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TIMS-1: A Processing Code for Production of Group
Constants of Heavy Resonant Nuclei
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The TIMS-1 code calculates the infinitely dilute group cross sections and the temperature dependent self-
shielding factors for arbitrary values of oo and R, where oy is the effective background cross section of potential
scattering and R the ratio of the atomic number densities for two resonant nuclei if any. This code is
specifically programmed to use the evaluated nuclear data file of ENDF/B or JENDL as input data.

In the unresolved resonance region, the resonance parameters and the level spacings are generated by using
Monte Carlo method from the Porter-Thomas and Wigner distributions respectively. The Doppler broadened
cross sections are calculated on the ultra-fine lethargy meshes of about 1073~10-% using the generated and
resolved resonance parameters.

The effective group constants are calculated by solving the neutron slowing down equation with the use
of the recurrence formula for the neutron slowing down source. The output of the calculated results is given
in a format being consistent with the JAERI-Fast set (JFS) or the Standard Reactor Analysis Code (SRAC)
library.

Both FACOM 230/75 and M200 versions of TIMS-1 are available.

Keywords ; Processing Code, Group Constant Production, Heavy Resonant Nuclei, ENDF/B, JENDL, JAERI-
Fast Set, SRAC Library, Recurrence Formula, Monte Carlo Method, Resonance Region
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1. Introduction

The multigroup transport of diffusion calculations are often based on the concept of multigroup constants
set such as the ABBN" or JAERI-Fast set®%. The principal advantage of the multigroup constant method
is that reactor calculation can be made by using the same group constant set for the various reactors with
different compositions and sizes. Consequently, some processing codes such as ETOX®, MINX® and PROF-
GROUCH-G” were developed to calculate economically and conveniently, the group constants using an updated
data file. However, the calculational method of group constants used in these codes are different. Especially,
the effective cross sections in resonance energy region are calculated by using various methods.

Though the ETOX and MINX codes can take into account for both the composition and temperature
dependence of group cross sections, the effective group cross sections are calculated by assuming the constancy
of collision density. Moreover, the isolated narrow-resonance approximation is used for unresolved resonance
region. Therefore, the mutual interference between resonances of different nuclei and the self-overlapping
effects are ignored. Furthermore, the self-shielding of elastic removal cross section is assumed to be neglected.

The presently developed TIMS-1 code, which is the modified version of TIMS®, calculates the effective
cross sections by solving numerically the neutron slowing down equation using the recurrence formula® for
slowing down source, in order to avoid the errors®!® caused from the approximations used in the ETOX and
MINX codes. For this purpose, TIMS-1 generates required resonance levels and parameters in the unresolved
resonance region by using Monte Carlo method!~1®, TIMS-1 is a code system which is composed of some
codes, ARCFIT-2'4, ARCFIT-3'%, MCROSS-2!® and PEACO-I[!® developed for the production of the JAERI
Fast set (JFS)®:%,

In the development of TIMS-1, some modifications for these codes were made as follows : The ARCFIT-2
code was modified to calculate the average cross sections using the same formulas as those used in the ENDF/B-
IV processing'”. The ARCFIT-3 was designed to search automatically -a ladder of resonance parameters which
satisfies the assumed convergence conditions for average cross sections and average resonance parameters. In
the MCROSS-2 code, the interpolation routine for smooth cross sections was added in the calculation of ultrafine
group cross sections. The PEACO-II code was simplified by excluding the heterogeneous cell calculation routine
and an output routine was added to provide the multigroup constants being suitable for the interface code
XTABPDS for the JFS library. This code is called PEACO-7.

An important merit produced by the development of TIMS-1 is that the group constants of the JFS type
can easily and automatically, be produced from the ENDF/B-IV or JENDL nuclear data file with preparing
only several input data cards. The libraries of group constants for ENDF/B-IV, JENDL-1 and 2 were produced
with the use of TIMS.1, and they are used for the analysis of fast reactor.

In Chapter 2, the general features of TIMS-1 are described. The calculational methods of group constants
are described in Chapter 3. The description and specification of input and output are described in Chapter 4.
The comparisons between the group constants calculated with TIMS-1 and ETOX are described in Chapter

6. The effects of the differences between the generated group constants on some integral quantities are studied
by performing fact reactor calculations.
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2. General Features of TIMS-1

The JAERI Fast set Version II (JFS-2) was produced by using both the processing codes, TIMS-1 and
PROF-GROUCH-G-II'®, TIMS-1 calculates the group constants of heavy nuclei in resonance energy region,
and on the other hand, PROF-GROUCH-G-II produces the group constants of light and intermediate nuclei
and those of heavy nuclei in smooth region above resonance energy. The flow diagram of the TIMS-1 code
is shown in Fig. 1, and the general features are as follows :

(1) READFL: The resonance parameters and floor correction cross sections'” are read from the data
file in the ENDF/B format, and suitably arranged for the ARCFIT-2, ARCFIT-3 and MCROSS-2 codes.

(2) ARCFIT-2: In the unresolved resonance region the average cross sections are calculated by using the
average resonance parameters. The formulas of the average cross sections are the same as those used in the
ENDF/B-IV!? processing.

(3) ARCFIT-3: In the unresolved region, the resonance parameters and the level spacings are generated
by using Monte Carlo method from the Porter-Thomas and Wigner distributions, respectively. The ladders of

resonance parameters are repeatedly generated until a ladder satisfies the following conditions :

{Gz)—0x
{(oz) |4E, <o , (1)
KL= Ts ' -
———-—<FI> AI';,. <Etr, (2)
AE,=%<E,.-1+E,,)——;— (En+Ens1) (3)

where z stands for the fission, capture, elastic and/or inelastic scattering reaction, {0z is the evaluated average

ENDF/B
FORMAT
DATA

FILE

READFL MAT. NO.

4

ARCFIT-2 O 0. <0p
average Cross. (O'r:).<0_in)

secfion cal.

UNRES%LVED

RE 6 LVED

SMOOTH data
X, 1

i

ARCFIT-3

€ * permifed generation of
error resonance parameters)

ulfrafine lethargy mesh
width 8y : ox i (x=t,c.f,in)

MCROSS -2
Doppler broadened
cross section cal. TCK) Su

PEACO-7

group constant cal.

i

e
:

0% (o0, T)
fx (G,T,R)

Fig. 1 Flow diagram of TIMS-1 code



JAERI 1267 2. General Features of TIMS-1 3

TABLE 1 Ultrafine and fine group structures used in the MCROSS-2 code

Group no. Energ}E el\);))undary No. of fine group No. ogfr:‘igaﬁne Lethargy width
1 100000-46500 766 7660 0. 0001
2 46500-21500 772 ' 7720 0. 0001
3 21500-10000 766 7660 0. 0001
4 10000~ 4650 766 7660 0. 0001
5 4650- 1000 768 7680 0. 0002
6 1000- 465 383 3830 0. 0002
7 465- 100 615 6150 0. 00025
8 100- 46.5 307 3070 0. 00025
9 46.5~- 10 308 3080 0. 0005

10 10- 4.65 153 1530 0. 0005
11 4.65- 0.2 630 6300 0. 0005

cross section calculated with the evaluated average partial width {I"z) by the ARCFIT-2 code, - and ' mean
the values of the cross section and partial width averaged over a generated ladder of resonance parameters,
respectively, and €, and & are the assumed errors for the average cross sections and partial width in the energy
range 4E,, respectively.

The generated ladder of resonance parameters are connected finally with the resolved resonance parameters
and a set of resonance parameters is supplied in the energy range from the unresolved to the resolved regions.

(4) MCROSS-2: The Doppler broadened cross sections are calculated on the ultrafine lethargy meshes of
about 107~~10~% as shown in TABLE 1. The calculations are performed by use of either the Breit-Wigner
single-level formula or the multilevel formula'®. The symmetric and asymmetric Doppler line shape functions
are calculated by using the Buckler method?®.

(6) PEACO-7: The neutron spectra on the ultrafine lethargy meshes are calculated by solving numerically
the neutron slowing down equation with the use of the recurrence formula developed by Kier® in which the
lethargy meshes are assumed to be extremely narrow compared to the maximum lethargy gain per collision
with the heaviest nuclei in the considered system.

The effective group cross section for reaction x is calculated by using the neutron spectra as follows :

8z(00, T, R)= X 0z*(T)¢$™(00, T, R)] 33 ¢™(00, T, P), (4)
medE meJE

where ¢™ is the neutron spectrum at the ultrafine lethargy group (m), 0™ the energy-dependent cross section
at temperature T (°K), 6o the admixture background potential scattering cross section of the Bondarenko type
and R the atomic density ratio of the resonant element (2) to the resonant element (1) of interest.
Furthermore, a special “total” cross section is calculated as
> ¢™00, T, R) X ™00, T, R)
800, T, R)= mEAE __mE4E
5 ¢™(00, T, R) ¢™(00, T, R) ’

medE(0t1™(T)+ Roe,2™(T)+00) meag (Rot,2(T)+00)

where 04,1 is the total cross section of the resonant element (1) of interest and o:,2 that of the other resonant

(%)

element (2). This special total cross section thus defined is used to calculate the effective diffusion coefficient.
The special total cross section of Eq. (5) is shown to approach to the commonly difined total cross section of
Eq. (4), when 0o value becomes infinite.

The elastic removal cross section is given by

5 0u™(T)$™(0o, T, R)EL—%Enm

__medE! (1—a)Em
Oec(0e, T, R)= > ¢"(00 T, R) ’ (6)
medE
AE'=FEija—E, (7)
a=(Ai1—17/(Ai+1), (8)

where E; is the lower energy boundary of integration interval 4E, o,™(T) the elastic scattering cross section
and A: the atomic mass for the resonant element (1) of interest.
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The resonance self-shielding factors, i.e., the f-factors are defined by

az(ao, T, R)
3z(c0, 300, 0)° (9)

The output of the infinitely dilute cross sections gz(c0,300,0) and the f-factors fz(co, T, R) is given by
the PEACO-7 code in a format being consistent with the JAERI-Fast set library.

f:t((fo, T: R)=
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3. Calculational Method

3.1 Doppler-broadened Cross Sections

The reaction cross section is generally expressed in terms of the collision matrix
T
Ucc’J(E):‘kEgJ|6cc'—Ucc",lz, . (10)

where J is the spin quantum number of the compound nucleus, ¢, the spin statistical factor, 8. the Kronecker’s

delta, k (=2mE/[%) the neutron wave number, 7 the neutron mass and the subscripts ¢ and ¢’ are the incident

and exit channels, respectively. In R-matrix theory, the collision matrix is given by?"
Ucc:=exp[—i(¢c+¢c'):|[6cc'+il§'l/mt‘1m'], (11)

where ¢c is the hard sphere potential scattering phase shift, A the resonance level in the J-state, and I'sc deﬁotes
the partial width for decay of the state (4, J) through channel ¢. The inverse of the level matrix A is known

to be expressed as follows?!?:22;
A= (Br— B = 5 (Do i Taver ), (12

where E, is the resonance energy. Practically, the calculation of the cross sections in terms of the level matrix
is very difficult when several interacting levels are present.

Using the nature of the unitarity and symmetry of the collision matrix in Eq. (10) and the approximate
level matrix A9

2 (Daer 2 arerM?)
cl

A= Ot g (L= Bans)

EA—E—%FK (EX—E—-%FL)(EM—E—,—%I’L:)

the total cross section is given by

otJ(E)=7?§g;Re(1—UMJ)

(Ex—~E) yasin 2¢,.+%Fxl’,,. 008 262

— 2o 2sint g+ x( 7T )
"i“%"; XER ]/2 anynGxx'(H)\yrSin 2¢n+H),7u"COSZ¢n)] (13)
where
Zy=(Ex~E)— %I, (14)
=Y Te=Tn+T+ T, (15)
Gu'=ZI:(ch'”zFx'c'”2), (16)
I'yn=the neutron width,
I'y,=the capture width,
I'\i=the fission width,
Hrt= 1 [FX(EX—EV)+(Ex—E)(Fx—[';u) _FV(EX—EV)-F(Ey—E)(F;.—Fy)] an
ZIZ)L"‘Z)‘,Ilz IZ).Iz IZk’lz‘ ’
o . r%(Fx—Fx')—Z(Ex—E)(Ex—Ex') B(ra—ra) -2 — EXE— By
AN —ZIZ)._'Z&'IZI_ IZX|2 - IZA'IZ :I (18)

In the right hand side of Eq. (13), the first term is the potential scattering, the second the single-level part and
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the third the interference term between the resonance levels. The interference term can be written by

ux Fx+'0x (El

oo’ (E)=n kzg: z[VIE 2 VAR ] (19)
where
wt= 3 VT an? D ain®Gan [2(Ex—Ey) sin2¢a+ (' —1I'xr) COSZ¢,.]
A= : (20)
pOre) |Zr—Zx|
'Uxt= Z V F)Lnorx,'n Gxx'[ (F\._Px') Sln22¢n+(E), E),l) 0052¢,.] (21)
Arx:2 IZX._ZX'I

and I'\.® is the reduced neutron width.

From Eq. (10), on the other hand, the expression for the capture and fission cross sections is given by
7[ S
oy (E)= X a°°'=7e?gl Z | Z VTl e Al
cIE I I

5] gl Z[Fl);flxzy + Z ]/Fxnpx'n G Hond? ] (22)

In Eq. (22), the second term in the parenthesis shows the interference effect between resonance levels. Arrang-
ing the term in the same manner as for Eq. (19), it is written by

= I\ (Er—E)

ay,MJ(E)=n%gl[V1.E 2 7T ] 23)
where
VTan L n®Gon (Fa—T'nr)
V=
Uy zéz I Z),_Zx' I 2 ) (24)
and
'ny= Z 21‘ F)Lﬂj Al'n C).).'(Ex EX’) (25)

iz | Zn—2Z|? .

The results described above are based on the center of mass system. Therefore, in the laboratory coordinate

system, the energy magnitude must be changed by multiplying by a factor (Am+1)/Am, where Am is the atomic

mass. Actually, as the target nuclei in the thermal motion, the chemical binding effect and the thermal motion

must be considered. In the present paper, the chemical binding effect is neglected and a Maxwellian distribu-

tion is assumed for the velocity of target nuclei. Then, on the basis of the method developed by Buckler and
Pull?®, the Doppler broadened cross sections corresponding to Egs. (13) and (22) are given, respectively by,

o (E)=op(E)+ 25 [2g, zzz[(mu%uc)@f]

8__7@/ a 0 .1_ t) i]
+ k 2m7r01§[(r” 4Ief2'0’L '} (26)
and

o =28 [ o, 5[ (Dol Lusjorreovon] @
where

D)= Re(F(w:1)— F(wy)),

Q¢ = In(F(wn)— F(wz)),

F(w)= exp( = + ——4%
'w1=1/71-(b+i(a—'0)),

wr=V a (b+i(a+v)),

a—ib=2E,—1iI\)'?,

a=An/2KT,

R=(123x An'/3+0.8)x 107! (in units of 10~ 12cm)
K =Boltzmann constant,

T =the temperature (°K),
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v=the neutron velocity,
and op=the potential scattering cross section.
The resonance scattering cross section is given by
ox(E)=0+(E)—0p(E)— Z”J ay’(E)

_ﬂ a IV _1_ ,,) ;] 8LR_ a _1_. n i
= kz\/ZmﬁgJ ?[( T + zux O\ |+ Z ZngJ Zl:[(Fxn°+4kR‘U;. )¢x ], (28)

where

" =ut— 2wy, (29)
v

and
'I)x" = 'U)_t - Z mY. (30)
v

When VE,/E is assumed to be nearly equal to unity and (1/2)'»/Ex&1, the functions @' and @,° can be
related to the usual Doppler line shape functions ¢.(6, z) and (0, z), respectively. The assumption will be
sufficiently satisfied near resonance energy in relatively higher energy region. Using the well-known symbols,
Eqgs. (26), (27) and (28) can be written, respectively, by

0 (E)=0y(E) + [ah(uumm(e, x)+aop>.(1+::" ‘Uxt)Xx(e, x)], @31)
A
7y/(B)= Fon| (2 u)s(6, 2)+0rs0000, 2)| | (32)
A

and

o1 (B)= 52 (321} 0, 0+ o 14+ Z2vn )16, )| (33)
2 Y Topa
where
dr  [yn

Gox=7€2—gl F); s (34)
goprp =2V oon0pGsl an/ >, (35)
uni=1Y20 A", =020 A", . (36)
tay=w3/20% vay=0Y/20", C1))
um=u;,"/2['m° and 'U),n=‘l)),"/2['),n°. (38)

In Egs. (26), (27) and (28) or (31), (32) and (33), each reaction cross section is represented by the sum-
mation of a symmetric and an asymmetric functions. These expressions are the same as the single-level ones
except for containing the coefficients u, and v\, which show the interference effect between levels. From Eqgs.
(20), (21), (24) and (25), it will be seen that the u#» and v, becomes smaller when the level distance become
farther. Therefore, if the cross sections will be well fitted by the single-level expression, the coefficients . and
vx will be nearly equal to zero. Hence they may be considered as a kind of correction parameters for the
single-level fits obtained on the base of the R-matrix theory. They will be easily obtained from the least
squares method'® coupled with the single-level fit.

