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Abstract

In a D-T burning fusion reactor, the radioactivity induced by the 14 MeV neutrons causes
many problems. It limits personnel access to the reactor during shutdown, generates decay
heat and produces radwastes. A code system THIDA had been developed in 1978 to calculate
the radioactivity and dose. rate around a fusion device. The THIDA system consisted of the
followings: one- and two-dimensional discrete ordinates radiation transport codes; induced
activity calculation code; three libraries for transmutation and decay chain data, transmutation
cross sections and delayed gamma-ray emission data.

The present report gives a complete description of THIDA-2, a new advanced version of
the THIDA system which has the following major improvements:

1. Capability to treat three-dimensional calculation models by the use of a Monte Carlo
transport code. -

2. Accurate decay heat calculation following the transport of delayed gamma rays.

3. Simplification of the data input process by the use of free format scheme and closer
coupling between the radiation transport codes and the induced activity calculation code.

4. Self-descriptive output format and additional plotter output.

5. Capability to calculate problems requiring larger core memory by the use of variable
dimension.

Keywords: D-T Neutron, Fusion Reactor, Radioactivation, Induced Activity, Transmutation,
Decay Chain, Delayed Gamma-Ray, Decay Heat, Radwaste, Dose Rate

* Century Research Center Corporation
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1. Introduction

The D-T fusion reaction produces 14 MeV neutrons which react with
nuclides composing fusion  reacter materials and  cause the
transmutation of the nuclides. Such transmutation results iIn not
only the change of material properties but also generation of
radioactive nuclides. - These nuclides generate decay heat and
radiations even after the reactor shutdown to become a potential
biological hazard.

In a D-T burning fusion reactor, the neutron—-induced
radioactivity causes three major problems. The first is the high
level of gamma-ray ﬁose rate which restricts personnel access during
shutdown. The second is the decay heat which necessitates an adequate
remcval measure in case of an accident like-a loss of coolant or
during maintenance operation at shutdown. The third is the production
of radwastes, for which appropriate processing or storage scheme must
be provided.

There are a number of computer codes developed for the purpose of

1) 2)

evaluating radicactivity in fusion reactors, such as ACTIVE °, DKR 7,

ACT and ACTIVEB), THIDAa), RACCS), ANITA6), FORIGY) and REACS). Most

of these codes are made to calculate only the transmutation and

1
induced activity. Exceptions are the ccdes ACTIVE ), THIDAQ) and
RACCS) which also calculate decay heat, biolegical hazard potential
and delayed gamma-ray source. In the three codes, the delayed gamma-

ray source is provided 1in the format which can be read by the
transport calculation code for the delayed gamma-ray flux. It should
also be mnoted that THIDA and RACC codes are provided with data
libraries for transmutation and decay chains, transmutation cross
sections and delayed gamma-ray emission spectra.

The code system THIDA4) has been developed in the Japan Atocmic
Energy Research Institute (JAERT) for the calculation of exposure dose
rate around a fusion device. It consists of radiation transport
codes, an induced activity calculation code and data libraries for
transmutation and decay chains, transmutation cross sectlons and
delayed gamma-ray emission spectra.

The present report gives a complete description of TEIDA~-2 code

system which is an advanced version of the THIDA system. The

following improvements are made:
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(1) Simplification of the material composition input process by the
-use of the FIDO free format schemegx

(2) Simplification of the geometry input for the induced activity
calculation by utilizing the geometry input data for the neutron
transport calculation, ‘

(3) Coupling with the two-dimensional discrete ordinates code DOT-
3.5100%

(4) Capability to treat three-dimensional calculational models by
coupling with the Monte Carlo code MORSE-GGLL),

(5) Accurate calculation of decay heat following the transport of
delayed gamma rays,

(6) Capability to calculate problems requiring larger core memory by
the use of variable dimension,

(7) Extension of the upper bound of the delayed gamma rays from 3 MeV
to 7.6 MeV by the optional use of 78-group cross sections,

(8) Self-descriptive output and additicnal explanations of the
problem treated,

(9) Delayed gamma-ray spectrum and time evolution curves of induced
activity can be plotted,

(10) Various options for input and output allow effective control of
calcul ational procedure,

(11) Graphical plots of the data libraries are providedlz),

(12) Prompt computation of induced activity by the use of vectorized
version and

(13) Comprehensive user's manual is provided by this report.

*3 Although the THIDA system had the capability to treat a two-

dimensional model, its utilization was difficult as described in

Section 2.3.
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2. THIDA-2 Code System

The overview of the THIDA-2 code system is given in Section 2.1
and each calculational step is described in the following Sections

2.2~12.6.

2.1 Code System Structure

To obtain the dose rate during the reactor shutdown, the THIDA-2
code system employs a sequential coupling of a neutron transport
calculation code, an induced activity calculation code, a gamma-ray
calculation code and a response calculation and plotting code. The
calculational flow chart of the code system is shown in Fig. 2.1.

At first, the neutron flux in and around a fusion device during
operation is calculated using the transport calculation codes ANISNg),
DoT-3.519) or MorsE-GGL1L).
geometry, ANISN, DOT-3.5 or MORSE-GG may be chosen, respectively. The

Depending one-, two— or three-dimensional

neutron flux is used as an input for the code ACT4 which calculates
the induced activity, the approximate decay heat (described later in
Section 2.6) and the delayed gamma-ray source after a pulsed operation
of the fusion device. The delayed gamma-ray source serves as the
input for the transport calculation of the delayed gamma-ray flux
during the shutdown. The same transport calculation code is used for
the calculations of the neutron flux and the delayed gamma-ray flux.
Finally, the gamma-ray flux is converted to shutdown dose rate* and
the exact decay heat (see Section 2.6) is calculated. These two
quantities are plotted by the APPLE-2 codelsl

The following data libraries are required to calculate the
shutdown dose rate by the THIDA-2 system.
(1) A 42-group neutron cross section library, which is a part of the

coupled 42-group neutron and 2l-group gamma-ray cross section

library GICX&OlA), for the neutron transport calculation.

(2) Transmutation and decay chain data library, CHAINLIBIZX

(3) A 42-group transmutation cross section data library, CROSSLIBlZ)

*# Shutdown dose rate means the dose rate of delayed gamma-ray

during the shutdown.
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having the same energy group structure as the GICX40 library.
(4 Delayed gamma-ray emission data library, GAMMALIBLZ),
(5) A 54-group gamma-ray cross section library, GROUPIN® for delayed
gamma-ray transport calculation which extends from 0.03 MeV to
3.0 MeV. A 78-group gamma-ray cross section library which
extends up to 7.6 MeV may also be used as an option.
{6) Gamma-ray flux to dose rate conversion data, GFLXDOSE14).
The GICX40 library is used extensively in the nuclear design of
fusion reactors. The contents of CHAINLIB, CROSSLIB and GAMMALIB have
been graphically repfesented using the AMOEBA codelz), and the

consistencies among the three libraries have been checked.

2.2 Neutron Transport Calculation

Neutron flux distribution in and around a fusion device during
operation is calculated using ANISNg), DOT—B.SIO) or MORSE*GGII)
according respectively to the selection of one-, two- or three-
dimensional model for the problem. The 42-group neutron cross

14) must be used for the transport

sections in the GICX4(C library
calculation because the energy group structure must be same as that of
the transmutation cross section 1library, CROSSLIB, which is used for
the nuclide transmutation calculation (as described later in Sectiomn
2.3.). The 42-group energy structure used commonly in the two
libraries is shown in Table 2.1. The content and arrangement of
nuclides in the GICX40 library are shown in Table 2.2. The GICX40 has
up to Pg Legendre terms of scattering cross section and includes kerma
factors for nuclear heatihg calculation. Details of the library may
be found in Ref. l4. Tt should be noted that the GROUPIN library™’
for the delayed gamma-ray flux calculation (described later in Section
2.4) has exactly the same nuclides and the common arrangement. This
correspondence allows the duplicate use of the input data of the

neutron transport calculation for the delayed gamma-ray flux calcula-

tion by slight modifications.

2.3 Induced Activity Calculation

Induced activity calculation code ACT4 performs the most

important calculational step in the THIDA-2 code system. It
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calculates the number of radioactive nuclides produced during a
continuous or pulsed operation of a fusion device using the neutron
flux obtained by the transport calculation described in Section 2.2.
It gives the transmutation rates of nuclides, induced activity, the
approximate decay heat (described later in Section 2.6), biological
hazard potential and delayed gamma-ray source distribution.

The ACT4 code originates from the ACTIVE codel) which was
developed in 1976 to evaluate the neutron-induced transmutation and
the induced activity of a D-T burning experimentls). The ACTIVE code
was revised to form the ACTB codea) which had the capability to treat
two—dimensional problems coupled with the TWOTRAN code16)*. Three
activation data libraries for transmutation and decay, transmutation
cross sections and delayed gamma-ray emission spectra were provided
for the ACT3 code. The computer codes and data libraries required in
the calculation of a shutdown dose rate was named the THIDA code
system4k It included the ACT3 code with three activation data
libraries, one- and.two-dimensional codes for neutron and gamma-ray
transport calculations together with cross section libraries and other
two smaller codes for the coupling of the codes and conversion of the
relevant data.

The THIDA-2 code system is an advanced version of the THIDA code
system with the many Iimprovements as described In Chapter 1. The ACT4
code which replaced the ACT3 code, is explained in detail in

Chapter 3.

2.4 Gamma-Ray Calculation

Delayed gamma-ray source obtained by the ACT4 code is used as an
input to a transport code for the gamma-ray distribution calculation.

The same code as in the neutron transport calculation may be used
utilizing the same input data except for the input parameters related
to energy group number, normalizatiom factor and source input
procedure. The source input procedures for one-, two- and three-
dimensional problems are described in detail in Chapter 4.

As for the cross section library for the delayed gamma-ray

% The use of the TWOTRAN code was greatly limited by the inability to
use a groupwise cross section library and the complexity of the

coupling procedure.
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transport calculation, a 54-energy group set named GROUPIN which
extends from 0.03 MeV to 3.0 MeV has been generated by the GAMLEG-JR
code17). If the calculation of gamma rays with energy greater than
3.0 MeV is required, another cross section library with 78-groups
extending from 0.03 MeV to 7.6 MeV is available. The 78Lenergy group
structure is given in Table 2.3. The b4-energy-group of the GROUPIN
library employs the same energy group structure as that in Table 2.3
below 3.0 MeV.

The contents and arrangement of nuclides in the GROUPIN library
is exactly the same as those in the GICX40 library which has been
shown in Table 2.2 As with the GICX40, the GROUPIN library has up to
Pg Legendre scattering terms and includes a kerma factor in the
position one of the cross section table for nuclear heating
calculation. These correspondence between the two libraries enables
the common use of input data for material mixture description used in
the transport calculations of neutron and delayed gamma-ray.

Tt should be:noted that the unit of the kerma factor in the
GROUPIN library is (barn.watt.sec/cmS) which is different from the
unit used in the GICX40 library, namely (barn.MeV/cm3).

The group structure shown in Table 2.3 is fine enough to give
information of the separate contribution from individual source
nuclides. To reflect the discrete nature of the gamma-ray source
spectrum, the fine energy interval of Table 2.3 was chosen. The same
energy group structure should be used in the gamma-ray source

calculation in ACT4 and the gamma-ray transport calculation.

2.5 Dose Rate Calculation

Since the external dose from the E-ray can be shielded easily,
only the gamma-ray dose is considered as the shutdown dose. According

to Ref. 18, the exposure dose rate D is denoted as

w () b (E)

(R-s™1) (2.1)
7.08 x 10"

D:

wheare Ua(EY): the energy absorption coefficient for gamma-ray of
energy Ey (cm_l)
¢E(EY) = EY'¢Y(EY): energy flux of gamma ray(MeV°cm_2's_1).
The dose rate equivalent 1 rem of gamma-ray irradiation can be

approximately given as
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1 R~ 1 rem.!8) (2.2)

Applying this approximation to Eq.(2.1), the absorbed dose rate D
(rem.h-l) becomes l
. U (E_Y+E «¢ (F )+3600
D=2 Y Y X qY (rem*h™%) . (2.3)
7.08 <10

13)

The APPLE-2 code is used to convert the gamma-ray flux to

shutdown dose rate and to plot the spatial distribution of the dose
rate. The flux-to-dose conversion factor C(EY)(rem-h_l)/(photonocm_z.

s—l) is obtained as follows:

3600
C(E,) = W (E ) *E X——"T——
(B = 1 (B = By 7.08 x 10"
K(E ) rem+h™!
- — % 0.0508 ( )
1,6 x107 %3 photon+cm™“+s
where K(E Y): mac¢roscopic kerma factor of the standard state air

(watt-cm_l),
1.6 x 10°13; conversion factor (watt/(MeV-s—l)

The K(E\)/1.6 x 10713

and nitroegen calculated by the GAMLEG-JR code

was obtained from the kerma factors of oxygen

17 ). The flux-to—dose

conversion factor in multigroup form is listed in Table 2.4 where the

macroscopic part K(EY)/I.E) x 10713 in the S4—energy group {(described

in Section 2.4) is provided as the GFLXDOSE data. A normalization
factor of 0.0508 in Eq.(2.4) should be applied when using the GFLXDOSE

data.

2.6 Decay Heat Calculation

Figure 2.2 describes the procedure for the decay heat

19)

calculation The ACT4 code calculates an approximate value of the

decay heat rate as the sum of the heat from R-decay and delayed gamma-
ray generated. If an accurate spatial distribution of decay heat rate

is not necessary, the approximate value DH shown in Fig. 2.2

approx
will be given by the ACT4 code.

If an accurate decay heat rate (DH in Fig. 2.2) considering

exact
the transport and deposition of the delayed gamma-ray is desired, the
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gamma-ray heat deposition rate should be calculated as the product of
kerma factor KY(E) in the GROUPIN library (as described in Section
2.4) and the delayed gamma-ray flux ¢ _(r, E, t). This gamma-ray

N 13)

heating rate is combined in the APPLE-2 code with the f-ray heating

rate calculated by the ACT4 code.

A comparison of DHagfrox with DH . .. in a typical fusion reactor
blanket has been nade.l In this case, the DH_ , . . Was found to be
60% lower than DH at the first wall where the decay heat rate

approx
was largest.
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Table 2.1 The 42-group neutron energy group structure adopted
in the CROSSLIB and GICX40 libraries

Group Energy Limits Mid-Peint Energy
1 15000 —13.720 MeV 14360 MeV
2 13.720 —12.549 13,135
3 12.549 - 11478 12.014
4 11.478 — 10.500 10.989
5 T 10,500 — 9314 9.907
6 9314 — 8.261 8,788
7 8.261 — 7.328 7.795
8 7.328 — 6.500 6914
9 6.500 — 5.757 6.129

10 5.757 — 5.089 5428
11 5.099 — 4.516 4 808
12 4.516 — 4.000¢ 4258
13 4.000 - 3.162 3,581
14 3.162 - 2.500 2.831
is 2.500 — 1.871 2.186
16 1.871 — 1.400 1.636
17 1.400 — 1.058 1.229
18 1.058 — 0.800 0.929
19 0.800 — 0.566 0.683
20 0.566 — 0.400 0,483
21 0.400 — 0.283 0.342
22 0.283 — 0.200 0.242
23 0.200 — 0.141 0.171
24 0.141 — 0.100 0.121
25 100,00  —46.5 keV 73.25 keV
26 46.5 —21.5 34.0
27 21.5 - 10.0 15.75
28 10.0 — 4.65 7.325
29 465 — 215 3.40
30 2,15 — 1.00 1.575
31 1.00 — 0465 0.733
32 0.465 — 0.215 0,340
33 0.215 — 0.100 0.158
34 100,00 —46.5 eV 73.25 eV
35 46.5 —21.5 340
36 21.5 —10.0 15.75
37 10.0 — 4.65 7.325
38 465 — 215 3.40
39 2.15 — 1.00 1.58
40 1.00 — 0.465 0.733
41 0.465 - 0.215 (3.340

0.215 — 0.001 0.108

S
]
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Table 2.2 Content and organization of nuclides in the GICX40 and GROUPIN libraries

Material ENDF/B-4 Component

Material ENDF/B-4 Component

No. Nuckde o Tptelt Ty Now Nuehde g pie No. (Ps)
1 5Li 1271 404 1~ 6 21 P'Th 1296 404 121~ 126
2 7Li 1272 404 7~ 12 122 ®U 1261 407 © 127 ~132
3 1274 408 13~ 18 23 Ppu 1264 407 133 ~ 138
4 18p 1276 408 19~ 24 24 PTNp 1263 409 139~ 144
5 “He 1270 401 25~ 30 25 Mg 1280 405 145 ~ 150
& BNp 1189 411 31~ 36 26 K 1150 403 151~ 156
7 Mo 1287 409 37~ 42 27 Ca 1195 401 157 ~ 162
8 cr 1191 406 43~ 48 28 UB 1160 403 163~ 168
9 Ni 1190 406 49~ 54 29 cl 1149 403 169 ~ 174
10 Fe 1192 406 55~ 60 30 PNa 1156 403 175 ~ 180
11 'H 1269 404 61~ 66 31 cd 1281 411 181 ~ 186
12 *H 1120 402 67~ 72 32 ¥'Ta 1285 411 187 ~ 192
13 *He 1146 402 73~ 78 33 'Bw 1128 401 193 ~ 198
14 ?Be 1289 404 79~ 84 34 Bw 1129 401 199 ~ 204
15 s 1273 404 g5~ 90 35 ®w 1130 401 205 ~ 210
16 “N 1275 408 91~ 96 36 'Bw 1131 401 211 ~ 216
17 #al 1193 405 97 ~102 37 F 1277 411 217 ~ 222
18 v 1196 402  103~108 38 ¥¥U 1262 409 223 ~ 228
19 Cu 1295, 410 109~114 39 Si 1194 405 229 ~ 234
20 Pb 1288 408 115~120 40 Ti 1286 409 235 ~ 240
Table 2.3 The energy structure of 78-gamma ray groups
NO E(MeV) NO. E{MeV) NO. E(MeV)
1 76 — 7.4 27 25 - 123 53 027 - 0.25
2 74 - 7.2 28 23 - 21 34 0.25 -— 023
3 72 - 70 29 21 - 20 55 023 - 021
4 70 —~ 6.8 30 20 — 19 36 0.21 0.20
5 6.8 — 6.6 31 i9 — 18 57 0.20 - 0.19
6 6.6 — 6.4 32 18 - 1.7 58 0.19 - 0.18
7 64 — 6.2 33 1.7 1.6 59 0.18 — 0.17
8 6.2 — 6.0 34 1.6 — 1.5 60 0.17 0.16
9 60 — 58 35 1.5 — 14 61 0.16 — 0.15
10 58 — 56 36 14 —13 62 0.15 0.14
11 56 — 54 37 13 — 12 63 0.14 - 0.13
12 54 - 52 38 1.2 1.1 64 0.13 - 012
13 52 — 5.0 39 1.1 1.0 65 0.12 - 0.11
14 50 — 4.8 40 10 - 09 66 0.11 0.10
15 48 — 46 41 09 - 038l 67 0.10 - 0.09
16 46 — 4.4 47 0.81 — 0.73 68 009 - 0.081
17 44 — 42 43 0.73 — .66 69 0.081 0.073
18 42 — 4.0 44 0.66 — 060 70 0.073 — 0.066
19 40 — 3.8 45 0.60 — 0.55 71 0.066 — 0.060
20 38 - 36 46 0.55 — 0.50 72 0.060 — 0.053
21 3.6 — 34 47 0.50 — 0.45 73 0.055 — 0.050
23 34 — 32 48 045 — 040 74 0.050 — 0.045
23 3.2 — 3.1 49 0.40 - .36 75 0.045 — 0.040
24 3.1 — 30 50 0.36 — 0.33 76 0.040 — 0.036
25 3.0 — 2.7 51 033 — 030 77 0.036 — 0.033
26 27 — 2.5 52 030 — 0.27 78 0.033 — 0.030
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Table 2.4 The 54-group gamma-ray flux to dose conversion factor
GFLXDOSE (MeV/(photon. cm™2s7!))
NO E(MeV) C(E)* NO. E(MeV) E:(E)*
1 30 - 2.7 1.3266 X 107* 28 030 - 0.27 1.2909 X 10°°
p 2.7 2.5 13612 X 107¢ 29 0.27 0.25 1.1531 X 10°°
3 25 2.3 1.2570 X 107* 30 0.25 0.23 1.0405 X 10°°
4 23 2.1 1.1531 X 107* 31 0.23 0.21 93080 X 107°
5 2.1 2.0 1.0746 X 107° 32 0.21 0.20 8.4939 X 107°
6 2.0 1.9 1.0232 X 1077 33 0.20 0.19 7.9561 X 107°
7 1.9 1.8 9.7182 X 1077 34 0.19 0.18 7.4239 X 107°
8 1.8 1.7 9.1994 X 1073 35 0.18 0.17 6.8973 X 107°
9 1.7 1.6 8.6807 X 107° 36 0.17 0.16 6.3776 X 107°
10 1.6 1.5 8.1605 X 107° 37 0.16 0.15 5.8663 X 107°
11 1.5 1.4 7.6397 X 107° 38 0.15 0.14 53647 X 107¢
12 1.4 1.3 7.1168 X 107° 39 0.14 0.13 48750 X 107
13 1.3 1.2 6.5913 X 107° 40 0.13 0.12 43997 X 107°
14 1.2 1.1 6.0626 X 1073 41 0.12 0.11 3.9426 X 107°
15 1.1 1.0 - 5.5299 X 107° 42 011 0.10 3.5085 X 107°
16 1.0 0.9 49927 X 1073 43 0.10 0.09 3.1047 X 10°°
17 0.9 0.81  4.4770 X 107° 44 0.09 0.081 2.7578 X 107°
18 0.81 — 0.73 4.0115 X 107° 45 0.081 0.073 24894 X 107°
19 073 — 066  3.5973 X 107° 46 0.073 - 0.066  2.2983 X 107°
20 066 - 0.60  3.2356 X 107° 47 0.066 - 0060  2.1809 X 107°
21 060 — 0.55  2.9278 X 107° 48 0.060 — 0.055  2.1296 X 107°
22 055 - 0.50  2.6468 X 107° 49 0.055 — 0.050  2.1408 X 10°°
23 0.50 — 0.45 23648 X 107° 50 0.050 — 0.045  2.2251 X 107°
24 045 — 040  2.0820 X 107° 51 0.045 0.040 24143 X 107
25 040 — 036  1.8269 X 107° 52 0.040 - 0.036  2.6973 X 107°
26 036 — 033 16288 X 10°° 53 0.036 — 0.033  3.0287 X 107°
27 033 — 030 14595 X 107° s4  0.033 — 0030  3.4423 X 107°

* Normalization factor of 0.0508 should be used with GFLXDOSE.
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Fig. 2.1 Calculation flow chart for THIDA-2 system.
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Neutron transport calculation

ANISN, DOT, MORSE

(Neutron flux, ¢q (r,E)}

Radioactivation calculation, ACT4

/Decay B -ray

(Eacay Y-ray source, Sy (r,E, 1)

Y - ray transport calculation
ANISN, DOT, MORSE

heating, Eg *Sglr,t)

(Decay Y-ray flux, ¢r(r,E,t)

= o ———————— —]

Total decay heat calculation,

plotting, APPLE

/‘J\/

OH gpprax. = JdE [E,, *Selr, 1) + E,*S,(r,E,t)]

DHexact = SdE [E,*Sﬂ(r, N+ Ky (E) ¥y (r, E,n]

Fig. 2.2 Decay heat calculation procedures.
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3. ACT4 Code for !nduced Activity Calculation

.

