCL and I/0 Files

out

Sample input and JCL for producing the DDXLIB3 library
are shown in Fig. 3.10. The 1/0 files are shown in Fig. 3.11.
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3.6.3 Structure of DDX Library
The DDX library is edited by the DD¥LIBMK c¢ode in the

following form.

~1, NMAT
MAXI . IDUMMY. IDUMMY, MATNO. (Title(i:,i=1,12}
(MAXSD 1, i=1, MAXI;

(Oprg - Gy g YOfg- Org, 11, MAXI)

1. MAXI
{; ((Tik:g —g>, k=1, MAXMU;, g¢g=1, MAXSD (g )
When this library 1s used in transport calculation, cross
section data for each element are identified by MATNO which 1s
a Material Number (MAT) given for each element in the eval-
uated nuclear data library.
when NOPT on CARD B is equal to 2. the library with the

following format is generated.

—1, NMAT
MAXI. IDUMMY, IDUMMY, MATNO, (Title(i:,i=1,12; (4I6, 1244,
(MAXSD {1}, i=1, MAXI) . _ (1216 }
(Oprg+ Ofg- Cag- V0fgs Org. 1=1, MAXI? {10E12.5)

if, MAXI
((Iik,g —ag). k

1, MAXMU:, g=1, MAXSD(g 7} (10E12.5)

—22—
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Table 3.1 PRCF-DDX file requirements

Logical unit Contents Remarks 1/0
PDSOUTI  DDX data  Master PDS file 0
PDSOUT2  Response PoS fite . 0
s Card-image imput  Output of SPINPTE 1
< FTO8BF001 >
s EOR/E file output of RESBNOD T

{(pointwise data) < OUTF >

T2 Scratch Temporary output of DDX 1,0
80 Card-image 1nput Option for fileout etc. I

a0 Scratch Check write ( DUMMY ) 0

1 - 4 Temporary storage for

51 b3 54 Scratch nuclear data 1/0
55 74 75 | ( MF = 3, 4 and 5 )
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START

initial
ase

yes

MCFILEF
Control
ENDF i file
or RESENDD
JENDL
Selected 'SPINPTF PROFDD
EEPF input
JENDL PROF - DDX ‘ file
Master
END '
file
DDXLIBMK "DDXPLOT

DDX
| library

Fig.3.1t Flow of the PROF-DD system.

Input data

MCFILEF

FTO6FO01

FTOIFQO!
Control
file

USERPDS
Master
file

Fig.3.2 1/0 files for the MCFILEF code.
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f/AJCLG JOB

// EXEC JCLG

//SYSIN DD DATA,DLM="++"

/7 JUSER XXXXXXXX,TA.MORI,0431.110

T.1 €.0 W.0 I.3

OPTP MSGCLASS=R,PASSWORD=XX

J/kkxkxnaekkxrx "J3803.DOX.CNTL(MCFILEF) ' *¥xkkkxdokkkRkkkkkk Rk kR kXK KKK

/1% *
'//* AEXRKREK R EX R XX R KKK K KRR AR K KR KK *
7 /x * M CFILEF * *
/% **x*********k*t*#*******}kt** *
INE *
//MCFILEF EXEC LMGO,LM='J3803.PROFDD',PNM=MCFILEF

IR TR USERPDS ¢ MASTER FILE =—-==--——-css--—r - —————mmwoo————
//USERPDS DD DSN=J3B803.DDXLIB3.PDS125G.DATA,DISP=MOD

/1%

J/km—mmmm = FTO1FQO01 ¢ CONTROL FILE s=mm=——m=r————m—mm s s e e o e s
//FTO1F001 DD DSN=J3BO3.DDXLIB3.CNTL.DATA,DISP=0LD

[ /% .

//SYSIN DD «x .
125 20 1 0 -1 2 2 1 [/ RA
1.6487E+07 32(0.015625) 2B(0.0625) 36¢0.125) 12(0.25) 16(0.5) 10.38/#C
3.2241E-1 2.E+7 300. 1. 1.E+06 2.E~6 / #E WEIGHTING FUNCTION
1.8-10 / #F
++
I

Fig.3.3 Sample JCL and input data for the MCFILEF code.

L kP T SR s
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/4JCLG  JOB

// EXEC JCLG

//SYSIN DD DATA,DLM="++T

// JUSER ¢NRENR,T.MORI,0431.110
T.5 C.6 W.2 P.O 1.4

OPTP MSGCLASS=R,PASSWORD=

INESE R "J3803,.DDX.CNTL(PROFUP) " KEKKKKK K KKK
//*PROC=J2608.PROCLIB.CNTL

/fx

/7% HERKER KK LR KK KRR KRR KA KRR R KRR KRR AR AR KR KKK KRR KKK
/1% x %K Xk XKk K
/% kex% RESENDTD Xk Kk
/% x* % Xk K KX
[/ * %K % o KK K K 3k K K KK K 3 ok ok K Kk ok K K 3k ok K 3k KK K K K K K XK Kk K K K KOk
R . :
f/RESENDD EXEC RESENDD

[l k= FTC1F001 : ENDF/B = e e ——————

//FTOL1F001 DD DSN=J3770.J3PRYL.DATA(LIS) ,LABEL=(,,,IN),DISP=SHR
//xTQ1F001 DD DSN=J161S5.ENDFB40OB,.DATA,LABEL=(,,,IN), DISP=SHR