On the other hand, if the R-matrix parameters are given, the . and v, can be obtained from Egs. (20),
(21), (24) and (25). In the unresolved resonance rigion, the interference parameters (ua, va) can be calculated
by using the generated resonance parameters and energies, where the off-diagonal elements of the level matrix
are defined according to the Vogt’s definition?? as follows :

G =Daalroa+ (T3 (Larn) 2 cos O, A2, (39)
in which the capture channel is neglected because of the sign fluctuation for (I"»,)'/2. For the neutron channels, only
the entrance channel is taken into consideration. The off-diagonal terms for the fission channel is defined by the
scalar product of two vectors whose components are equal to (I'a)'/2. The Vogt’s multilevel parameters in Eq.
(39) can be generated by using an assumed distribution for (I’az)'/? as will be described in the Section 3. 3.

The reaction cross sections for p- and d- wave neutrons are assumed to be respectively expressed by the
single-level formula, due to their smaller contribution, as follows:

B)=2E 2—:;;%%;;Fw"(Ex@x’(w)-i-%l"x@x‘(w)), (40)
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A A e ) 0

where
(RR)*/(1+(kR)?) for 1=1 (42)
# ’:[(kR>‘/(9+3<kR>2+(kR>‘) for =2, 43)
Dan®=Can/ i V'E. (44)

3.2 Average Cross Sections in the Unresolved Resonance Region

The average cross sections are defined by
-1
(ay=7 ESAEa,(E)dE (45)

where z stands for the capture, fission, elastic and inelastic scattering reactions. The energy interval 4E is
calculated from the energy points designated in the nuclear data file. For the average resonance parameters
provided in the file, Eq. (45) is expressed by using a single-level Breit-Wigner formula as follows'”:

<ac>,E=%§;>§:g (F nly >: 4/Du, 1, (46)
@u=5 T 0s (F 2 ‘>, 1D1.s, 47)
(o m>w=% ZZ s (F"II: ‘”): 1/Du,y, (48)
(o= ST 0L+ sintgr +E2 mn [(’" Bl ) y=2F 10 sxn%:] (49)
(o) se=40cYsa+ {0 aE+ (0D sx+{0in)uE, (50)

where the brackets mean the statistical average over the y-square distribution with a designated degree of

freedom. The integrations for the statistical average are written by using average resonance parameters as

follows :
(ETYEPRI |y Y
(F}n>=r ( +u+v+'w> S: S: S: uif:z):ﬁ(:fcﬁv Yaududo, 2
(F}P">=P <1+u+v+w> “r S iggib(zf;(w)d“dvdw 9
i) T TR e, o9

where u=Is/I",, v=4Ty, w=Lin/y, a=T4/Ty, b=I'yI',, c=Ia/Ty and v, 7 and { are the numbers
of degree of freedom for neutron, fission- and inelastic scattering widths, respectively. The function P(u) is
the y-square distribution function given by
remlae) e (5EE %)
where % is the mean value of z, n the degree of freedom and I'(n/2) the I'-function. Each integration is
numerically performed by using the Gauss-Laguerre formula with fifteen points.

The average neutron widths for /th-wave neutrons and spin J-states are defined as

Pau(x)dx=

DPais=T i VE ptivm. (56)
In Eq. (49), ¢: is the phase shift given by
Pi=o=kR, (57)
¢:=1=kR—tan"kR, (58)
s [ 3kR
@1-2=kR—tan 1(3_———(kR)z)’ (59)

where R is the effective scattering radius (in units of 1072cm).
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3.3 Generation of Resonance Parameters by Monte Carlo Method

Resonance widths and level spacing are distributed around their mean values according to the y* and

Wigner distributions, respectively. The y?-distribution of Eq. (55) is known as the distribution that a statistical
variable

2=X12 4 X2 4 + X a2 (60)
follows, where the 7 samples X1, X3, ---, X» distribute normally
__1 2
P(:c)dx—]/zﬂ: exp(—z?%2)dzx. (61)

Hence, the statistical variables distributed according to the y2-distribution are produced by generating the samples
which distribute normally.
Now, let & and & are independent samples distributed uniformally in the range from 0 to 1, then, the
variables z1 and x: defined by
x21=(—2In&1)?sin 2n&2 (62)
Za=(—21nk:)V2 cos 212 63)
are distributed normally. That is, the Jacobian is '

06, &) _ 1 _zltz?
Oz, x2) 2m exp ( 2 ) (64)
or

déid€ry=P(x1)dz1+ P(x2)d xa. ’ ' (65)

The Wigner distribution needed for level spacing is obtained from the y?-distribution with 2 degrees of
freedom,

Py(z)dx=e""dx (66)
by the variable inversion

y=2V'z], 67)
that is,

Pz(x)dx:%y exp (—ny?/4)dy. (68)

The Vogt’s parameters in Eq. (39) are defined by
cos O = 33 Encbrre= SV Tl are/(Ta) 3 (a2 (69)
4 ¢

where ¢ is the open fission channel.

3.4 Calculation of Neutron Spectrum

Neutron balance equation in an infinite homogeneous system can be expressed as
@@= e Sugw)du (70)
i l—ai u—E§
gi=—lIlna; (71)

where s is the scattering cross section of the i-th scatterer and ¢(x) the neutron spectrum at the lethargy u.
Letting ¢(u)=¢(u)e®, Eq. (70) is written as

S =D Sugw)dw. (72)

i l_al'
This equation is more simple than Eq. (70). In the PEACO®* code, Eq. (72) is used in place of Eq. (70),

because the factor exp(x) multiplied to ¢(x) may serve to reduce round errors appeared in the recurrence formula

introduced later for the numerical calculation of neutron slowing-down source.

The energy range of interest is divided into so extremely narrow lethargy width (ultrafine groups) that
the resonance cross sections can be described enough accurately, and the ultrafine group is assumed to be less

than the maximum lethargy gain per collision with the heaviest nuclide. On the ultrafine group representation,
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the flux and collision density are defined by

o= pwau={"pwerdu (73)

Fr=(" S d@)du=Sumdm (74)

where u. and %o are the upper and lower lethargy boundaries of the ultrafine group m, respectively. Then,

the slowing down source is shown to be written as

,~'"=S:S.-<u>du=1 — g“*dug:_s‘zswww

o

7 )
= l—a.-Su,_s,.F'(u)du

Aum
— Q.m=-1 Fm-1 Fm—Liw—1 7
- Sl + 1 .'[ i :I ( 5)

where dum is the lethargy width of ultrafine group m and L™ is the maximum number of groups which cor-
responds to the maximum lethargy gain by elastic collision. In the derivation of Eq. (75), the self-scatter term
was neglected because the effect of self-scatter was shown to be quite insignificant’. In the PEACO-7 code,
the scattering rate F;»-Li®-1 is approximately calculated by using the intermediate-group method of Kier®.
The accuracy of this approximation was also studied and shown to be quite satisfactory?®. Assuming the
asymptotic flux distribution below the lethargy range under consideration, the neutron spectra can be calculated
recurrently by using Eq. (75) for the slowing down source. Using the calculated neutron spectra, the group
constants are calculated by Egs. (4)~(9) as described in Section 2.

In Eq. (72), two resonant materials and a fictitious moderator with the admixture potential scattering cross
section do, are considered for calculating the group constants of the JFS type. It was found® that the mass
of fictitious moderators should be determined as follows : The logarithmic energy loss & of the fictitious mass is
equal to the average £ of the moderators of interest in the present calculation. The fictitious mass A=30%
was recommended for producing the group constants for fast reactor calculation. In the TIMS-1 code, A=30

is beforehand ready as the default value of the moderator mass.
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4. Description and Specification of 1/O

The input cards of TIMS-1 are mainly prepared by the “namelist” format. Hence, the input variables
are beforehand ready in the TIMS-1 code. Therefore, the users need to prepare only the several input data
which they want to change from the default values when the group constants for the JFS or SRAC type are
calculated. The group structures of the JFS and SRAC types are shown in TABLES 2 and 3.

The TIMS-1 code consists of seventeen overlay segments as shown in Fig. 2. The segments 1, 2, 3, 4, 5
and 6 correspond to the subprograms READFL, ARCFIT-2, ARCFIT-3, MCROSS-2, PEACO-7 and XSPLOT
respectively. These programs are written by a standard FORTRAN 1V for FACOM-230/75 and M200 com-
puter. The used core storages are 97K words. The computational costs for using FACOM-230/75 computer
are shown for typical resonant materials in TABLE 4, where the used nuclear data file was ENDF/B-IV. The
computing time for FACOM-M200 is about one third of that for FACOM-230/75.

The main function of each subroutine shown in Fig. 2 is explained bellows:

FTMAIN  —controls the flow of the calculations.
BLOCKD  —sets the default values of input data.

PAGE —changes newly the listing page at starting main subprogram.

READFL  —reads the data file of ENDF/B-IV or JENDL.

PREFL —searches the data file of the material corresponding to the material number.

FINDPT —arranges the nuclear data for the ARCF3 subroutine, when the energy dependence of average
fission width is not considered in ENDF/B-IV.

RONLY —sets up only the data in the resolved resonance region.

ARCF2 —reads the data for unresolved region from the file produced by READFL or FINDPT.

MOLDER  —calculates the average cross sections.

CLPSD —~—collapses the calculated average cross sections over the modified energy interval.

ARCF3 —generates a ladder of resonance parameters.

FPORT —generates the statistical variables with the y2-distribution using the random number.

FUGO —determines the random sign for the Vogt’s multilevel parameters.

IMAX —searches the maximum value for resonance energies.

PORTER  —generates the variables according to the Porter-Thomas distribution.

BBLINP —Ilists the input data from the nuclear data file.

BBLOUT  —lists the results for a ladder satisfying two conditions of Eps. (1) and (2).

SEG1 EGO! SEGZ

READFL RONLY |ARCF2
MOLDER
FINDPT CLPSD

[—lq

MCROSS PEACO6
INTRD —

: ! | i
LsEcs2] [sEcss] [SEGs4]

INPUT DATA OUTPUT1
FNMESH FLXCAL

OUTPUT2

PARAUV [RESINT [sX BROAD

OUTPUT INBROAD |ENMESH

Fig. 2 Overlay structure of TIMS-1
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JFSDXS —calculates the differences between the average cross sections calculated with MOLDER and
RESINT for the JFS energy group structure.
FBLOCK  —is the blocking routine for producing the file of the generated resonance parameters as described
in Section 4. 2.
MKFILE  —makes a ladder by connecting the generated and resolved resonance parameters.
RESOLV ~ —makes a blocking files when the group constants are calculated for the resolved region.
PARAUV  —calculates the (u, v) multilevel parameters.
RESINT —calculates the average cross sections for the generated resonance parameters.
OUTPUT  —lists the results calculated with RESINT.
MCROSS  —controls the data files of resonance parameters to calculate ultrafine group cross sections and
output the results.
INTRD —reads the data files of floor correction cross sections arranged in READFL.
INTB4 —interpolates the floor correction cross sections at ultrafine group energy.
SX —calculates the ultrafine group cross sections depending on temperature.
NBROAD  —calculates the Doppler shape functions by using asymptotic formula and interpolation method.
TABLE 2 Seventy group structure of JFS library
Grou U L Lethargy G U L Lethargy
] pper energy ower energy width roup pper energy ower energy width
1 10.5 (MeV) 8.3 (MeV) | 0.2351 36 1.66 (KeV) 1.29 (KeV) | 0.2522
2 8.3 (MeV) 6.5 (MeV)| 0.2445 | 37 1.29 (KeV) 1.00 (KeV) | 0.2546
3 6.5 (MeV) 5.1 (MeV) | 0.2426 38 1000.0 (eV) 773.0 (eV) 0. 2575
4 51 (MeV) 40 (MeV) | 0.2420 | 39 773.0 (eV) 598.0 (eV) 0. 2567
5 4.0 (MeV) 3.1 (MeV) | 0.2549 40 598.0 (eV) 465.0 (eV) 0. 2516
6 3.1 (MeV) 2.5 (MeV) | 0.2151 4 465.0 (eV) 360.0 (eV) 0. 2559
7 2.5 (MeV) 1.9 (MeV) | 0.2744 | 42 360.0 (eV) 278.0  (eV) 0. 2585
8 1.9 (MeV) 1.4 (MeV) | 0.3054 43 278.0 (eV) 215.0 (eV) 0. 2570
9 1.4 (MeV) 1.1 (MeV) | 0.2412 | 44 215.0 (eV) 166.0 (eV) | 0.2587
10 11 (MeV) 0.8 (MeV) | 0.3185 | 45 166.0 (eV) 129.0 (eV) 0. 2522
11 0.8 (MeV) 0.63 (MeV) | 0.2389 46 129.0 (eV) 100.0 (eV) 0. 2546
12 0.63 (MeV) 0.50 (MeV) | 0.2311 47 100.0 (eV) 77.3 (eV) 0. 2575
13 0.50 (MeV) 0.40 (MeV) 0. 2231 48 77.3 (eV) 50.8 (eV) 0. 2567
14 0.40 (MeV) 0.31 (MeV) | 0.2549 | 49 59.8 (eV) 46.5 (eV) 0.2516
15 0.31 (MeV) 0.25 (MeV) | 0.2151 50 46.5 (eV) 36.0 (eV) 0. 2559
16 0.25 (MeV) 0.20 (MeV) | 0.2231 51 36.0 (eV) 21.8  (eV) 0. 2585
17 0.20 (MeV) 0.15 (MeV) | 0.2877 52 27.8 (eV) 21.5 (eV) 0.2570
18 0,15 (MeV) 0.12 (MeV) | 0.2231 53 21.5 (eV) 16.6 (eV) 0. 2587
19 0.12 (MeV) 0.1 (MeV) | 0.1823 | 54 16.6 (eV) 12.9 (V) | 0.2522
20 100.0 (KeV) 77.3 (KeV) 0. 2575 55 12.9 (eV) 10.0 (eV) 0. 2546
21 77.3 (KeV) 59.8 (KeV) 0. 2567 56 10.0 (eV) 7.73 (eV) 0. 2575
22 59.8 (KeV) 46.5 (KeV) 0.2516 587 . 7.73 (eV) 5.98 (eV) 0. 2567
23 46.5 (KeV) 36.0 (KeV) 0. 2559 58 5.98 (eV) 4.65 (eV) 0. 2516
24 36.0 (KeV) 27.8 (KeV) | 0.2585 | 59 4,65 (eV) 3.60 (eV) 0. 2559
25 27.8 (KeV) 21,5 (KeV) 0. 2570 60 3.60 (eV) 2.78 (eV) © 0.2585
26 21.5 (KeV) 16.6 (KeV) 0. 2587 61 2.78 (eV) 2.15 (eV) 0. 2570
27 16.6 (KeV) 12,9 (KeV) | 0.2522 | 62 2.15 (eV) 1.66 (eV) 0.2587
28 12.9 (KeV) 10.0 (KeV) | 0.2546 | 63 1.66 (eV) 1.29 (eV) | 0.2522
29 10.0 (KeV) 7.73 (KeV) 0. 2575 64 1.29 (eV) 1.00 (eV) 0. 2546
30 7.73 (KeV) 5.98 (KeV) 0. 2567 65 1.00 (eV) 0.773 (eV) 0. 2575
31 5.98 (KeV) 4.65 (KeV) | 0.2516 | 66 0.773 (eV) 0.598 (V) 0. 2567
32 4.65 (KeV) 3.60 (KeV) | 0.2559 | 67 0.598 (eV) 0. 465 (V) 0.2516
33 3.60 (KeV) 2.78 (KeV) 0. 2585 68 0. 465 (eV) 0. 360 (eV) 0. 2559
34 2.78 (KeV) 2.15 (KeV) 0. 2570 69 0.360 (eV) 0.278 (eV) 0. 2585
35 2.15 (KeV) 1.66 (KeV) 0. 2587 70 0. 278 (eV) 0. 215 (eV) 0.2570




JAERI 1267 4. Description and Specification of I/O 13

BROAD —calculates the tables of Doppler functions.