As already described briefly in Section 2.3, the ACT4 code
executes the most important step in the THIDA-2 code system, namely
the induced activity calculation. In this chapter, the calculational
method, program structure, calculational flow, functions and
input/output dafa_of the ACT4 code are described. The arrays of

variables used in the ACT4 code are given in Appendix A.l.

3.1 Method of Calculation
3.1.1 Calculation of Atomic Density Change

Using the heutron flux ¢n as an input, the induced activity is
calculated in the ACT4 code by solving the following coupled linear

first-order differential equations:

dX (t)
dt

= A «X(t) (3.1)

where X(t) is a vector for the atomic density of nuclides and A is a
matrix with elements denoting the reactions of the nuclides with
neutrons and the decay of the nuclides. The elements of the A-matrix

are formed as follows: 1In case of a reaction
G
A= T 0400, 10724 . g,

where Gg and ¢g are the reaction cross section and neutron flux,
respectively, in the energy group g, and G is the number of energy
groups. The Gg is supplied from the CROSSLIB librarylz)and ¢g is
obtained from the neutron transport calculation. The B is the
branching ratio of the reaction products. The neutron flux ¢g is

fixed to O when the atomic number change during shutdown time is

calculated. 1In case of a nuclide decay

where A is the decay constant and B is the branching ratio of the
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decay. The values of A and B are given from the CHAINLIB librarylzl

As an example, a part of the A-matrix for the case of 2Ocr is

shown. The two transmutation reactions and decays are as follows.

EC
SlV - 51cr i
>\51
n,Y
SDCI
‘+_ n,2n
B
1{—9V ————— ﬂgcr
)\ue

The vector equation (3.1) for this case is given as

“oy 0, 0, +x"%, 0, 0 49y
Sly o, 0, O, 0, +2.51 Sly
d 49 _ 49 49
It Cr = 0, . 0, =A'7, +Un,2n¢, 0 Cr (3.2)
S0er 0, ©0, 0, -o.¢, 0 SO0cr
Slor o, 0, 0, +o_ o, -A»°% Sicr
n,y .

The vector X(t) in Eq.(3.1) is solved by the Matrix Exponential
Method described in Ref. 20. The Eq.(3.1) can be rewritten as

X(T, + t) = C(t) -X(TO) {(3.3)

where C(t) is a matrix called € matrix, which can be obtained as

follows. First the X(T  + t) is expanded about t =T, in a Taylor's

series,
X(T +t) = X(T ) +_~E . dX(t) + t_2 ﬂ(t_)
o o i1 dt 21 a2
t=TO =T,
m
+ sees | tl 9'r‘;l§_r§1t_:)_ ‘ + eewe (3'4)
t=TO .
2

' d
On the other hand, if g%%£)=AfX(t), then—ﬂzﬁﬁ§)= Tr(AX(£))=K" X(£);

similarly,

de(t) _

o A" X() . (3.5)
t

With Eq.(3.5) substituted for the derivatives in Eq.(3.4), we have
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t2

2!

C
S X(T_ +t) = X(Ty) + g7 « A-X(Ty) + - A% -X(T )

m
+ eas 4 ‘Am'X(T)+""
m! o ‘
t t? " m
- —— — 2 "W —— * e L]
—(E+1!A+2!A+ + At ) X(T) >
(3.6)
where E is the unit matrix. Therefore C-matrix becomes
c )—E+iA+t2A2+---+£.Am+---- (3.7)
(€) = I 77 ! . s

Since A-matrix is known, C-matrix can be obtained by Eq.(3.7).
Knowing X{(T_ ), the substitution of C-matrix to Eq.(3.3) will yield
X(To + t). It should be noted that C(t) = At and X(T, + ty =
eAx(1.).

In the calculation in the ACT4 code, a time step T is fixed. By
substituting t = T in Eq.(3.7), C€(1) can be calculated. Since
C(mT) = ¢®(7), the atomic density vector at mT after the start of a
fusion reactor can be obtained by Eq.(3.3). The number of terms in
the Taylor series expansion and the time step T is determined By the
input. Once the atomic density at time mT is-obtained, the induced
activity can be calculated by simply applying the decay constant to
the atomic density of a radicactive nuclide.

In order to obtain the induced activity at the time after
shutdown, Eq.(3.3) can be used again with ¢g = 0 in the A-matrix and
replacing X(To) at the start of the operatiom by X(T, + mT) at the end

of the operation.
3.1.2 Treatment of Short Life Nuclides

The half life values of radicactive nuclides range from lUsec to
tens of thousands years. The decay constants A.'s which are inversely
proportional to the half life values, are included in the elements of
the A—matrix. 1In order to treat accurately the elements having the
half life values very different in the orders of magnitude, the
following methods are applied to the ACT4 code.

When there is an element with an exceptionally large kT in the A-
matrix, the numerical error of C-matrix by Eq.(3.7) becomes large.

The element becomes large for the decay constant corresponding to
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short half life. 1In order to reduce such a numerical error, the half
1ife shorter than 1 s is replaced by 1 s. This replacement has little
effect on the induced activity later than several seconds after
reactor shutdown.

Another method to cope with a large A, 1s to multiﬁly the time
step T by (1/2)™ to reduce the product of RT-T. 1f the C-matrix
obtained by multiplying (1/2)" to T is denoted as C.» the required C-
matrix may be obtained as (ﬂfn. This method is applicable to a
certain value ofrl(elg.n-5% When n becomes too large (e.g. n>10),
the large computation time and the accumul ation of numerical errors
make this method ineffective.

The daughter nuclides (D's) with very small short life are
treated by a special procedure. In this procedure A-matrix is
calculated assuming that the grand daughter nuclide (G) is produced
directly from the parent nuclide (P). The amount of the daughter
nuclide is calculated by solving a differential equation assuming the
atomic density of the parent nuclide to be a linear function with
respect to time.

This procedure is employed when the half life of a daughter

nucllde'rD is

1n 2

¢ =
D 2IHALV

X T , : (3.8)

where T: time step specified by input,

THALV: integer specified by input.
When a 1Ty satisfies Eq.(3.8), the A-matrix is composed assuming the
grand daughter G is directly produced from the parent P. The C-matrix
is obtained from the A-matrix and the atomic density vector X(T0 + t)

is calculated using the relationship of #q.(3.3), namely
X(T, + t) = C{t) - X(T} .

The atomic density in X(T, + t) is unchanged in the procedure so that
the reversal of the procedure in obtaining the A-matrix is followed.
That is assuming the atomic density of P to be linearly dependent on
time during the time interval dt, the production of D is calculated

directly by solving a differential equation,

17
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dD
—— =qaP - AD
dt P

=72z (a. a, +a, b. -

. ( ;3 Oy bl t) KD D
=a+ bt - DA, (3.9)
where atomic density of the parent nuclide,

P
D : atomic density of the daughter nuclide,
A decay constant of the daughter,

oo conversion.factor of parent to daughter.

The solution of Eq.(3.9) is

it
D=Dp M4 d (1o My B - L-e

o 5y ) (3.10)

At .
The nuclide density of the grand daughter G is cobtained by subtracting

the production of the daughter D,
G;: =G;~- B:D , (3.11)

where Gj: atomic density of the grand daughter,
G!: atomic density of the grand daughter assuming the direct
production from the parent,

f.: branching ratio from the daughter D to produce Gj'

3.1.3 Quantities Related to Induced Activity

From the atomic densities of the relevant nuclides at time t, i)
induced activity, ii) decay heat, iii) delayed gamma ray source, iv)
transmutation rate and v) biological hazard potential (BHP) can be
calculated.

i) Induced Activity

Induced activity concentration of a nuclide i at a spatial mesh r

(Ci/cm3) is given as

Oa,i,c = M%), / 3.7 x 1010 (3.12)

and overall induced activity per unit fusion power (Ci/MW),
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Qrp = L 2 Qa4 r°V01umer/Pf (3.13)
ir P
where Ai :  decay constant of nuclide i (s—l),
Xi(t)r=r : atomic density of nuclide i at mesh r =‘ro, at time
© -3
t (atoms-cm ~), B
Volume, _,. : volume of mesh region at r = r, (cm3),
0
Pe s total fusion power in MW

1 Ci=3.7 x 1010 dps (disintegrations per second).

ii) Decay Heat

Decay heat rate at mesh r (watt/cm3) is given as

e - -13
DHapprox,i = i QID,i,r(EBi + XGAMi-EYi)><1.6021xlO s (3.14)
where Qup 4., = AX;(€),: disintegration rate of nuclide i at mesh r
3
, (dps~cm_3),
QEBi : mean energy of fB-ray of nuclide 1 in MeV, given from the

CHAINLIB libraryl2’.

XGAM.: gamma-ray intensity of nuclide 1, given from the

i
GAMMALIB 1ibrarylZ).
EYi : gamma-ray energy of nuclide i in MeV, given from the
GAMMALIB libraryl2), and 1 MeVes ! = 1.6021 x 10713
watt . .
As described in Section 2.6, DHapprox assumes that the gamma-ray

energy is deposited at the location of its generation. Overall decay

heat as a fraction of fusion power (MW/Pf MW) becomes

- . «1n-6
DH = ZDHapprox’r Volume_. *10 /Pf (3.15)

where 1 watt = 107 Mw.

iii) Delayed gamma-ray source
Delayed gamma-ray source is given in the 54-group energy
structure for the further calculation of the gamma-ray transport.

. . -1 -3
Gamma-ray source intensity (photonsss “.cm 7) is

8 _
S5y = LQrp,,p XCAY; - (3.16)

The gamma-ray energy EYi from nuclide i is compared with the 54~group
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energy structure and those belonging to the group g will be summed up

to foru1GSir.

iv) Transmutation Rate
Atomic density of each nuclide is given as the fraction of total
atomic density, e

i,r

TR, = %;(6), / ;xi(t)r. (3.17)
R i

v) Biological Hazard Potential (BHP)

Biological hazard potential 1is defined as the volume of standard
state air required to dilute the radicactive nuclides to maximum
permissible concentration (km3 air),

019

BHP = E ?QID,i,r *Volume,; / XMPCy / 3.7 x1 R (3.18)

where XMPC,: maximum permissible concentration of nuclide i

(uCi/ewd),

L ycijemd = 3.7 x 1019 41070 dps/10715 K

3.7 x 1012 dps/km>.

The values of XMPC; as determined by the Japanese Regulation21)

are
1isted in Table 3.1. TFor those nuclides mnot determined by the
Regulation, the XMPC; value of 1.0 x 10710 uCi/cm3 is assigned. These
values have been provided in the BLOCK DATA of the ACT4 code and is

used in the BHP calculation.

3.2 Code Structure and Subroutines

The program diagram of the ACT4 code is shown in Fig. 3.1. The
subroutine CNTRL controls the calculational flow of the code which 1is
shown in Fig. 3.2. It should be noted that most of the calculations
are performed in the subroutine CALC. The calculational flow in the
CALC is described in Subsection 3.2.2 with the aid of Fig. 3.3.
Subroutines from ACTINL to GAMIN in Fig. 3.2 are used for the data
manipulation, namely to read input data and libraries, and to select

the required data for use in the calculation conducted in CALC. Brief
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description of the function of subroutines in the ACT4 code is given
in Subsection 3.2.1. The arrays of variables used in the ACT4 code

are described in Appendix A.l.

3.2.1 Function of Subroutines

1) FTMAIN

Allocation and clearing of the blank COMMON.
2y CLEAR N

zero clearing of DIMENSIONS

3) CNTRL
Controls the calculational flow and allocates variable
dimensions.
4) ACTINL

Reads miscellaneous data and calculates some constants.
5) FILEFX
Reads group independent neutron flux and comvert its arrangement
to pointwise format, calculates and writes out total neutron fluence
over the time interval DT.
6) MIX
Calcul ates atomic density and atomic fraction of each nuclides
in each material zone using the mixing input data of 8¥, 9%, 10%,
11% and 12%, which are described later in Subsection 3.4.1.
7y ACHAIN
gelects the decay chain data required in the calculation from

12)

the CHAINLIB library in FTO08, stores the required data in FTO1,

and determines the size of the chain table.

8) ACTCHN
Reads the chain table data from FTOLl to construct the chain
table.
9) ACTIN&

Reads the input data of nuclide group for which transmutation
rate calculation is desired,
_10) ACROSS
Reads transmutation cross sections in the CROSSLiB librarylz) in
FT09 and produces cross section table ACTAB.
11} GAMIN
Reads input specifying the transmutation rate output, Treads

input for delayed gamma-ray emission from the GAMMALIB librarylz) in

FT10 and produces gamma-ray data table.

21
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12) KCSLOK (ACTAB, ACTYP, KEY) Function
. A function used to form the transmutation reaction table. When
KEY = 2, the table ACTAB is searched for ACTYP. If ACTYP is located
in ACTAB, the location number is set to KCSLOK. TIf ACTYP is not found
then KCSLOK becomes 0. When KEY = 1, the location number is set to
KCSLOC if ACTYP is found in ACTAB. The ACTYP is added to ACTAB table
if not found.
13) KIALOK {(ZAPTAB, NMTAB, KIAMAX, ZAP) Function
A function used to tabulate radioactive nuclide in the table
7ZAPTAB. KIALOK becomes the number of the radicactive nuclide if not
already listed in the table.
14) NXLOOK (ZA, ZANX, NX) Function
Searches ZANX table for the nuclide ZA and if ZA is {found in
ZANX, assigns the number in ZANX as NXLOOK. If ZA is not found, ZA
is added to the ZANX table.
153) TIMECV (TIME, UNIT) Function
The wunit of time UNIT is converted to second and multiplied by
TIME. The value of the time in seconds is returned as TIMECV.
16) TIMERV
The time in seconds is converted to a specific time unit (do the
reversal of TIMECV). It is used to write out the output.
17} LOCAT
Checks and prints the size of memory locations.
18) CALC
Controls overall calculations. Tt controls the DO loops for
spatial mesh (IR,IZ), component nuclides (IC) and time step (IT) in
this order. It controls the calculation for pulsed operations and
cooling time after shutdown. It calculates transmutation rate,
induced activity, decay heat, gamma ray source in each mesh point.
The calculational flow in the subroutine CALC is described in
Subsection 3.2.2.
19) GEOM
Calculates the volumes of spatial mesh regioms and prints the
geometrical data input.
20) PICTUR
Prints the zone map in case of a two—dimensional calculation.
213 AMAT
Composes A-matrix using cross sections, neutron flux, decay
constants and branching ratios. When ID = 2, neutron flux is set to

zero.
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22) CMAT
Calculates C-matrix using the Matrix Exponential Method, i.e.
Eq.(3.7) or C(t) = eAL.
23) XCALC

Calculates atomic density vector at time T, + t using the

¢

relation of Eq.(3.3) or
X(T, + t) = C(t) - X(T,) .

243} TRCAL
Calculates transmutation rates.
25) TRTM
Writes out calculated transmutation rates in the manner
specified by the input.
26) QIADH
Compiles and writes out induced activity, decay heat, gamma-ray
source at specified mesh points. It also calculates volume
integrated values of these quantities and bilogical hazard
potential.
27) MESHCK
Checks the write out options for each spatial mesh.
28) SOURCE
Selects the requested gamma-ray source and converts it to the
format compatible with the gamma-ray transport calculatiomn.
29) ITIME
Sets the time elapsed since the previous call of ITIME.
30) PAGEO, PAGE
Controls and prints the page number.
31) FIDO, FIDAS, FFREAD
Reads input data in free form FIDO formatg).
32) PCURVE, APLOT, XYAXIS, INTERP, PENSET, SCALER
Plots time evolution curves of induced activity and decay heat.
33) SPECTR, SCALER, ZNORM, GRID
_ Plots gamma-ray source spectrum.
34) BLOCK DATA
Stores energy group structure data E(IEMAX) and maximum
permissible concentrations of radioactive nuclides XMPC (260).
35) ERROR

Writes out error number.
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3.2.2 Subroutine CALC

As shown in Fig. 3.2, the subroutine CALC is the key subroutine
in the ACT4 code. The subroutine calculates the transmutation rate,
induced activity, decay heat and delayed gamma—fay source. The
calculational flow in CALC is described with the aid of Fig. 3.3.

The induced activity at a certain time after shutdown, from a
single component nuclide, in a spatial mesh region is calcul ated one
by one. The caléulational loops exist for shutdown times, component
nuclides, spatial meshes. As shown in Pi of Fig. 3.3, A-matrix with
nonzero neutron flux ¢ is composed, followed by B-matrix, which is the
A-matrix with ¢ = 0. The A- and B-matrices are converted respectively
to C- and D-matrices using the matrix exponential method.

The calculational flow to obtain the nuclide density changes
during a pulsed operation and after shutdown is shown in P2 of Fig.
33. The nuclide densities at shutdown times are stored in
QTAC (NXMAX, IS).

The calculational flow to obtain the nuclide density changes
after shutdown is shown in P3 of Fig. 3.3. When the nuclide densities
of radioactive nuclides are obtained, induced activity, decay heat,
delayed gamma~ray source and biological hazard potential are
calculated and printed for specified spatiai mesh points as shown in
P3 of Fig. 3.3. The volune integrated values over the whole system

are also given for these quantities.

3.3 Characteristics and Limitations of ACT4

Tn this section, major characteristics and limitations of the

ACT4 code are described.

3.3.1 Characteristics

(i) Vvariable dimension
The ACT4 employs variable dimension to allow the effective use of
the core memory. The overall size of the data area is defined by the

parameter NLFT defined in the FTMAIN of the code.

(ii) Simplification of input procedure

Ceometrical data used in the neutron transport calculation can be
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utilized by storing them with the neutron flux. When the data are not
stored with the flux, they can be input from FTO5. Material

composition input data follow the formats used in the ANISN code(gl

(1ii)} Pulsed operation calculation
Pulsed operation shown by :Fig. 3.4 can be treated by the ACT4
code. The induced activities after arbitrary shutdown times can be

calculated.
3.3.2 Limitations

(i) Sequential decay of two short life nuc lides
The special treatment of a short life nuclide was described In
Subsection 3.1.2. This treatment works well for a short life parent

nuclide with stable or long life daughter nuclide, e.g.

1T el
60y (n, py®90co = 600, F o 00y (stable)

@y 103 m ) 33 (o)

6000 the long life daughter D

where 60mCo is the short life parent P,
and 60Ni igs the grand daughter G. Tn this case, A-matrix is
calculated as if G is produced directly from P and then D 1is
subtracted from G, as described in Subsection 3.1.2.

However, when the parent and daughter are both short lived, the

above treatment is not applicable, e.g.

+ ' ;
5 53Fe BT,EC 53M EC 53

4Fe(n,2n) 53mFe —= ——> (r (stable).
2.5m 8.5m 3.7%10 v
(®) - (D) (G) (GG)
In this case the grand daughter nuclide G is subtracted from the great
grand daughter nuclide GG but D is not subtracted from G. A

correction is required for this type of decay sequences.

ii) Reaction of neutrons with reaction products

Only the primary transmutation reactiomns by neutron are
_considered. That is, meutron reactions with stable {long-lived
naturally occurring) nuclides are considered but the neutron reactions
with reaction product nuclides are neglected. (The exceptional cases
are the 13C produced from the 120(n,Y) reaction and 51V produced from
the 52V(n,2n) reaction.) This guide line is adopted to avoid the
complexity introduced by secondary reactions. However, the secondary

reactions may be included if desired. When dealing with very high
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irradiation fluence, the secondary reaction should be properly
considered, but in usual applications their effects are generally

ingignificant.