1/ %

S R FTOZ2FO01 : SELECTED ENDF/B POINTWISE DATA ~—-----emwea- ~--
//FTQ2F001 DD DSN=E&BTOB,SPACE=(TRK,(100,10)),DISP=(NEW,PASS),

r/ DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200,BUFL=3200,DS0RG=PS) ,UNIT=WK10
1%

//SYSIN DD x

MAT= 306,TEMP=300.0,ERR=0.01,LSIG=1,E~10,0UTF=2,0PT=2,F0RM=4,0F0RM=4
LABEL

LI-6J3

GO

EQF

STOP

/%

e

I¥a %k 3k ko ok ok ok ko ok ik K ok ok ok ok 3 sk ok ok ok ok ok ok ok ok ok ok 3k ok ok ok ok ok ko ok ok ok ok ok K
I¥E * kKK ® Kok X
Fl*x x%xxx SPINPTEF * kK % %
/% * KK % * % %k
/! x EAKKE KR KR KKK KRR KA AR KKK KRR KRR MR KKK RN KRR AKX
/1%

//SPINPTM EXEC LMGO,LM='J3803.PROFDD',PNM=SPINPTF
R FTO1FCO1 ¢ CONTROL FILE FROM MCFILEF —-----—cemmmmmmmmo—

//FTO1F001 DD DSN=J3803.DDOXLIB3.CNTL.DATA,DISP=SHR,LABEL=(,,,IN)
Hx

P4 FTO2F001 : SELECTED ENDF/B POINTWISE DATA FROM RESENDD --
//FTO2F001 DD DSN=&&BTOB,DISP=(OLD,PASS)

/1%

F FTOBFOO1 : INPUT DATA FILE FQR PROFDDX —-==-=-—mcme——me-

//FETOBF0O01 DD DSN=E&DATA,SPACE=(TRK,(100,10)),DISP=(NEW,PASS),
I DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200,BUFL=3200,DS0ORG=PS),UNLT= WK10
Hx
F/SYSIN DD *
000 4 0.0 / IPRNT IFLXW IUP2 IF45 EPSPR
[ ®
/%

Fig. 3.4 JCLs and input data for the RESENDD, SPINPTF., and
PRCF-DDX codes.



f /%
/% xxxx
/% KN K
VRS * KKk
TR
IR

/7 EXEC ANY
EXEC LMGO,LM='J3803.PROFDD',PNM=PROFDDX,0BSIZE=137

//PROFDDX

PROF -

FTO5F001

JAERI-M B6-124

DD X

INPUT DATA FILE FROM SPINPTF

//FTO5F001 DD DSN=E&DATA,.DISP=(OLD,DELETE?

f/*

f/x*
A /PDSOUTL
//PDS0OUTZ
/7=

//FTOL1FO01
/IFTO2F001
//FT03F001
//FTO4LFOO1
//FTO8F0Q1
f/FTS51F0C1L
//FETS53F001
f/FTS4F0Q01L
fF/FT55F001
//FT74F001
FIFT7S5FC01
//x

!/ x

//FTQOFO01
//*TSOFO01
/7%

//FTBOFOO1
0

LI&D

+ 4

r/

PDSOUT1 @
POSOUTZ

FTO1 ~~> FT75 : WORK FILE

MASTER PDS FILE ¢ DDX D

XK EKE KR ER KRR KRR KRRk Rk kR Rk ko kR Rk kok ko kxk Rk kkkkkkkk¥
XK EX
KK X
XK k%
****_*********************************t*****t***

PDS FILE ¢ REACTION CX DATA )
DSN=J3803.DDXLIB3.PDS125G.DATA,DISP=5SHR
DSN=J3803.PDSTEMP.DATA,DISP=3HR

e e = ———— -

DSN=8RWKO1,UNIT=WK10,SPACE=(TRK,(200,50))
DSN=ZEWKO2,UNIT=WK10,SPACE=(TRK, (200,50))
DSN=8EWKO3,UNIT=WK10,SPACE=(TRK, (200,50))
DSN=&&WKO4L,UNIT=WK10,8PACE=(TRK, (200,50}

DSN=&&BTOB,

DISP=(OLD,DELETE?

DSN=&EWK51,UNIT=WK10,SPACE=(TRK, (200,503
DSN=8&WK53,UNIT=WK10,SPACE=(TRK, (200,503
DSN=RBWK54,UNIT=WK10,S5PACE=(TRK, (200,50}
DSN=8&WK55,UNIT=WK10,SPACE=(TRK, (200,50}
DSN=REWK?4,UNIT=WK10,SPACE=(TRK, (200,50)>
DSN=8&&WK75,UNIT=WK10,SPACE=(TRK, (200,502

FT72F001

TEMPORARY OUTPUT OF DDX DATA

DSN=8&&WK72,UNIT=WK10,8PACE=(TRK, {50,103

FT?OF001
DuMMY
SYS0UT=x

FTBOFOO1 :
X

CHECK WRITE ¢ FB FILE )

CARD-IMAGE INPUT FILE

Fig. 3 4 (contimed)



FT96 FOOI
work

FT97 FOOI
work
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Input  data

FTO1 FOO!
ENDF

RESENDD

FT98 FOO1
work

FT99 FOO!
work

’FTOG FOOII

<OUTF>
Selected
ENDF

Fig.3.5 1,/0 files for the RESENDD code.