ENMESH  —sets the energy boundaries and lethargy widths shown in TABLE 1.

PEACO6 —controls the calculating routine of neutron spectra and group cross sections.

INPUT —reads the data for group constant calculation.

FNMESH  —sets the energy group boundaries for JFS and SRAC libraries.

DATA —sets the initial data for calculating the neutron spectra.

OUTPUT1 —lists the input data information. .

AVERAG  —reads the data files of the ultrafine group cross sections produced in MCROSS.

FLXCAL  —calculates the neutron spectra by solving numerically neutron slowing down equation using the

recurrence formula.
OUTPUT2 —lists the infinite dilute cross sections, effective cross sections, fluxes and self-shielding factors.
XSPLT —plots the temperature dependent cross sections from the data files produced in MCROSS by
using Calcomp plotter.
SERCH —searches the data of cross sections over the energy interval assigned by the users.
TABLE 3 Seventy-four group structure of SRAC library
Group Upper energy Lower energy Li:?;tlfy Group Upper energy Lower energy Le;‘tr?datrhgy

1 1.0 (MeV) | 7.7880 (MeV) | 0.250 38 96112 (eV) |748.52 (eV) 0.25
2 7.7880 (MeV) 6.0653 (MeV) 0. 250 39 748.52  (eV) 582. 95 (eV) 0.25
3 6. 0653 (MeV) 4.7237 (MeV) 0. 250 40 582. 95 (eV) 454. 00 (eV) 0.25
4 4.7237 (MeV) 3.6788 (MeV) 0. 250 41 454, 00 (eV) 353.58 (eV) 0.25
5 3.6788 (MeV) | 2.8650 (MeV) | 0.250 | 42 |358.58 (eV) |275.36 (eV) 0.25
6 2.8650 (MeV) | 2.2313 (MeV) | 0.250 | 43 |275.36 (V) |214.45 (V) 0.25
7 2.2313 (MeV) | 17377 (MeV) | 0.250 | 44 |214.45 (eV) |167.02 (eV) 0.25
8 17377 (MeV) | 1.8534 (MeV) | 0.250 45 167.02 (V) |180.07 (eV) 0.25
9 1.3534 (MeV) | 1.0540 (MeV) | 0.250 | 46 [130.07 (V) |101.30 (V) 0.25
10 1.0540 (MeV) 0. 82085 (MeV) 0.250 47 101. 30 (eV) 78.893 (eV) 0.26
11 0. 82085 (MeV) 0. 63928 (MeV) 0. 250 48 78.893 (eV) 61.442 (eV) 0.25
12 0.63928 (MeV) | 0.49787 (MeV) | 0.250 | 49 61.442 (eV) | 47.851 (eV) 0.25
13 0.49787 (MeV) | 0.38774 (MeV) | 0.250 | 50 47.851 (eV) | 37.267 (eV) 0.25
14 0.38774 (MeV) | 0.30199 (MeV) | 0.250 51 37.267 (eV) 20.023 (eV) 0.25
15 0.30197 (MeV) | 0.23518 (MeV) | 0.250 | 52 20.023 (eV) | 22.603 (eV) 0.25
16 0.23518 (MeV) | 0.18316 (MeV) | 0.250 | 53 22.603 (V) | 17.603 (eV) 0.25
17 0.18316 (MeV) | 0.14264 (MeV) | 0.250 54 17.603  (eV) 13.710 (V) 0.25
18 0. 14264 (MeV) 0.11109 (MeV) 0. 250 55 13.710 (eV) 10.677 (eV) 0.25
19 0.11109 (MeV) | 0.086517 (MeV)| 0.250 | 56 10.677 (eV) 8.3153 (eV) 0.25
20 86.517 (KeV) 67.379 (KeV) 0. 250 57 8.3153 (eV) 6.4760 (eV) 0.25
21 67.379 (KeV) | 52.475 (KeV) | 0.250 | 58 6.4760 (eV) 5.0435 (eV) 0.25
22 52.475 (KeV) | 40.868 (KeV) | 0.250 | 59 5.0435 (eV) 3.9279 (eV) 0.25
23 40.868 (KeV) | 31.828 (KeV) | 0.250 | 60 3.9279 (eV) 3.0590 (eV) 0.25
24 31.828 (KeV) 24,788 (KeV) 0. 250 61 3.0590 (eV) 2.3824 (eV) 0.25
25 24,788 (KeV) | 10.305 (KeV) | 0.250 62 2.3824 (eV) 1.8554 (eV) 0.25
26 10,305 (KeV) | 15.034 (KeV) | 0.250 | 63 1.8554 (eV) 1.6374 (eV) 0.125
27 15.03¢ (KeV) | 11.709 (KeV) | 0.250 | 64 1.6374 (eV) 1.4450 (eV) 0.125
28 11,709 (KeV) 9.1188 (KeV) 0. 250 65 1.4450 (eV) 1.2752 (eV) 0.125
29 9.1188 (KeV) | 7.1017 (KeV) | 0.250 | 66 1.2752 (eV) 1.1254 (eV) 0.125
30 7.1017 (KeV) | 5.5308 (KeV) | 0.250 67 1.1254 (eV) 0. 99312 (eV) 0.125
31 5.5308 (KeV) | 4.3074 (KeV) | 0.250 | 68 0.99312 (eV) 0. 87642 (V) 0.125
32 4.3074 (KeV) 3.3546 (KeV) 0. 250 69 0.87642 (eV) 0. 77344 (eV) 0.125
33 3.3546 (KeV) | 2.6126 (KeV) | 0.250 | 70 0.77344 (eV) 0. 68256 (V) 0.125
34 2.6126 (KeV) | 2.0347 (KeV) | 0.250 | 71 0. 68256 (V) 0. 60236 (eV) 0.125
35 2.0347 (KeV) | 1.5846 (KeV) | 0.250 72 0. 60236 (eV) 0. 53158 (eV) 0.125
36 1.5846 (KeV) | 1.2341 (KeV) | 0.250 | 73 0. 53158 (V) 0. 46912 (eV) 0.125
37 1.2341 (KeV) | 0.96112 (KeV) | 0.250 | 74 0. 46912 (V) 0. 41399 (eV) 0.125
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TABLE 4 Computing times for the production of group constants with the TIMS-1 code from ENDF/B-IV

CPU times (sec) of FACOM 230/75
Materi Upper § !
aterial energy | ApcrIT3 MCROSS-2 PEACO-7
T=300°K T=800°K T=2100°K T=4500°K A=1.0 A=30
U-234 1.0KeV 2 165 167 171 175 117 128
U-235 21,5KeV 408 986 988 1002 1003 263 278
U-236 1.0KeV 18 170 173 174 119 129
U-238 46.5KeV 33 605 617 630 638 300 326
Pu-239 21.5KeV 120 612 616 622 626 254 271
Pu-240 21.5KeV 92 778 786 789 792 256 278
Pu-241 46.5KeV 502 1049 1057 1069 1069 300 327
Th-232 46.5KeV 47 487 494 500 510 300 328

4.1 Input Preparation of TIMS-1

The user’s input cards are prepared as described below.

Card 1 (18A4)—Title
TITLE ; Descriptive information.
Card 2 (I5)—Material.
MATNO ; Material number defined in ENDF/B or JENDL.
Card 3 (6(A8, 2X))—Designation.
(IOPQD), 1=1, 6); Calculating flow is designated by input of some data of eight letters as follows;
FILEREAD, ARCFIT-2, ARCFIT-3, MCROSSbb, PEACObbb and XSPLOTbb where b means
a blank. These designation data mean the performance content shown in TABLE 5.
Card 4 (namelist)—FILEREAD.
NAM1 : Namelist name.
MPRINT : Print control of nuclear data file (Default value=1).
20, print the nuclear data of ENDF/B or JENDL.
=0, no effect. ’
IRONLY : Control for resolved and unresolved region (Default value=0).
=0, unresolved and resolved regions are processed.
20, only resolved region is processed.
Card 5 (namelist)—ARCFIT-2.
NAM2 : Namelist name.

TABLE 5 Performance contents for designation cards of calculating flow

Designation Input card no. Performance Logical unit number

Resonance parameters and smooth data are
FILEREAD O~@ read from the ENDF/B or JENDL file, and F01~F03, F08, F10
data files for TIMS-1 are produced.

ARCHITZ | G~@ © | fayeasssenancs cros ssionsare el | o zos, 509, 10
ARCFIT-3 D~@, O~ i’:;;l;:sc.tion of a ladder of resonance para- gg(]).:ggg: ggg;ﬁ'«‘l& F20~F22
MCROSS D~0, @ ® ;a::lg\;ilat;(tmuftfr a}&xgpge;g;gre dependent cross gg(l):f?gz’ F08, F10, F40~F42
PEACO D~@, D~® S:ésc:lal:tion of neutron spectra and group F50~F54, F60, F80
XSPLOT @~ f;lgttit‘:izsg for temperature dependent cross F50~F52, F58, F59
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10UT : Print control of average cross sections (Default value=0).
%0, {0x,1,4) are printed.
=0, {ox> (212.:1 (0x,1,7)) are printed.

ICON1 : Collapse control for average cross sections (Default value=2).
=2, {0xyg are defined for the new energy range
4Eg (=] 4E:)/Di=o>REON, i.e., {ox)g=3(0x)idE:|T AE..

=0, no collapse

ICFT : Fissile or fertile material option (Default value=1).
=1, fertile material
=2, fissile material

IPOPT : (u, v) parameters control (Default value=0).
=1, (u, v) parameters for s-wave neutron are generated.
=0, no generation

IEPXS : Permissible error control of average cross sections (Default value=0).
=0, &, of Eq. (1) has the default value 0.05 (56%).
=1, group independent &, is read.
=2, group dependent €, are read.

IPARA : Permissibe error control of average resonance parameters (Default value=0).
=0, &, is the default value 0.1.
=1, group independent €, is read.
=2, group dependent €, are read.

IPSET : Ramdom number starter control (Default value=0).
=0, ramdom number starter is fixed.
=1, ramdom number starter is not fixed.

REON : Number of resonance parameters to be considered for the collapse of average cross

sections (Default value=200.0).
Card 6 (3E10.4)—If IEPXS=1, the following data are read:
(DE(I), I=1, ICFT+1): Permissible errors &s., €5, and &q:.
Card 7 (I5)—If IEPXS=2, the following data are read:

ISET : Number of different permissible errors for average cross sections.
Card 8 (215, 3E10.4)—If IEPXS=2, the following data are read:

IS : Group number for upper energy boundary.

IE : Group number for lower energy boundary.

(DE(D), I=1, ICFT+1): Permissible errors independent on group energy among IS and IE energy
group. Card 8 is repeated by ISET times.
Card 9 (3E10.4)—If IPARA =1, the following data are read:
(DP(I), I=1, NOL): Permissible errors £» ({=0).
er(!=1) and er(/=2) for strength functions and fission widths.
Card 10 (I5)—If IPARA =2, the following data are read:

ISET : Number of different errors for average resonance parameters.
Card 11 (215, 3E10. 4)—If IPARA =2, the following data are read :

IS : Group number of upper energy boundary.

IE : Group number of lower energy boundary.

(DP), I=1, NOL): Permissible errors independing on the group energy between the IS- and IE-th
energy groups. Card 11 is repeated by ISET times.
Card 12  (namelist)—MCROSS-2.
NAM3 : Namelist name.
NT : No. of temperatures (<5) (Default value=1).
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Card 13

Card 14
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TABLE 6 Name of nuclide and default values for input variables in Card 13

Nuclide CASE N | NMP | NMD | IMP* | IMD*
mTh | TH-232bb 10 10 10 6 1
asyy U-233bbb 25 20 20 8 1
24y U-234bbb 10 10 10 7 1
w5y U-235bbb 25 20 20 8 1
26y U-236bbb 10 10 10 7 1
28y U-238bbb 10 10 10 10 4
#py | PU-239bb 20 15 15 7 1
upy | PU-240bb 10 10 10 5 4
uipy | PU-241bb 25 20 20 8 1

* These integers are the group no. shown in TABLE 1

MVOGT : Single and multi level expression control (Default value=0).
=0, single-level Breit-Wigner formula.
=1, Vogt’s multilevel formula.
=2, (u, v) multilevel parameters.

NOMS : Group number for upper energy group shown in TABLE 1.
CASE : Name of nuclide to be processed, which are defined by eight letters as shown in TABLE 6.
INTRP  : 0, floor correction cross sections are calculated by the interpolation method given in

ENDF/B-4 or JENDL (Default valve=0).
=1, floor correction cross sections are neglected.
TT : Temperature (°K) (Default values=300, 800, 2100 and 4500).
(namelist) —MCROSS-2.
NAM4 : Namelist name.

IoUT : Print control of ultrafine group cross sections (Default value=0).
=1, print ultrafine group cross sections.
=0, no effect.
2N
N : No. of the s-wave neutron resonance levels A to be summed up by ¢z(E) =1§101>.(E)

(<50) (See TABLE 6 as to default value).

NMP : No. of the p-wave neutron resonance levels A to be summed up (<50) (See TABLE 6 as
to the default value).

NMD : No. of the d-wave neutron resonance levels to be summed up (<50) (See TABLE 6 as
to the default value).

IMP : The p-wave neutron cross sections are neglected for the lower energies than the IMP-th

energy group boundary. (See TABLE 6 as to the default value).

IMD : The d-wave neutron cross sections are neglected for the lower energies than the IMD-th
energy group boundary (See TABLE 6 as to the default value).

NSS, NPP and NDD: Total sums of the s-, p- and d-wave neutron resonance levels generated by
ARCFIT-3. Therefore when ARCFIT-3 is processed these data are not required.
When users restart from MCROSS-2 these must be read.

(namelist)—PEACO

NAMS5 : Namelist name.

NTEMP : No. of temperatures (<5) (Default value=4).

KRAT : No. of the atomic density ratio, R-values (<5) (Default value=1).
KSIGM  : No. of co-values (<10) (Default value=8).
KRES : No. of resonant materials (<2) (Default value=1).

NPLOT : Plot control (Default value=0).
=0, neutron spectra are plotted.
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=0, no plotting.
NPRINT : Print control (Default value=0).
=0, only the results for resonant material of interest are printed.
=1, also the results for background resonant material are printed.
: Upper energy group number of JFS or SRAC type group structure (See TABLES 2 and 3).
As for SRAC type, KMOD=100+group no.
Card 15 (namelist)—PEACO

KMOD

NAME6 : Namelist name.

KBG : No. of energy groups (Default value=0). When the users want to calculate the group
constants for a different structure from JFS or SRAC type, (KBG+41) energy bounda-
ries should be read for EN (<60).

EN : Group energy boundaries (V) (Default values are shown in TABLES 2 and 3).

SIGM : go-values (Default values=0, 1, 10, 102, 103, 104, 105, 105).

RATIO : R-values (Default values are shown in TAsLE 7 for Pu-239 and U-238).

NUCLID : Material name read with 4 letters (<3). For example, NUCLID (1)=°U238" and
NUCLID (2)=‘A30". If two resonant materials are considered, NUCLID=‘U238’,
‘U235°, ‘A30°.