(iii) Assumpticon of constant neutron flux

When dealing with high irradiation fluence, the neutron flux
changes gradually with the change of the atomic densities of the
component nuclides. This change should be considered for the accurate
estimation of radié-activation.

The ACT4 code uses the neutron flux at the initial state
throughout the operating period. In order to take this change into
consideration, the irradiation period should be divided into
appropriate time intervals. The neutron flux obtained with the atomic
density content at the end of the previous time interval should be

used to calculate the atomic density change during each time interval.

3.4 Input Description of ACT4

The input data format, input data, instruction, location assigned

for input data are described in this section.
3.4.1 Input Data Format
Item 1 (18A4) Title of the problem

Ttem 2 (6(EL1.0, Al)) Operation schedule

1. DT ; time step used in the calculation [DT=2629800s]

2. TMAX; maximum calculation time

3. Tl ; short pulse time when power is on

4, T2 ; short power cycle time with Tl plus down time

5. T3 ; total time for a group of short pulses

6. T4 : long cycle time including long cooling time
Figure 3.4 shows the operation schedule. For steady operation, Tl = O
or Tl > TMAX. The relation between Tl ~T4 should be T1 < T2 < T3 < T4.
Time should be given by 11 digits and the last (twelfth column) is for
time units. Time units are S for second, M for minute, H for hour, D
for day, W for week, G for month and Y for year. When DT is input as
0, the default value of 2629800s 1is used. Such default values are

shown hereafter in the parenthesis.
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Item 3 (6(ELL.0, Al)) Shutdown time
TSH(I); shutdown times (see Fig. 3.4 ), the time unit is the same as
Ttem 1. Shutdown times should be input in the increasing
order. If zero or a value exceeding TMAX appears, the rest
of the values are neglected. Usually a singlelvalue is
input. Up to 6 values can be input.
The lesser of the TMAX or the maximum value of TSH(I) will be the
maximum calculation time for the reactor operation. The maximum
calculation time dividéd_by DT will be the number ITMAX of the time
steps for the reactor operation. ITMAX should be around 10 to insure

reasonable computation time.

Item 4 (1216) Parameters to determine core size and options
1. IEMAX ; number of neutron energy groups [42] the default value
is 42.
2. IRMAX ; number of spatial mesh ia the X(or R) direction [l
3. JZMAX ; number of spatial mesh in the Y(or Z) direction [1]
4. NZONE ; number of zones
5

. M5 ; length of the mixing table (described in more detail in
Subsection 3.4.2)

6. IGMAX ; number of delayed gamma-ray energy groups [54]

7. ISM  ; number of the times after shutdown at which induced
activity is calculated and printed. If ISM =0, the
standard values of time after shutdown are provided by
the code.

8. IGMODE; geometry data input mode
= 0; input by file
= 1; input from FTO5

9. IMATX ; not used; IMATX must be 0.

10.. KNGMAX; number of nuclide groups for transmutation calculations
11. LCMAX ; number of expansion terms in the C-matrix calculation

[10]

Item 5 (1216) Option parameters

1. IGECM ; geometry type

One-dimensional Two—dimensicnal Three—-dimensional
geometry geometry geonetry

=1; slab =0; (X-Y) =7

=2; cylinder =1; (R-Z)

=3; sphere =2; (R-B)
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two

2. IHALV ;

3. IRLW ;

4, IRHI ;

5. JZLW

6. JZHI

7. IRINTV;

8. JZINTV;

5. ITINTV;

Item 6-1 (1216
1. IOPT(1)
2. 10PT(2)
3. IOPT(3);

THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

n JZMAX > 1, the geometry 1s considered to be
~dimensional.
integer for determination of short life nuclide; a
nuclide is treated as short life when the half life is
less than (1n 2 x DT)/(ZIHALV).[6] '
lowetr bound mesh number in the X (or R) direction for
induced activity calculation [1]
upper bound mesh number in the X (or R) direction for
induced activity calculation [IRMAX]
lower bound mesh number in the ¥ (or Z} direction for
induced activity calculation [1]
upper bound mesh number in the Y (or Z) direction for
induced activity calculation [JZMAX]
number of mesh intervals in the X (or R) direction for
induced activity calculation; the calculation is
conducted for every IRINTV-th mesh beginning from IRLW.
[1]
mumber of mesh intervals in the Y (or Z) direction for
‘induced activity calculation. [1]
number of time step intervals for transmutation rate

calculation [1]

) Option parameters for calculation/output
3y induced activity
; decay heat

delayed gamma-ray source

4. IOPT(4); transmutation rate

When 10PT(2) i

decay heat.

following Eq.
5. IOPT(5);

= 1; both calculation and print out is conducted for
all mesh points
= 0; neither calculation nor print out is conducted
=-1; only calculation is conducted
= 2; calculation is conducted for all mesh points but
print out is only for the mesh points specified
by Item 7-2. If any of IOPT(l) IOPT(4) is input
as 2, IOPT(l) IOPT(4) specified as 1 will be
changed to 2.
s positive, only pB-ray decay energy is included in the
The sum of R~ray and gamma-ray energy is calculated
(3.14) and printed when IOPT(2) = -2.

chain table input data print out

JAERI 1301
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6. IOPT(6);
7.- I0PT(7);
8. IOPT(8);

{

Item 6-2 (1216
1. II1 H

3. ACT4 Code for Induced Activity Calculation

activation cross section data print out

delayed gamma-ray emission data print out
intermediate calculational results for A-matrix and
and C-matrix

= 0 print out

= ] no print out

) Mesh points specificatien for print out

Region number for storing specified mesh nunbers

{ ¢ 0 denotes the end of Item 6-2 input

2. 112
3. JJ3
4., JJ2
5. JJ3

> 10 input is neglected for II1l > 10
print out is for the mesh points from II2 to II3 in the
X(R) direction and from JJ2 to JJ3 in the Y{(Z,0)

direction.

The maximum number of Item 6-2 is 10.

Item 7 (6 E 12

1. POWER ;
2. PPFLUX;
3. RR :
4. PLOG
5. VAR :
6. PREC ;

Note on RR:

.0)

total thermal power cutput of a reactor, Pf(MW—th) used
to normalize overall decay heat [5.0E + 9]
normalization factor, Nf for neutron flux 1.0
torus major radius, R (cm) used to calculate a torus
volume [500.01,

see the nete below for the use of RR.

number of log scaling for plotter outputs, no plotter

output is given if PLOG = 0.0,

calculational parameter used in C-matrix calculation
[1.0]

calculational parameter used in C-matrix calculation
[107°]

When IGEOM = 2 and JZMAX = 1, treating a one-

dimensional cylindrical geometry, the program assumes
the height of the cylinder to be 2nR. In this case
the wvolume of the cylinder becomes equivalent to the
torus with major radius of R. If an ordinary cylinder
with the height of 1 ¢m is to be treated, the R
should satisfy the equation

1

TR .o,

namely RR = 0.1592 should be input.

29



THIDA-2 : An Advanced Code System for Calculation of
3o Transrautation, Activation, Decay Heat and Dose Rate JAERI 1301

Ttem 8 (6(E 11.0, Al)) (Not required when ISM = 0)
(sT(1i), I =1, IsM); time after shutdown, the time unit is the

same as defined in Ttem 1.

item 9 {(Free format™) Geometrical data (not required when TGMODE = 0)
to be written in 1 - 72 columns.

4%% IRMAX + 1 input data : mesh boundary values for X(R)

direction
5%% JZMAX + 1 : ﬁesh boundary values for Y(Z) direction (not
required when  JZMAX = 1. These  values

correspond to 2%% data in DOT—3.510).

8¥¥ TRMAX*JZMAX : zone numbers for mesh points. These should
correspond to the ones used in neutron flux
calculation. When ICECM = 7, dinput media
number for each region.

T : terminate

Ttem 10 (Free format) Atomic density data for mixtures to be written

in 1 - 72 columns

9¥¥ NZONE : mixture number for each zone. (Input 0 for ZONE

which does not require activation calculation)
10%%¥ MS . material number, i.e. atomic ~number (1 - 99) or

mixture number (101 - 999)

11¥%¥ M5 : component number, I.e. nuclide number in CHAINLIB
librarylz) or atomic number or mixture number.

12%% MS . patural abundance or atomic density in (102 atoms
cm"3)

T :  terminate

An example of Item 10 for LiZO atom density is given below.

Additional informations are given in Subsecticn 3.4.2.

10%¥% 11¥% 12%%
8 8016 0.9976
8 8017 0.00038 natural abundance
8 8018 0.002

101 3006 3.961E-3

101 3007 4.9422E-2 atomic density

101 8 2.6692E-2

% TFree form FIDO format using symbols *%, ¥¥ and T is explained in

ref.9.
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The atomic density of a nuclide in a mixture is obtained as the
product of element atomic density and abundance.
Item 1! Nuclide groups for transmutaticn calculation
{not required when KNGMAX = ()
Item 11-1 (A8, 4X, T112)
TTLNG : name of nuclide groups (e.g. COPPER)
LMAX : number of nuclides in the group
Item 11-2 (6 E 12.0)
{ZANG(L), L = 1, LMAX): nuclide number in the group
{e.g. 29063, 29064, 29065, etc.)
KNGMAX sets of Item 11 are input.
Item 12 (A4)
AIC = 'CARD' : input TItem 12 data specifying the output of
transmutation calculations
{used only when KNGMAX > ()
= '"GAMM' : input Item 14 data specifying the delayed gamma-

ray source output

'END' : end of input data
Item 13 required when KNGMAX > O and AIC = 'CARD'

Item 13-1 (A4, 4X, 5I12)
1. AAS = '"REGI'": specify output region
='TIME': specify output time

2. 111 = region number when AAS = 'REGIL'

number of output time when AAS = 'TIME’

3, 112: specify only when AAS = 'REGI',

4. TI3: region II1 is to be between IL2 and II3 in the X(R)
5. JJ2: direction and between JJ2 and JJ3 in the Y(Z,8)

6. JJI3: direction

Item 13-2 (6(E11.0, Al)) (required when AAS = 'TIME')
(TIME(I), I = 1, NTMX): irradiation times when transmutation

output are given

Input as many Item 13-1 as required when AAS = 'REGI'. The maximum

number of regions, LQMX should satisfy LOQMX < 8, and the maximum
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number of the irradiation times, NTMX < 8.

Ttem 14 for delayed gamma-ray source output is required when IGMAX > O
and AIC = 'GAMM'.

Item 14-1 (316) (see Fig. 3.4)

1. ISDRW : sequence number of shutdown time for the output, i.e.
the output for the shutdown time at TSH(ISDRW) will be
given-

2. ISTDRW: sequence number of the time after shutdown for the
output, i.e. the output for the time ST(ISTDRW) after
shutdown will be given.

3. IESW : option parameter for input of gamma-ray energy group
data
= 0 : use the data stored in the program

(54 groups described in Table 2.4 is used when
IGMAX = 54)
= 1 : input energy group data by Item 14-2

Item 14-2 (6 E 12.0) (required when IESW = 1)
(GLVL (IML), IML = 1, ICMAX+l): gamma-ray energy level in eV from
the highest level

The input item ends when AIC = "END' in Ttem 12.

Note) When transmutation is calculated and printed by specifying
KNGMAX > 0, Item 11, Item 12 and Item 13 are required.
When delayed gamma-ray source is calculated by specifying

IGMAX > 0, Ttem 12 and Item L4 is required.

3.4.2 Atomic Density Input

It is necessary to specify the atomic densities of naturally
occurring isotopes of elements for which induced activity are to be
calculated. The input method to specify the atomic densities is
gimilar to the one used in the ANISN code.g)

At first the natural abundance of isotopes is given for elements
and then the atomic densities of elements are given for materials.
The following notations are introduced to give an example of a mixing

table to specify the atomic densities.

Atomic density of an element Z; is N(Zi). A naturally occurring
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j-th isotope of an element Z; is denoted by (Z,, Aij) which is

represented by five digits in the following manner.

X X+ XX

Zi : Mi : Aij *

where Z; and Aj;; are the atomic and mass numbers of the isotope,

1 J
respectively. M; is a metastable indicator which takes 0 for a stable
isotope. When three digits are required to denote A, only the last
103

two digits are given (e.g. 82003 for "  'Pb)., Natural abundance of the

j—th isotope of an element Zi is dencted as f(Zi, Aij). Note that

? £(Z;, Aij) = 1.0 .

An example of a mixing table is given below.

10%¥ 11%% 12%*
Z, (Zl’All) f(ZI,All)
Z, (Zl,Alz) f(Zl,AIZ)
Natural abundance : :
. . 7
of isotopes is Zq ( l’AIJ) f(Zl,AlJ)
given for elements 22 (ZZ’AZl) f(ZZ’AZI)
2y
ZI
101 Z, N(Z )
Mixture densities 101 22 N(ZZ)
are specified 102 (Zi’Aij) N(Zi,Aij)
103 23 N(ZB)
103 Zq N(ZI)
103 101 vV{101)

Note 1) Mixture numbers specified by 10¥% data are to be sequentially
assigned from 101. Mixture numbers of regions are specified
by 9¥¥ data. Induced activities are not calculated for

regions with the entry of 0 for the mixture number.
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Note 2) As may be seen for the mixture numbered 102, direct
) specification of an isotope as a mixuture is allowed.
Note 3) As may be seen for the mixture numbered 103, a mixture already

specified (e.g. 101} can become one of the components. In

this case, - the value of 12%* data usually représents a volume
fraction.
A mixing table for a stainless steel is shown in the top half of Table
3.2 as an example.

3.4.3 Location Structure of Variable Commons

Location structure of variable commons is shown in Fig. 3.b.
There stored are the geometry data and data for constructing mixing
table for atomic density. The locations 14 and 15 are used as the
operational area for the density mixing in the Subroutine MIX.

In the Subroutine MIX, the mixing table data are converted so
that the fractiocns of all the component nuclides are tabulated for

each mixture in zones as shown in the bottom half of Table 3.2.

3.5 Output Description of ACT4

The output is described in this section for an ACT4 calculation
with both transmutation and delayed gamma-ray source calculations. A
complete output example for a one-dimensional problem is shown in

Appendix A.4.

(1) Input data print out

Input data are printed out in both card image format and with
additional explanations. There printed are the option parameters,
geometrical input data, input neutron flux integrated over time,
mixing table data input and the atomic densilty fractien for regions
derived from the mixing table, as well as comments for the
transmutation cross sections in the CHAINLIB library, the delayed
gamma-ray emission data in the GAMMALIB library and gamma-ray energy

group structure.

(2) Transmutation rates
The changes in the atomic fractions among a group of nuclides

with dirradiation time are printed when KNGMAX is mot zero and when
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Items 11, 12 and 13 are provided. The sample output in Appendix A.4

is for the case where KNGMAX is equal tec 0.

(3) Induced activity at mesh points
Induced activities of component nuclides at the specified mesh

3

points are printed with the unit of Ci/em” for the time steps after

shutdown.

(4) Decay heat at mesh points
Decay heat rate (W/cmB) from component nuclides at the specified

mesh points are printed for the time steps after shutdown.

(5) Delayed gamma-ray source
Delayed gamma-ray intensity per energy group for the specified

mesh points is printed for the time steps after shutdown.

(6) Delayed gamma-ray source from nuclides
Delayed gamma-ray intensity from nuclides per energy group for
the specified mesh points is printed for the specified time steps

after shutdown.

(7) Overall induced activity
Induced activities of component nuclides integrated over the
whole system are printed with the unit of Ci/MW-th, i.e. induced

activity normalized by the thermal power output.

(8) Total decay heat
Decay heat from component nuclides and their sum integrated over
the whole system are printed as the fraction of the thermal power

output of the reactor Pg, i.e. MW-th/P; MW-th.

{9) Total delayed gamma-ray source
Delayed gamma-ray intensity per energy group for the whole system

is printed.

{(10) Total delayed gamma-ray source from nuclides
Delayed gamma-ray intensity from nuclides per energy group for

the whole system is printed.
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(11) Biological hazard potential
Biological hazard potential integrated over the whole system is

printed.

{12) Decay heat (DHapprox)
Spatial distribution of the approximate value of the decay heat

rate DHapprox described in Section 2.6 is printed. This approximate

value assumes the deposition of gamma-ray energy at the point of its

generation.
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Table 3.1 Maximum Permissible Concentration, MPC (uCifem?)
Nuclide Nuclide MPC Nuclide Nuclide MPC Nuclide Nuclide MPC
Number Number Number

H -3 1003 2.0E-06* Sr — 85m 38185 1.0E-05 Te —129m 52129 1.0E-08
Be - 7 4007 4.0E-07 Sr — 83 38085 4.0E-08 Te —129 52029 1.0E-06
C -14 6014 1.0E-06 Sr — &9 38089 1.0E-08 Te —131m 52131 6.0E-08
F 18 9018 9.0E-07 Sr — 90 38090 4.0E-10 Te —132 52032 4.0E-08
Na-22 11022 3.0E-09 Sr — 91 38091 9.0E-08 I —-126 53026 3.0E-Q9
Na-24 11024 50E-08  Sr - 92 38092 1.0E-07 I -129 33029 6.0E-10
81 31 14031 30E-07 Y - 90 29090 3.0E-08 i —131 53031 3.0E-09
P 32 15032 2.0E-08 Y — 91m 39191 6.0E-06 I —-132 53032 8.0E-08
S -35 16035 9.0E-08 Y — 91 39091 1.0E-08 I —133 53033 1.0E-08
Cl -36 17036 8.0E-09 Y - 92 39092 1.0E-07 I 134 53034 2.0E-07
Cl —38 17038 7.0E-07 Y — 93 39093 S5.0E-08 I —-i35 53035 4.0E-08
A 37 18037 1.0E-03 Zr — 93 40093 4.0E-08 Xe—131lm 54131 4.0E-06
A —41 18041 4.0E-07 Zr — 95 40095 1.0E-08 Xe-133 54033 3.0E-06
K -42 19042 4.0E-08 Zr — 97 40097 3.0E--08 Xe—135 54035 1.0E-06
Ca —-45 20045 1.0E-08 Nb— 93m 41193 40E-08 Cs —131 55031 1.0E-06
Ca -47 20047 6.0E-08 Nb~— 95 41095 3.0E-08 Cs —134m 55134 2.0E-06
Sc —46 21046 8.0E—09 Nb— 97 41097 20E-06 Cs —134 55034 4.0E-09
Sc —47 21047 2.0E-07 Mo— 99 42099 7.0E-08 Cs —135% 55035 3.0E-08
Sc —48 21048 S5.0E—08 Te— 96m 43196 1.0E-05 Cs —136 55036 6.0E-08
vV —48 23048 2.0E-08 Tec— 56 43096 8.0E-08 Cs —137 55037 5.0E-09
Cr —51 24051 B8.0E-07 Tc— 97m 43197 S.0E-08 Ba—131 56031 1.0E-07
Mn—52 25052 5.0E—08 Tc— 97 43097 1.0E-07 Ba —140 56040 1.0E-08
Mn—54 25054 1.0E-08 Tc— 99m 43199 5.0E-06 La—-140 57040 4.0E-08
Mn-—56 25056 2.0E-07 Tc-- 99 43099 2.0E-08 Ce —141 58041 30E-08
Fe —55 26055 3.0E-07 Ru— 97 44097 6.0E-07 Ce —143 58043 7.0E-08
Fe 59 26059 2.0E-08 Ru—-103 44003 3.0E-08 Ce—144 38044 2.0E-09
Co—57 27057 6.0E—-08 Ru-105 44005 2.0E-Q7 Pr —142 59042 5.0E--08
Co-58m 27158 3.0E-06 Ru—-106 44006 2.0E-09 Pr —143 59043 6.0E-08
Co—58 27058 2.0E-08 Rh—103m 45103 2.0E-05 Nd-144 60044 3.0E-11
Co—60 27060 3.0E-09 Rh—1035 45005 2.0E-Q7 Nd-147 60047 8.0E-08
Ni —59 28059 2.0E-07 Pt —103 46003 3.0E-07 Nd-149 60049 5.0E-07
Ni -63 28063 2.0E-08 Pt 109 46009 1,0E—07 Pm-—147 61047 2.0E-08
Ni —65 28065 2.0E-07 Ag-1035 47005 2.0E-08 Pm—149 61049 8.0E—08
Cu—64 29064 4.0E-07 Ag—110m 47110 3.0E-Q9 Sm—-147 62047 2.0E-11
Zn—B635 30065 2.0E-08 Ag—111 47011 8.0E-08 Sm—151 62051 2.0E-08
Zn-69m 30169 1.0E-07 Cd-109 48009 2.0E-08 Sm—153 62053 1.0E-07
Zn—69 30069 2.0E-06 Cd—115m 48115 1.0E-08 Eu--152ml 63152 1.0E-07
Ga—72 31072 6.0E-08 Cd-115 48015 6.0E-08 Eu-1352m2 63252 4.0E-09
Ge—T71 32071 2.0E-06 In -113 49013 2.0E-06 Fu-154 63054 1.0E-0%
As 72 33072 1.0E-07 In —114 49014 7.0E-0% Eu-155 63055 3.0E-08
As —74 33074 4.0E-08 In —115m 49115 6.0E-07 Gd—153 64053 3.0E-08
As —76 33076 3.0E--08 In -115 49015 1.0E-08 Gd-159 64059 1.0E-07
As 77 33077 1.0E-07 Sn—113 50013 2.0E-08 Tb—160 65060 1.0E--08
Se —75 34075 40E-08 Sn—125 50025 3.0E-08 Dy—165 66065 7.0E-07
-Br —82 35082 6.0E-08 Sbh—122 51022 5.0E-08 Dy—166 66066 7.0E—08
Kr —85m 36185 1.0E-06 Sbh—124 51024 7.0E-Q9 Ho—166 67066 6.0E-08
Kr —85 36085 3.0E-06 Sb 125 51025 9.0E--09 Er 169 68069 1.0E-07
Kr —87 36087 2.0E-07 Te —125m 52125 4.0E—-08 Er —171 68071 2.0E-Q7
Rb-86 37086 2.0E-08 Te —127m 52127 1.0E-08 Tm-170 69070 1.0E--08
Rb—87 37087 2.0E-08 Te —127 52027 3.0E-Q7 Tm—171 69071 4.0E-08