FT02 FOOI
Selected
ENDF

|!npu1 data

FTO! FOOI
Control

file

SPINPTF

IFLXWD>
Weighting
flux

Fig.3.6

FT06 FOOil

—28—

|FTO8 FOOf
PROF-DDX
input file

1,0 files for the SPINPTF code.
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{ START )

ZERO : initialization
ININ data in
CROS '  average cross
section
PRODCT : Opr, Ry

[,

TRANSM TRANS 2 : DDX MT =2
l I
I
NZNMTX : DDX MT=6,7,8,9
16

i

N3INMTX N3NMTO : DDX MT =17
INELAS INELAO : DDX MT =22,23,24
| 1 25,28,46,47,48,49
51~ 9]
CSWRT . file out
PDSOUT : Master file out
END

Fig.3.7 Calculation flow in the PROF DDX code.




JAERI-M 86-124

10
N/_‘-
—i_ 50
*'&1 ﬁ%f“;
<] <t
E NN
= 1.0 1.0 i | A B
= I i
b b 1 : 1
_z 05.&1 TR I T S N
o 01 23 4 56 7 8
L
o
b
‘S
S ok
A
=
> -
on
8
kT
|
0.01 L1 [ R T N A | O IO T | 4
0 50 100 150
AB
Fig. 3.8  Lethargy width of scattered neutrons versus
K=k p=
F = Fx e
=
(=]
=
£
©
S
=
W
=
L |
—t
Eg+s Eg+2 Eg+1 Eg
dn E (after collision)

Fig.3.9 Fine energy meshes for numerical
the

respect te B and E°
TRANSZ.

in

integration with

subroutines

TRANSM

AB.

and



JAERI-M 86-124

/HICLG JOB

/7 EXEC JCLG

//SYSIN DD DATA,DLM="++"

/7 JUSER XXXXXXXX,TA_MORI,0431.110
T.2 C.3 W.0 P,O I.7 NGT

DPTP MSGCLASS=R,PASSWORD=XX

J/xxrkkkkRkk JIBO3.DDX.CNTL(DDXLIBMK?D *okok kR OK X MOk K kK X

INE- PRODUCTION OF DDX LIBRARY

/1*

/f* ***X******i*t********X**‘k*********‘k*******
/7% * DD X LIBMK *
/7% AR AR KK KER R R MR R IR KRR KRR KKK KRR R R KKK KKK
/1 x

//DDXLIBMK EXEC LMGO,LM=J3803.PRCFDD,PNM=DDXLIBMK
I /%

T FTOBFOO01 : DDX LIBRARY. ~—  —=—-—-=--

//FTO8FQ0O1 DD DSN=J3803.DDOXLIB3.DATA,DISP=0LD,
/7 DCB=(RECFM=VBS,LRECL=X,BLKSIZE=23476)
/1 *

F e USERPDS ¢ MASTER FILE ~—=--==----

//USERPDS DD DSN=J3803.DDXL183.PDSlZSG.DATA,DISP=SHR,LABEL=(,,rIN)

WA
//SYSIN DD =
1
29 1
1269
1271
1272
1274
1289
1275
1276
1156
1280
1193
1194
1150
1195
1191
1192
119¢C
1197
1295
1287
1288
0306
0307
0409
0612
0816
2400
2600
2800
1277
[ *x
++
/I

Fig.3.10 Sample JCL and input data for
(Compilation of a DDX library:.

the DDXLIBMX code
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FTO3 FOOI
Control
file
-____________/
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USERPDS
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i

Input data

FTO8 FOO!

Master

file
A

FT10 FOO!
Binary file
from PROF-DDX]

DDXLIBMK

Fig.3.11

IFTOG F001]

DDX library

I1/0 files for the DDXLIBMK code.
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4, Auxiliary Programs

4.1. DDXPLOT
The DDXPLOT code can draw the following types of figures
for the data in master PDS files.

(1) three dimensional feature of DDX data for a specified
incident energy in a master file ( from logical unit
USERPDS ).

{2) energy distribution in a spécified direction. .

(3) outgoing—energy distribution integrated over scattering
angle.

(4% angular distribution in a specified outgolng energy group.

(5) angular distribution integrated over outgoing energy.

(6) experimental values of DDX.

In the cases of (2) ~ (B), the DDXPLOT code produces an input

data file for the ©plotting program PLTJOINT. The 1/0 files

uged and data flow are shown in Fig. 4.

The input for the DDXPLOT code is

1.

as follows:

CARD A (A4,14)

NAME  ; ID name for DDX data. If NAME='END ', job is
terminated. This 1s wused for drawing the three
dimensional feature of DDX.

IDWNMX

< 0 2—dimensional figure.
=0 3~dimensional feature.
As a slowing-down group, IDWNMX is assumed. If
IDWNMX=0, IDWNMX 1s set as Z20.
CARD B (20A4)
TIT ; title of the figure.
If IDWNMX = 0 (3-D feature), the following card 1s necessary.
CARD C (%)
NG incident neutron energy group.
If NG=0. job is terminated.
ILOG ; coption for z—axis.
0 : linear
1 > log
IZERO slowing-down probabilities for the first IZERQO

groups are set as 0.0.
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This card is repeated until NG=0., A negative NG  1is found,

CARD A is read again.

If IDWNMX < 0 (2-D figure:, the following cards ( D to P43 are

necessary.
CARD D (A4
NAME ; ID name for calculated DD¥ data in a PBS file.

NAME="EXP ', experimental DDX data are read from
cards or file. When all DDX data for  this figure
are already inpult, - NAME should be "END °. Then

input of some parameters for plotting the data

follows {(See CARD P1).