TEMP : Temperature (°K) (Default values=300, 800, 2100 and 4500).

AMASS  : Average mass for background moderator nuclide (Default value=30).

Card 16 (10A4/10A4/10A4)—If NPLOT=:0, the following data are read:

XTITL : Title of = coordinate.
YTITL : Title of y coordinate.
TITLE : Figure caption.

These cards are repeated by (KRAT xKSIGM) times.
Card 17 (315)—XSPLOT

NCFN : Reaction type option.
=0, g¢, 01, 0s, Ot.
=1, o..
=2, Jf.
=3, Oa.
=4, 0.
NTT : No. of temperatures (<3).
NEN : No. of energy groups.
Card 18 (6E12.4)—XSPLOT
EL : Lower energy boundary to be plotted.
EH : Upper energy boundary to be plotted.
WX : Length of « coordinate (mm) (Default value=230).
WY : Length of y coordinate (mm) (Default value=160). Maximum size is 250 mm.
RX : Linear or log scale control for z coordinate (Default value=1.0). If RX is less than
Max. (z:)/Min. (z:), the scale of z coordinate is linear, and if not so, log scale.
RY : Linear or log scale control for y coodinate (Default value=1.0).

Card 19 (10A4/10A4/10A4)—XSPLOT
XTITLE : Title of x coordinate.

TABLE 7 Values of atomic number density ratio of Pu-239 to U-238

g0 0 1 10 102 108 104 108 108
Ri 0.0 5.0 1.0 0.2 0.02 2x10-3 2x10-4 2x10-5
Rz 0.0 2.5 0.5 0.1 0.01 1x10-3 1x10-4 1x10-8
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YTITLE : Title of ¥ coordinate.

TITLE : Figure caption.
If NCFN=2:0, Cards 18 and 19 are repeated by NEN times, and if NCFN=0, Cards 18

and 19 are repeated by 4 X NEN times.

4.2 Output Formats

Relationship among many disk-files used in each subprogram are shown in Fig. 3. These files may be

kept to perform the restart calculations. The output formats for each disk-file are as follows:
(1) The generated resonance parameters libraries

F40; (Ex, gin, I'm® Tony Tiny Tinn% Linzn®, (bxe, ¢=1, MF), 1=1, K), for =0

F41 and F42; (Ex, gin, IT'ma® Tgn, Tiny Tiann® Tinan®, 2=1, K), for I=1 and 2

F23; (Ex, gin, I'md® Ty Tiny Tinns®, Tin2a®, i, v, tinn, v, =1, K)
where each file is repeated by NOR=N (total number of resonances)/100+1.
(2) Doppler-broadened cross section libraries

F50—F54; (@ TEMP, MATNO, AM, NOMESH, BOUND(1), (BOUND(I+1), UIGP(l), NOIG(I),

NFI(I), I=1, NOMESH), NFII
@ (X581, D), XS(2, J), XS@3, J), J=1, NFID)

NOMESH
This file is repeated by 1>—:1 NOIG(]).

TEMP : Temperature (°K).
MATNO : Material number.
AM : Atomic mass.
FOsR_>
Resolved Param.
JENDL
SFILEREAD
F10> AN Fo2 Unresolved
m Param.
Smooth cross section
F20-F22 F30-F32
<> N F02
ARCFIT-2 Jem—er——t
F25

1_-41 Fa0 \ Fo1

ARCFIT-3

LADDER
Fo03
‘MCROS$-2 {€—am—or———

F50-F54

Microscopic
cross section F58,59
(for ultra fine mesh)

F60 [ PEACO-7 | [XSPLOT Je—>|

Infinite dilution and
effective cross section

(JFS and SRAC type
group structure)

‘END
Fig. 3 Logical unit numb;er of data-files used in the subprogram of TIMS-1
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NOMESH : No. of broad energy groups as shown in TABLE 1.
BOUND : Energy boundary (eV) as shown in TABLE 1.

UIGP : Lethargy width of fine group.

NOIG : No. of fine group in a broad group.

NFI : No. of ultrafine group in a fine group.

NEII : Maximum no. of ultrafine group in a fine group.

XS(1, J) : Capture cross section,
XS(2, J) : Fission cross section.
XS(3, I) : Elastic scattering cross section.
These files (F50, 51, 52, 53, 54) are produced at each temperature.
(3) Group constant library (This file must be kept).
F60; @® MATNO, NTEMP, KRES, KSIGM, KRAT, KBG
@ (TEMP(I), I=1, NTEMP), (SIGM(]), I=1, KSIGM), (RATIO(, J), I=1, KRAT), J=1,
KSIGM)
—— N=1, NTEMP
—— K=1, KRAT
—— L=1, KSIGM
—— I=1, KBG
if L=1 and K=1
—@®@ FINF({, N), CINF{, N), SINF{, N), TINF{, N), RINF(, 1V), DU(I)
—@ RIF(, L, K, N), RIC(I, L, K, N), RIS(J, L, K, N), RIT({, L, K, N), RIR([, L, K, N),
SPECT({, L, K, N)

where

MATNO : Material No.

NTEMP : No. of temperatures.
KRES : No. of resonant nuclei.
KSIGM  : No. of ge-values.
KRAT : No. of R-values.

KBG : No. of energy groups.

TEMP : Temperature (°K).

SIGM : go (barn).

RATIO : R-value.

FINF : Infinite dilute fission cross section, o¢(co).

CINF : Infinite dilute capture cross section, oc(co).

SINF : Infinite dilute elastic scattering cross section, 0z(c0).
TINF : Infinite dilute total cross section, o¢(co).

RINF : Infinite dilute elastic removal cross section, ger(c0).
DU : Lethargy of broad group.

RIF : Effective fission cross section, &.

RIC : Effective capture cross section, &c.

RIS : Effective elastic scattering cross section, @.

RIT : Effective total cross section, d:.

RIR : Effective elastic removal cross section, er.

SPECT : Neutron spectrum, ¢g.
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5. Sample Problems

5.1 Fluctuation of Self-shielding Factors by Random Sampling

In the unresolved resonance region, the group constants are calculated by using a ladder of resonance
parameters generated with Monte Carlo method. Therefore, the generated group constants depend on random
number starters. If the starter-dependence is remarkable, the resonance parameters should be generated so
many times and the calculated group constants should be averaged. If this averaging process is required,
however, the computing costs will be very expensive. In the TIMS-1 code, a ladder of resonance parameters
is selected as satisfying the conditions of Egs. (1) and (2). The errors &, and &, were assumed 5% and 109%
respectively. The six ladders satisfying the conditions were sellected for U and 2**U by using JENDL-2,
and the self-shielding factors were calculated. The magnitude of the fluctuation among the calculated self-
shielding factors are shown in TABLE 8 and 9. These tables show very small fluctuation for each reaction and
energy group. Thus, we can conclude that the group constants may be calculated by using only one ladder
satisfying the conditions of Eqs. (1) and (2) under the assumed errors.

TABLE 8 Fluctuation of self-shielding factors of TABLE 9 Fluctuation of self-shielding factors of
————
Wy o=y 3 (fi=12[F%) U gi=y 3 T~ 7R
Ni=1 Ni=1
Energy (KeV) Xic Atn At Afer ]&2:{78)9 At Ate Xts At K ter
46.5-36. 0 0.008 0. 007 0.016 0.118 4,65 -3.60 0.01 0.13 0.03 0.08 0.31
36.0-27.8 0. 008 0.014 0.027 0.0273 3.60 -2.78 0.06 0.25 0.06 0.10 0.35
27.8-21.5 0. 006 0.019 0.037 0.124 2.78 -2.15 0.09 0.48 0.07 0.05 0.09
21.5-16.6 0.019 0.024 0.046 0.203 2.15 -1.66 0.42 0.10 0.10 0.02 0.10
16.6-12.9 0. 027 0.031 0. 058 0. 089 1.66 -1.29 0.19 0.26 0.08 0.37 0.43
12.9-10.0 0.038 0.132 0.248 0.127 1.29 -1.00 0.18 0.12 0.30 0.20 1.01
10.0-7.73 0. 027 0.043 0.075 0. 449 1. 00-0.773 0. 50 0.74 0.35 0.90 0.79
7.73-5.98 0.024 0.076 0.142 1.107 0.773-0.598 | 0.14 0.23 0.06 0.04 2.33
5. 98-4. 65 0. 064 0. 059 0.110 0.106 0.598-0.465| 0.50 0.70 0.30 0.77 1.90
4, 65-3. 60 0. 066 0. 052 0.091 0.021

5.2 Collapse of Average Cross Sections in the Unresolved Region

The energy boundaries for the average cross sections are defined as shown in Fig. 4, i. e., for energy point
E; given in ENDF/B-IV or JENDL, the upper and lower energy boundaries of the average cross section are
given as follows: '

LE4E, for 1<i<N
2

Eiu= 1
Ei+?(Ei+Ei+1), for i=1

o %(E,~+E,~+1), for 1<i<N
il=

E; , for {=N
However when (E;w—Eii)/D is very small, that is, the number of levels included in a specified energy
interval is small, a ladder of resonance parameters which satisfies two conditions of Egs. (1) and (2) can not
easily be found in the small energy range. In the TIMS-1 code, for such a case, the conditions can be examined
for the modified interval AE=ND, where N is an integer. The TIMS-1 code assumes the default value 200
for the integer N.
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Oxn Ox,1

Cross Section

resolved region unresolved region Ox.t
&8E AE
1 i L 1 1 1 L it
En Eiwt Ei Eiq E2 E
Energy

Fig. 4 Energy boundary for the calculation of average cross sections

5.3 Sample Data of Input and Output

In order to produce the libraries of the JFS and SRAC type from the evaluated nuclear data file of
ENDF/B-1V, JENDL-1 or JENDL-2, many production run of TIMS-1 were performed using FACOM-230/
75. Several examples of input and output data used in these productions are shown in this section: -

TABLE 10 Sample data for calculating the group constants of 238U in
the resolved and unresolved region

$DATA
NEW TIMS TEST RUN U-238 ~Title card
1262 -Mat. No.

FILEREAD  ARCFIT-2 ARCFIT-3 MCROSS  PEACO -Designation

$NAM1 $

$NAM2 ICFT=1 $

$NAM3 NOMS=2, CASE=‘U-238’, TT(1)=300.0$

$NAM4 §

$NAM5 NTEMP=1, KMOD=23 §

$NAM6 NUCLID='U238’, AMASS=30.0, TEMP(1)=300.0$

$JEND

TABLE 11 Sample data for calculating the group constants of 23U
in the resolved region

$DATA
NEW TIMS TEST RUN U-238 -Title card
1262 -Mat. No.

FILEREAD ARCFIT-2  ARCFIT-3 MCROSS  PEACO -Designation

$NAM1 IRONLY=1 §

$NAM2 ICFT=1 $§

$NAM3 NOMS=6, CASE='U-238" § -
$NAM4 §

$NAM5 NTEMP=1, KMOD=138 §
$NAM6 NUCLID=*U238’, AMASS=30.0 $

$JEND
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TABLE 10 shows an input data for processing the data of 2*%U from the ENDFE/B-IV file (F08). The
material number of ***U is 1262. The group constants for the temperature 300°K and eight default values of
0o are calculated with the group structure of JFS, where the energy range is 46.5KeV to 0.215eV. The
calculated temperature dependent cross sections are shown in Fig. 5. This figure was drawn with the use of
XSPLOT. Furthermore, the neutron spectrum calculated for ¢o=100 barns and average moderator mass
A=30 is shown in Fig. 6.

TABLE 11 shows an input data for calculating the group constants of 238U in the energy range below the

The main output lists are shown in Appendix B.

resolved region, where the group constants of the SRAC type are calculated for the temperature 300°K and
average mass A=230.0.

Figure 7 shows the comparison of temperature dependent cross sections of 2°Pu drawed with XSPLOT
using the data-files (F50, 51, 52) produced by MCROSS-2, where JENDL-1 was used as the input file.

TABLE 12 Job Control Cards in TIMS-1 for FACOM-230/75 computer

1 ¥NO 20314T,6C. 3%, 1P, 0 PLT 4 VM ¥HRUN  S1ZEe20
2 VM ¥6J08 41120314HI, TAKAND1431,1C4T]Ms 5 VM ¥PLOT
3 VM ¥HLIED RFNAMEwJ2031,TIMSHMRBGRFDsCNPLTLIB=CALL 6 VM ¥TPDISK FO14J2031,AsTMOD®91RSIZE=B01BS[2E»3200
SGMT  SEGO PaGE 7 VM ¥TPDISK F024J2031,B4TMOD=91RS[ZE=80+B5]2E«3200
SELECT (FTMAIN+BLOCKD+PAGE)
SGNT . SEGY 8 VM ¥TPDISK F031J2031,CyTMOD=91RSIZE=80+85]ZE=3200
SELECT C(READFLIPREFLsFINDPT)
SGMT  SEGO1.CHN=SEGO 9 VM ¥DISKTO FO084J1615,ENDFB404
SELECT (RONLY)
SGMT  SEG2+CHN=SEGO 10 VM ¥DISK FO9
SELECT (ARCF2yMOLGERCLPSD)
SGMT _ SEG3+CHN=SEGO 11 VM ¥TPDISK F104J2031,DATA«TMOD=9 KS|ZE=80,B5]172E=3200
SELECT (ARCF3+FPORT4FUGOs IMAX +PORTER)
SGMT  SEG3L 12 VM ¥DISK  £20
SELECT (BBLINPIBBLOUT s JFSDXSFBLOCK s MKF [LE +RESOLV)
SGMT  SEG321CHNSSEGS 13 VM ¥DISK F21
SELECT (FARAUY)
GMT  SEG33+CHN=SEG3 14 VM ¥DISK  F22
SELECT (RESINTsOUTPUT)
SSMT  SEG&+CHN=SEGO 15 VM ¥DISK F23
SELECT (MCROSS+INTRD4INTB4) '
SGMT  SEG4L 16 VM ¥DISK  F25
SELECT (SXNBROAD)
SGMT SEG42.CHN=SEGH 17 vM ¥DISK F30
SELECT (BROADENMESH)
SGMT _ SEGY+CHN=SEGO 18 VM ¥DISK F31
SELECT (PEACQS)
SGMT  SEG5L 19 VM ¥DISK F32
SELECT C(INPUT+FNMESH)
SGMT  SEG521CHN=SEGS 20 VM ¥DISK F40
SELECT (DATA)
SGHMT  SEGS3+CHN=SEGS 21 VM ¥DISK  Fal
SELECT (OUTPTL) v
SGMT  SEG541CHN=SEGS 22 VM ¥DISK FA2
SELECT C(AVERAGIFLXCALICUTPT2)
SGMT _SEG6+CHN=SEGO 23 VM ¥TAPE F50442031,B4Y8R3040LD1021673
SELECT (XSPLT+SERCH)
FIN 24 VM ¥DISK  £60
25 VM ¥DATA
26 ¥JEND
5
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Fig. 5 Doppler broadened cross sections of 28U in the energy range from 0,215eV to 46.5keV
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TABLES 12 and 13 show the Job-Control-Cards for the FACOM 230/75 and M 200 computer, respective}y.
The selection of necessary or unnecessary files can be seen from the relation between the data-files and calcula-

tion flow shown in Fig. 3.