* Read as 2X107°



38 e o, Bocay Heat and Dose Rate TAERL1301
Table 3.1 Maximum Permissible Concentration (continued)
Nuclide Nuclide MPC Nuclide Nuclide MPC Nuclide Nuclide MPC
Number Number Number

Yb-175 70075 2.0E-07 Bi —-207 83007 S5.0E-0Q9 Pu —-241 94041 3.0E—11
Lu-177 71077 2.0E-07 Bi —210 83010 2.0E-09 Pu 242 94042 6.0E—13
Hf —181 72081 1.0E-08 Bi —212 83012 3.0E-08 Pu —243 94043 6.0E-07
Ta —182 73082 7.0E-09 Po —-210 84010 7.0E-11 Pu —244 94044 6.0E-13
W —181 74081 4.0E-08 At —211 85011 20E-09 Am-241 95041 2.0E-12
W —-185 74085 4.0E-Q8 Rn-220 86020 1.0E-07 Am-—-242m 95142 2.0E-12
W —187 74087 1.0E-07 Rn—-222 86022 1.0E-08 Am-—-242 95042 1.0E-08
Re—183 75083 S5.0E-08 Ra-223 88023 B8.0E-11 Am-—243 95043 2.0E-12
Re—186 75086 8.0E-08  Ra-224 88024 2.0E—10 Am-244 95044 1.0E-06
Re 187 75087 2.0E-07 Ra—226 88026 L1.0E-11 Cm--242 96042 4.0E-11
Re-188 75088 6.0E-08 Ra 228 88028 1[.0E-11 Cm-—243 96043 2.0E-12
Os —185 76085 2.0E-08 Ac-227 89027 &.0E-13 Cm-—244 96044 3.0E—12
Os-19im 76191 3.0E—06 Ac-228 89028 6.0E-09 Cm-245 96045 2.0E-12
0Os—191 76091 1.0E-07 Th-227 90027 6.0E-11 Cm-246 96046 2.0E-12
Os —193 76093 9.0E—08 Th-228 90028 2.0E—-12 Cm-—247 96047 2.0E-12
Ir —190 77090 1.0E-07 Th-230 90030 B8.0E-13 Cm-—248 96048 2.0E-13
Ir —192 77092 9.0E-09% Th-231 90031 4.0E-07 Cm-—249 96049 4.0E-06
Ir —194 77094 5.0E-08 Th-232 90032 7.0E—13 Bk —249 97049 3.0E—10
Pt —191 78091 2.0E-07 Th-234 90034 1.0E-08 Bk -250 97050 5.0E-08
Pt —193m 78193 2.0E-06 Th —nat 90000 6.0E-13 Cf —249 98049 5.0E-13
Pt —193 78093 1.0E-07 Pa —230 91030 3.0E-10 Cf —250 98050 2.0E-12
Pt —197m 78197 2.0E-06 Pa —231 91031 4.0E-13 Cf —251 98051 6.0E-13
Pt —197 78097 2.0E-07 Pa —233 91033 6.0E-08 Cf -252 98052 2.0E-12
Au—196 79096 2.0E-07 U —230 92030 4.0E-11 Cf —253 98053 3.0E-10
Au-—198 79098 B8.0E-08 U -232 92032 9.0E-12 Cf —254 98054 2.0E-12
Au-199 79099 3.0E-07 U 233 92033 4.0E-11 Es —253 99053 2.0E-10
Hg—197m 80197 3.0E-07 U 234 92034 4.0E-11 Es —254m 99154 2.0E-09
Hg 197 80097 4.0E-07 U -235 92035 4.0E-11 Es —254 99054 6.0E-12
Hg 203 80003 2.0E-08 U 236 92036 4.0E-11 Es —255 99055 1.0E-10
T1 —200 81000 4.0E--07 U —238 92038 3.0E-11 Fm-254 100054 2.0E-08
T1 -201 81001 3.0E-07 U —nat 92000 2.0E-11 Fm-255 100055 4.0E-09
Ti —202 81002 8.0E-08 U -240 92040 6.0E—08 Fm-256 100056 6.0E—10
Tl —204 81004 9.0E--0% Np—-237 93037 1.0E-12 Mg— 27 12027 1.0E-10
Pb —-203 %2003 6.0E-07 Np-239 93039 2.0E-07 Al — 26 13026 1.0E-10
Pb 210 82010 4.0E-11 Pu-238 94038 7.0E-13 Al - 28 13028 9.0E-06
Pb—-212 82012 6.0E-Q9 Pu -239 94039 6.0E—13 Al - 26m 13126 1.0E-10
Bi —206 83006 5.0E-08 Pu 240 94040 6.0E-13
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Table 3.2 Example of an atomic density mixing table
ATOMIC DENSITY MIXING TABLE
MIXTURE COMPONENT NO.DENSITY ABUNDANCE
1 24 24050 4L ,.3500E-02
2 24 24052 8.3790E-01
3 2 24053 9.5000E-0Q2
4 ¥ 24054 2.3400E-02
S 24 26054 - 5.8000E-02
-] 26 260356 ¢.1800E-01
4 24 26057 2.1500E-02
8 24 26058 2.9000E-03
9 28 28058 6.8300E-01
10 28 28060 2.6100E-01
11 28 28061 1.1300E-02
12 28 28062 I.5900E-02
13 28 2B064A 9.1000E-03
14 101 24 1.5750€E~-02
15 101 26 6.03L5€E~-C2
16 101 28 ©.82568E-03
17 101 2705¢% 2.1173€E-05
18 102 101 ?.4000E-01
19 103 101 6.9900E-02
20 104 101 7.0000E-01
21 105 101 ° 7.0000E-01
22 106 101 1.2350€E-01
23 107 101 ¢.0000E-Q2
ATOMIC DENSITY AND RATIO DATA BY ZIONE
IONE- 1 IONE- 2 ZONE- 3
DENSITY 0.0 8.07859E+22 46.00737E+21
ISOTOPES f/ RATIO BY IONE
1 24050 0.0 0.00797 0.00797
2 24052 0.0 0.15355 ¢.15355
3 24053 0.0 0.017¢41 0.01741
L 24054 0.0 0.00432 0.00432
S 26054 G.0 0.04072 0.04072
& 26054 g.0 0.464458 0.64L457
7 24057 0.0 0.01510 0.0151¢
8 26058 0.0 0.00204 0.00204
g 28058 6.0 0.0780% 0.,07809
10 28060 0.0 0.02984 0.02984
11 28061 0.0 0.0012¢9 0.0012¢9
12 28062 0.0 0.00410 0.00410
13 28044 0.0 0.00104 0.00104
.14 27059 0.0 0.00025 0.00025

MAT,L/ZIONE

¢
102
103
104
Q
0
105
106
107
101
0
io1l
0

IONE- &

4.0159%E+22

0.00797
0.15355
0.01741
0.00432
.0L072
LELLST
.0151¢Q
.00204
.07809
.G2984
.00129
L.00410
0.00104
0.00025

OO OCO0O0O0o
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Fig. 3.1 Program diagram of ACT4 code.
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Fig. 3.3 Calcualtional flow in Subroutine CALC (P1).
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4. Calculational Procedure of THIDA-2

As described in Section 2.1, the THIDA-2 code syétem has heen
made up by sequentially coupling a neutron transport calculation code,
an induced activity calculation code, a gamma-ray transport
calculation code and a response calculation and plotting code. In
this chapter the coﬁpling method of the four codes are described for
the cases of one-, two— and three—dimensional activation calculations
using the radiation transport codes, ANISNg), DOT-3.510) and MORSE-
GGll), respectively.

4.1 One-Dimensional Problem

The calculational flow for obtaining the dose rate during
shutdown using a one-dimensional model is shown in Fig. 41. The
ANISN codeg) is used to calculate the neutron flux during the reactor
operation and gamma-ray flux during shutdown. The required procedures
to achieve the coupling of the codes (namely, transfer of relevant
data) in Fig. 4.1 are described stepwise. The normalization is
performed as follows. In the neutron flux calculation by ANISN, the
normalization factor XNF = 1.0 1is employed. The conversion to
absolute value is done by the factor PPFLUX used in the ACT4. In the
delayed gamma-ray calculation, XNF = 0.0 is fixed so as not to

renormalize the absolute gamma-ray source.

(1) Neutrom flux calculation by ANISN

In the neutron flux calculation using the ANISN codeg), the 42-
group neutron cross sections in the GICX40 libraryla) must be used.

A single change in the input data is necessary. Namely, the 253th
item of the 15¥¥ data ID1 should be changed to -3. When ID1 is -3,
the relevant data and calculated neutron flux are written on the file
FT10 in the following record format:

Record 1

IGM ; number of energy groups
IM ; number of spatial mesh intervals
T1ZM ; number of zones

IGE ; number of geometry type specification
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1-slab; 2-cylinder; 3-sphere

Record 2
RA [IM + 1] ; interval boundaries

MA [IM] ; zone numbers by interval
v [IM] s volumes by interval
Record 3

(XN(J,1),J = 1,IM) ; scalar flux repeating IGM times

The FINPR subroutine of the ANISN code’’

must be replaced with
the modified one for the data transmission. The modification of the

FINPR subroutine is listed in Fig. 4.2.

(2) Induced activity calculatioa by ACT4

iIn the calculation of induced activity and delayed gamma-ray
source using the ACT4 code, the neutron flux calculated by ANISN and
three data libraries are necessary as the inmput. As the output,
delayed gamma-ray source is written on the file FTi7 in the following
record format:

Record 1 (A3, 77X)

17!

Record 2 {6£12.3) Delayed gamma-ray source at shutdown
((GS(IR,IG), IR = 1, IRMAX), IG =1, IGMAX)
where, IRMAX and IGMAX are the maximum numbers for spatial

mesh and energy group, respectively.

Record 3 (A3, 77X)

' T': terminate

(3) Gamma-ray flux calculation by ANISN

The gamma-ray source is supplied from the file FT17 as the 17%
data. The subroutine FIDAS in the ANISN code is modified to read 17%
data from the file FTl7. The modified portion of the FIDAS subroutine
is listed in Fig. 4.3. The normalization factor XNF should be zero so
as not to renormalize the absolute gamma-ray source obtained by the
ACT4 calculation.

The 54-group gamma-ray cross section library GROUPIN which

extends up to 3 MeV should be used for usual problem (see Section

47
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2.4). 1f delayed gamma-rays of up to 7.6 MeV are to be treated, the
78-group cross section library should be used.

The transmission of the calculated gamma-ray flux and other
relevant data can be done in the similar manner as in the case of
neutron flux described above. The modified FINPR subroutine in Fig.

4.2 is used again.
{4) Dose rate calculation and plotting by APPLE-213)

Using the calculated gamma-ray flux and the flux-to-dose
conversion factor GFLXDOSE (described in Section 2.5) the dose rate

distribution is calculated and plotted by the APPLE-2 codel3l

4.2 Two-Dimensional Problem

The procedure to obtain the dose rate from the induced activity
in the two-dimensional geometry is described. A two-dimensional
discrete ordinates radiation transport code DOT—3.510) is used for the
two—-dimensional problem. The calculational flow chart for this case

is shown in Fig. 4.4.

(1) Neutron flux calculation by DOT-3.5

In the DOT-3.5 calculation, the 42-group neutron cross sections
in the GICXA40 library14) must be used. The DOT-3.5 requires the area
for the mixture cross sections to be allocated in the group-organized
cross section librarylo). Therefore, a small mixture editing program
shown in Fig. 4.5 is run before the DOT-3.5 calculations to convert the
GICX40 to the compatible form. The newly edited library is denoted as
GICX40" in Fig. 4.4.

The input data required for this editing code are the following
three:

MS, I0R and IGM in the format of (3I3).

M5 ; number of mixtures to be used in the DOT-3.3 calculation

TOR; order of scattering. IOR may be reduced frowm 5 used in the

GICX40 library

IGM; number of neutron energy groups [42]

As in the one-dimensional case described in Section 4.1, the
neutron flux calculated by the DOT-3.5 and relevant data are
transmitted to the ACT4 code or the APPLE-2 code. Those data are

written on the file number, NFLSV (usually FTO9F00l) specified in DOT-
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3.5 in the following format:
Record 1
IGM ; number of emergy groups
IM ; number of radial mesh intervals
JM ; number of axial mesh intervals
IZM ; number of zones
IGE ; number of geometry type specification

0/ 1/ 2 = R-Z /X-Y / R-THETA

Record 2
RA [IM + 1] ; radial interval boundaries
ZA [JM + 1] ; axial interval boundaries
MA [IM * JM]; zone numbers by interval
Vv [IM * JM]; volumes by interval

Record 3
((XN(L,J),I = 1,IM), J =1,JM) ; scalar flux repeating IGM

times

The OUTER, TPSAVE and TPXF subroutines of the DOT—-3.5 must be
replaced with modified ones for the data transmission. The

modifications of these subroutines are listed in Fig. 4.6.

(2) Induced activity calculation of ACT4

The option parameter for geometry IGEOM used in the ACT4 is
equivalent to IGE in DOT-3.5.

It should be noted that the computation time (time on central
processing unit, CPU time) for the ACT4 calculation is nearly
proportional to the number of mesh points at which induced activity is
calculated. The CPU time is also nearly proportional to the number of
component nuclides (ICMAX) for which induced activity 1is calcul ated
and to the number of time steps (ITMAX) to be calculated. (The CPU
time for sample problems are given in Table 52). Since the ACT4 code
does not have the restart capability, careful estimation of the CPU
time is requested prior to the calculation of a job with a large mesh
number .

The delayed gamma-ray source is written in the following binary
format which can be read by the DOT-3.5 code:

((GS(IR,JZ,1G), IR=1, IRMAX) JZ=l, JZMAX) repeating IGMAX times.
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(3) Gamma-ray flux calculation by DOT-3.5

The group-crganized cross section library including the area for
the mixture cross sections is processed from the GROUPIN library in
the same manner as for the neutron flux calculation.

The delayed gamma-ray source is read in from the file NBSO
{usually FTL4FO0Ll) when the source input option MO6 = 6 is specified.
As in the one-dimensional case, the normalization factor is fixed as
XNF = 0.0 so as not tc renormalize the absolute gamma-ray source
obtained in the ACT4 calculation.

The calculated gamma-ray flux and relevant data are written on

the file NFLSV in the same manner as the neutron flux described in

(L.
{(4) Dose rate calculation and plotting by APPLE—213)

By applying the flux—to-dose coversion factor GFLXDOSE on the
gamna-ray flux calculated by the DOT-3.5, the dose rate of the delayed
gamma-ray is calculated. The contour map of the dose rate in two-
dimensional geometry may be plotted (see Fig. 5.4 where contours are

shown by straight lines for an example).

4.3 Three-Dimensional Problem

A three-dimensional Monte Carle radiaticn transport code MORSE-
GGll) ig used to obtain the delayed gamma-ray dose in three-
dimensional geometry. The procedure of data transmission between the
codes and calculation of gamma-ray source generation is described im

this section.

(1) Production of macroscopic cross sections

The group-organized cross sections cannot be used in the MORSE
calculation. On the other hand, we are required to perform
calculation in which the energy group number is 42 for neutron and 54
for delayed gamma-rays. These two conditions tend to increase the
memory required in the MORSE calculation. To reduce the required
memory, the macroscopic cross sections of the mixtures to be used are
processed in the material-wise format. Although this process may be
achieved by the use of the code like the AXMIXZZ), the procedure shown
in Fig. 4.7 using the ANISN code is employed. The reasons are; 1) the

AXMIX code was not available for use in the - Japan Atomic Energy
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Research Institute and 2) it is convenient to know a preliminary
estimate of dose rate values by the one-dimensional calculation well
before obtaining the accurate result by three—dimensional calculation
which usually takes a long time.

The calculational flow in Fig. 4.7 is similar to the one in Fig.
4.1 except for the output of the macroscopic cress sections of
mixtures. Therefore the procedure described in Section 4.1 can be
used for obtaining the macroscepic cross sections in 42-group for

neutrons and 54-group for delayed gamma rays.

(2) Calculational fleow for a three-dimensional problem

The calculational flow for a three-dimensional problem is shown
in Fig. 4.8 . Except for the use of the macroscopic cross—sections in
place of the microscopic cress-section libraries, the calculatiocnal
flow looks similar to the one- or two-dimensional case in Fig. 4.1 and
Fig. 4.4, respectively.

In the discrete ordinates transport codes like the ANISN and the
DOT-3.5, the neutron flux for each spatial mesh point could be
calculated. In the case of Monte Carlo code like the MORSE-GG, the
neutren or gamma-ray flux is calculated in each region using track
length estimators or at certain specified points using point
detectors. The volumes of the regions are usually larger than thoese
for mesh points due mainly to computational limitations.

Another restriction in the Monte Carlo calculations is that it is
difficult to obtain the neutron or gamma-ray flux with small
statistical errors at the regions well shielded from the source.

These factors must be fully taken into account in dividing the

actual geometry into regions.

(3) ©Neutron flux calculation using MORSE—GGII)

Using the 42-group neutron cross sections for the mixtures, the
neutron flux in the regions is calculated by the MORSE-GG codelll
The TOPIC code23) is useful in preparing the geometrical data and also
in providing the visual image of the geometry (see Figs. 5.2 and 53
for examples). It can also calculate the volumes of the regions.

The neutron flux in the regions is calculated using the track
length estimator method. Point detectors should not be used Decause
the detector number should be equal to the number of regions. The

neutron flux and the relevant data are written on the file FT10 in the

following record format:

5l
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Record 1
NNE ; number of energy groups of the primary particle
NE ; number of total energy group

ND ; number of detector regions

Record 2
EFIRST ; upper bound energy of the primary particle
EGTQOP ; upper bound energy of the secondary particle
(ENE(IE), IE = 1, NE) ; boundary energies
(VOL(I), I = 1, MXREG) ; volumes of the regions

Record 3
(FNE(IE, ID), IE =1, NE) ; neutron flux
(FSD(IE, ID), IE =1, NE) ; fractional standard deviation of
flux

The record 3 is repeated ND {(number of detector regions) times

The NRUN subroutine in the MORSE-GG code must be replaced by a
modified version for the data transmission. The modified portion of

the NRUN subroutine is listed in Fig. 4.9.

(4) Induced activity calculation by ACT4

Geometry option parameter IGEOM should be 7. Neutron flux and
volume of regions are read in from the file (FTO04F001) by the
subroutines FILEFX and ACTINl of the ACT4 code, respectively. For the

specification of the material numbers for the regions (8¥¥ data), the

media numbers specified in the MORSE-GG calculation should be used.
The delayed gamma-ray source output is written on the file FTL7
in the following record format:
((GS(IR,J), J =1, IGMAX), IR = 1, IRMAX) where
IGMAX : delayed gamma-ray energy group number [54]
IRMAX : total region number

(5) Gamma-ray flux and dose rate calculation by MORSE-GG

Some explanations are necessary for generating procedure of the
54—-group source gamma-rays so that it will be described in detail
below. Once the source gamma rays are generated, the gamma-ray flux
can be calculated in the usual manner using MORSE-GG and the point

detectors may be used if desired. The dose rate due to gamma rays can
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be obtained by simply giving the flux-to-dose conversion factor as a

response function in the MORSE-GG calculation.

(6) Generation of source gamma rays
Source gamma rays during shutdown are generated using the gamma-
ray source data for each region calculated by ACT4. the following
assumptions are made:
a) Gamma rays are generated uniformly over a region vo lume.
b) Gamma rays are emitted isotropically.
The first assumption necessitates the division of the actual geometry
into relatively small regions to improve accuracy. However, too small
regions will cause difficulty in reducing the statistical error of the
neutron flux and dose rate in the region.
The source gamma-ray generation process is described here: (For
completeness in description, the listings of the modified subroutines,

INSCOR, MOSRAD, MSQUR and SOINP are given in Appendix A.2)

i) Reading in and processing gamma-ray source {Subroutine INSCOR)
A cumulative probability distribution of the region integrated

gamma-ray source,

GS{(r}) =
b2

Gs(g,r)

I =16

1

is produced to be used for the determination of the region number in
which a gamma-ray is generated. A normalized cumulative distribution
is schematically shown in Fig. 4.10.