When NAME=ID name in a PDS file.
CARD E (2A4>

FNAME | reference name for a master PD5 file.
CARD F (k)

NGG ; incident neutron energy group.,

IPOPT

>0 ! energy distribution { / lethargy 3.

At

<0 : -energy distribution {( / eV

=0 : angular distribution { /Str. ;.

TINT ;

>0 ! angular digstribution of  (NNG-->NNG+IINT-1>
IPOPT=0.
energy distribution of IINT-th direction
IPOPT=:0.

=0 . 1integrated distribution with respect to energy or
angle.

CARD G (ba4d:

SUBTIT ; subtitle of the present data
A pair of CARDs F and G are repeated until NGG=O, 1f.
negative NGG on CARD F is found, CARD D is read again.

When NAME:- EXP
{

CARD H (%}
IPOPT | 1inpul option for experimental data
0 : from a file.
N ¢ from cards. N data are read.-
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CARD H1 (bAa4d)
SUBTIT : subtitle of the present data
CARD HZ2 (k) Enter if IPOPT=Q

1 ; data number.

XX ; X value.

YY y value.

ERR : fractional error in YY.

IPOPT cards should be repeated. -
Following CARD H2. CARD D is read again.
CARD H3 (2A4.213) Enter if IPOPT=0

IENT . ; entry number of the data.
I1SUB © sub-entry number of the data.
NEXP . number of experimental data.
NTYP : output opition

0/1 = unit lethargy/ unit energy.
Following CARD H3, CARD D is read agaln.

A set of CARDs Pl to P4 is read for each 2-dimensional figure.

CARD Pl (%)
XMI : minimum value of X _
If 0.0 is given, XMI is automatically set.
XMA . maximum value of x _ ‘
If 0.0 is given, XMA 1is automatically set.
YMI  minimum value of ¥y
If 0.0 is given,. YMI is . automatically set.
YMA © maximum value of y

If 0.0 is given, YMA 1is auvtomatically set.
STLT ; X-position of subtitle(left)
If 0.0 is given, subtitle 1s positioned at the
center of X-axis.
STBM . Y position of subtitle(bottom;
If 0.0 is given, subtitle 1is positioned above

the figure.

CARD P2 (%)
KP1 . option for main lines
2 : thick line
1 : thin line
KP2 . option for grid lines

2 : thick line
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1 : thin line

KP3 ; in future use

SX i length of X-axis {(cm)

5Y i length of Y-axis {cm)

SX0 ; X—length of frame (cm)

SYO i Y-length of frame (cm)

STM : height of letter for main title {(cm)

SIX ; height of letter for X-title {cm)

STY : height of letter for Y-title (cm)

SIS . height of letter for subtitle (cm)

SLI : height of letter for axes in linear scale {(cm)

SLO : height of letter for axes in log scale {(cm)
CARD P3 (2044

XTIT ; title for X-axis
CARD P4 (20A4;

YTIT ; title for Y-axis

Following CARD P4, CARD A is read again.

Sample input and JCL are shown in Fig.4.2. Output figures

are shown in Figs.4.3.

4.2 Dump of DDX Data in Master File
The DDXLIBMK code can be used for this purpose. The input
instructions are given in Section 3.6.2. Sample input and

cutput are shown in Figs. 4.4 and 4.5.
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FNAME
Master Input card
file
L-:____._____._.f‘

1
FNAME ' o
Master DDXPLOT 3-D figure

file
"'-_._.________./

. - FTO1 FOOI
. FTO6 FOOI
FT50 FOO! '"P;’;rd‘""

Experimental
DDX data PLTJOINT
"-ﬁ._________._-’

:

FTO5

~ PLTJOINT —Z/E-Dfigure/
FT06 FOO! |

Fig.4.1 Flow of plotting by the DDXPLOT and
PLTJOINT codes.
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//JdCLG JOB
// EXEC JCLG
//SYSIN DD DATA,DLM="++"
// JUSER wuxxuxxux,T.MORI,0431.110,FBREACT
I.5 C.3 T.2 W.0 GRP NLP
OPTP MSGCLASS=R,PASSWORD=xx
SR xR kERKRERKE TIBBOZ . DDX2.CNTLC(DODXPLOTY EAKERRKERKRR AR IR R R KRR

% EER AKX R TR TR R KRR kR .. *
f/ % ® DDXPLODT * . *
¥ EEXEX XKLL KRR E XXX XA KS KL R KX . *
/= *
//DDXPLOT  EXEC LMGO,LM='J3BO03.PROFDD',PNM=DDXPLOT

[/ k—mmm e USERPDS : MASTER FILE 1 ~—=-=--=-——m———emm - e
/fUSERPDS DD DSN=J3803.PROFDDX.PDS124G.DATA, DISP=SHR,LABEL=¢,,,IN)

/ DD DSN=J3803.DDXLIB3.PDS125G.DATA,DISP=SHR,LABEL={,,,IND
[/ ———— DDXLIB: @ MASTER FILE 2  ———-——-———--—morrrnerreem————
f/DDXLIB1 DD DSN=J3B03.PROFDDXJ.PDS124G.DATA,DISP=SHR,LABEL=(,,,IN)
[ DOXLIB3 : MASTER FILE 3 T e e e
//DDXLIB3 DD DSN=J3803.D0DXLIB3.PDS125G.DATA,DISP=SHR,LABEL=¢(,,,IN)
A R DDXLIBS4 : MASTER FILE 4 2 —--mmmmemmm e e
//DDXLIB4 DD DSN=J3803.PDSTEMP.DATA,DISP=SHR,LABEL=(;;zIN)

fr=* :

e FTOSFOO1 : CHECK WRITE o
//FTO9FOQ1 DD DUMMY '