TABLE 13 Job Control Cards and input data in TIMS-1 for FACOM-M 200 computer

L

//JCLG JoB //JCLG JOB
/7 EXEC JCLG // EXEC JCLG
//SYSIN DD DATRDLM='++* //SYSIN DD DATA,DLM="++7
// JUSER 41102031 +HI.TAKANG,0431.,100,TIMS 7/ JUSER 41102031.HI.TRKANG,0431.100,TIMNS
T.5C.3W.4 P.OI.4PLT 7.5 €.3 W.4 P.O 1.4 PLT '
BPTP MSGCLASS=I.MSGLEVEL=(1+1)> NOTIFY=J2031 OPTP  MSGCLASS=I,MSGLEVEL=C(1,1) NOTIFY=J2031
// EXEC FORTHES8="J2031.TIMSHM"® s R=*NOSOURCE.ELM( %), LINECOUNT(O) "y 7/ EXEC LMGO,LM='J2031.TIMS! "' .PNM=TIMS,5YSOUT=]
Vs sYseUT=I // EXPAND TPDISK.DDN=FTO1F0OQ!,DSN="'J2031A"
// EXEC LKED,GRLIB=PLT.R="LET,XREF.8VLY", // EXPAND TPDISK.DDN=FTOZ2FO001 ,DSN='J2031B*
Vs SYSOUT=I /7 EXPAND TPDISK.DDN=FTO3F00!.DSN=*J2031C*
//LINK.SYSIN DD % #/ EXPAND DISKT®,DDN=FTO8FC01.0SN="J1415.ENDFB409*
OVERLAY SEGO /7 EXPAND DISK.DON=FTO9F001

INSERT READFLsPREFLFINDPT /7 EXPAND TPDISK+ODN=FT10F0Q1.DSN='J2031DA"
OVERLAY SEGO /7 EXPAND DISK,DON=FT20F001

INSERT RONLY /7 EXPAND DISK,UDN=FTZ1F00!

OUERLRY SEGO /7 EXPAND DISK.DDN=FT25FC01 -

INSERT ARCFZ.,MOLDER.CLPSD /7 EXPAND DISK,.DON=FT30F001

OVERLAY SEGO /7 EXPAND DISK,DON=FT31F0O1

INSERT ARCF3+FPBRT,FUGEs IMRX+PORTER /7 EXPAND DISK,DDN=FT40F001

OVERLAY SEG3 // EXPAND DISK+DDN=FT41F001

INSERT BBLINP,BBLOUTJFSDXS,FBLOCK.MKFILE,RESOLY // EXPAND DISK.DON=FT42F001

OVERLAY SEG3 /7 EXPAND DISK,ODN=FTSOFQO!L

2% X%

INSERT PARAUV // EXPAND DISK,DDN=FTS1F0O01

OVERLAY SEG3 // EXPAND DISK,DON=FTS2FQ01

INSERT RESINT,BUTPUT // EXPAND DISKDDN=FT40F001

OVERLRY SEGO // EXPAND DISK.DDN=FT80FO001

INSERT MCROSS,INTRD.INTB4 //8YSIN DD *

OVERLAY SEG4 NEW TIMS TEST - RUN u-238

INSERT SX+NBROAD 1242 . .
OVERLAY SEG4 FILEREAD ARCFIT-2 ARCFIT-3 MCROSS PERCH
INSERT BR6AD,ENMESH 4NAM1 REND

BOVERLAY SEGO SNAM2 ICFT=1 REND

INSERT PERCBS 4NAM3 NOMSe4,CRSE="U-238" REND

OVERLAY SEGS ANAM4 LEND

INSERT INPUT,FNMESH &NAMS NTEMP=1,KMB0=130 3END

BOVERLAY SEGS &NAMS NUCLID='U238°,°A30 °* &END

INSERT DATR /%

BVERLAY SEGS -+

INSERT OUTPT1 14

OVERLAY SEGS KEQS25001 END OF DRTR SET

INSERT RVERRGFLXCAL,8UTPT2

OVERLAY SEGO

INSERT XSPLT.SERCH

ENTRY  MAIN

NAME TIMSHM

X%

/%

// EXEC G&,PNM=TIMSHM,SYSOUT=]
// EXPAND TPDISK,DDN=FTOIFQ01,DSN="J2031A*
// EXPAND TPDISKDDN=FTOZF0O01,DSN="J2031B"
// EXPAND TPDISK.DDN=FTO3F001,DSN="J2031C"* )
// EXPAND DISKTE,DDN=FTO8FQ01,0SN="J1615.ENDFB409*
/7 EXPAND DISK+DON=FTO9FO01
// EXPAND TPDISK.DDM=FT10FO01,DSN="J2031DR"
// EXPAND DISK,DDN=FT20F001
// EXPAND DISK.DON=FT21F001
// EXPAND DISK,DON=FT25F001
// EXPAND DISK.DON=FT30F0O01
/7 EXPAND DISK,DDN=FT31F001
/7 EXPAND DISK,DDN=FT40F001
// EXPAND DISK,DDN=FT41F001
// EXPAND DISK,DDN=FT42F001
// EXPAND DI€<,DDN=FTSOF001
// EXPAND DISK,DDN=FTSIFO01
// EXPAND D1SK,DDN=FTS2F001
// EXPAND [ISK,DDN=FT&0FO001
// EXPAND OISK,DDN=FT80F00!
//SYSIN DD *
NEW TIMS TEST RUN u-238
XX
1262
FILERERD ARCFIT-2 ARCFIT-3 MCROSS PEACO
&NAM1 LEND
&NAM2 ICFT=1 SEND
&NAM3 NBMS=4,CASE=’U-238° KEND
&NAM4 REND
LNAMS NTEMP=1,KMOD=130 REND
INAMS NUCLID='U238'+'A30 * ZEND
/¥

++

24
KE@S25001 END ©F DARTR SET
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6. Comparison Between Group Constants Produced by Processing Codes ETOX and TIMS-1

In this chapter, we study the influence of two different group cross sections sets on some integral quantities :
One was produced by using the processing codes PROF-GROUH-G-II and ETOX, and another was produced
by PROF-GROUCH-G-II and TIMS-1. The evaluated unclear data of JENDL-12® were used in these
calculations. The codes ETOX and TIMS-1 calculate the group cross sections of heavy resonant nuclides in
the resonance energy regions. In the two sets, the group constants of light and medium nuclei and of heavy
nuclei in smooth region above resonance energy have been calculated by the PROF-GROUCH-G-II code.
Thus, the effects of different methods between TIMS and ETOX on integral quantities can be studied by
performing the neutronics calculation using two group constants sets.

In the ETOX code, the effective group cross sections are calculated by assuming the constancy of collision
density. Moreover, the isolated narrow resonance approximation is used in the unresolved resonance region.
On the other hand, in order to avoid the calculational errors® caused from these approximations, the TIMS-1
code calculates the effective cross sections by directly solving the neutron slowing down equation using the
recurrence formula for slowing down source. For this purpose, the TIMS-1 code generates a ladder of resonance
levels and parameters by using Monte Carlo method in the unresolved resonance region.

The self-shielding factors calculated with two codes TIMS-1 and ETOX are compared and some integral
quantities, such as effective multiplication factors and Doppler reactivity worths were calculated by using these

different group constants sets, and compared with the experimental results.

6.1 Comparison Between Self-Shielding Factors Calculated with the TIMS-1 and .ETOX Codes

The self-shielding factors calculated with the TIMS-1 and ETOX codes are compared for some typical
energy groups in Figs. 8 to 10. In these figures, the quantity oo expresses the admixture background scattering
cross section of Bondarenko’s type.

Figure 8 shows the comparison of the self-shielding factors for fission cross sections of 2*U. The differences
between the self-shielding factors obtained by the codes TIMS-1 and ETOX are considerably observed from
this figure. The composition dependence of the self-shielding factors calculated by the TIMS-1 code is larger
than that by the ETOX code. The temperature coefficients of the self-shielding factors are also different
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Fig. 8 Comparison of fission self-shielding factors of #%U calculated
with the TIMS-1 and ETOX codes



26 TIMS-1 JAERI 1267

between the results of TIMS-1 and ETOX.

In Fig. 9, the self-shielding factors for capture cross sections of 2**U are compared for several energy groups.
The discrepancies between the self-shielding factors depend on the compositions, i.e. go-values. Here, a small
oo-value corresponds to the go-value for high enriched fuel systems, where the 1/E neutron spectrum assumed
in the ETOX code differ considerably from the accurate spectrum calculated by the TIMS-1 code. Hence,
the discrepancies between the self-shielding factors may be mostly attributed to the difference in the neutron
spectra assumed for the calculation.

Fig. 10 shows the self-shielding factors for fission cross sections of 2**Pu for several energy groups. The
results compared between the self-shielding factors can be similarly summarised to those observed for ?**U and
2387J as mentioned above.

In the next section, thus, we study the effects of the differences between the self-shielding factors on the

integral quantities in fast reactor systems.
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Fig. ¢ Comparison of capture self-shielding factors of 2*¥U calculated
with the TIMS-1 and ETOX codes
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6.2 Comparison of Integral Quantities Calculated by Using Two Multigroup Cross Section Sets

The differences between the two cross-section sets produced by the TIMS-1 and ETOX codes exist only
in the effective cross sections of heavy nuclides in the resonance energy regions. As integral quantities to be
studied, we selected the effective multiplication factor (kes), Doppler reactivity effect and sodium void reactivity
effect. The neutronics calculation were performed with the use of diffusion theory code.

Main characteristics of fast ractor critical assemblies used for the neutronics calculations are summarized in
TABLE 14. Assembly FCA-VI-1 is the physics mockup core of JOYO (Experimental Fast Reactor). The SEFOR
assembly is the testing core for both static power reactivity and rapid super-prompt-critical reactivity measure-
ments. The benchmark sepecification model? was used in the present calculation. The assemblies ZPPR-2
and ZPR-6-7 are the demonstration fast reactor benchmark core to provide physics data necessary for LMFBR

design.
TABLE 14 Main Characteristics of Fast Reactor Critical Assemblies
R=Fertile/Fissile
Assembly Fuel Core volume (J)
Inner core Quter core

FCA-VI-1 Pu U 4.3 3.0 473
SEFOR Pu 4.3 558
ZPPR-2 Pu 6.5 4.0 2400
ZPR-6-7 Pu 6.5 6.5 2920
LMFBR* Pu 8.7 6.6 9950

* Large sodium-cooled fast breeder reactor for an international comparison calculation

Effective Multiplication Factor

The effective multiplication factors calculated with the two-dimensional R-Z homogeneous model are shown
in TAsLE 15. The differences between the effective multiplication factors calculated by using the two sets are
negligibly small for FCA-VI-1 and SEFOR, but are larger than 0.1 percent for the other ones. These
results cannot be ignored, compared with the value 0.2% that is the accuracy® of goal requested from design

study for a large fast breeder reactor.

Sodium Void Reactivity Effect

The experimental results of sodium void reactivity effect in ZPPR assembly 2 have been analyzed with
one-dimensional spherical homogeneous model. The sodium-voided zone consists of 93 matrix positions with all
voided 12 inches each half core. In the present analysis, some corrections such as two-dimensional, cell-
heterogeneity and neutron streaming effects were not considered, because the present aim lies only in studying
the influence of two different calculational methods for group constants on sodium void reactivity worth.

TABLE 16 shows the comparison of the sodium void reactivity separated in each component term. The
difference between the two different sets is —3% for the total reactivity, 0.0075 (4k/k), though the differences
by 6.5% and 11% are observed for “X.” and “»X(” components, respectively. The difference in the total
reactivity 2.4x 107*(4k/k) is not small in comparison with the goal accuracy 0.3$*.

TABLE 15 Effective Multiplication Factors Calculated with
the Code 2-Dimensional R-Z Diffusion

Set
T TIMS-1 ETOX TIMS/ETOX
Assembly\

FCA-VI-1 0. 99797 0.99819 0. 9998
ZPPR-2 L-90 (normal) 0.99135 0. 99275 0. 9986
ZPR-6-7 (H 240) 0. 99022 0. 99134 0. 9989
LMFBR (Na-in) 1. 02372 1. 02494 0. 9988

SEFOR 1. 02327 1. 02332 0. 9999




28 TIMS-1 JAERI 1267

TABLE 16 Central Na-void Reactivity by 70-Group 1-Dimensional 1st
Order Perturbation Calculation in ZPPR-2 Assembly

Set .
o T mmss | mrox | Riflee e
4k by v3 —3.632—5 —3.281-5 —3.51—6
4k by 3 3.556—3 3.340—3 2.16—4
A4k by 2, 1.134—-3 1.112-3 2.20—-5
Ak by S 3.340—3 3.326—3 1.40—5
Ak by D —4.884—4 —4.826—4 —5.80—6
T°"’(1 A’ffg’)‘i"“y 7.505—3 7.262—3 2.43—4

Doppler Reactivity Effect

The experiment in ZPPR assembly 2 was the sample Doppler reactivity measurement for the natural UO:
(NUO:), and in SEFOR assembly was the measurement of the isothermal Doppler coefficient for the full core.

The results analysed for the NUO: sample Doppler experiment in ZPPR-2 are shown in TABLE 17. The
calculation was performed with the one-dimensional first-order perturbation theory. Both the results calculated
for the two-sets are larger than the experimental values by 10-149, though either result is in good agreement
with each other. However, the comparison of the groupwise Doppler reactivity worth in Fig. 11 indicates
remarkable discrepancies between the calculated results. It is observed that the results of ETOX are larger
than ones of TIMS-1 in the unresolved resonance region and reversely small in the resolved region. This
tendency produces an accidental cancellation between the results of ETOX and TIMS-1 for the total Doppler
reactivity and the results give nothing but good agreement.

The results analysed for the Doppler reactivity measurement of full core in SEFOR assembly are compared
in TABLE 18 and Figs. 12 and 13. This analysis was performed with the first-order perturbation theory using
In both the results of ETOX and 'I\'IMS—I, the positive Doppler

reactivity by fission component term is more than about 309% of the negative one by capture. The differences

two-dimensional R-Z benchmark model.

TABLE 17 Comparison of Doppler Reactivity Effects Calculated with
One-Dimensional First Order Perturbation Code using
Two Different Cross Sections Sets in ZPPR-2

Calculation (X10-64k/k)
T (°K) Exp. (X10-84k/k)

TIMS-1 ETOX

—2.656 —2.690
300-500 —2.41 100 ok

—5.497 ~5. 547
300-800 —4.9 (1.12) (1.13)
300-1100 —86.76 —(Z: ?3? —(’11: ﬁ?

The C/E-values are shown in the parentheses

TABLE 18 Comparison between Reactivity Components Calculated
with Two-Dimensional First Order Perturbation Code
in SEFOR Assembly

Calculation (x10-34k/k)
Exp.
TIMS-1 ETOX ETOX/TIMS-1
vt 3.817 3.388 0.89
e —10. 19 —9.983 0.98
Total —6. 326 —6.537 1.03
4k —9,610 —9, 981
T—;— —8.10 (1. 19) . 23) 1.04

The C/E-values are shown in the parentheses
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in the group-wise fission component terms between TIMS-1 and ETOX is remarkable as seen from Fig. 12,
and the result of TIMS-1 is larger than the one of ETOX, especially in the unresolved region. The differences
between the capture component terms show a similar tendency also in the results of the NUO: sample Doppler
analysis indicated in Fig. 13. The different tendencies for the fission and capture terms between the results of
TIMS-1 and ETOX can be estimated simply from the fact that the temperature dependence of the self-
shielding factors differs between the results of TIMS-1 and ETOX, depending on the do-values. The discrepancy
between TIMS-1 and ETOX for the total Doppler reactivity worth is —49% while the goal accuracy?® for
Doppler effect is 7%.

6.3 Conclusions

The temperature and composition dependence of effective group cross sections calculated with the process-
ing code ETOX differ considerably from those calculated with the TIMS-1 code. Particularly as for the Doppler
effect of the shielding factors, the difference between the results of TIMS-1 and ETOX depends strongly on
the energy groups and the compositions. The effects of these differences on the effective multiplication factor,
Na-void effect and Doppler effect were studied and were no more than 0.15%, —3% and —49% respectively.
These values are not so small as to be ignored compared with the goal accuracy requested from design study
in a large fast breeder reactor.
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7. Conclusions

The very severe accuracies of goal for important nuclear characteristics are required from the design study
on a large fast breeder reactor. In order to satisfy the gool accuracies, there are many problems to be studied
in detail. It is one of them that errors caused by the conventional approximations should not be included in
the group constants used for reactor calculations. For this purpose, we were developed the TIMS-1 code which
calculates the group average cross sections by solving numerically the neutron slowing down equation. This
code prepares also a very useful tool to calculate the mutual shielding factors.