A cumulative probability distribution of the gamma-ray source
spectrum is produced for each region to determine the energy group of

the gamma-ray generation. An example is shown in Fig. 4.11.

ii) Determination of the source generation positicns (X,Y,Z)

{Subroutine MSOUR, SOINP)

To generate source gamma rays uniformly from each region,
candidate positions of the generation are selected uniformly from the
source generation volume containing the regions. This source
generation volume should be of simple shape (e.g. rectangular paral-
lelepiped, sphere, cylinder) so as to allew uniform generation of the
candidate positions by a simple procedure. Although a source
generation volume with the shape of a rectangular parallelepiped is

provided in the MSOUR subroutine, the users shculd replace it with a
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source volume with more appropriate shape for each problem to increase
the efficiency of the calculation,

On the other hand, the number of scurce gamma rays to be
generated per batch for each region should be determined using the
cumulative probability distribution shown in Fig. 4.10. These number
allocated for the regions should be stored in the working area NITS
(MXREG) .

Once candidate positions (X,Y,Z) for the source generation are
selected uniformly from the source volume, the subroutinme LOOKZ is
called to identify the region numbers in which the positiens (X,Y,Z)
are located.

If there is a storage area remaining in the region, the positions
{X,Y,Z) are stored in that area, If the storage area for the region
is full, the position is rejected and another position is selected
from the scurce volume. These processes are repeated until all the
storage areas for the regions are filled by the number of particle
histories per batch NMEM.

When the required number of generation positions (X,Y,Z) for a
region are not found after a specified number of trials, the
previously feund position (X,Y,Z) is used repeatedly to {fill the
storage area for the region. If there is neo previously found pesition
(X,Y,Z) for the region, a collision point in that region will be used
as a substitute.

Tf the storage areas for the regions still cannot be filled by
the NMEM source particles after these procedures, an error message is
given out and the computation is terminated. The problem must be run
again with the increased volume for the regions where the source
particles could not be filled or with the reduction of the source

generation volume.

iii) Determination of the direction of emission
Direction cosines (U,V,W) are determined as an isotropic

emission.

iv) Determination of energy group (IG)
The energy group of a scurce gamma rays generated in a region is
determined with the use of a cumulative probability distribution of

the gamma-ray source spectrum for the region as shown in Fig. 4.11.
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v) Initial weight (WATE) and normalization

The source gamma rays are all generated with the initial weight
of 1.0, The calculated gamma-ray dose rate is normalized to aunit
generation rate of gamma-ray source. Therefore, the total source
intensity, namely the integration over the whole energy range and
regions, should be multiplied to obtain the absolute value. The total
source intensity is determined in the process of obtaining the
cumulative probability distribution of source gamma-ray (see Fig.

410).
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Fig. 4.1 Calculational flow for a one dimensional problem.
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3092 IPCIGMNEY NE,IGMNEU . AND. JJ1.84.1) GO TO 800 ANSZ27741
2093 [FCIDATI.NE.OINEVIND NT3 AMSZT840
009 IPCIOATLI.EQ. ZIREWINDG NTI ANSZ27830
covs IFCKACTPR. EQ.1) CALL ACTPRTCXMNMXNCL) XNXNENCNXADAS) 1M, 1GM, 103, AN327742

. 1P, 116,4,1,KK,£2,83,73,1) ANSZTTLY

00 IFCID4.GE.QIGO TO ) ANS27730
0or? DO &2 I#1,103 ANS277480
(1111 42 CALL PUNSH(TS(L, L), IM) ANS27770
oove 1 CONTINUE
0100 IFCIDAT1.8G.2)G0 TO 24 ANS27790
0101 IFCIDL.LT.226G0 TO 18 ANS27B00
0102 oo 43 1=y, 1GM ANS27B10
2103 €3 CALL PUNSHOXNCL,L).IM) ANS2T320
0104 140 FORMAT (32A4 BX/IN, 2H3s, 69X SHFLUX,3X, 1HO) ANS27830
&109% 18 IFCL01.6T,-2) GO TO 111
G108 [TECIT:)
0107 REWIND MPX
o108 Ir(ID1.EQ. =22 60 TQ0 104
0109 WRITEC(NPK) IGM, IM, IIN,[GE . -
0110 104 CONTINUE inserted portion
o111 WAITECHEXN) (RMACIY, Imi APy, (MACI), 1wl IN) V(L) , 1=l 1M}
‘0112 PO 103 Is=1,1IGA
0113 105 WRITEINFX) CXNCJ, 12,03, 1IM)
0114 WRITEC(H, 6000 LGN, INM NFX
0113 REWIND NFX

C 18 uNITE (WOU,170) T AnNs27040e-deleted
10114 110 WRITE (WOU,17Q) T

K ass PRINT FLUX 1F IN CORE ANS27350
w117 WRITE (MDY .60 ANS27840
0118 40 FORMAT(1ZWG TOTAL FLUX) ANS27370
10119 1FC2iBOUD.EQ. D) REVIND 20 ANS27871

4 TPCLLIOOUD.EQ.1) CALL NWSUBLCOCLXND)  IP MM, XNXNXN, IGH, NTL) ANSZTRT2
10120 LPLLIBOUD  EQ,1) CALL NWSUB&ACOCLXND) , IP, MM, NXXNXR, IGM NT&, DCLW))
10121 1FCIIBOUD.NE. L) GO TO 3333 ANS2TAT3
w0122 REVIND 20 ANS27874
10123 CALL  MWSUBNLCXMXNXN,IP,IGM} ANS2787S
0124 G0 TO 333s ANS2TATS
10125 3333 CONTINUE ANS27277
01Tk CALL WOTCXN,IGM, LM, 1, INT. ", GRFP. ", 0) ANS27880
w127 3334 CONTINUE ANS27381
0128 LECIISPTM EG.1) CALL NWSUBZCXM, IP,1GM, IM, XNXNKN) ANS27832
012" CALL WOTYT(XN,IGM, IR, 1,1GANEY) ANS27383
10130 CALL WOTYT(XN,IGM, IM,I1GMNEU+1,IGM) ANS27384
0131 19 1F(IDATY . EQ.1360 TQ 22 ANS272%0

4 sea PRINT DIST, SOUACE IF ANY AND IN CORE ANS27900
20132 IFCIAN.EQ.0)60 TO 23 ANS27910
10133 WRITE (NOU,170) T ANS27920
30134 WRITE (NOU.70) ANS27930
01312 70 FORMAT(Z0WO DISTRIBUTED SQURCE) ANS27940
00134 CALL WOTC(Q,IGM, IM, 1, "IRT, ", °GRP. ', 0) ANS27950
00137 GO TO 2+ . AXS27940

[ was PRINT SHELL SOURCE IF ANY AND INW CORE ANS27970
00132 23 IFCIPM.EQ.D)GD TO 24 ANS27980
6G139 WRITE (MQU,1703 T ANS27990
901¢0 LFCIPM.GT . 12GD TO 25 ANSZB000
00141 WRITE (NQU,BOY PP ANS28010
00142 80 FORMAT(27HO SHELL SOURCE IN INTERVAL 13) ANSZB0O20
00143 CALL WOTCPA, IGM MM, 1, "ANGL ', "GR#® * O ANS 28030
0014k GO TO 24 ANS 28040
001¢% 2% WRITE (NOU,90) ANS 280350
Q0148 #0 PORMAT(14NO SHELL SOURCE) ANS280460
GO147 CALL WOTLPA, IM, MM, IGH, "ANGL", " INT ', "GRP ") ANS28070
cols8 GO TO 24 ANS28080
og1¢9 48 IFIILT.GT.-43 0 TOD 140
00130 NFXs10
00131 REWIND NFX
00132 LPCIDI. RO, -2 G0 TO 114
00133 WAITECMEX) IGM, IM, L2IM,IGE
00154 114 CONTNUE
0015 WRITECHFRY (RACL), Io1,1PY (MACIY Iod, 1My, (VL) , In1,IM)
00158 P2 115 I=1,[GM . .
00137 READ (NT1) (X(J,1),Jm1,IM) iaserted portion
00138 WRITECNFN) (X(J,1),J=t.IM)
001%* TR{ISCT.GT.O0) READ (NWT1)
00180 11% CONTINUE
001lst WRITE($,.400) LGM . IM, NFX
00162 REWIND WKT1
00163 REVIND MFAX
001ed 400 PORMATCIHL// /7,30, " wan SCALAR PFLUX C",13,° GROUPS,', 14,

1 * {NTERVALY ) wAS WRITTEN QN MTe’,15,° sax')

€ 24 102-0 ansza0voedeleted
00183 120 102=0
00164 29 [O1=MINO(IGM-[02.8) ANS23100
c01e7 WNITE (NOU,170) T ANS28110
1A 2Y ] WATTE (NQU.140) 102 ANS2B120
ooie9 140 FORMAT(IZHO TOTAL FLUXY - GeGROUP NO. Nel3} ANS23130
-LARL DG 31 1e1.101 ANS28140
Qo171 READ (NT1) (R{J,1),Jm1,IM) ANSZB130
00172 31 IFCISCT GT . QIREAD {NT1) ANS2B140
00173 CALL wOT{X,[O1,IM, 1, ' INT ', ‘Gane’,0) ANS28170
0017 [03a101a[m ANS2B1RO

Fig. 4.2 Modification of Subroutine FINPR of the ANISN code for the data transmission

to ACT4 and APPLE-2.
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IF(K(L).EQ.LLIYGO TO 42 F1D0OO5&0
IFIK(I).EQ.LKIYGO TO 44 FIDOQ570
IFCK(I).EQ.LGYGO TO 55 FIDOOSBO
TFC(K(I).EQ.LCYGC TO 56 FIDOO590

IF (X¢I) .EQ, LSLS) GO TO 13 FID00400

GO TO 14 FIDOO&10O
sxus TERMINATE (T FID0Q&20
9 J2=0 FID0O0&30
ITEST=INCI) FIDODA4LD
IF¢J.EQ.0XG0 TO 18 FIDQO450

GO TO 12 FI1000460
esx VARIABLE FORMAT CONTROL (U.,V) FIDO0&?0
33 READ(NS,BO)VMT F1000480
34 [VMTa1 . FIDOO&SO
enx BEGIN NEW ARRAY (=,%) FIDOO700
4 KKK=Q FIDOGZ10
1F(INCII-17) 13,99,13 T 1000711

99 N5=17 : FID0OO712
—G0 T0 13 FID0OO720
5 KKK=1 FLDOD730
13 IF(NCOUNT+J) ,EQ. QXG0 TO 15 FID00740
J2=1 FLDOO750

12 WRITE (N6,20) LL,LB.,J FIDOO740
IFCJ.EQ,NCOUNTIGO TO 16 FIDOOT7¢Q
IMAX=JL + J = 1 \ FID00780
1FCJ.GT.10000) IMAX = J + 99 FIDOO790
FMT(2)=E1 \ FIDCO80O
FMT(3)=E2 FIDOOB10
IF(KK.NE.13GO TO 22 these cards are inserted FID0CB20
FMT (2)=E3 FIDOOB3D
FMT(3)=Eé FIDGDBLO

22 WRITE (N&,FMT) (D(II),Il=J1,IMAX) F1000850
i3=J3 + 1 FID00B4D
WRITE (N&,30) NCOUNT,LL.LB F1000870

16 IF(J2.NE.D)IGO TO 15 g FIDO0BAO
WRITEC(NG,S5QIINCIY LT v FIDQQAYQ
N5=5 N FIDOOBS1

959 RETURN T FIDDO900
15 IF {KX(I) .EQ. LSLS> GO TO 935 FIDOO910
915 LL=INCID FIDOOS20
LL3=LL + LL2 - ¢ FIDOO93O
KK=KKK FIDOO94LO
LB=K () FIDO0950C
Jev el FIDO0F&0

IF ¢ LLJ.NE.O ) GO TQ 412 FIROOS70
IFCLL.GT,.40) GG TO 411 FIDOOSBO
J1sLDTK{LL3Y + 2 FIDOOF9C
NCOUNT=LDTK(LL3+1) - J1 F1001000

GO TO &1 FIDO1010
411 LL3 = LL3 - 60 FIDO1020
412 Jt = LDAICLL3 ) + J FI1001030
NCOUNT = LDALICLL3+ 1) - J1 FID01040

41 J=0 FIDO1050
IFCIVMT.EQ.0)GO TO 2 FIDO1060
=2z VARIABLE FORMAT CONTROL (U.,V) F1DO1070
32 IF(NCOUNT.EQ.0)GO TO 1 FIDQ10BO
JENCOUNT FIDO10%0Q
NCCxJ1l + NCOUNT - 1 FIDO1100

Fig. 4.3 Modification of Subroutine FIDAS for reading gamma-ray source.
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Fig. 4.4 Calculational flow for a two dimensional problem.
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C s=x GICX40 EDIT FOR READ IN DOT 3.5
C =a

DIMENSION C(47,300)

MTMAX = 300

IHMAX = &7
LGM = 43
MT w 40
LOR L1

LORP a LOR + 1

READ(5,1000) MS,IQR,IGM
1000 FORMAT(3I3

IF(IOR.EQ.C} IOR = LOR

IFCIGM.EQ.Q) IGM = LGM

IHM = IGM + 4

I0RP = [OR + 1

WRITE(6,2000) LGM,IGM, MT +LOR,IOR, MS
2000 FORMAT(1HIL,'sxx GICX4Q EDIT FOR READ IN
+1HO, 25X, 'ORIGINAL FILE DATA SIIE

+SX,"NUMBER OF MATERIAL

NN -

+5%,"NUMBER OF MIXURE SAX,H=, "
IFCIGM.GT.LGM)

IFC(IQR.GT.LAQRD

MT1 = MT=IORP + 1

MT2 = MT] + MS=ICORP - 1

IF(MTZ2 . GT . MTMAX)

DO 20 I=1,IGM
DO 30 Mi=1,.MT
DO 30 M2=1,L0RP
IF(M2.LE.I1OQRP) G0 TO 33
READC(1)
GO TO 30
33 M=(I0RP=(M1-1)) + M2
READ{(1) (CC(IH,M),IH=1,IHM)
30 CONTINUE
DO 40 MeMTLI MTZ2
00 40 IH=1,1IHM
C{IH,M}20.0
40 CONTINUE
WRITECZ) (CCCIH, M), IH=1,1IHM) M=1,MT2)
20 CONTINUE
STOP
€ =x ERROR MESAGE
F00 CONTINUE
WRITE(S,9000)

+5X,'NUMBER OF GROUPS Yy 15, ---
Yy IS, ---
,SX,"NUMBER OF P=N ', 15, ---
'

POT 3.5saxus’/
NEW FILE DATA SIZIE'/

9000 FORMAT(1HO,'=wxx DIMENSION OVER xszx JOB STOPPED.')

STOP
END

JAERI 1301

00000110
90000111
QQo00120
Q0C00290
00000300
00C0040¢C
00000500
00000400
0000Q700
00000800
000400810
00000900
00001000
00001100
00001200
00001300
00001400
Q0001500
Q0001600
09001700
00001800
00001900
0000200C
000C210C
000G220C
0000230¢C
0QQo240cC
0o000250¢C

0000240¢C
00002700
00C02800
00002900
00003000
00003100
60003200
00003300
00003400
00003500
000034¢C0C
0000370¢C
00003800
00003900
00004000
00004100
00004110
cooQ4120
00004130
Q0004140
00004150
000046200

Fig. 4.5 Mixture editing program for the DOT-3.5 calculation using group-organized cross sections,
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SUSROUTINE QUTER (AO,l?.!O'SZ,Dt,ll,HS,IG.CO'FO;GI,I7yllaﬂ0-H3,H‘-0UTIOOIO

L MS.M&, MY, NZ,N&P2,PL,80,82,84,T7,40, V7,0, W1, W2, K0, JHG, X1, X2, 15, QUTROO02Q
2 P2.AS,PI,S3, 03,850, 83T B0, E1, B2, EN, EL ES L6, E7, P53, P4, T, ITLP, OuTROOD3O
3 ITMT,IMIMP,NOMAP,1S1281,1812€2,1GG,ALBOOR, ALBDOT, ALBDOS, [IGN, INP,OUTRO0LD
L MR, IMAPLXLJSC,CBAN,I28,01,02,03,04,05,06,85L, 098, 1512E3,V1,VZ, OuTROOSOD
S VI, V&V, NOMG, A} QuUTRO040
¢ OUTROO7O
Cosssns OUTER CONTROLS AN OUTER ITERATION, READS DISTRIBUTED SOURCE. QUTROOSD
Cressna SOUNDARY SOURGECS}, FIRST COLLISION SOURCE. AND COMPUTES GUTROO?0
Coesnsn DOWNSCATTER AND UPSCATTER SOURCES QUTRO100
¢ OUTRO110
cCORnON CUTRO120
4 NINP,NOUT, NCR1,NFLUX1,NSCRAT,NAFT,NBSO,MPLSV, NPSO, NINT, NOZT, KCAM DUTRO130
COMMON ALA,AV,AV®,AVR,BOS,506,807,CNT,CTL CYT,0EN,DENQON, DISER, QUTRO140
3 DO1,002,003,004,E0,EQA, EQS, EQC, EQR, EQS, EVA, EVD, EVP, EYPP EVL, EVY, OUTRO1SO
2 801,202,603, 604, E08, P, GBAR, [AFP, IBB, IBL IBR, 1BT,1POT, IGEP, 1GK,  OUTRO140
3 1GP, L1GY,1G1,IHG,I1,1NJN, 1P, LT 1TENR, ITP, LLP, ITENRL, LTEMR2, P XO1,0UTROLTD
4 KO2.KO3,X0&, KOS, K06, KOT, LAR, LAPP, LAR,LE MBAR HIMK ML NN, NNAPLX, OUTRO1B0
S MMDN,MMIFLX, MNIN, MNIP, MMJFLY MMM, MHLT MMRT  MNUP, N8, NBAR,NGOTO, OUTRO19D
& WOM,NOMA,NUM,PBAR,PO2,PO7, SOAR, SIN, SINJN, SJM, SBANL,SRT, SUNW], DUTRO20O
7 SUMWZ,TC.TEMP,TI,TEMPL, TEMPZ, TEMPI, TENPL,T06,T10,711,T12,715,T16,0UTROZ2D
B T17,UP,UPL,UP2,VBL,VHL, VLL, ¥YNL.VRL, VTL,¥VL,V07,V10,V11,V12, V13, OQUTRO220
v Vis QUTRO230
commON 1D(18), QUTAD240Q
1 AQ1,A02,A03,A04,1GE, 12N, 1M, JN, 104, EV, EVN, EPS,001,802,003,804, outxo2%0
2 MOT.FAT,MT,MOL, MCR,MTP,12,J2,502,303,1GN, IHT INS,1TL,$01,M05,M06,0UTRO240
3 $04.,00%,607,G05,604,LAL, LAK, POD,EPSA, IAPT, 126, 1MG,18C, 152,153,  OUTROZ70
L ITL,IP1,1P2,183,1P4,IPS, 101,182,103, 104,105,186,121,112,123,124, QUTROZBO
$ 115,126,411,312,113,J14,115.J14 QUTRO290
COMMON LLL{2),LC0,L52,L82,L04,182,LA0,LA1,LAS,LA7,LBO,LB4,LS3, QUTRO3OO
1 LJ3,LPS,LESR,LBST, LSS, LBSL, LSO, LFO,LPZ,LG2,LI0,LTL,LI2,L13, QuUTRO318
7 L17,UK8,LKT,LI0, M2, LNI, LME, LIS, LM&, LNT, LNG, LP2, LP4, LRO LR], LRZ, OUTRO32D
3 LRI, LR&,LRS,L50,L84,LT7, V0, LYZ,LW0, LN, LW2,L20,L21,0L22,L23,L24, OUTRO3I3O
4 LI3.LXO0,LX1,LX2, LED,LEY,LE2,LES, LEC,LES, LES,LET,LFS.LF6,LFT7, LM8, DUTRO3LO
S | M9,LASDR,LABDT,LABDS,LJMG,LJSC,LCBAN,LIZA,LD1,LD2,L03,L04,LD3, QUTROISD
& LD&,LVI,LVZ, LY, LV4.LY5,LV6,LL1,LC2,LE3,LC4 LEE,LES LAST DUTRO3A0
DIMENSION AL3) QUTRO370
¢ OUTRO3ZO
DINENSION P3C1),J8CC1),E0C1),€201),22¢1),E3(01),E4€1),E5¢1), E4L1), OUTROIOO
1 E7C1), P3¢, FeC1), F7 01, JNGLL), N1(1Y, X2}, A0(1),ATC}, I7C02, QUTRO&00
2 KEC1),M2C1)ME{1I, NSC1D,ALEL) , M3C1), HaL1) M7 L1, T7C10, V7 (1D, QUTRO&10
3 wO(1),W1C1), 241, X0C1),25(1),B0(1},82¢(1),B46(1),B4(12,70(1), QUTRO&20
4 GZ(1),MOCII,NG{1),P2C1),Pe(1),30¢1),52¢1),V0(1), V(1) V241D, QUTROL30
S VIC1), V4 (1), V1), F2¢1),AS(1),COCITLP, 1), BSR¢1),B5T(1),BSL(1),  OUTROLLO
& BSAC1)LSICIMIMP, 1), J3CIMIMP, KOL 1), K2LIMINPE, 1), SECIMINP, L), QUTROLSO
7 ALBOORCJMP,1),ALBDOTCINP, 1), ALBOUBCINP,1)  CBANCIMINP, 1), 128C13, OUTROLEO
8 D1(13,02(1),03(12,04¢1),05¢1),D6C1)},NONG(L) : OUTRO4TQ
INTEGER $02,A02,A03,801,802,803,004,008,E04,PXT, GBAR,GO7, PRAR, CUTRO480
1 SPAR,SBARI,T13,T16,T17,UP, A0, #02,40LD OUTROL 9O
REAL K&, M3, M7 NBAR N2, N4, UM, A3,J3 OYTROS0C
CALL TIMSTR (1) QUTROS10
CALL TIMON (1) ouTROS20
CALL REWND(NFLSV) 2UTR0339
WRITECNFLSY) L1GM,IM,JN, IINM,IGE
CALL  WANDRGCNFLSV,ACLRO),IP, ACLIO) JP ACLNO), IMJM ALLYO), INJM, 1} /’I
<
IFCIZ4.GT.0) CALL REVNOCIZA) OUTROS&D
IFC104.EQ.4) CALL REWNDCNPSD} 2 cards added ouTtrosso
IFCIB5.NE,0 .OR. IB&.NE.G) WEWIND NOFT OUTROSSS
16V=1 OUTROS4D
Convnnn SECTION -~24 FIXNED SCURCE semans OUTROS7O
ur1=0.9 ouTRGSE0
124 CONTIMUE
JuTROSSC
KolsaC3 DUTROS00
IFCIR&.NE.1) GO TO 3724 OUTRO&0
KOl » I7(1GV} OUTRO620
NOMA= (XO1#(KO1+3))/2 GUTRO430
3724 1FCLOA.NE.1) GO TO 332& QUTRO&40
3324 IF(KO2)3224,324,3224 OUTRO6S50
3224 00 224 Ie1,N0M CUTRO&60
34(1,1)=0,0 GUTRO6TO
224 CONTINUE OUTROGBO
324 CALL WAMDRZ(MCR1,CO(1,1),ITLeNT,S2(1),MINK, 2} OUTROA9D
IFCIOL. NE 6) GO TO 424 QUTRO?00
CALL WANDRZ(NPSO,S2(1),IMJM,S4(1,1),NCM,2} QUTRO70
434 1FCI04.£0.0.0R.104.EQ.6) GO TO 8024 QUTRO?20
0O s34 Ie1,IMJm OUTRC73D
624 32 ep, QUTROTLO
8024 1F(IB1.20.0.0R.J0&.£0.5) GO TQ T2+ QUTRO7SC
00 B00& L w 1,181 QUTRO7 60
DLiL) = 0.0 DUTRO770
8004 COWTImUE cuTRO780
8003 DO 8000 IJe=i, IMJM CUTRO790
ITEMP=RO(ID) cuUTROB00