/7=

S xm—————— FTO1F001 ¢ INPUT DATA FOR PLTJOINT - —e-mmmmmmm e

//FTO1FO01 DD DSN=88WK1,DISP=(NEW,PASS) ,UNIT=WKI10,

// DCB=(RECFM=FB,LRECL=80,BLKSIZE=3120),SPACE={TRK, (10,10}
fix :

// EXPAND GRNLP,SYSOUT=M

//x

//S5YSIN DD =

FI1G1 -1

Energy distribution of Lithium-7
0307

DCXLIB1

83 0
DDXLIB1CJ3PR1 8G>
-1 0 ¢ '
0307

DDXLIBX

83 0
DDXLIB3C{J3PR1 8G)
-1 0¢

LIVE
DDXLIB4

83 ¢

DDXLIB4(J3PR1 BG)
-1 00

END

2311

1.1E6 = 0.9ES8 1.1E-2 .0 0.0 0.0
211 20.0 15.0 28.¢ 2¢.0 0.3 ©.3 0.3 ¢.3 0.3 0.3
Energy {(eV}

P(E'->E) (barn/fleth,)

FIG2 -1

Energy Distribution of LIthium-7 (DDX-Anglel?7)
0307

DDXLIB1

8 3 17
DDXLIB1{(J3PR1 8G)
-1 00
0307
DDXLIB3

8 3 17
DDXLIB3IC(J3IPR1 8&)
-1 00

LI7E

DOXILIB&

8§ 3 17

DDXLIB4(J3PR]1 8G)

-1 00 '

END

Fig.4.2 Sample JCLs and input data for the DDXPLOT and

PLTJOINT codes.
__384A



2311
1.1E5

Energy {(eV)

0.9E8
2 11 20.0 15.0 28.0 20.0
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0.0
0.3

1.1E-5 0.0

6.3

DDX (barn/leth./4£p£f)

FIG3 -1

Angle Distribution of Lithium-7

0307
DDXLIBL
B0 O

pbXLIB1CJ3PRY BG)Y

-1.0 0

Q307

DDXLIB3
80 0

DDXLIB3(J3IPR1 8G) -

-1 00

LI7E
DDXLIBS
80 0

DDXLIB4C(J3PR1 BG)

-1 00
END
2311
0.0 0.0

¢.0
211 20.0 15.0 28.0 20.0
Angle (fcf)}

0.0
0.3

0.0 0.0

0.3 0.3

0.3 0.3

pDX (barn/LEpf)d

0307 50

DDX OF LITHIUM-7 IN DDXLIB3 (JENDL-3PR1)}

B 10
coo
END

DATA END FOR DDXPLOT -———---somee—srnmmvdemc e e —a——
/rx
I R S E A KR EE AN F KRR R KRS F AR AR R R SR KM KRR R R KRR R
Fr/aaExnx PLTJOINT = 2-D FIGURE AEEKkKKKXAX Xk K
[ AR AR R KR E R KR KKK R KRR R N KKK R KRR R R KRR XK NN AR AR R AR R AR KRR R RN
/=

//PLTJOINT EXEC LMGO,LM=J2350.PLTJOINT PNM=PLTJQINT

f/*
//FTO6FQOL

/FFT11F001
//FT12F001
//FT13F001
//FT14F001
f/FTI5FQ01
//FT16F001
//FTL17F0O01
F/FTL8FCO]
//FT19FC01
FIFT20F001
/FFT21F001
//FT22F001

DUMMY

FT11 - FT22 : WORK
DISP=(NEW,PASS),SPACE=(TRK, (50,1032 ,UNIT=WK10
DISP=(NEW,PASS) ,SPACE={TRK,(50,103> ,UNIT=WK10
DISP=(NEW,PASS>,SPACE=(TRK, (50,1032 ,UNIT=WK10
DISP=(NEW,PASSY,SPACE=(TRK, (50,10)) ,UNIT=wK10
DISP={NEW,PASS),SPACE=(TRK, (50,10)) ,UNIT=WK10
DISP={NEW,PASS),SPACE=(TRK, (50,102) ,UNIT=WK10
DISP={NEW,PASS5),SPACE=(TRK, (50,10)) ,UNIT=WK10
DISP=(NEW,PASS) ,SPACE=(TRK, (50,10)),UNIT=WK10
DISP={NEW,PASS),SPACE=(TRK,(50,10)) ,UNIT=WK10
DISP={NEW,PASS) ,SPACE=(TRK, (50,102) ,UNIT=WK1C
DISP={(NEW,PASS) ,SPACE=(TRK, (50,10)),UNIT=WK1{
DISP=(NEW,PASS},SPACE={(TRK, (50,1C)) UNIT=WK1{

/7 EXPAND GRNLP,SYSOUT=M

A R e SYSIN ¢ INPUT FILE FROM DDXPLOT  -——-------ommmmm————
//SYSIN DD DSN=8EWK1,DIS5P=5HR

I x

++

I}

Fig. 4.2 (continued)

ﬁfgggk
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f7ICLG JOB

f/ EXEC JCLG

//SYSIN DD DATA,DLM="++"