The analyses for several fast critical assemblies were performed by the use of the group constants generated
by TIMS-1 and ETOX. It was concluded from the computational results that the rigorous treatment for the
group constants were needed for the reactor calculations. Especially, it will be so for reaction rate calculation
because of a softer neutron spectrum at blanket region in a large fast reactor.
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Appendix A. Code Abstract (in Nucl. Sci. Eng. Format)

Program Identification : TIMS-1 is a code for calculating the group constants of heavy resonant nuclei by
using ENDF/B-IV format data. )
Function : This code? calculates infinitely dilute cross sections and self-shielding factors as a function of
composition 0o, temperature T and R-parameter, where R is the ratio of atomic number density of two
different resonant nuclei.

. Method of Solution: In the unresolved resonance region, a ladder of resonance parameters and levels is

generated with Monte Carlo method. The temperature dependent cross sections are calculated with the

Breit-Wigner single-level and multi-level formula?. The neutron spectrum is accurately calculated by solv-

ing numerically the neutron slowing down equation using a recurrence formula for neutron slowing down

source®,

Related Material : The ENDF/B-IV or JENDL nuclear data file is adopted as input data.

Restrictions : The maximum numbers of energy groups, temperatures and compositions are 60, 4 and 10

respectively.

Computer : This code has been run on FACOM 230-model 75 and M-200.

Running Time: The computation time depends considerably on the materials to be calculated and the

permissible errors to be assumed for the generated cross sections in the unresolved region. The compu-

tation times are about 12 minutes for the production of group constants of *¢U for one temperature and

8 composition variables using FACOM 230/75.

Programming Language : FORTRAN language is used for the source deck of about 6000 cards.

Operating System : FACOM-230 M-V operating system is used with FORTRAN IV H-level compiler.

Machine Requirements: A 97000 word core is needed, and larger memory of auxiliary disk storage is

required.

Material Available: FORTRAN source deck card images and documantation are available to users from the

Computer Center at JAERIL
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Appendix B. Sample Output Lists of TIMS-1

MATERIAL NCo TO 2E CALCULATED = 1262

OPTION INDENTIFICATION FCR TIHSZ—CDDE
FILEREAD ARCFIT~2 ARCFIT-3 MCRCSS PEACD

THIS CALTULATICN THROUGH FCLLOWING SUSRCUTINE
SFERR FILEREAD RWNNR
NAKKE ARCFIT=2 HANNE
Nuler ARCFIT=3 wuNwn
ANRNR MCROSS  ANANH
BNEYR PEACD unniy

START SUBARGUTINE N4FILcRTADRE  #s#%aNEW  TIMS TEST RUN u-238 'YYIT)

LCGICAL UNIT = 1

sredrveves  REICLVED PARAMETER  ssriddsxss

SLBW PARAMETERS

LOGICAL UNIT = 2

tevebsvees UNRESTLVED PARAMETER ##4aiadess

ALL PARAMETERS ARE ENERGY CEFENDENT

LOGICAL UNIT = 2
suaskesns  SMLCTH PART CRCSS SECTION ssessnssrse

FILE PROCESSING NCRMAL END

START SUBRGUTINE NZARCF1T-2##  #+#s#NEW TIMS  TEST RUN  U-238 shons”
CHECK WRITE OPTICN = 0
COLAPSED OPTION = 2

SUMMARY CF RESULTS

ENERGY SIGTF SIGTG SIGTN ALPHA SIGIN S1GTP SIGTT
45000.0 0.0 0,3386 12.4722 0.0 0.0 9.5590 12.8108
40000.0 0.0 0.23582 1245236 0.0 0.0 9.6079  12.8818
35000.0 0.0 0.3836 12.6278 0.0 0.0 946651 13,0114
20000.0 0.0 0.43174 12,7912 0.0 0.0 967317  13.2086
2500040 0.0 0.4646 13,0286 0.0 0.0 9.8089  13.4921
20000.0 0.0 0,5136  33.2832 0.0 0.0 9.8986  13.7969
15000.0 0.0 0.5952 13.7122 0.0 0.0 10,0026  14.3084
12000.0 0.0 0.6490  14.0526 0.0 0.0 10,0758 14,7016
10000.0 0.0 0.,7076 14,2854 0.0 0.0 10,1289 15,0920

8500.0 0.0 0.7286  14.6621 0.0 0.0 310.1718  15.3907

7500.0 Q.0 0.7890 14,9428 0.0 0.0 10,2023 15,7317

653040 0.0 0.8615 15,2762 0.0 0.0 10,2345 16,1377

£500.0 Q.0 009327 15.6708 0.0 0.0 10,2687  16.4035

4500.0 0.0 1,0200 16,1800 0.0 0.0 10.3055  17.2000

4125.0 0.0 1.0528 1644118 0.0 0.0 10,3201  17.4646

shassessss GROUP NUMBER esssssedse 15
essses COLLAPSED GRCUP NUMBER seess 9

START CHECK
1 2

4 5 [ 7 8 10
4475006404 4,2500E404 3.7500E404 3.2500E404 2.7500E+404 2.,2500E404 1475008404 $43500E¢04 1.1000E+04 9.2500E403
B40000E403 7.,0000E+03 6,0000E403 5,0000£403 4.2500E403 4,0000E+403 ’
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Appendix B. Sample Output Lists of TIMS-1

START SUBRCUTINE ¥¥ARCFIT-2¥# e +4NEW  TINMS TEST RUN y-22¢
NTYPES NGRO
2 9
OPTION LIST
NOPT1 ICFT  ISTART LePTY IROPT 1POPT 1£PXS IPARA IPSET
0 1 1 0 0 [+] [+] (4]
3
ENERGY BOUNDARIES
4. 75000E404 4.250CCE4C4 2.75000E404 2,25000E+04 2.7500CE404 2.25000E40%
1.75006E+04 1.25C0CE4C4 9.25G00E+03 4.,00000E+02
CRDSS SECTIONS AND ERRCRS
assdsssssh CAPTURE ssessdisrs FXEYTIZR ) SCATT_ERXNG (IT32 221
2,38562E-01 E.G00C0CE-C2 1,24722E401 £.00000E-02
3.58221:-01 £.00C00E=02 1.25236E401 - 5,00000E-02
3,83555C-01 £.0G000E=-C2 1.26278E401 5,00000E~C2
4.,17410E-0D1 £,000CCE~C2 1.27912E+01 5.00000E-02
4.64554E-01 £.0000CE-02 1.30286E+01 £.000C0E-02
5.13580E-01 5.000G0E-02 1.32832E+401 £,00000E~C2
E.95168E~01 5.0000CE~02 1.3713ZE+01 5,00000E-02
6.73177E-01 5.0000CE-02 1.431896E+01 5.0C000E-02
8.61362E~01 5.06000E-C2 1.52248E401 5,00C00E-C2
NUMBER CF WAVE TYPES = 2
ATOMIC MASS NUMBER (A.M.U) = 2.,26010E+02
ATOMIC RADIUS (FERMIS) =y 9.18400E~01
MAXe NQ. OF FISSION CHANNELS = V]
MAX. NOo GF 1ST INELASTIC CHANNELS = x
ENERGY OF 1-ST INELASTIC CHANNELS - = 2.00000E407
EVALUATED AND GENERATED CRUSS SECTIGNS
GROUP NC. ENERGY RANGE SIGMA~C (BARN) SIGMA-S (BARN)
CEV) EVA. CAL, CALL/EVA. EVA. CAL. _CAL./EVA.
1 47500,00 425C0,00 0.,23256 0e24947 1.03222 12.47225 1226059 C.$82C3
2 42500.00 275C0.C0 D.25822 0.28885 C.992338 12.52260 12.63141 1.00881
3 37500,00 2250C.00 04382355 0428729 1.60975 12.62785 312.55292 0.99407
& 32500.00 27500.C0 0.41741 0.41328 0.59010 12.79122 12.826864 1.00277
5 275C0,C0 22500400 0.456455 0.47460 1.02163 12,C2856 12.15128 1.00%42
&6 22500.,00 17500,00 0.,5125% 0.,51118 0.59522 12,28232 12.89484 0.97075
7 17500.,00 13500100 0.59517 0.59421 0,9983¢8 13.71224 12.74762 1.00251
8 13500.C0 9250.00 0467218 0.64261 0.55608 14.18GF9 14,03802 0.98922
9 9250400 4000,00 }0.86136 _0eC5228 1,0C107 15.2z2481 1540446 1.00520

DIFFERENCE OF CROSS SECTION WITH JoF.S. TYPE ENERGY BOUNDARY

GROUP START END
NO. ENERGY ENERGY

23 4.6500E+404 2,8000E+04
24 3,6000E+04 2.7800E+04
25 2,T800E404 2.1500E+04
26 2.1500E404 1.6600E+04
27 1,6600E404 1.2900E+04
28 1.2900E404 1.0000E+04
29 1.0000E+04 7,T7200E+03
20 T.7300E403 5.9800E+03
21 5.9800E+03 4,6500E+03
- 4,6500E+403 2,6000E+03

DELTA X-SECTION

)
CAPTURE ELASTIC
=~3.55998€-03 4.00011E-02
T.T2764E-04 1.16860E-02
~7.398646E=03 =3.T4228E~02
2.13742E-03 2.10814E-01
5.60155£-03 ~4,22186E~03
2+95669E-02 1.515T0E-01
9.15265E-03 =3,25493E-03
-2.20177E-04 ~7+96490E-02
=9,20177E~04 =T7.96490E-02
~5.69633E-04 =4 .92065€-02

L2211

35
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AVERAGE CRLSS SECTICN AND RESONANCE PARAMZTER

GRCUP NO. L J SIEKA-C SIGMA-F SIGMA=N D~BAR  GAMMA=NG.  GAMMA-FF STR.F
1
) Ce5C C.0B467 0.0 1.70%64 18.72658 0.00173 0.0 9.24323E-05
1 «S0 0.06477 0.0 0.27408 18.796%8 0.00222 [+2%:] 1.71432E-04
1 1.50 £.20003 0.0 0461785 9.£6193 0.00158 0.0 1,60077E-04
TOTAL 0434947 0.0 12,26059
POTENTIAL SCATTERING . $.E5502
2
0 D.5C 0.09659 0.0 2410410 16.65671 £.802¢0 0.0 1.07267E-04
1 0,50 0,07034 0.0 0.31079 17.92114 0.00279 0.0 1.55757E~04
1 1.5C 0.18692 0.0 0.60658 10,775¢6 0.02175 0.0 1.62567E~04
TOTAL 0425585 0.0 12.62141
POTENTIAL SCATTERING 9.60754
3 :
0 0.50 0.11197 0.0 2412059 18,45018 0.00167 0.0 1.01380E-04
1 0.50 0.07265 0.0 0.25680 19.22076 0.00273 C.0 1.41738E~04
1 1.50 0.20267 0.0 0.531028 10.35197 C.00159 0.0 1.52366E-04
TOTAL 0.28729 0.0 12.55292
POTENTIAL SCATTERING 9.66514
4
4] 0.50 0,12066 0.3 2448655 1537924 0,.00212 0.0 1.09917E-04
1 0.50 ‘0.,06853 C.0 0419591 20.1612% C.03247 0.0 1.22735E-04
1 1.50 0.22409 C.0 540849 10.35197 0.00150 0.0 1.44802E-04
TOTAL 0.41228 Ce0 12.82664
POTENTIAL SCATTERING 9.73169
5
5 0.50 £.15508 0.0 2,71613 17.66723 0.00195 2.0 1.10578E-04
1 Q.50 0.07776 .0 0.21917 19.20501 0.00283 0.0 1.46450E-04
1 1.50 0.23377 0.0 0.40513 10.42841 0,00165 0.0 1.59077E-04
TOTAL 0447463 0.0 13.15123
POTENTIAL SCATTERING 9.80686
6
4] 0,50 Ce17923 C.0 2050252 19,08397 0,00177 C.0 9.27566E~-05
1 0.50 0.09298 0.0 0619428 19.15707 0.0029¢9 0.0 1.56062E-04
1 1.50 0422897 8.0 0.29937 10.£9225 0.00160 0.0 1.46657E-04
TOTAL 0451118 0.0 12.89484
POTENTIAL SCATTERING 9.89855
7
o 0.50 0.22125 0.0 3.33902 19.70442 0.00213 0.0 1.08082E-04
1 0.50 0.,11018 0.0 0.16129 1843317 0.,00204 C.0 1.65181E~-04
1 1.50 0.25278 0.0 0.24374 10.69519 0400152 0.0 1.51350E-04
TOTAL 8.59621 0,0 13,74762
POTENTIAL SCATTERING 10.00356
B
[¢] 0.50 0.27677 0.0 3.708640 19,9305 0,00206 0.0 1,02320E~04
. 1 0.50 0.09541 0.0 0.09997 19,95305 0.00272 0.0 1.36278E-04
1 1.50 0.27143 0.0 0a15584 10.73222 0.00161 0.0 1.50144E-04
TOVAL 0.64361 C.0 14.03802
POTENTIAL SCATTERING 10,C7581
9 . e . .
o 0.50 C.47659 C.0 5.07420 20.507281 0.00222 0.0 1.08024E-04
1 0.50 Cal2246 c.0 0.08C5% 204422801 0.00280 0.0 1.85951E-04
1 1.50 0.26984 - 0.0 0,07785- 11.02941 0.00172 0.0 1.55864E~04
TOTAL 0.8622¢ .0 15.40446
POTENTIAL SCATTERING . 10412867
ARt hans AVERAGE' sasniorsns . .
: 19.07056 0.00198 .0 1.03684E-04
19.24776 ©,00296 0.0 1.53725E-04

10.55568 0.00162 0.0 1.52897E~04



JAERI 1267 Appendix B. Sample Output Lists of TIMS-1
START SUSRCUTINE H¥MCRCSS ##  s#e##NEW TIMS  TEST RUN  U-238 hane
MICROSCOPIC CROSS SECTICNS OF 236a ARE CALCULATED BY SINGLELEVEL FCRMULA
NOJCF FISSICN, CHANNELS = ©
NO.OF RESONANGCE PARAMETERS
S-WAVE PARAMETERS =-==- 5 100 71
P-WAVE PARAMETERS o= 67 136 1
D-NAVE PARAMETERS ==--- 0 100 ¢
NCo OF S-WAVE RESONANCES IN THE SUMMATIONS = 20 S-S INTERFERENCE EFFECT =-=-=-VOUGT = O
NO. OF P-WAVE RZSONANCES IN THE SUMMATIONS = 20 NO, CE IMP = 8
TEMPERATURES (K) 200,000
ATCMIC RACIUS = 0.5401 SCATTERING RADIUS = 0.9184
ENERGY BOUNDARIES,MESH WIDTHS AND NO.CF MESH PUINTS
“1.0C0CCZ+404  4.65000E+03  9,99632D-05 766 10 100
£.65003E403  1,00000E+03  2.001130-04 763 10 130
JCO0DCE403  4.65C00E4C2 1.599260-C4 283 10 100
4650005402 1.00000E8402  2.49857C-04 615 10 199
1.CO0C0E402  4,65C00E+DL  2.494150-04 207 10 130
4.65000E+01  1.0C000E4G1  4.985820-04 308 10 130
1.0000GE401  4.65000E+C0  5.004690-04 153, 10 100
4,5500CE400  2.00000E-C1  4.994120-C4 520 10 193
*atddehirs  FLOWER XS ENERGY RANGE #wvsrdieess
FRGM ® 0445000E+405 TG 0.10000E+01
AVERAGE CRCSS SECTIONS
UPPER E LCNER E TCTAL CAPTURE ELASTIC FISSION MULTI.F MULTTWN
1.0000E404 4.6500E403 1.5948E401 £.2555E~01 1.5123E+01 9.0539E~06: 0.0 0.0
A.6500E403 1,0000E+03 2.0122E+01 1,5264E400 1.8596E+01 6,2145E-05" 0.0 0.0
1.0000E403 &.6500E402 2,3434E+01 2.3222E400 2.0110E401 5.7742E-04° 0.0 0,0
%.6500E402 1,00C0E+02 5.6445E401 1.2506E4C1 4.3839E+401 0.0 0.0 0.0
1.0000E402 4§ .6500E+D1 4.2543E401 1.6556E401 2.5986E+01 0.0 0.0 0.0
4.6500E401 1.00C0E4G1 1.2460E402 E.E244E401 5.6259E401 0.0 0.0 0.0
1.0000E401 4.6500E400 1.896BE+02 1.6972E402 1.9960E+01 0.0 0.0 0,0
4.6500E400 2,0000E-01 1.,0042E401+ $.4522E~01 9+3964E400 0,0 0.0 0.0
START SUBROUTINE #SPEACO  ##%  4#«4sNEW TIMS  TEST RUN  U-228 PPN