Fig. 4.6 Modification of Subroutines OUTER, TPSAVE, TPXF of the DOT-3.5 code
for the data transmission to ACT#4 and APPLE-2.
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SUBROUTINE TPSAVE(N2,IMJM,IGM,IGG,IFOT, 3, NOM,B2,04, MMM, MMJM, IT], TPSVOOLOQ

1 KOMG) TPSVO020
[4 TPSVOO30
Comanue TPSAVE WRITES SCALAR FLUXES, MOMENTS AND SYSTEM BOUNDARY TPSVOO4LO
Cornmns ANGULAR FLUXES ON NFLSV TPSYO050
c TPSVCO60Q
COMMOM MINP, NQUT, NCRL, MNFLUXL, MSCRAT NAFT NBSO, NPLSY NP3D TPSYQQ70
DIMENSION N2CIMJM,IGG),J3(NOM,IGG),B2(9),8L(9), NOMG(1) TPIVOOET
REAL N2,J3 TPSVOLRD
1234 REMIND NFLUX1 . ~ TOSVOLOC
CRC  REWIND KFLSV this statement is deleted *PSV0LL0
0o 1234 116G =1,1GM TPSYOLI2C
161 = 116 TesSyQLIz0
IF(I#0T EQ.0 GO TO 1233 TPSVO142
161 = 1 TPSVO150
ITF(NFLUX1.EQ.NFLSV) GO TO 1237 TPSVWO140Q
CALL WANDR&(NFLUXI,N2¢(1,1G1),IMJMN,J3C1,IG1) NOMGCLIIG),B2(1) MM N, TPSVOL1TQ
186 (1) MMM, 2} TPSVO180
G0 TD 1235 TPSVO190
1233 CALL WANDR2(NFLUX1,B2C1) MMIM, BL(1), MNIN,2) TPSVD200
1235 CALL WANDR&4 (NFLSV, N2(1,1G1),IMJM,J3CL,1G1), NOM, B2(1) MMM, BLC(1), TPSVO210
1MMINM, 1) TPSVO0220
1236 CONTINKUE TPS¥D230
1237 RETURN TPSVQ24&0
END TPSVNZSC
SUBROUTINE TPXFC(NFLUX, NFLUX1,N2,03,B2,B4,UF,IGRP,FD,FN,N20,J030, TPXFODIO
1 B20,840,F1,FJ), ICF, IUCF,IK,JK,IKJK, HOM, NOMA JEDIT NOUT,NPSO,A) TPXFOOD20
COMMON/COPYBU/XC(1),LIMX, LBEGIN,LFP,LE,LIGRP,LFN,LFD,LN20D,LJ30, IPXFOQ30
1 LB20,LB&0,LSP,L1,L2,L8, L&, L5, L6, LAST,IAQL,IADS, NOMI NOMAL, TPXFQO4DQ
2 1801,1B02,1B03,1B04,JI1,J22,ML,1MK, JMK, IMJMK, IGHA MMIK] MMIX], TPXFOUS0
3 LFLUN,IGMI,L1AQMI,IAQLI, ISRCE,IGIXS,DUMBLIIL) TPXFOO&0
DIMERSION A(L) TPXFQO7D
CIMENSION N2C1),J3CIKJK,1),B2C1>,B4€1),IGRPC1),FOC1},FN(1) N20C1),TPXFOOBO
1 JIOCIKJK,1),B20¢1),840(C1) ,FICIK,1),FiCJK, 1, UFCL1),Q0CY) TPXFQCRO
REAL M2,N20,J)3,J30 TPXFU100
|4
IFCICF.EG. 3D GO TO 11 TPXFO110
REWIND IFLUX B . -
CALL  WANDROCIFLUX,2) this statement is inserted
11 CONTINUE
REWIND MWFLUX] TPXFO120
MMJKelADLw MK TRXFQ1X0
MMIK=]ADLx [MK TRXrolac
IFCIUCF.GT,0) CALL WANDROCNPSO,IGMA)} TPXFO150
DO 12 [=1,IGMA TPXFO160
12 IFCIGRPCID.LE.Q) IGRP(I)=] TPXFOL7O
Casssne SEARCH FOR FLUX GROUP TO USE esseas TPXFO180
1G0Ta0 TrXFO190
DO 100 1IGw=1,IGMA TPXFO200
IGRO=IGRP(LI1G) TPXFEO210
80 LF{IGRO.EQ.IGOT) GO TO %0 TPXFO220
160TwIGOT1 TPXFOZ30

Fig. 4.6 Modification of Subroutines OUTER, TPSAVE, TPXF of the DOT-3.5 code
for the data transmission to ACT4 and APPLE-2 (Continued).



JAERI 1301 4. Calculational Procedure of THIDA-2
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Fig. 4.7 Processing of macroscopic cross section.
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Fig. 4.8 Calculational flow for a three dimensional problem.



THIDA-2 : An Advanced Code System for Calculation of JAERI 1301
Transmutation, Activation, Decay Heat and Dose Rate

C *= = QUTPUT OPTION AODED BY MR.SEK] = = = = 2 x % % & * x * x & & * % &
C = s OPTION PARAMETER IFf NFQUT.LT.O FLUX PER UNIT ENERGY
C IF NFOUT.GT.O FLUX PER UNLT LETHARGY
C I1F NFOUT.EQ.QO SCALAR FLUX
NFOUT = 0
cCe FACTR = 570.0x8.37E+15
FACTR = 1.0
NNE1 = NNE+1
IF(IE.NE.1 LAND. IE.NE.NNE1) GO TO 1979
C == ENERGY WIDTH
IF( IE.EQ.NNE1 ) ETOP=EGTOP
DO 1977 I=ID11,1012,NE
IF(NFOUT) 1977,1982,1983
c1982 ECID = E(I):EDELTA
" 1982 ECD) = E¢I)sEDELTA=FACTR
GO TO 1977
1983 E(I) = EC1)sEDELTA/UDELTA
1977 CONTINUE
€ &« = QUTPUT FOR FLUX * = =
WRITE (10,1070} (EC1),1=1D11,1D12,NED
1070 FORMAT (17X,1P10E10.3>
J = ID1
DQ 2030 I=I011,ID12,NE
FNECIE,J) = E(D)
J = J+1
2030 CONTINUE
C = &« FLUX RESTORE
00 1978 I=ID%11,1012,NE
IF(NFOUTY) 1978,1984,1985
1984 E(I12 = E(I)/EDELTA
1984 E(DD = ECIY/ECQELTA/FACTR
GO TO 1978
1985 E(L) = ECIY/EDELTA=UDELTA
1978 CONTINUE
€ = = OQUTPUT FOR F.S.D
1011 = ID11 + NEND
1012 = 1012 + NEND
WRITE (10,1080) (E(I),I=ID11,ID12,NE)
1080 FORMAT (17X,10(F9.3,1X3
J = ID1
0] 2040 I=ID11,1D12,NE Th .
FSOC(LE,JY = ECI) €se cards are inserted
J = J+1
204C CONTINUE
ENE(IEY = ECLEP)
205 WRITE (I0,1090) ECIEP)
1090 FORMAT (1Xx.1PE11.3)
C = = PUNCH QUT ENERGY BOUNDARIES »r =
NFX = 10 T
REWIND NFX
WRITE(NFX) NNE,NE,ND
WRITE(NFX) EFIRST,EGTOP, CENECIE) ,IE=1,NE), (VOL(I),I=1,MXRES)
oo 2050 ID=1{,.ND
WRITE(NFX) (FNECIE,ID),IlE=1,NE?
WRITE(NFX?} (FSOCIE,ID),IE=1,NE2
2050 CONTINUE
ENDFILE NFX
REWIND NFX
2010 FORMATIIZIEY
2020 FORMATC(&EL2.%)
210 IF (NT) 375,375,215

Fig. 4.9 Modification of Subroutine NRUN of the MORSE-GG code for the data
transmission to ACT4,
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5. Sample Problem

A comprehensive set of calculations for a sample problem is
described in this chapter. It includes one-, two- and three-
dimensional calculations of a same problem. The results of the three
calculations are compared to show the degree of agreement in the

calculations. -

5.1 Problem Description

The induced activity in an irom cylinder of 30 cm radius and
30 cm height irradiated by a source of 14 MeV neutrons is calculated.
The iron cylinder is surrounded by air as shown in Fig. 5.1. The 14

L are generated

MeV neutrons with the intensity of 4.52 x 1016 n.s”
isotropically and uniformly within the central cylinder with radius
3 cm.

Firstly the neutron flux distribution in the iron cylinder is
calculated using the ANISNQX DOT—3.51O) and MORSE-GGll). Secondly,
the delayed gamma-ray source is calculated by the ACT4 code at ome day
after shutdown following a continuous generation of the neutrons for 2
years. Thirdly, the gamma-ray flux at one day after shutdown 1is

calculated using the transport codes. Finally, the gamma-ray flux is

converted to dose rate.

5.2 Calculations

The one-, two- and three dimensional calculations of the sample

problem are described in more detail in this section.

5.2.1 One-Dimensional Calculation

The calculaticnal flow employed in the one-dimensional
calculation is shown in Fig. 4.1. In the one-dimensional transport
calculation using the ANISN codeg, an infinite cylinder model is used.
The model assumes an infinite height (or no net neutron flow in the

axial(Z) direction) but the height is taken to be 1.0 cm for volume
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calculation,

The input data for all the calculation steps are listed in
Appendix A.3.1l. The printed output of the ACT4 calculation is listed
in Appendix A.4.1. The plotter output from the ACT4 and APPLE-2
calculations are given in Appendices A.4.2 and A.4.3, respectively.
The job control language (JCL) used in the one-dimensional calculation

is listed in Appendix A.5.1.

5.2.2 Two-Dimensional Calculation

In the two-dimensional calculation using the DOT-3.5 codelo), the
R-7Z geometry is used with a reflective boundary condition wused on
left, top and bottom boundaries and vacuum boundary condition at the
right boundary. The choice of the reflective boundary condition at
the top and bottom allows equivalence to the Infinite height condition
used in the ANISN calculation.

The calculational flow for the two-dimensional calculation is
shown in Fig. 4.4. As described in Section 4.2, the calculational
flow for the two-dimensional case is essentially the same as the one-
dimensional case except for the pre-processing of the cross sections
before the DOT-3.5 calculations, The input data listings and the JCL
listings for the two-dimensional calculation are given in Appendices

A.3.2 and A.5.2, respectively.
5.2.3 Three-Dimensional Calculation

The calculational flow for the three-dimensional case is shown in

Fig. 4.8. In the three-dimensional calculation, the exact cylindrical
geometry may be taken into account as shown in Figu 5.2a and Fig.
b.2b . These figures are drawn by the TOPIC code23) and depict the

regions in the horizontal and vertical cross sections of the model.

Figure 5.3 shows the media specifications in the cross sections.
Note that in the iron cylinder at radius less than 30 cm, the regions
are specified alternately with media 1 and 2 both of iren. This
convention 1is required to define the regions for the track length
detector used in the MORSE-GG code in use. Note also that the media
10 in the vertical cross section in Fig. 5.3 is an albedo medlia so as
to make the top and bottom boundary conditions equivalent to those of
the one—- and two—dimensional calculations.

The input data for the three-dimensional calculation are listed
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in Appendix A.3.3. The JCL's for the same calculation are listed in
Appendix A.5.3. The neutron flux calculation can be done in a similar
manner as the gamma-ray flux. The induced activity calculation is not

much different from the one- or two-dimensional case.

5.3 Comparison of Calculated Results

Calculated results of one-, two—- and three-~dimensional calcula-
tions are compared in this sectiomn. These calculations are denoted as
1D, 2D and 3D calculations in this section. The calculational

conditions and some of the results are compared in Table b.1.

5.3.1 Neutron Flux Calculation

In the step 1 for neutron flux calculation, the flux is
normalized to one source neutron in the 2D and 3D calculations in
which the height of the cylinder is 30 cm whereas it is normalized to
1/30 source neutron in the 1D calculaticn in which the height is 1 em.

Thus the neutron density is the same in all three calculations.

5.3.2 Induced Activity Calculation

In the step 2 for induced activity calculation, the conversion
factor fig of 4,52 x ].016 ismultiplied to the neutron flux and the
fusion power Py is assumed to be 440 MW, for all three calculations.
These values of fN and Pg are used in the induced activity calculation
of a fusion reactor but they are insignificant in the present calcula~
tions. 1In the 1D cylindrical calculation, the torus radius
R= 1/2m = 0.15915 is entered to make "2 7R to be multiplied to the
volume” be 1.0. The calculated total induced activity at shutdown
after 2 years of continuous neutron generation for the 2D calculation
is 30 times larger than that for the 1D calculation. The correspon-
ding value for the 3D calculation is about 2% larger than that for the
2D calculation. This 2% difference is believed to be due to the

statistical error in the neutron flux of the 3D calculation.
5.3.3 Gamma-Ray Flux Calculation

In the step 3 for gamma-ray flux calculation, gamma-ray source is
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not renormalized in the 1D and 2D calculations. However, the gamma-
ray source is renormalized to 1.0 in the 3D calculation so that the
total gamma-ray source intensity is multiplied to the calculated

gamma-ray flux.

5.3.4 Dose-Rate Caiculation and Plotting

The dose rates obtained in the step 4 by the APPLE-2 calculations
are compared in Table.5.1 at the radial positions r =3 cm and v = 27
cm. The 1D and 2D results are almost equal. The contour map of the
dose rate obtained by the 2D calculation is shown in Fig, b.4 together
with the list of the input data for the APPLE-2 calculation. The
contour curves appear to be straight lines in the figure. The solid
curves in Fig. b4 are the contour of the dose rate at 10" rem/h, and
the dotted curves are the dose rate at 5 x 10" rem/h. The arrows
pérpendicular to the contour curves show the direction of the gradient
of the dose rate value.

The dose rates calculated by the 1D ANISN calculation and 3D
MORSE-GG calculation are compared in' Fig. 55. The figure shows a
good agreement between the 1D and 3D results in the iron cylinder at
r < 30 cm but not so good in the air at 30 cm < r < 100 c¢cm. The poor
agreement in the air is believed to be due to the .statistical errors
in the 3D calculations. The magnitude of the statistical errors
showing the range of one fractional standard deviation (fsd) are
partly shown by error bars in the figure. These errors can be reduced

if more histories are followed in the 3D calculation.

5.4 Comparison of Computation Time

Computation time (central processing unit time, CPU time) for the
three calculations are compared in Table 5.2. Most of the CPU time is
spent on calculating neutron and gamma-ray fluxes. The 3D calcula-
tions for the fluxes are artificially terminated at 550 seconds to
hold the CPU time to be less than 10 minutes. Very rough estimates of
the CPU times for this sample problem are that the 2D calculation
takes twice that for the 1D calculation and the 3D calculation takes

more than 10 times that of the 1D calculation.
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Table 5.1 Comparison of Caleulational Conditions and Results
of One-, Two- and Three-Dimensional Calculations
Calculational 1D Calculation 2D Calculation 3D Calculation
Items by ANISN by DOT-3.5 by MORSE-GG
Step-1 Neutron flux
Normalization factor XNF =1/30 XNF=1.0 XNF=1.0
Axial height 1.0cm 30 cm 30 cm

Step-2 Induced activity

Normalization factor

fiy =4.52 X 10'¢

fn = 4.52 X 10*®

fix =4.52 X 1018

Fusion power Py =440 MW Py =440 MW Py =440 MW
Torus radius R =1{27 - -
Total neutrons fi-2nR =1y fiy X 30 fiy X 30
Total activity (Ci/MW) 1.88 X 10 5.63 X 107 5.73 X 10°
at shutdown
Step-3 Gamma-ray flux XNF =0.0 XNF=0.0 XNF=1.0
Total source gamma-rays 13 14 14
1 day after shutdown 2.51 X 10 7.51 X 10 7.58 X 10
Step-4 Dose rate {rem/h)
= : 5% s* 5 *%
atR= 3cm 9.4 X 10 9.4 X 10 7.8 X 10° (0.01)
L3
5.0%10% 50X 10% 6.4 X 10° (0.06)

at R=27 cm

*  Values read from dose rate curves such as in Fig. 5.5.
** Noge rate value average over region with fractional standardard deviation in blacket.

Table 5.2 Comparison of Computation (CPU) Time* of One-, Two-

and Three-Dimensional Calculations

Calculational 1D Calculation 2D Calculation 3D Calculation
Items by ANISN by DOT-3.5 by MORSE-GG
Step-1 Neutron flux 3048 61.658* 550.4 s*
Step-2 gldUCEd activity and 7958 1328 2458
amma-ray source
Step-3 Gamma-tay flux 4138 57.58" -
35038
Step4 Dose rate and plotting 1.08 2458
Total 799§ 1349 8 1103.18

+ CPU time in the FACOM M-200 computer in JAERL
* (CPU time for processing macroscopic cross sections not included.
** (Calculations terminated after CPU time of 550 seconds.
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Z
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30¢m 30 fem)
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{ Intensity ~ 4.52 x10' n-s1)
Fig. 5.1 Iron Cylinder for the Sample Problem.
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Fig. 5.2a Horizontal cross section of the cylindrical model showing regions.
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Fig. 5.2b Vertical cross section of the cylindrical model showing regions.
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Fig. 6.3 Horizontal and vertical cross sections of the cylindrical model showing media.

73



74

- BRI R R VR

M

FROM THE MID-PLANE

DISTANCE

Fig.

THIDA-2 : An Advanced Code System for Calculation of JAERI 1301
Transmutation, Activation, Decay Heat and Dose Rate
sax APPLE INPUT DATA CARD IMAGE LIST wsx
---—a----1—--—-----2-—------—3-——-:—-—-!.——---——--5-——---——-6-———-----7-———-----;
SHUTDOWN OOSE RATE. ¢ DOT3.5 2 00000100
FLUX 1 ¢ 00000200
2 0 00000300
CROS 1 90000400
11 1 1 00000500
10¥¥ 1 00000400
11%% 1 00000700
1223 F1 T 00000800
RCAL 1 00000900
1 1 1 1 0.0508 00001000
S¥¥ F1 . 00001100
22¥s 1 00001200
23¥% FL T 00001300
SAMPLE 00001400
RPLT 1 00001500
2 51 000014600
15.0 20.0 00001700
SHUTDOWN DOSE RATE (Is15CM) 00001800
DISTANCE FROM THE PLASMA AXIS (LM) 00001%00
DOSE RATE ¢ REM/HDUR} 00002000
RPLT 1 00002100
301 00002200
-1 1-10 © 0 © 0.0 ?0.0 1.0 +10 15.0 30.0000023C0
SHUTDOWN DOSE RATE 00002400
SPEC 1 00002500
2 1 1-54 0 2 00002400
101 ooo02700
3 12 0o0028900
15.0 20.0 00002900
GAMMA ENERGY SPECTRA 00003000
GAMMA ENERGY (EV) 00003100
GAMMA FLUX PER UN1T LETHARGY 00003200
1RON AIR 00003300
END v 000CG3400
—»——--——-1—-——:——-—2--—-:----3———---—-—l.--—-:-—--5«--——t-———A-—--t-———?---—s—---a
SHUTDOWN DOSE RATE
1
1393 BY 4.351]07
25 1“ N 4. i
20
15 -
10 B i 1]
s —
T T LB T T 1T T T T T T R
! 20 0 ‘0 50 60 70 80

DISTANCE FROM THE CYLINDER AXIS {CM

5.4 Contour map of dose rate calculated by 2D calculation and the input list of APPLE-2

for obtaining the contour map.
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Fig. 5.5 Comparison of dose rates calculated by 1D and 3D calculations.
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6. Concluding Remarks

4

The THIDA-2 code system, an advanced version of the THIDA system
for the calculation of exposure dose rate around a fusion device has
been developed. The major improvements in the new system are; 1)
Simplification in the data input, 2) Self descriptive printed output
and plotter Output,‘S),Capability to treat a three-dimensional calcu-
lational model, 4) Accurate decay heat calculation considering the
gamma-ray transport, and 5) Capability to treat problem of any size by
the employment of variable dimensioning.