/r JUSER  XXXXXXXX,T.MORI,0431.110
T.0 C.3 W.1 1.3

ODPTP MSGCLASS=R,PASSWORD=XX

/ix
/7 * 2323133233323 3333233323322 R 222 23
/1 *® x DDXLI BMEK *
il =® d ok ok K Kk kK kK sk de ok ok v sk ok o8 ok ok ok Kk K kK K koK kK ok
/1%
// EXEC LMGO,LM=J3803.PROFDD,PNM=DDXLIBMK
IR .
[/ — USERPDS : MASTER FILE  ——-——————mmercwsrmmm e m e
//USERPDS DD DSN=J3803.DDXLIB3.PDS125G.DATA,DISP=SHR,LABEL=C(,,,IN)
¥ DD DSN=J3803.PDSTEMP.DATA,DISP=SHR,LABEL=C(C,,,IN>
/ix
//SYSIN DD =x

2
0304

11 o

1 11 2l - 31 41 51 101 111 121 124 125

/* :
++
/7

Fig.4.4 Sample JCL and input data for the DDXLIBMK code
{Dump of DDX in a PDS file).
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5. Concluding Remarks

The PROF-DD code system has been developed for fusion
neutronics calculations. This system generates a multil-group
double—differential form cress secltion {(DDX) library by pro-
cessing the nuclear data files compiled with the ENDF/B
format. A user can generate a multi-group DDX library by using
this system with a few input data within a moderate computa-—
tion time. This report gives a user how to use this system for
generating a DDX library. The produced DDX library by this
system can be used in the Monte Carlo code MORSE-DD, 1- and
2-dimensional Sn transport codes ANISN-DD and DOT-DD. The
validity of the produced library was examined through exten-
sive benchmark calculations and was found to be satisfactory
as compared with a continucus energy Monte Carlo method. These

results are described in Reference {3).
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Appendix Available DDXY libraries
A.1 DDYLIB1 and DDXLIB3 Libraries
DDXLIB1 and DDXL.IB3 libréfies.have been produced with the
game energy group and angle mesh structures from the nuclear
data, ENDF/B-IV and JENDL-3PR!1. They contain the same ele-
ments. The energy group structure and ID number of each
element are shown in Tables A.1 and A.2, respectively. The 20
equi-cosine bins are employed in both libraries.
The parameters for the DDXLIB! library are as follows!:
NO4O= 0: 124-group library with slowing down
probability to the 125-th group.
IUP2=-1: collision density 1is assumed to be constant
in lethargy within each group,
IF45= t: isotrcopic scattering is assumed for reaction
for which kinematics are not known,
EPSPR - 107,
Weighting function © 1/E.
In this library, the cross section for each reaction 1is
assumed te be 0.0 in a energy group vwhich includes the
threshold energy for this reaction. The MORSE-DD calculations
with this library have shown a good prediciion accuracy 1n
various applicationsw.
The DDXLIR3 1library has been newly produced with the
following parameters!:
NOAO=-1: 125—group library with. sloving down probabi-
0 lity to the 125—th group, '
IUP2= 2: collision density is o{(E" j¥,(E" ),
IF45= 2. angular dependence is taken from File 4 for
reaction for which kinematics are not known,
EPSPR : 1077,
Weighting function ! Maxwellian < 0.32 eV,
1/E > 0.32 eV.
For processing the Beryllium data in both libraries, the
LINEAR and SIGMAl codes have been used in place of the RESENDD
code. These two libraries and their master files are stored on

the magnetic disk with the following names,
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DDX library Master file
DDXLIBI : J3803 . DDXLIBT1.DATA J3803.PROFDDX.PD3S124G.DATA (B-4)
J3803 .DDXLIBZ2.DATA J3803.PROFDDXZ2.PDS124G.DATA (J-3)
DDXLIB3 : J3803.DDXLIB3.DATA J3803.DDXLIB3.PDS12bG.DATA

A.2 Comparison between DDXLIB! and DDXLIB3 Libraries
Angle-integrated energy distributions from oxygen are
compared in Fig. A.1 between DDXLIBl'ahd'DDXLIBS‘libraries.
The data of DDXLIBI. are not observed in a lover energy région,
which is ascribed to that the DDXLIBI neglects the scattering
in the vicinities of threshold energies and those with proba-
bility less than 1.%104? As for the other elements, however,
this discrepancy wvwas not found. Figure 4.3-(b) shows the DDX
of lithium—7 in the direction of p= -0.65. The difference
between the DDXLIB! and the DDXLIB3 in the smooth part of
distribution is due to the difference of IF45, i.c. the
difference of treatment of angular distribution of reactions
like continuum inelastic . scattering. Consequently., energy-
integrated angle distributions are considerably different from
each other, as seen in Fig. 4.3--(c). The DDXLIB3 shows gen-—
erally good ‘agreement with the DDXLIB4, which is calculated by
processing double-differential data in File 6. There 1is no
difference in angle—integrated energy distributipn, as seen in
Fig. 4.3-(a). As a reéult, there are large discrepancies among
leakage spectra calculated from these libraries, as shown 1in
Fig. A.2 in the case of a 20 cm thick lithium slab. Leakage
flux predicted from the DDXLIB3 is slightly higher than. that
from the DDXLIB1. On the other hand, no large differencé is
observed in the calculated spectra in the  Li20-C sphere, as
shown in Fig. A.3. In this systen. calculatedrréaction rates
for “Li(n,n «) and 5Li{n,a) agree with each other within 1 %
and 3 %, respectively. In this case, the calculated flux from
the DDXLIB3 becomes slightly higher than that from the DDXLIBI1
as the distance.from the center of the sphere becones lérger.
The discrepancies owing to the difference of TUPZ are not

observed except for nuclides with large resonances such as




JAERI-M 86-124

iron. They are shown in Fig. A.4, wvhich showvs leakage spectra
from a 10 cm thick stainless steel slab calculated with these

two libraries.