*% INFUT DATA LIST s (THE LISTING IS DONE IN THE SAME FCRMAT AS THE INPUT)

1 g 1 45 [+ 0

C.0 1.CO000E+C0 1.,C000024C1 1.CC3COE+C2 1.,C0COCE4C3 1.C0000E+04

1.CCCC0E405 1.00000€45¢
2.00C00CE+D2

To1017CE402 5,£2080E402 £,30740E403 3.25460E4023 2,61260E403 2,02470E402

1.EE4E0S403 1,2241CE403 9.611208402 T.4852CE+402 5,82950E402 4,54000E4C2

«E2EECEH402 2475260E402 24144506402 14670205402 142007CE402 1.013C05+02

TeEEI20E401 £.144Z0E401 4.765106401 3,7267CE+401 2,90220E408 2.2£02C2+01

147¢0ZCE401 1,27100E401 1.C6T705401 8431520E400 £.47600E4C0 5,043505400
1.855402400
8.764205-01 T7.72440E-01 £,325605-C1

€.0226CE-C1 5,21550E~C1 §469110E-C1 4,1395CE-012

2.5279CE+00 3.059C0E40 2.22240E+00 1463740E400 1,44500E4C0

1.27520E400 1,125405+00 9,52140E-01

##% QUTPUT FRCM LIZRARY TAFE #»

NUCLID s#s+» 1242

TAPE NCo/TEMPT(NT) /KREST/NCXG/EXG(1)/MAXNKF]T #d8 £0 300,00 22£.C1C0 8 1000C,00 10

EXG/UIGP/NGIG/NFL #x» 4552.00 0.0510 746 10
EXG/UICP/NDIG/NFI ##¢ 1000.68 0.0320 768 10
EXG/UIGP/NGIG/NFI #4% 465400 0.0020 232 16
EXG/UIGP/NOIG/NFL s+ 100.00 C.3025 615 10
EXG/UIGP/NCIG/NFI s 46.50 0.0025 207 10
EXG/UIGP/NCIG/NFI #%# 10.C0 0.0050 208 10
EXG/UIGR/NDIG/NFI ##% 4465 0.0050 153 10
EXG/UIGR/NCIG/NFL 224 0,20 0.0050 €30 10
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ss4dss LIST OF IMFORMATION CN GROUP STRUCTURE FOR X~SECTICN AVERAGE #w#ess

NQW

OO U AN

EN{N)

T1C4.375
5527.844
4300.852
3349.021
2612.080
2034.779
15844461
1232.804
560.786
T4£.327
562.850
452,511
252,232
275.126
214,291
1€6.,5C8
120.002
101.256
784902
€1.321
47.792
27,147
284545
22.5%54
17.574
12,694
10.670
8.209
6.470C
£.023
2.924

EN(N+1}

5527.044
4300.852
2249,021
2612.080
2034.779
1584.461
1233.804
560.786
T48.227
582.£50
453.511
252,232
275.126
214.291
166,508
120,002
101.256
TE.502
€1.221
47.752
37.147
28.945
22.554
17.574
12.694
10.670
8.3C9
€.470

£.028

2.524

2.C57
2.281
1.855
1.627
1.445
1.276
1.126
0.9E9
04873

0.770°

0.680
0.600
0.520
0.467
0413

TIMS-1

CELTA-U N3G(N)

0.25091
0.25098
0.25014
0l.24814
0.25014
0.25014
0.25014
0.25010
0.24991
0.24991
0.25091

0.24950 °

024950
0.24990
0.24990
0.24990
G.24950
C.24944
0.25191
0.24942
0.25198
0424949
C.24949
0.24949
0424949
0.24949
0.25CC4
0.25023
0.25C23
D.24968
0424571
0.24971
0.24971
012485
0.12485
O.124€5
0.12485
0412985
0.12485
0.124€5
Ca.12485
0.12485
D.12485
0.12485
0.12485

252

464

£89

712

gae

962
1068
1212
1328
1463
1586
1626
1786
18E6
19¢6
2086
21E6
22¢6
2287
2487
2543
2592
2643
2653
2743
2793
2843
2883
2943
29693
2043
2052
2143
2168
3193
3z18
3243
2269
3294
3319
3344
2369
2394
3419
3444

NIB{N)

2f2
212
125
124
125
125
128
1z%
128
125
123
100
1C0
1c0
100
100
1c0
1ce

JAERI 1267
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exss2  NIUTRCN SPECTRUM

SIGMAD =

1.32139€-01
4.63081E-03
4.62954E-04
1.01€63E-04
1.52125E-05
2.58074E-0¢

SIGMAC =
1.56982E-C1
«E3I90SE-02
5468 189E-C4
F.51294E-05
1.72279E-C5
3.03292E-C6

SIGMAD =

2.15951E-01
2.59984E-02
2425896E-03
9.51441E-05
2.03158E-05
8485732206

SIGMAD =

2.44736E-01
1.55730E-01
7.25818€E-02
1.146T6E-02
1.65131E-03
T.02407E-04

SIGHAD =

2.50079E-01
2,27096E-01
1.81888E-01
9.51519E~02
44,54 635E-02
2.08720E-02

0.0
2.809225-02
2.26445E-03
2,32027E~04
1.04859E-04
6+379508E~06
2021844E-06

1.00
6o TATELE-D2
4.00897E-03
3,688TO0E~D4
1.09624E~04
Te22544E-06
Z.6109ZE-C6

10.60
1.68924£-01
1.94255-02
1.48212E-03
1.24340E-04
1.44867E-05
8.13277E-06

100.00
242560701
1.45076E-01
6.45004E-02
1.11621E-02
8.06B47E-04
6.86122E-04

1000,00

2.48874E-C1
2.23329E-01
1.74840E-01
Fe24511E-02
2423892E-C2
2,06649E-02

SIGMAD = 10000.,00

2450730E-01
2.329548E-01
2413854E-01
1.71791€-01
1.29503E-01
5.972745-02

2.50484E-01
2.37716E-01
2.150776-01
1.68966E-01
6¢34075E-C2
5.92351E~02

SIGMAD = 100000.00

2.50739E-01
2,40940E-01
2.25014€-01
1.98672E-01
1.63719E-01
7.8495TE-02

SIGMAD = 100

2,50783E-C1
2.41079£201
2.257045-01
2.02610E-01
1.75044E-01
8.144§52E-02

2.5C652E~01
2439344E~01
2.22086E-01
1.5541££-01
842260ZE-02
T« TZ608E~02

0CC0.00

2450667201
2429507E-01
Z.22881E~01
1.99290E-01
8.62822E-02
8.078795-02

Appendix B. Sample Output Lists of TIMS-1

LAE A

24151528-02
2.07822E-C2
2.0B3C6E~C4
5.66224E~05
5.62444E-06
1.90502E-06

3.52769E-32
2.58743E-03
2.56392£-C4
6.9C016E-05
6.49577E-05
2.24340E-06

1.20250E-01
1.52812E-02
9.44525E-04
1.19159E-04
1.38221E-05
T+22411E-06

2+22922E~01
1.34932E-01
£.41764E-02
1.CE552E-02
T.92204E-04
6.65548E-04

2.4620CE-01
2419768E-01
1.66146E-~01
9417222E-02
221649E-02
2.04590E-02

2.49017€-01
2+26729E-01
2412667E-01
1.6643TE-O1
6,28575E-02
S5.87488E-02

2449208E-01
2.28693E-01
2.215708-01
1.52543E-01
Be254£32E-02
T.T2343E-D2

2.49327E-01
2.2868895-01
2422607€-01
1.96261£-01
B.5€421E-02
8.01390E-02

1.,48462E~02
2.05841E~03
2.05062E~04
1.20447E-05
4.52434E-05
1.63217E-06

2412TITE-02
2.60394E-03
3.02814E=-04
1.56606E-C5
£.72923€E-06
1.,9158EE-06

FE44C1E-02
1.187C%E-02
6.50563E-04
5.02914E-05
1.20516E-05

«5T062E-06

2.11109E-01
1.24807E-01
4.65703E-02
7.114C2E=-03
T.T824EE~04
6452699E-04

2.42045E~01
2.15180E-01
1.56876E-01
7.69750E=02
219434E~C2
2402543E-02

2.46056E-01
2432524E-C1
2.06587E~01
1.,5626EE-01
6.23175E-02
5,82663E~02

2.46471E-01
2036112E-01
2.16717E-01
1.88107E-C1
2.18461E-02
T.66152E-C2

2.46510E-C1
2+436332E-01
2.17915€-01
1.92909E-01
8449165E-02
Te94935E-02

1.22129E-02
1.92100E-03
2.32126E-04
7.176675-06
4421210E-06
1.39775E-06

1.633%0€E-02
2426362E~03
2449865E~-04
7.16520E~06
5.02380E-06
1.664116E-C6

T7.68839E-02
9.17939E~03
5.65623E-04
8.89199E-06
1,22115E-05
5.84909E-06

2.01256E-01
1.15985E-01
4.34446E-02
1,92558E-023
T.63872E=04
6.35615E-04

2.41225E-C1
2.10512E-01
1.54945E-C1
5.07243E~02
2417244E-02
2.00505E£-02

2.46746E~01
2421728E-01
2.05687€-01
1.39588E=-01
6.17869E-02
5.77931E-C2

2.47226E-01
2.34290E-C1
2.1€28EE-C1
1.82256E-01
8.11588E-02
T.60047E-32

2.47382E-01
2434551E-01
2.17502E~01
1.89112E-01
8.42044E-02
T.88659E~02

1.209¢6CE-C2
1.19443E-C3
1.C3085E~04
1.81703E-05
2,544 T2E-CH

1.296T2E~D2
1.50919E-03
F.5634BE=05
1.83212E-G5
4.59826E-06

5.93920E-02
6.75152E-03
1.69432E-04
2.06564E-05
1.18264E-05

1.89489E-01
1.05104E-01
2.51025€E=02
1476575E-03
T.TE598E~04

2237979E-01
2.04518E~01
1.26441€E-01
4.84725E~02
2e23653E-02

2.45196E-01
2.291645-01
1.91154E-01
1.36033E~01
6437050E~02

2.45970E-01
2.32235E-01
2.05698E-01
1.78543E-0]

E.26E89E=02

2.46047E-01
2422548E-01
2.12296E-01
1.35234E-01
8468302E-02

T.56056E-03
8.T4772E-04
1.58437€E~04
2.05147E-05
3.58212E-06

9.52189E~03
1.01258E-03
1.59999E-04
2.17032E-05
4 ,08401E-06

4.60382E-02
4.51636E~03
2.,214506-04
2.76766E-05
1,06367E-05

1.79556E-01
9.23094E~02
2.49534E-02
1.73122€-03
T+33798E-04

2.35091E-01
1.95776E~01
1,26934E-01
4.73847E-02
2.12904€-02

Ce4255CE~-01
2425596E-C1
1.89711E-C1
1.23221E-C1
6.07319E-02

Z.44461E-01
2.2991C£-01
2.06R55E-01
1.752C02E-C1
T.97931E~02

2,44550E-01
2.30372E-01
2.05262E-01
1.21561E-01
8.27892E-G2

5.19954E~03
T.T1062E-04
3,22750E~05
1.84682E-C5
3.00996E~C6

6.58214E-03
9.11006E-04
3.37631E-05
24.03494E-05
3.51630E-06

3.39970E-02
3.54942E-03
6.54882E-05
3.04689E-05
9.79602E-06

1.67902€-01
8.55312E~02

1.32924E-02

1.,69519€-03
T.18322E-04

2431566£-01
1.92104€-01
1.,00328€-01
4.,64022E-02
2.10805€-02

2.41689E-01
2423172E-01
1.76075€-01
1.30850E-01
602262E~02

2.42785€E-C1
2.27617E~01
2.02107€-01
1,71777E-01
T.91297E-02

2.42894E-01
2.28092E~01
2.05902E-01
1.78215€-01
8,21123E-02

39
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QWD PV S WN -

GRCUP Nite

0.0
0.0
CeC
0.0
S.0
2.0
0.£084C-05
0.2750:2-03
D.E528E-06
0.1755E8~02
0.5¢282-05
0.0
0.0
0.0
SeC
0.0
2.0
oG
0

0.C

oo

CO00OOLUOODWODOLO
[eX-R-YuRoR-R-RaloNrNogololelel

GROUP NO.

0.8238E400
0.1099E401
0.,1068E+01
0.1183E+401
0.1481E+01
0.1779E+01
0.1697E+01
3.2208E8401
0,2C32E+01
0.2636E+401
0.2280E+01
042404E+01
0.4681E401
0.6675E401
041604E+02
042511E+401
D.4465E402
0.5268E+401
0.4516E402
0.1278E+00
04423702401
0e16686403
0.7187£400
0,2476E403
0.4418E+00
0.2938E400
0.69505400
0.E5066E403
0.1177E402
0.1122E401
0.6515E400
0.52245+00
0.4802E+400
0.4734E400
0.4767E400
0.4842E+00
0.4952€400
0,5102E+00
0,5344£+400
0.5552E5400
0.5789E+00
0.60532400
0.6244E400
046663400
0.7010E4C0

SICMA-F
Ue

1.C000
1.C0C0
1.0000
1,0000
1.0000
1.0C00
046264
0.5

SIGHMA-A
o

.
0.6264
0.6289
0.5184
0.5500
0.2860
D.283¢9
0.3251
0.3021
C.1967
0.1802
0.1580
0,2101
0.1156
0.0930
00,0583
0.2054
0.0280
0.1931
0.0261

TIMS-1

#¥ SRIELDING FACTGR

1.
1.0000
1.00C0
1.0000
1.0000
1.CCCO
1.0000
0.9257
0.6009
C.9476
0.68207
1.0367
1.0CC00
1.0000
1.00C0
1.C000
1.0000
1.0600
1.0500
1.0CC0
1.G600
1.0000
1.CCCO
1.C0C3
1.0000
1.0000
1.0G00
1.,0000
1.0000
1.C0C0
1.0000
1.0000
1.0000
1.0CC0
1.0000
1.C000
31.00C0
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0600

Ce
11,0060
1.000C
1.0C00
1.0C00
1.0C00
1.0002
C.9371
0.7147
097023
Ce9417
1.0£20
1.,0300
1.C000
1.0000
1.0CGO
1.CC00
1.0000
1.0000
1.0060
1.0003
1.CCC3
1.C000
1.0000
1,0000
1.0000
1.C000
1.0000
1.00C0
1.0CC0
1.0000
1.00CC
1.0000
1,C0CC
1.C00C0
1.050C
1.00C0
1.0000
1.0000
1.0000
1.0000
1.0000
1.0C00
1.3200
1.0200
1.C000

108,
1.c0C2
1.C0(5
1.C2G3
1.C002
1.6G0C0
1.C0C0
0.5822
0.5206
0.59€0
1.C020
1.0127
1.0CCC
o300
1.0058
1.C0C2
1.C0C0
1.608)
1,320
1.00C0
1.0800
1.C0C0
1.C3%50
1.0000
1,03C0
1.0500
1.CCCO
1.C020
1.0000
1.C0C0
1.C0000
1.,0000
1.00C0
1.CCC0
1.,0000
1.0000
1.60C2
1.00C0
1.0000
1.0000
1.c0C0
1.00C0
1.0030
1.0000
1.C003
31,0000

#* SHIELCING FACICR

0.6583
0.6420
0.5289
0.5634
0.4070
0.2189
0.2452
0.2112
0.2061
0.1870
0.1661
0.2195
0.1212
0.0963
040648
042090
0.0309
0.,2077
0.02¢1
0.9710
0,2177
C.0124
0.8907