A complete description of the code system is given in this
report, including its structure, the methodology and details of the
induced activity calculation, the calculational procedures for one-,
two- and three-dimensional problems and a solution of a sample
problem. It is irdtended that all the informations required for the
use of the THIDA-2 system are included in this report or may be
obtained from the literatures referenced.

As the result of the present work, the following issues appeared
to require further improvements in the future and some are already
being pursued. '

(1) Automatic generation of data libraries for the ACT4; Using the
Evaluated Nuclear Structure Data File (ENSDF)ZA), the libraries
for the decay chain data (CHAINLIB) and del;yed gamma-ray data
{GAMMALIEB) as the input‘to the ACT4 code should be generated
automatically.

(2) Improvement of the library of activation cross sections; Based
on the recent measurements and evaluations, the activation cross
gsection library (CROSSLIB) should be updated and expanded.

(3) Enhancement of the accuracy in the treatment of a sequential
decay of two short-life nuclides in the ACT4 code.

(4) Reduction of computation time in the ACT4 calculation; The
reduction of the computation time by a factor of 3 ~4 has already
been accomplishedzs) by using the vectorized ACT4 code in the
vector computer, FACOM VP-100. Further reduction is desired.

(5) Although the validation of the THIDA-2 system has been made by
the measurements of delayed gamma-ray from the samples of type
316 stainless ste3126) and of aluminum alloy327) irradiated by 14

MeV neutrons, further experiments using other materials are

JAERI 1301
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needed.
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Appendices

A.1 Arrays of Variables in ACT4 Code ‘

The contents of variable arrays and their sizes are described in

this Appendix A.l.

program structure. -

Variable

RR

KACTOP

NXTOP

KACN

KIAN

ZANX

NXPN

NXDN

Size

(IRMAX + 1)

(IZMAX + 1)

7

(ICMAX + 1)

(ICMAX + 1)

(NXPMAX)

(NXPAMX)

(NEXPMAX)

{KACPAMX)

(KACPMX)

These informations are useful when following the

Content

Mesh boundaries for the X(R) direction
specified by the 4% input data.
Mesh boundaries for the Z{Y or 6) direc-
tion specified by the 5* input data.
Address of the first line number KAC in
the activity chain table for the component
nuclide IC. ICMAX is the total number
of the component nuclides.
Address of the first nuclide number NX in
the activity chain table for the
component nuclide IC.
Sequence number of a nuclide in the
activity chain table '
Address of an unstable parent nuclide in
ZAPTAB table
Table for the number of mother and
daughter nuclides. NXPMAX is the total
number of parent and daughter nuclides
in the chain table
Address of parent nuclides in the ZARX
table. KACPMX is the total number of
locations in the chain table, i.e.

ICMAX

KACPMAY = T IPAIRIC.

Ic=1

Address of daughter nuclides in the ZANX

table.
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Variable

KCSN

BETA

DCY

EMEAN

KACSN

ZAPTAB

DCYK

NMTAB

ACTAB

CS

KCSCHK

IOKMX

NGAM
GLVL

AMARK

ACALL

IAA

RATTO

FLUX

QIA

PQIA

X

Appendices
Size Content
(KACPMX) Address of the transmutation cross section
in the ACTAB table.
{KACPMX) Branching ratio ‘
(KACPMX) Decay constant A.(sec_IL
(KACPMX) Mean energy of 8 rays (eV)
(KACPMX) Option for short life treatment (treated
as a shortlife nuclide if negative)
(KIAMAX) Table of nuclides which are radiocacitive.
KIAMAX is the number of radioactive
nuclides.
(KIAMAX) Same as EMEAN
(KIAMAX) Address of the nuclide ZAP in the maximum
permissible concentration table, XMPC
{KCSMAX*%2) Table of transmutation cross section
name. KCSMAX is the number of cross
I sections.
(KCSMAX*IEMAX) Group cross sections
(KCSMAX) Option for the cross sections
{=1; non zero, =0; zero)
(KIAMAX) Number of gamma-ray species emitted from
the radioactive nuclide
(KIAMAX) Address of gamma-ray emission data
(IGMX + 1) Energy group boundaries of gamma-ray
transport calculation.
(KIAMAX) Subtitle SHORT is assigned for the gamna-
ray emission data output in GAMIN.
{KIAMAX) Nuclide symbol is assigned for the gamma-
ray emission data output.
(KIAMAX) Nuclide symbol is assigned for the gamma-
ray emission data output.
(ICMAX) Nuclide density fraction at (IR, IZ) mesh
(IEMAX) Neutron flux at (IR, IZ) mesh
(KIAMAX*ISTMAX) Induced activity after shutdown integrated
over the whole system
(KIAMAX*ISTMAX*ISMAX) Induced activity for each spatial
mesh
(NXQMAX*2) Area for atomic density fractions of nu-

clides X

81
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Variable Size Content

Q (NXQMAX#NXQMAX*2) Work area for A-matrix and C-matrix
calculation

Y (NXAMAX*2) Work area for A-matrix-and C-matrix
calculation o

Z {(NXQMAX*2) 7 Work area for A-matrix and C-matrix
calculation

BHP (ISTMAX*ISMAX) Biological hazard potential

A (NXAMAX *NXQMAX*2) A-matrix

B (NXQMAXANXQMAX *2) B-matrix

C (NXQMAXANXQMAX*2) C-matrix

D (NXQMAXANXQMAX*2 ) D-matrix

QIAQ (NXQMAX *T SMAX) Value of X after shutdown

X0 (NXQMAX) X,

z0 (NXQMAX) Z,

GS (IGMX*USTyAX) Gamma-ray source for each spatial
mesh

PGS (IGMX*ISTMAX) Gamma-ray source integrated over the

whole system
ACTV (ISMAXANXQMAX #I STMAX*ICMAX) Compilation area of induced

activity.
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A.2 List of Modified Subroutines for Calculation of Gamma-Ray Source Generation in

MORSE-GG
SUBROUTINE INSCOR 30000100
COMMON/SDURC/LGSR, LGS, LNGSTR, LSH KT, NSLDSS 00000200

COMMON fPDETS NOD,MNE,NE NI, NA NREGP, NEX, WEXND, NEND, NDNR, NTNR, NTHE, 00000300
1 NANE,MIMDMR, NTHEND, NAREND,LOCRSP,LOCXD,LOCLB, 1OCCH,LOCT,LOCUD, 00000400

2 LOCSD,L0oCQf, 10Cal, 1 O0CaTE, LOCGAE LAY, EFHIRST IGINY 00000500
COMMONJUSERY DUMCO) 10,11, DUMICTY  NLAST NLETT , HMGP MMTG, WS THRT 00000600
COMMON FAPODELO/ DUMZ(28), 10001, ITIN,DUMICTIH) MXREG,DUHA(S2) 00000700
COMMON [¥DLUMES VOLC200) 000004800
DIMENSION [QCY) 00000900
COMMDN Q{1> 00001000
EQUIVALENCE(QT])  1G(1)) 00001100

cC 00001200
(L sx3 READ OF YOLUWE zaxx 00001300
LF(MXREG.EQ.D) G0 10 100 0000%400

READ (LFIN,1000) (vOLC1),1=1,MXREGY 00001500
WRITE(IO,1001) 00001600
WRITECID,1002) CL,vOLCD) ,I=1,HXRED) 00001700

1000 FOGRMAT(TE1C. 32 00001800
1001 FORMAT{/{1HO,* VOLUME FOR TRACK LENGTH METHDD, ((Mme3)} ' } 00001900
1002 FORMAI(TC(IS,IPEE3. 3D 00002000
100 COMTINUE 00002100
oM =7 00002200

LGSR 2 LMAX 00002300

LGS = LGSR + MXREG 00002400
LNGSTR = LGS + MXREG=HMTG 00002500
LSPIMT = LNGSTR *+ MXREG 00002600

LMAX = LSPINT + 4wMXREG 00002700

LusSD = LMAX © NLAST 00002800

HLFT = MLEFT - LUSD 00002900
WRITE(IO,1010) NLFT 00003000

1010 FORWAT( ZHONLFT = 17) 00003100
[FCNLFT .GT. 0) GO T0 110 00003200
WRITECLIO,101E5) 00003300

1015 FORMAT( *0 BLANK COMMON LOCATION OVER. JUB STOPPED. 7 00003400
CALL EXIT 00003500

110 CONTINUE 00003600
L1 = LGSR 00003700

LIt = LMAX-1 00GOIR0D0

b0 113 LeL1,L1E 0003900

QL) = 0.0 00004000

115 CORTLINUE 00004100
L? = LGS 00004200

LZE =~ LNGSTR - 1 000C4300G
REWIND 1DM 00004400

READ C([DM) (QCLY,L=L2,L2L2 00004500
REVIND IDM 00004600

C coo04700
GSIT = 0.0 GO0004B00

0O 120 [R=1,MIREG 00004900

L1 = LGSR*[R-1 00005000

L2 * LGS+ CIR-1)wNMTG 06005100
a{L1y =~ 0,0 00005200

DB 130 1G=1,NMTG 00005300
QEL2*1G-1) = Q(L2+[G-1)>«v¥DL (IR 00605400
QLYY = Q{LY1» + QUL2+1G-1) 00005500

130 COMTINUE 00005600
GST = GST +» (L1} 00005700

120 COWTINUE 00005800
L1 = LGSR 00005900

L1E = L1 + MXREG-1 00006000
WRITECIO,1101) MXREG 00006100
YRITECIO, 11100 (Qdly,L-L1,L1E» g0006200

cc GSFACT = GST = 0.0508 00006300
GSFACT = G5T 00006310
WRITECIO,1120) GSFALT 00006400
QGCLGSRY = QULGSRY/GST 00006500

D0 140 [R=7,MXREG 00006600
QULGSR+[R-1) = GCLGSR+IR-2) + QCLGSR*IR-1)SGST 000GAT00

140 CONTINUE ) 00006800
C 00006900
DO 200 [R=1,MXREG ongosooo

GST = 0.0 Go007T100
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L? oo LGS+(IR-1)=NMTG

DG 210 [G=1,NHTG

GST = GST ¢+ QCL2+I1G-1)
CORTINUE

IF(GST.GT.0.0) G0 10 230
Do 2?0 EG:=1,NMIG

Q(L?2+16G 1y =+ 0.0

G0 13 200

QLD Q{L2)/GST

D0 740 [G2, NMTG

GiL?HIG 1) ACE2416G 20 v QL2006 VTGST
CONTLNUF

CONYTNHUE

L1 = LGSR

L1E = L1 » MXREG-)

WRITECID,1100) MXREG

WRITEC}O,1110)  (Q{L),L=L1,L1E)

FORMAT (1HD,5X, SOURCE MORMAL[Z?E IN REGION. TOTAL REGLDN
FORMAT(1HD,5%, ' GAMMA SOURCE DISTRIBUTION. TOTAL REGION
FORMAT (5X,1P10£12.77

FORMAT C1HO,5X, ' SHUTDOWN TOTAL GAMMA-RAY SOURCE- - *,1PE15.5)

RETURN
END

-, 15)
-r,15)
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00007200
000G7300
00007400
00007500
00007600
00007700
00007800
40007900
00008000
go008100
0000R200
00008300
00008400
q0008500
00004600
00008700
00008800
00008900
00005000
00005100
00009200
00009300
00009400
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SURROUTINE MOSRAD(NLFT,BMU,ALBD,PALB,ALBIN,ALBTY ALBTG,MEDIUM,
LANGL , IANGIL 1, NFGRP  NGRP  NHMTRX ,MEUDAN)

COMMON /IEXCNT/ TFXY, [FX2,1FX3,1HXA

COMMON /FDBLAS/ NFDBS,UBN,UBP,VBN,VHP,WBN . WHP ,WIBSMI . WIRSMA WIBS

COMMON JAPDLLOS AGSTRI,DDF, DEADWIC(SY  FTALETATH, ETAUSD, UINP, VINKF,

WINP,w!STRT,XSTRT, YSTRF, ZSIRT,TCUT . XTRACIO)Y,

N, 11, HEDIA, TADJM, ISHIAS, ISOUR, LTERS, [XTRA,IISTR, 1DCWIS,LOCFWL,
LOCEPR,LOCKSC,LOCF SN, HAXGP , MAXTIK, HEDALB,MGPREG,MYREG, NALB,
NDEAD(5) , NEWNM NGENM ,NGPQIT , NGPGT2,NGPQTI NGPQTGL, NGPOTN, NITS,
WECALC,NKILL ,NLAST , HMEW , NMGP  WMOST , WHTG, HOL EAK, NDRME ,NPAST,
NPSCLUY S  MQUIT, NSIGL , NSDUR, NSPLT HSTRT,NXTRA{10?

CUMMON /MUTRON/ NAME,HAMEX, LG, 1GO, NHED, MEDOLD, NREG, UV, %, UDLD,VOLD

LWOLD, X, Y, £, x0L0,YOLD, JOLD, wATE, GLDWT ,WTBC,HLZNT, BLIDON,AGE,OLDAGE

COMMON JFISBWK/ MFISIP WFISBN NFESH, FTOTL,FWATE,WATEF

COMMON SLIRSOS! J11,022,033.0%4

COMMON /WATEND/ WTLAST

COMMOM rJDB1 / WTAPE,NWBAT,)WRTE,NESPt, NESP?

COMMON FTIMELT/ |TMAX

COMMGH /SOURC / LGSR, LGS, LMGSTR,LSPINT, HSLOSS

DLMEKSIDN WIS(1)

COMMON wISC(Y)

EQUIVALENCE(WTSCT) , HT5C13)

COMMON /AXLSCT/ AXISD (63, PLFLG,PTITLECZ2O)

COMMON /FLAG 7 IRGIN

LOGICAL PLFLG

DIMENSION HBUF(1024)

DATA LFLOT / 16 [

DIMENSION DUMHY(10)

DIMEMSION BHUCT1)

OIMENSICHN ALBD ¢LANGL, LANGL,1),PALB(IANGLY, [AKGL, KMTRX, 1),
ALBTNCJANGL ,WTGRP, 1)  ALBTYCLANGL WIGRP,1),
ALBTGC(IANGL,NTGRP, 1)

DIMENSION MEDIUMC1)

ENDMK = 1
LFX1 =0
IFx2 = 0
1T0LD 0
XTRACY) = 0.0

IXTRA + XTRAC(1)

C *xxxxxx BEG[N NEV PROBLEM EEEN AN R R A AN EN IR AN A ST T ARSENNITIENRN

10
cce

C

CRC

1

NLAST = NLFT

CALL TIHERC-2,xTRA)

CALL {TIMECTIXTRA)

MXT = 1CLOCKCD)

CALL INPLT(OMU,ALBD,PALB,ALBIN,ALBTY ALBTG, MEDIUN,
[ANGL, IANGL1,NTGRP,NGRP _NHTRX ,HEDAM)

LF <PLFLGY CaLL PLOTS (8UF,1024)

LF (PLFLG) REWIND 16

IF <(PLFLG) WRLITELIPLOT) AXISD,PTITLE

wIBS = 0.0
J1t = 0
J2? =0
J33 =0

C =»=xxx READS CARDS A THRU D - CALLS SORIN FOR CARDS E IF [SOUR .LE. ZER
C »sxs=x READS CARDS F THRU 0 - CALLS JOMIN, XSEC AND SCORIN

NTSTW = NKILL*NSPLT
MGPREG = NMTGEMXREG
NCOMB = NGPQIN=NGPATG
1A = LOCFWL + 1
] = LOCFWL + MXAEG
DO 15 1=1A,IU
i3 s [+ MXREG
15 WISCIB) = WISCD)
[AW = LOCWIS + 1
[UW 3 LOCWTS + 3=MGPREG
po 70 I=1Av,1UW
[B = 1 + 12=HGPREG
20 WIS{IBY = WIS{D)
INITS = NITS
LRUNS = WQUIT
ILNDX =0
C CALL TIMERCLNDX,XTRA)
C WREITE (I0,1010) (XTRACI),l=1,LlNDX)
CALL RNDOUT(RANDOM)
WRITE (L10,1011) RANDOM
c CALL CLOEKC(LXTRA)
CALL CLOCKY¥C(IXTRA)
C ssxax BEGIN NEW RUN AN IR AN AN NN AN AN NN A RN R U SIN AN R AR E RS

2%

NLTS s INITS

00100
00700
00300
00400
00500
00600
00700
008040
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01810
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000
06100
067200
06300
06400
06500
06600
06700
06800
06900
07000
67100
07200
07300
07400
07500
07600
07700
07800
07900
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CAf L BANKKRC 1)

oo os0 1 1AL lu
1B | + MXREG
i0 wisSCD) PAREN- M
nn o4 L law, lUw
18 I » 17%MGPRE
35 Wiscl) WiSUIRD
LTERS WITS
LTSTR f1
f semn AFGIN Ntw BATCH
A0 NMLIH NARITHT
C IF (Jaas
Cat Jti coN
C J2? ]
C Jid 1}
43 1F (TTSIRY
435 NMEM = MFISH
50 CALL BAWKR (-2}
[ xxx CALLS ST18TCH
NBATCH NITS-ITERS+I

caLlL RNDOUT (RANDOM>
[F(NBATCH.LE.10?
sYRITE (10,1015) HBATC
CALL MSOUR
1F (LTERS)
5% CALL QUTPT (1)
IFCNNEM.LE.O?

C sxxus BEGIN MEW HISTORY
60 CALL GETHT (NMEM)
{RGIN = 1
1f (.HOT. PLFLG .OR.
1sT = Q
wRETE ¢LPLOI)Y IST,X,
157 =1

61 CONTINUE
NMEN = MMEM - 1
NALS = 0
NGPGT = NGPQT1
IF(NMEM.GE.NSLOSSY
C s+ ERRDR SOURCE LOSS
WRITECLIO,910?

CRC CALL EXIT

6% IF (WATE) 70,165,70
7o IF (ABS(WATE)-WILAST)
71 1F (1G-NGPRT2}

s [F ¢1G-NGPQT)

75 IFCIG-HGPQT2)

30 1F(IG-NGPAT )

&5 NGPGT = WGPQI]
90 IGO0 = 16
uoLD = b
voLD - ¥
WOoLD : ¥
aLOWT = WATE
X0LD L
¥YoLD a ¥
oLp =1
BLZON = BLINT

MEJOLD - MNMWED
DLDAGE = AGE
IF(NFSTW.GT.0) CALL

1F(WATED
95 NDEAD(1)> = NDEADC1)#+1
DEADWT (1) DEADWT (1)
C R AR XILL
GO TO 16%

100 [F (ABS(WATE)-WTLAST
t001  IF (iG-NGPGT)
1002 CONTINUE
[ WRITE(H 800> 16,160,
CALL NXTCOL
IF ¢(.NDT. PLFLG .OR.
WRITE ¢LPLOTY IST,X,
1003 CONTINUE
C WRITE(6,801) 16G,1GO,
[F (NREG-MXREG)
10t WRITE ‘L0,1016) NREG,
CALL £til
107 LF (17 47.LE.O..DR,AGE

N5LO05S
410 FORMAT(’0 SOURCE PARTICLE STORE’,I5,”’ LOSSES.