Table A.1 Energy group structure of DDXLIB1 and DDXLIB3

libraries

GROUF ENERGY RANGE LETHARGY RANGE GROUP ENERGY RANGE LETHARGY RANGE
1 1.4231E+07 - 1.6487E+Q7 ~0.500 - -0.484 b4 1.0540E+06 - 1.1943E+06 2.125 - 2.250
2 1.5980E+07 - 1.6231E+07 -0.484 -0.469 45 9.3013E+05 - 1.0540E+Q6 2.250 - 2.375%
3 1.5732E+07 - 1.59B0E+07 -0.469 -0.453 66 8.2083E€+05 - 9.3013E+05 2.375 - 2.500
4 1.5488E+07 - 1.5732E+Q7 ~0.453 0637 &7 7.243BE%05 - 8.2083E£+05 2.500 - 2.625
5 1.524BE+07 - 1.54BBE+07 -0.637 - =0.422 48 6.3927E+05 - 7.243IBE+GS 2.625 - 2.750
6 1.5012E+07 - 1.5248E+Q7 -0.422 -0.406 &9 5.6415E+05 - 6.3927E+05 2.750 - 2.875
7 1.4779E+07 - 1,5012E+Q7 -0.406 -~ -0.391 70 4_97BHE+D5 = S5_6L15E+05 2.875 - 3.000
8 1.4550E+07 - 1,4779E+Q7 -0.391 -0.375 71 4.3935E405 - 4.978&E+0S 3.000 - 3,125
9 1.4324E+07 - 1.4550E+07 -0.375 -0.35¢9 72 3.8773E+05 - &4.3938E+05 3.125 - 3,250