Ce9994
C.9994

.
0.7463
0.7228
0.6061
0.6407
0.4898
C.3974
0.4165
0.2725
0.2740
0.2286
O.2228
Ce.2912
Ge1561
0.1261
0,0878
062996
0.0475
0,2604
0.0426
0.9961
0.3266

09996
0.9%95

.
0.9070
C.89¢62
0.8194
0.8450
0.7308
0.6424
06545
0.5899
0.,5247
Oe4681
O.4725
D.5922
02200
0.2924
0.1674
Ce6386
0.1219
0.4897
0.1085
1.00C4
046275
0.08¢7
0.9261

0.9999%9
0.5959

10C0.
1,0000
1.0CC0
1.028C0
1.C000
1.0000
1.C000
0.9960
0.9942
045956
1.0053
1.0021
1.09CC
1.C000
1.0300
1.G000
1.0C0C
1.0C00
1.00C0
1.G0G0
1.0000
1.2000
3.2000
1.00cC
1.0300
1.C0C0
1.C5C0
1.0000
31.C0C0
1.0000
1.G0GC
1.00C0
1.506C0
1.00C0
1.00C0
1.0000

1.C000

1000,
0.9859
8.98237
0.96€3
0.9733
0.9420
0.,9082
0.9098
0.cé87
0.8744
0.8313
0.8454
0.5126
0.7222
0.7220
De44cs
0.9426
0.2823
0.8641
043578
1.0003
0.9122
0024088
0.9962
0.2909
1.0017
0.9998
0.9995
0.2451
1.0808
1.0016
1.0006
1.0003
1.0001
1.C000
1.G000
1.0000
1.0000
1.0080
1.,0000
1.00C0
1.0000
1.0000
1.0000
1.0000
1.00C0

1¢000.
1.08C0
1.00CC
1.00C0Q
1.0CC0
1.0000
1.0C00
0.99¢85
1.0021
0.9996
1.002C
1.0C17
1.C00C0
1.c0CcC
1.5C00
1.0000
1.0CC0O
1.0000
1.0000
1.00C0
1.080C

+C0C0
1.C0G0
1.CGCC
1.C0CO
1.,0000
1.00C0
1.00C0
1.C0C0
1.00C0
1.00C0
1.00C0
1.0000
1.00C0
1.00C0
1.00C0
1.0060
1.0000
1.0000
1.0000
1.05000
1.0000
1.0000
1,000C
1.0000
1.00C0

1520C0.
1.60C0
1.6C00
1.€000
1.00C0
1.06C00
1.0000
0.9988
1.0029
0.5956
1.0026
1.0015
1.0000
1.0002
1.0900
1.0C00
1.G0C3
1,669
1.0090
1,c000
1.0500
1.0C00
1,0000
1.,6900
1.6900
1.60C0
1.00C3
1.0000
1.0000
1.0000
1.0000
1.60C0
1.0000
1.0000
1.0000
1,0000
1.0000
1,0000
1,0000
1.0000
1.0080
1.0000
1.0000
1,0000
1.0C00
1,000

100000
1.0001
1.0000
0.9997

1.0000
1.0000

1000000,

1.00C0
1.0003
1.0000
1.0000
1.0000
1.C000

1000000«
1.0003
1.0001
1.0000
1.0002
1,0002
0,9998
0.5997
1.C000
1.0007
0.9994
1,C805
1.0008
1.0005
1.6009
0.5956
1.0032
0.9546
0.9964
0,9952
1.0006
0.5945
1.,0003
C.9975
0.9987
1.C015
0.9958
1,0C01
0.9887
1.0060
1.C013
1.C006
1.0003
1.0001
1.0000
1.03C0
1.0000
1.0000
1.C000
1.0000
1.00C0
1.0000
1.0000
1.0000
1.0000
1.0000
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VROV &WN -

W RPN -

GROUP NCe

0,1533E+02
0.1619E402
0,1701E+02
0e1213E402
0.2054E402
0.2442E402
0+1784E+02
OeZ245E402
0.1901E402
0.2054E+402
0.1534E402
0.1254E402
0.2147E402
0.2029E402
0.9159E402
0.1049E+02
C.1120E+403
0,8032E+01
0.5930E¢C2
0.1058E402
0.2427E402
0.2017E403
0.1146E402
0,8548E402
0.87678+01
D.9372E+01
0.1098E+02
0.42962402
0.0596E401
3.9190E401
0.5664E401
D.55952401
9,.,1033Ee22
0.1011E402
0.10152+02
0.1018E+02
0.1021E402
041010E402
0.5835E401
0.0E50E+401
0.5853E401
0.8875E401
0.88355401
0.289235401
0.8901E401

GROUP NO.

0.1615E+402
0.1729E+02
0.1808E402
0.1632E+402
0.2202E402
0.2620E402
0419536402
0.2475E402
0.2204E402
0.2418E+02
0.1872E+02
0.1504E402
0.2615E402
0,2696E+02
0.1076E403
0.1300E+02
041567E403
0413305402
0.10455+03
0.1072E+02
0.2E64E402
C+3685E+02
0.1218E402
0.3270E403
0.9229E+01
0.1027E+02
0.1188E402
De5496E403
041877E+02
0.1031E402
D41032E402
0410426402
0,1051E+402
0,1058E+02
0+1062E+402
0410656E402
0+1070E+02
0,1061E402
0.9369E401
0.9405E401
0.9442E+401
0,9480E+01
0.9519E401
0.9560E401
0.9602E401

Appendix B. Sample Output Lists of TIMS-1

SICMA-S
O.
0.6593
Co.t552
0.6554

SIGMA-T
[}

.
0.2548
0.4248
0.5488
0.658%
0.1302
0.0402
0.4796
0,3590
0.3745
0,4204
0.5159
0.7579
0.2995
C.4554
0.0621
0.8015
0.0879
0.5737
041133
1.0091
0.5267

1.C000

+# SHIELCING FACTOR

.
C.6540
0.6749
Oet641
07565
0.51C3
0.2919
0.5924
0.5029
0.5085
0.5452
J.6589
29.9Cz6
0.5259
0.6250
0.1257
0.9815
0.1265
0.9455
0.21325
1.0152
0.6745
0.0299
0.5790
0.1260
1.0079
0.9%93
0.9944
0.3026
1.1295
1.0027
1.00C1
0.9959
0.9599%
1.0060
1.00C0
1.06GCO
1.0000
0.9994
1.0600
1.0C€C0
1.0000
1.0000
1.C0CC
1.0006
1.0050

10.
0.7588
.7350
Ca7126
7931
C.5857
C.4817
0.6304
C.5402
C.5490
C.5751
D824
€.9C93
Ca5471
0.6372
D.1548
09769
0.1489
0.869%92
0.2167
1.0013
0.7371
0.0507
0.9962
0.1593
1.0072
1.0011
0.9987
03161
1.0940
1.0031
1.0005
1.0001
1.0000
1.0000
1.0000
1.0000
1.0000
C.9953
1.8000
1.0600
1.C000
1.0000
1.0500
1.00C0
1.0C00

0.£903
0.£697
0.8551
0.8926
0.7467
046487
0.7507
0,6587
0.6852
c.6822
G.7756
0.9453
c.6271
0.7109
0.2202
0.9380
0.2105
0.9454
0.2643
045995
0.8669
0.0901
0.9970
0.1984
0.5956
0.9958
£.9995
043621
0.9708
0.9999
1.0000
1.0000
1.0060
1.0000
1.0000
1.0000
1.0000
£.0000
1.0000
1.00C0
1.0000
1.0000
1.0000
1.0000
1.6000

*% SHIELDING FACTOR

}
0,5365
0.5261
0.5627
0.6674
0.3200
0,1809
0.4928
0.4106
042897
0.4288
G.5201
07594
0.4050
0.4566
0.0686
0.8015
0.0885
0.5706
0.1122

.
0.6655
0.6365
0.6185
0.7120
0.4760
0.3712
0,5420
0.4556
0.43560
0.4521
0.5425
0.7702
0,4277
0.4665
0.0932
046077
0.0937
0.5843
0.1152
0.9961
0.5895
0.0242
0.9795
0,0450
1,0044
1.0007
0.9936
0.0316
0.6798
049993
1.0002
1.0001
1.0000
1.0000
1,0000
1,0000
1.0000
08,9991
1.0000
1.0000
1.0000
1.0000
1.€000
1,0000
1.0000

- .
6.8215
0.7925
0.7678
0.8285
C.6328
0.5250
C.6501
0.5554
C.5470
C.54E7
G.6229
C.8346
0.4860
c.5152
0.1382
G.8726
0.1198
0.6803
0.1366

1000,
0.,9809
0.9745
0.9724
0.9780
049344
0.8867
0.9250
0.8689
0.9045
0.8864
0.9329
0.9875
0.8268
0.8867
0.4671
0.9979
0.4272
0.9B40
0.4894
0.9599
0.9693
0.2492
0.9992
0.2603
0.,9958

1.C000

0.9999
0.4960
0.9868
0,9999
1.0000
1.0000
1.,0000
1.0000
1.0000
1.0000
1,0000
1,0001
1,0000
1.0000
1.0000
1.0000
1,000
1.0000
1.0000

1.0005

310000,
D.99E1
0.9973
0.9970
0.9975
0.9922
0.9852
0.9901
0.9797
0.98¢83
0.9837
09921
0.5986
0.9714
09827
0.8395
G.9598
0.8111
0.9965
0.8378
0.9998
0.9944
0.6624
0.9994
0.7503

0.9958

0.9999
0.9999
0.7998
0.,9959
0.9959

1.0060°

1.0260
1.0001
1.0000
1.0000
1.0000
1.C000
1.0001

1.0000 -

1.0000
1.0000
1.0000

1.0000.

1.0000

1.0000.

100CC0.
1.0001
0.9959
0.9997
0.5998
0.9995
0.9987
0.9988
0.9975
0.999%6
C.99231
0.999%96
C.9999
0.9921
0.9987
0.9799
0.99%9
6.9718
0.9987
C.9778
0.9993
C.9973
0.5495
0.9994
C.9£56
0.9993
8.9599
0.9997
09867
0.9955
0.9999
1.00C0
1.0000
1.0000
1.0000
1.0000
1.0000
1.0002
1.0001
1.0000
1.6000
1.0000
1.0000
1.0000
1.0000
1.0000

100000.
1,0001
0.9999
0.9998
0.9998
0.9995
0.9987
0.9968
0.9976
C.9996
0.9980
0.9995
0.9959
0.9977
0.9983
0.9E02
1.0005
0.9594
0,9972
0.9722
0.9998
0.9968
0.8868
0.9593
0.9205
05999
0.9999
045999
0.9158
1.0046
1.0003
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0001
1.0000
1.0060
1.,0000
1.0000
1,0000
1.0000
1.0000

310000004
1.0003
1.C002
1.0000
1.C000
1.0003
1.0001
0.,9997
09994
1.0008
0.9596
1.C004
1.C0001
1.C010
1.0002
0.9987
0.5599
0.9942
C.5959
0.5963
0.9988
C.9577
1.,0001
0.5594
0.5991
£.5998
0.9999
0.9999
C.9%24
C.99¢E8
0.5559
1.6000
11,0200
1.0000
1.0020
1.0000
1.0000
1.00C0
1.00C1
1.0000
1.00C9
. 1.0000
1.C000
1.0000
1,0000

.- 10000

1000000,
1,0003
1.0002
1.0000
1.0003
1.0003
1.0001
0.,9997
09995
1.00C8
0.9996
1.0004
1.0002
1.0009
1.C004
C.99E9
1.0006
0.9685
0.9979
0.5958
0.9998
0.9972
0.58587
0.9993
C.9876
0,5999
09999
0.9999
0.,9809
1.0034
1.0001
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0001
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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OGPV IWN- -

GROUP NO.

0.4391E+00
0.,4076E400
0.4737E400
0,5513E400
0e4454E400
0.1354E401
041554E401
0.4899E400
0.3622E400
0.3419E400
0435226400
0.4865E400
0.4996E400
045408E+00
0.2077£400
0.4052E400
0.2222E+402
043302400
0.2698E400
044221400
044560E401
0,3169E+00
0.5396E400
0.2648E+00
0,3308E+400
0,3622E+00
0.4083E400
0,1509E+00
0.3031E+00
0,3301E400
003413E+400
0434736400
0,3513E400

. 0«7055E400

0+ 7079E400

- 0«7100E400

0e7117E+00
0.6016E400
0,6150E+00
0+6170E+00
0.6179E400
0.6186E+00
0.6192E400
0,6198E400
0462023E400

TIMS-1

SIGMA-R &% SHIELDING FACTCR
0 .

. . io0
0.4103 0.5608 0.7864
Ce.5924 0.6130 0.8023
0.6923 D.6226 0.7401
0.6435 0.6345 De7616
0.6661 0.7108 0.8228
0.1795 0.2175 0.2676
0.2076 0.2076 0.2310
0.7185 0.7168 0.7552
0.8416 0.8658 0.8954
0.5962 0.9936 09674
0.7817 0.8163 08760
0.5889 0.8771 0.5703
D.6656 0.7202 08179
0.8651 0.8553 0.8592
1.1519 1.,0807 0.9318
1.1156 1.0851 09466
0.0076 0.0096 0.0219
0.5125 0,6005 0.7461
0.7689 0.7878 07621
31,1705 1.1661 1.0091
0.0411 0,0550 C,1299
1.7711 1.7263 1,23¢0
0.4552 0.5977 0.8623
2.2429 1.9177 1.1053
1.1101 1.1684 1.1897
0.8749 0.9273 1.0491
0.6922 0.7085 0,9051
0.0146 0.0128 0.0213
1.9432 1.9242 1.7056
1.1253 1.1498 1.2022
0.9713 0.9928 1.0698
0.9189 0.9324 1.0105
0.8957 0.9046 0.9762
D.9447 0.9478 0.9806
0.9424 00,9446 0.9757
049405 0.9422 0.9715
0.9391 0,9402 0.9677
1.0420 1.0290 1.0060
0.,9169 0.9306 0.9662
0,9206 0.9247 0.9612
0.9328 0,9236 0,9579
0.9325 0.9325 0.9548
0.9319 0.5315 0.9519
0.9311 0.9306 0,9490
0.%9204 0.9298 0.9462

100.
0.91z2
C.9527
0.5190
0.5451
0.969¢
044442
0.4064
Coe5421
©.5¢05
1.0274
0.9771
C.9702
D.9572
0.9631
0.9721
0.9810
0.0828
D.9413
0,9076
0.%865
0.4687
1.0124

0.5877

1000
0.9827
0.9927
0.9880
0.9922
0.9546
0.8160
C.7882
C.9900
#9950
1.0099
0.9943

069923

0.9913
0.9893
0,9870
0.9933
042057
0.9844
0.9673
049943
0.8654
1.0106
C.98€3
Ce9684
0.5917
0.9911
0.9891
0.6440
D+9740
0.9893
0.5900
049902
0.9904
0.,9954
0.,9955
0.9955
0.9955
049960
0.9956
049955
0.9955
0.9955
049955
049954
0.9954

10000
0.99€0
0:9988
09976
09975
0.9974
0.9723
0.9683
0.9961
0.5968
0.9987
049966
0.,9963
0.9957
0.9950
0.9934
09949
0.7588
0.99320
0.5887
0.9947
C.9783
0.5994
C.5924
0.93870
0.9922
0.9920
0.9915
0.9239
0.9876
049907
0.9911
0.9914
049916
0.9960
0,9961
0.9961
0.9961
0.9961
0.9962
0.9962
09962
049963

0.9963

069963
0.9963

100000,

1000000,
1.0000
049954
0.9967
0.9951
04,9977
0.5971
0.9968
0.5968
£.9970
0.9970
0.5969
0.5567
0.9562
04,9958
0.9954
0.5952
049919
0.9549
0.,9947
0.9947
0.9935
0.9934
0.9529
0.9925
0.9923
0.5921
0.9917
0.9908
0.9910
0.9907
0,9911
0.9914
0.9917
0.9961
0.9962
0.9962
0.9962
0.9961
049963
0.9963
0.9962

049964
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