16 1.4102E+07 - 1.4324E+07 -0.359 -0.344 73 T.4L217E+0% - 5. 8773E+0S 3.250 ~ 3.375
11 1.3883E+07 - 1.410Z2E+07 -C.344 -0.328 76 3.0197E+05 - 3.4217E+05 3.375 - 3.500
12 1.3668E+07 - 1.3883E+07 -0.328 -0.312 75 2. 44L9E+05 - 3.0197E+05 3.500 - 3.625
13 1.3456E+07 - 1.3648E+07 -0.312 -0.297 76 2.3517E+0% - 2.A6LFF+05 3,625 - 3.750
14 1.3248E+07 - 1.3456E+07 -0.2%7 -0.281 77 2.0754E405 - 2.3517E+05 3.750 - 3.875
15 1.3042E+07 - 1.3248E+407 -0.281 -0.266 78 1,8315E+05 - 2.0754E+85 3.875 - 4.000
16 1.2BL0E+07 - 1.3042E+07 -0.26¢6 -0.250 7% 1.6163E+05 ~ 1.8315E+05 L.000 - &.125
17 1.26L1E+07 - 1.2840E+07 -0.250 -0.234 B0 1 LP2GLE+0S - 1.51635E405 L.12% - &.250
18 1.2445E+07 = 1.2841E+07 -0.234 -0.219 81 1.2588E+05 — 1.4264E+05 4.250 -~ &£.37%
19 1.2252E+07 - 1.26445E+07 -0.219 -0.203 g2 1.1109E+05 - 1.2588E+05 4.375 - 4.500
20 1.2062E+07 -~ 1.2252E+07 ~0.203 -0.187 83 $.8035E+04 ~ 1.1109E+05 L.500 - 4.625
21 1.1875E+07 - 1.2062E+07 -0.187 -0.172 B4 8.6515E+04 ~ 9.8035E+04 4.625 - 4.750
22 1.1691E+07 ~ 1.1875E+07 -0.172 ~0.156 as 7. 6349E+04 - B.6515E+06 4.750 - 4.875
23 1.1510E+Q7 = 1.16%1E+07 ~0.156 =0.141 84 6.7378E+04 - T.634L9FE+04 4.875 - S.000
24 1.1331E+07 - 1.1510E+07 -0.141 - -0.125 87 5.9451E+04 = 6.7378E+04 5.000 - 5.125
23 1.1156E+07 - 1.1331E+Q7 -0.125 -0.10% as 5.2474LE+04 ~ S.9LE1E+04 5.125 - € .250
26 1.0983E+07 « 1.1154E+07 -0.10¢9 ~0,094 89 4L.630BE+04 - S.2L74LE+04 5.280 - .5.375
27 1.0812E+07 -~ 1.0983E+07 ~0.094 -0.078 50 L.OBETE+0L - 4 .530BE+04 5.%75 - §5.500
28 1.0645E+Q7 ~ 1,.0812E+07 -0.078 -0.063 91 3, 4055E+04 ~ 4.0B&TE+QL 5.5300 - .5.625
29 1.0480E+07 - 1.0645E+07 =0.08&3 -0.047 93z 3,.1827E+06 - 3.4065E+04 S5.625 - S$.750
30 1.0317E+07 - 1.04B30E+0Q7 -0.047 -0.031 93 2_.BOB7E+DL - 3.1827E+04 5.750 - 5.875
31 1.0157E+407 - 1.0317E+07 -0.031 - -0.01¢& 94 2.4787E+04 - 2.8CB7E+04 5.875 - 6.000
32 F.999FEFY0S -~ 1.0157E+Q7V -0.016 a.000 95 2.18746E+04 - 2,4L7BTE+DL 6.000 - 6.125
3T 9.3940E+06 - F.9999E+06 0.000 0.063 o8 1.9304E+04 - 2.1B74E+04 6.125 - 6.250
34 8.8249E+06 - 9.3940E+06 0.063 0.125 97 1.5034E+04 - 1.93D4E+04 6.250 - 6.500
35 9.2902E+0& - 8,8249E+04% g.125 0.188 98 1,1709E+04 - 1.5034E+04 64.3500 ~ . 6.750
34 7.7879E+06 - B8.2902E+06 c.188 0.250 99 9,.11886E+03 = 1.1709E+04 &.750 - 7.000
37 7.3161€+06 ~ 7.7879E+Q6 0,250 0.313 100 7.1016E+03% -~ 9,11B&E+03 7.000 - 7.250
38 & _B72BE+06 - 7.3161E+04 0.313 0.375 101 S.S53N7E+03 - 7.1016E+03 7.250 - 7.500
3g 65.456LE+06 - 6.B72BE+0S 0.375 0.438 102 4.3073E+03 -~ S.S5INTE+DD 7.500 - 7.750
&0 &6.0652E+06 = 6 .LS564LE+D6 0.438 0.500 103 Z.ISLGE+O3 - 4. I07IE+03 7.750 = 8.000
41 5.6977E+0& - 6.0852E+06 0.500 0.563 104 2.6125E+03 ~ 3,3546E5+03 8.00C - 8.250
42 S.3525E+086 - S5.6977E+06 0.563 0.625 105 2.034L8E+03 - 2.6125E+03 B.250 - 8.S00
43 5.02B2E+046 - 5.3525E+0Q6 0.625 0.488 106 1.5844E+03 - 2.0346E+03 8.500 - 8.750
46 4, 72I6E+06 - 5.0282E+06 0.488 0.750 107  1.2341E£+03 - 1.5B4&E+03 8.750 - -9.000
45 4 L3TLE+QS - £.7238E+06 0.750 0.813 108 9.6109E+02 ~ 1.2341E+03 9.000 - 9.250
L6 4.16B4E+08 - &4.4374E+06 0.813 0.875 109 5.8293E+02 - 9.56109E+02 9.2%0 - 9.750
.7 3.9160E+06 - &.1584E+06 0.875 0.938 110 3.5357E+02 - 5.8293E+02 9.750 - 10.250
48 3.6787E+06 - 3.9160E+06 0.938 1.000 111 2.1445E+02 - 3.5357E+02 10.250 - 10.750
4% 3_4559E+06 ~ 3_6787E+06 1.000 1.063 112 1.3007E+02 - 2.1445E+02 10.750 - 11.250
50 3.2465E+06 - 3.4559E+06 1.063 1.125 113 7.8891E+01 - 1.3007E+02 11.250 - 11.750
51 3.0498E+406 - 3.2463E+06 1.125 1.188 114 4L.7BSO0E+01 - 7.88%91E+01 11,750 - 12.250
52 2.8650E+06 - 3.0498E+06 1.188 1.250 115 2.9023E+01 - 4£.78508+01 12.250 - 12.750
53  2.4914E+04 - 2.8650E+06 1.250 1.313 116 1.7503E+01 - 2.9023E+01 12.750 - 13.250C
sS4 2.52B4E+06 - 2.6914E+06 1.313 1.375 117 1.0677E+01 ~ 1.7603E+01 13.250 - 13.750
55 2.3752E+06 - 2.52BLE+0QS 1.375 1.438 118 6. L75BE+00 - 1.0677E+01 13.750 = 14.250
56 2.2313E+06 ~ 2.3752E+04 1.438 1.500 119 3.9278E+00 - 6.4L7585+00 14.250 - 14.750
57 2.0961E+06 ~ 2,2313E408 1.500 1.563 120 2.3822E+00 - 3.5278E+00 14.75C -~ 15.25C
58 1.9691E+06 - 2.0961E+06 1.563 1.625 121 1.4LLSE+00 - 2.3B23E+CO 15.250 =~ 15.750C
59 1.8498E+06 - 1.9691E+C6 1.625 1.688 122 8.7640E~-01 - 1.4449E+00 15.750 - 16.250
60 1.7377E+06 - 1.BL9BE+C6 1.688 1.750 123 5.3157E-01 - B.7640E-01 16.250 - 16.750
61 1.5335E+0¢6 - 1.7377E+06 1,750 1.875 124 3.2241E-01 - 5.3157E-C1 16.750 - 17.250
62 1.3533E+06 - 1.5335E+06 1.875 2.000 125  1.0C1CE-GS - 3.2241E-01 17.250 - 27.630
53 1.7643E+06 - 1.3533E+06 2.000 2.125 .
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Table A. .2 Identification number of elements 1n DDXLIBI1
DDXLIB3 libraries

ID number

1D number

Element ENDF/B4 JENDL-3PRl | Element ENDF/B4 JENDL-3PR1

6Li
TLi
12 c
IBe
T4 N
16 0
& Na
Mg
27 Al

1269
zn
1272

1274

307
612

409

818

Si

Cr
Fe
Ni

i SMn

Cu
Mo
Pb

1194
1180
1185
1191
1oz
1160
1197
1295
1287
1288

2400
2600
2800

and

SR i ot
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Fig A.2 Leakage neutron spectrum from a 20 cm thick L1 slab
calculated with the ANISN-DD code.
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