G

IR SRR ERAREE SRR RN ARSI R AR SRRRRRERRERERERESR]

43, a1, 43

45, 50, 45

H,RANDOM
195,195, 53
G0 10 170

"l’lllllll‘llllllll“‘t’lllll‘l'illlllll‘

NBATCH.GT.3 ¥ GO TD 61

Y.l

G0 FO 65

ERROR !N MOSRAD")

ry, 71, 12
72,165,165
90, 90, 75
160,160, BO
85, 83,160

TESTW
100,95,100

+OLOWT
) 1001,1001,1002

1002, 95, 95
XO0LD,YOLD,J00D,%,Y,2,0LDWT, WATE

NBATCH.GT, 3 2 GO 70 1003

Y.l

X0LD,YOLD,Z0LD,X,Y,Z,0LDWT,WATE
102,102,101
MXREG

LATOTCUD G 10D 110

JAERI 1301

08000
08100
08200
08300
08400
08500
08600
08700
08800
08900
09000
09100
09700
09500
09400
09500
09600
09700
09800
09900
10000
10100
10200
10300
10400
10500
10600
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11710
11720
11730
11740
11750
11800
11900
12000
12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
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¢ AG

110
115

120
121
122
125

C xxx

{ sax
C =xa=
ccc

C =
C =xx

158

Appendices

NDEAD:») =~ NDFADC(4) +}

DEADW!. +) - DEADWI(A)+OLDWI
E KILL

NPSCL1N) - NPSELCIO0) + 1

CALL BANKR(1?) FOR TIME-KLILL AMALYS!S
GO D tAS

IF(wali) 120,115,120
MDEAD: 7 - HDEADC(ZY#1

DEADWY 22 = NEADWIC(2)+0LOWI
ESCAPF sxaanx

GO 10 A5
[F (23S (WATE)-wILAST)Y 121,121,122
[F (15 NGPQI?2) 122,115,115
[F (nAlB) 130,130,125
15CT = LOCHSC + 2®NGPREG *+ (HREG-1)=NMTIG + |G
NTSC]S0T) = NISCLSCTY + 1
15C1 = ISCT + NGPREG

WIS(I520) = WISCISCE) + WATE
CALLS RELCOL (FRACK LENGTH) =xxwawm
CALL BANKR(2)
CaLL BANKR( 112>
CALL ALBDO C1G,U,¥, W, WATE, WMED, MREG,
1 BMU,ALBD,PALB,ALBTN,ALBTY ALBIG,.MED[UM,
2 [ANGE , TANGL1,NTGRP,NGRP,MMTRX ,MEDAM,NCOMB)
NPSCL(S5) = NPSCL(6) + 1
caLL BARKR(11)
GO 19 6%
CALL GTMEDCHMED, IHED)
WRITE<5,810)

[F (WiISTP) 140,140,135
CALL FPROB -
1F (NCOIMB) 155,155,145

IF(WTS LOCFSH (2aMEDTAVIMED-1)=HMTG+iG)Y 155,155,150
ALt GPROH

1sCT = LOCNSC + (NREG-1)®NMTG + |G
NTSCISTTY = NTSCISCTY + 1t

Isci + ISCT + NGPREG

WISCISTTY = WISCISCT) + WATE

[5CT » LOCNSC + B=MGPREG + IMED

NISCIZITY = NTSCISCTY + 1

CALLS RELCOL (TRACK LENGTH) zzszasx
CAaLL FANKR(2)

CALLS COLISN wexs
CALL CILISNC [6,U,v, ¥, WATE NMED, NREG)
VRLITE (5,820)

STOREL LN SOURCE LDSS TO CGLISN POINTS.

IF(NSLIASS.LE.Q) GO 10 158
L1 = LNGSTR*NREG-1
LFCNTS(LY) . LE.O? GD TO 158

NTS(LY» = NTS{L1} - 1
WATED = WATE

16D = I6

AGED = AGE

NAMED = NAME

NAMEXD = NAMEX

WATE = WTSTRT

AGE = AGSTRT

NAME = NSLOSS

NAMEX = NSLOSS

L2 2 LGS *(NREG-1)*NMTG
R = FLTRNF(X)

PO 156 [=1,HMTG
IFCR-wI1S(L2+1-1)2 157,157,156
CONTINUE

H = NMiG

IG =1

CALL STORNF(NSLOSS)
NPSCL Oty = NPSCL{1) + 1
CALL BANKR(1)

CALLS 3DATA
N5LDO35 = NSLOSS - 1
WATE = WATED
[G = [GD
AGE = AGED
NAME + NAMED
MAMEX = WAMEXD
CONTINVE

15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
17000
17100
17200
17300
17400
17500
17600
17700
17800
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
19760
19800
19900
20000
20001
20002
70013
20014
20023
20033
20034
20035
20036
20037
20038
20039
20040
20041
20042
20043
20044
20043
20046
20047
20048
20049
20050
20051
200572
20053
20054
20055
20056
20057
20058
20039
20060

&7
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I[RGIN = 0
¢ saxx  CALLS RELCOL C(POINI DETECTOR) %wan
CAl L BANKR (147}
NPSCLC(S> = NPSCL(S) » 1
C wsex FLIGHY DIRECTIONM BIASING (NFDRS > Q) wemsux
|F(NFDBS.GY,.O} [ALL FDRSCY,V,w WATED
GoD 10 63

160 WOEADCS> = KDFADCS)+1
DEADWT (3) - DEADWT (3> +wATE
WPSCL (9) - MPSCL {9y + 1
C wax CALL BANKR(9) FOR F-CUl ANALYSIS
C ENERGY CUTOFF
165 [f (HHEM) 170,170,690
{ waxazx END OF HISTORY ss:tnsl:an-:1-::l:-:1-:lnlt:tl-s---lttsniltst-:
170 CALL BANKR(-3?
CRC LF ¢PLFLG .AND. NBATCH.LE.3 ) CALL PLOTA (NBATCH, NSTRI)
[ =2= CALLS NBATCH

CALL DUTPTLZY
180 ITERS - ITERS 1
|F(NESP2.GT.0Y WRITEC(NESP2) [ENDMK, (DUNMY(LY,1=1,7)
LFCHBATCH,LE. 100
aCALL CLOCKY(IXTRA)
IFCITERS) 195,195,184
184 TALL ITIMECITNEW)

TIMITY! = ITHEW-1TOLD

TEMET2 = 1THMAX-[TNEW

LIMIT = TIMET2-1.3*TIM[T1-0.01
1TOLD = LTNEW

[FLLIMET) 195,193,185
185 LF{NSDUR) 40,440,190
190 LFSTR = 1
[ ssxxx END QOF BATCH t:xtxlll:xl:tt:lnI:nlllll:::xnzlssutt:l!txs:tns:
GO TO 40

L *nx CALLS MNRUN
195 NITS = NBATCH
CALL BANKR (- 4)
NNXT s+ NBATCH + NNBAT + 1
CALL AHDOUTCRANDOM?
WRITE (10,1017) HNXT_RANDOM
WRITEC10,1018) [FX1,1Fx2,IFX3, 1FX4

NQUIT = NQUIT-1
[NDX = -1
C CALL TIMERCINDY, XTRAY
C WRITE (10,1010 NIFS, (XTRACL), 1=1,1NDXD
C caLt TIMER{ - 2,XTRA)
C CALL CLDCKCLXTRAY
CALL CLOCKY¥ (IXTRA)
C EWD DF N1TS BATCHES
1F (RQUIT) 200,200,725
200 CALL QUTPIC3)
¢ msxxx END OF RUM lt::tll:lx:-xlllls:lltlll-:!Iulxssnixllzt:ttsﬂllsx:
c FYIME = LCLOCKCOY - MXT
c FTIHE = FTIME/6000.
[ WRITEC10,1080) FTIME
C {ALL CLOCK(1XTRA)
CALL CLOCK¥(LXTRA)
CRC [F (PLFLG) CALL PLOT (0.C,0.0,999)
GO T0 10
RETURN

800 FORMATC(IHO, 'ENTER NITCOLY,205,8E13.5)

801 FORHAT(1HD, 'PASS NXTCCL ',205,8E13.5)

810 FORMATCIN ,°PASS GTMED™)

820 FORWAT(IH , PASS COLISN’)

1010 FORMAT (29HOTIME REQULRED FOR INPUT WAS ,104A4)

1011 FORMAT (AHO==x 32X, 1SHINLTIAL RANDOM=,78 )

1015 FORMAT (15HO*2=START BATCH ,18,25%, THRANDOM=,18 /)

1016 FORMA]  (HHONREG=,15,8H, MXREG=,15,81H, MXREG ON CARD | MUsST BE GE
{ 10 THE NUMBER OF REGIONS DESCRIBED [N GEOWETRY LNPUT)

1017 FORMAT (21HD**=START NEXT BATCH=,15,25%, THRANDON=,28 1

1018 FORMAT(' LCALLED OF UNCOLL’,110,7 UNCOLL TOTAL FLUXST’, 11C./,
1 » CALLED OF RLCOLL’,1t0,” RLECOLL TDTAL FLUXST ,[10)

1030 FORMAT (32HOTIME REQUIRED FOR THE PRECEDING,l4,13H BATCHES VAS L10
1A4)

1040 FORMAT (37HOTOTAL CPU TIME FOR THIS PROBLEM WAS ,F6.2,9H MINUTES.)
END
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20061
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21700
21800
21900
22000
72100
22200
72300
22400
22500
22600
22700
22800
22900
23000
23100
23200
73300
23400
23500
23600
23700
23800
23900
24000
24100
24200
24300
24400
24500
24600
24700
24800
24900
25000
25100
25200
25300
25400
25500
25600
25100
25800
25900
26000
76100
26200
26300
26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27400
27500
27600
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100

1

1

15

20

20

10

25

SUBROUTINE MSOUR

COMMON -/ NUTROM/ MAME ,NAWEX,[G,[GO,NMED,MEDOLD,NREG,U,V,¥W,UDLD,VOLD
1 ,wWOLD,X,¥,2,%0LD,YOLD, 7000, wATE, OLDWI WIBC,EBLIN, [BLZD,AGE, OLDAGE
COMMON /FLSBNK/ MFLSFP, NFISEBN, NFISH,FIOTL,FWATE,WATEF

COMMON /APOLLO/ AGSTRT,DOF, DEADWT(S) ,ETA,ETATH, ETAUSD, ULNP, VINP,
WINP, WISTRT , XSFRT YSTRT, ZSFRT,TLUT,XTRACIO),

10,11, MEDIA, [ADJM, ISBIAS, 1SOUR, ITERS, ITIME, ITSTR,LOCWTS,LOCFWL,
LOCEPR,LOCHSC LOCFSN MAXGP MAXTIM MEDALR, MGPREG, MXREG, NALE,
HDEADC(S) , MEWNM NGEOM, NGPRTI, NGPQT2, HGPATS , MGPGTG, NGPATH, NITS,
NECALC, MELLL, NLAST, NMEM, NMGP, NMOST , NMTG, NDLEAK , NORKF , NPAST,
NPSCLC13), NQUIT, NSIGL,NSDiUFR,NSPLT, NSTRE NXTRACID)

COMMON /GENMC/ XTWOG,YTWOG, ZTWDG, XONEG, YONYG, JOREG,ETAG, ETAUSG,
1 [BLIZON,IBLDUM, MARKG, NMFDG, NREGG

COMMON JALBMED/ MALHC ,MATRAL (S),MEDIANCS) , MEDN

COMMON 7JDB1 /! NIAPE, NNBAT, JWHTE MNESPL _NESP?

COMMON /SPECTR/ NGPHS,DFF ,NSORCE,NEMIS, WSPEC,ETOP,EBNT,X0,Y0,120,
T XL, XR,YL,YR,IL,ZR,UVWINPCS), [HAX T, IMAX JHAX ,FEC100),DEC100),
7 DFLUXC1Q0) ,EC1007,DE6(100) ,ENG(I00) ,ANGDISC100) ,JDEREC

COMWOM /SOURC / LGSR,LGS,LNGSTR,LSPINT,NSLOSS

COMMON WISC1)

DIMENSION NTSCT)

EQUIVALENCE (WISC1),MIS(1))

DOUBLE PRECISION
s XTW0G, YTw0G, 2 TwDG, XONEG, YONEG, JONEG , ETAG, ETAUSG
] LADUN,YDUM, JDUM

DATA xDuUM,YDUM,IDUM /0.000,0.0D0,0.0D0/

DaTA LPC s0¢4

uoLn=9.

YoLD=0,

wOLD=0.

ETATH=0.

X0LD=0.

YOLD~O.

Z0LD=0.

lBLIO = 0

GLOWE=WTSTRY

£TA=D.

160-0

HEDOLD=0.

OLDAGE =0.

[ S P

DD 100 IR=1,HIREG
NTS{LNGSTR*1R-1) = 0O
CONTINUE

DO 130 N=1,NHEN

R = FLTRNF{X)

bg 120 1R=-1,MXREG
IF(R-WIS{LGSR+IR-1)) 125,125,120
CONTINUE

IR = MXREG

WREG - [R

L1 = LWGSTR+NHEG-1
HISCL1Y = WIS(LE) + 1
CONTINUE

LF(LPC.NE.O) G0 TO 115
WRITE (6,1000)
CALL  SOLNP
CONTENUE
LPC - 8
N = MMEM
NONT = 0
CONTINUE
IFCITSTRINS, 20,15
CALL GETMT(N)
G0 10 25
VATE-WTSTRI
AGE=AGSTRIT
NAMEX =N
CONTENUE
SOURCE GEOM. (X,¥,2)
R = FLIRNF(X)
ISTRT = RE(IR-XL) + XL
R = FLTRNF (O
YSTRT = RECYR-YL) + v
R o= FLIRNFTX)
ZSTRT = R3(IR-2L) + JL
X = XSTRT
Y = YSTRT
l = ISTRT

00000100
00000200
00000300
G0000AQD
00000500
G0000600
00000/00
00000A00
00000900
00001000
nooot1i0o
00001200
nooo1300
00001400
00001500
00001510
00001520
000013530
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
40002600
00002700
q00027800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
Q0003800
00003900
00004000
c0004t00
Q0004200
00004300
00004400
00004500
00004600
06004700
00004800
00004900
00003000
00005100
00005200
00005300
00005310
00005320
000051350
00005400
00005500
00005600
00005700
00005800
00005900
0000600C
00006100
00006200
00006300
00COB400
00006500
00005600
000046700
00006800
Q0006900
00007110
00007120
oopor13?
00007133
00007134

89



130

76
k2

140
CRL

9010

3020
28

29

L 2=

170

30

35
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CONTINUE

XDUNM = X

YOUM = Y

IDUM = 1

CALL LOOKZ(XDUM,YDUM,ZDUM)

[F(NMEDG . EQ_MEDALB) GO 10 25
IF¢mALBD.EQ.D) o fo 2/
bO 26 M=1,MALBD

[FONMIDG.EQ. . WATRAL (M}) Go 1o ?u
CUNTI®UE

CONTINUE

[FONTSCURGSTRYNREGG 1) ,G1.0) Gn TN 2?8
NCNT = NCHT » 1

IF{NCHT, LL.1502 Go 1075
DD 140 1=1,MXREG

IFCNTSOLMGSTRYL 1).LE.O) GO TO 140
L5P1 < LSPLINT + 4n([ 12

[FCNTSCLSFEY (EQ.0) GO 0 140
X = WISCLSPI+ 1D

Y - WIS(LSPYe?)

4 = WIS(LSPL+)

XDUM = X

YDUM = ¥

{OUN = !

CALL LOOKZ (XDUM,YDUM,ZDUM)

Go 10 29

CONTINUE

TF{ITERS.NE.N|T5) G TO 55
WRITE(H,9010) N

L1 = LAGSTR

L1E 2 {1 +MXREG-1

WRITE(6,9020) (NTSCL),L=LY,11E)

GO T0 55

FORMAT (< POINT(X,Y,?) OF SOURCE REGION TABLE 1S NDT FOUND.

t ,5%,'SOURCE LOSSES‘, 14, . THESE ARE CHANGE TO COLISH POLNTS.'}

FORMAT(5X,1015)

CONTIRUE

L3P1 = {SPINT + A=(NREGG-1)
NTS(LSPD) L

WIS(LSP1+1tY = X

WIS(LSP1+2) = ¥

WIS(LSP1+3) <« 2

CONTINUE
NCNT =0
1 = LNGSTR¢NREGG-1

KTSCL1) = NTSCLY) -t

1S0TROPLC EMISSLION

R = FLTRNFALX)

U = 2.0%R-1.0

ROW = SQRT{1.0-U=y)
= FLTRNF (XD

FAI = 3.1415926%(2.0%R-1.0}
= ROWSCDS(FALY

v = ROWsSINCFAILY

WATE = 1.0

Lz s LGS + (NREGG- 1) ®HMTG

R = FLTRNF (XD

DO 180 I1=1,HMTG
LF(R-WISELZHL-1)) 185,185,180
CONTLNUE

[ = NMTG

IG =1

1BLZN = iBLION

NREG = NREGG

NHED = NMEDG

NAME =N

LF{ITERS.EQG.NITS) WRITE (6,1010) M,iG,NNED,NREG,U,V,¥,%,Y,1
WRITE(6,1020) NAME,NMED,NREG,1BLZN,XDUM, YDUN, ZDUM
IF (ABS(U*ABS{V)+ABS(¥))>35,35,30

Ui=u

¥i=¥

Wi=W
GO 10 40
cALL G6TISOCB1,V1, W)
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00007140
00007200
00007300
00007400
00007500
00007600
00007700
Q0007800
40007900
QOO0NRDOOQ
00008100
00008700
00008300
0000BA0D
00008500
00008501
00008502
00008503
00008504
0000850
00008506
00008507
00008508
00008510
00008520
00G0B530
00008540
DO008541
00008550
00008600
00008700
00008800
00008900
00009000
00009100
00009200
00009300
00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009500
00009600
00009700
00004701
00009707
000069703
00009704
00009705
00009706
00009707
00009708
00009709
00009710
00009711
00009712
00009713
00009714
00009715
00009716
00009717
00009718
00009719
00009720
0009800
00009900
00010000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
00010800
00010900



JAERI 1301

[

c

A0

4%
S50

55

60

1000
i

1010

1020
1

Appendices

U=ti
Vav1
Wi
IFCISDURYSG,50,45
1G-150uk
CALL STORNI (W)
NPSCLC1) WPSCLCT) +1
CALL BANKR{1}

CALLS SDATH
N = N i
LF(N.GT. D) G 10 30
CONT P NUE
NSLOSS N
HEWNMH N
Froit = 0.
FWATE = 0
NFLSH 0
RETURN

FORMAT(1IH , == SOURCE=® W 1G NMED NREG’,

XL, U 14X, "V, 14X, "W 14X, " X", 14X, 'Y" 1ax, 0",/

FORMAT C11X,415,1P6E15.5)

FORWATC(IH , =2 PASS LOOKI == NAME NMED MREG [BLIN

L} IDUM /18X,416,3E13.3)
END

SUBROUTINE SOLINP

COMMON /SPECTR/ NGPFS,DFF ,MSORCE,NEMIS,NSPEC,ETOP,EBODT,Xx0,Y0,20,
1 XL,XR,YL,YR,ZL, 2R, UVWINP(3), INAX1, INAX ,JHAX ,FE(1003,DEC100),

XDUM

2 DFLUXC100Y,E(100),DEGC100)  EXGC100Y ,ANGDIS(100),JDIREC
COMMON /JOMIN2/ XPBD,XMBOD,YPBO,YMBD,IPBOD,IMBD,NOX, NOY NOZ,

1

NOXY, NOXY! -
DOUBLE PRECISIDN
XPRD,AM80,YPBD,YHBD,7PBD, IMBD

XL = XHMBD
IR = XPBD
YL = YMBD
YR = YPBD
IL = ZHED
iR = 2PBD
RETURN

IND

)

00011000
00011100
a0011200
Qo011300
00011400
00011500
000114600
co011700
G0011800
co011900
00012000
00012100
00012200
00012300
00012400
0o0t2500
00012600
00012700
00012800
00012900
000130060
00013100
00013200
00013300
00013400

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
Q0001500
00001600
Qgoatroo

91
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Data

A.3.1 One-Dimensional Problem

0 0 0 A2 a7 0
AMISHN SAMPLE DATA (NEUTRON)
15v¥ BI04 0 ] B ?
47 4 5 a6 50
1 0 0 200 i
0 1 0 1 1
1exs 27 1.0-4 1.472089 1
17xx 1R Fo T
Sxx F1.0-3 1
1xw F1.0
4xx 910 30 1150 100
Sx% F1.0
6 0.0 0.06049358
0.0604938 0.0 0.0455704
0.0453704 0.0 JR0.0453704
in L975900 CL951189¢
+L2182179 573503 v . 7B6TI58
-.57T3503 SL.2182479 +,2187179
-.5773503 -.2182179 F.2187179
+.2182179
8vy 10R1 3R?
9¥y¥ 241 247
10¥¥ 41241 246 106 41247 257 206
11¥¥ 61 4155 60
67 4191 96 4019 24
128s 67 BRB.aTH 2
67 6R4.005-% 6R1.001-53
19¥% S
22¥¥ 241 247
23¥¥ F1
2T¥¥Y 2 3 4 A5 1
78¥y 4011 42
T T
STOP
ACTa SAMPLE DATA, CASE (ANISN)
206 2y 2y
Yl
472 13 1 2 5 T4
2 0 0 n o] 0
? -2 2 0 i 1
5 ) 3 1 1
-1
440.0 4,520E+16 0.1592
308 1M 1H
¥y 101 \]
10¥¥  AR26 101
11¥¥ 26054 26056 26057 26058
26
12x»  0.05%8 ¢.918 0.021% 2.9-3
T
GAMMA
1 4 ]

END

1
0
1 2
0

.09 27 0.03333 0.0 0.5 2.0 4

2RO.0453704 2RO,
0.,04672967 ?RO.
0.0 2RO.
L.7A67958
+.9511897
+.5773503 LN
+_5773303
2000Y
6 0
0 1]
1 0
5.0 0.0
10
8.476-2

7 0

n604938 2RO,
0.

0453704
0h0A93E

L5 13503
L8164965

r867958

.3086067

JAERI 1301

00000100
000007200
000Cos00
0 000004G0
0 00000500
1 Qnoo0n6n0
00000700
00D00R0D
0p000900
00001000
00001100
00001200
00001300
045570400001400
046296200001500
00001600

,218217900001700C
. {86795800001800
.617213400001900

-.218217900002000

00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
Q0003000
00003100
00003200
00003300
0Cco03400
00003500

00000100
8000YDO0DOQZ0O0
00000300

0 00000400C

ogQo0500
00000600
00000700
00000800
00000900
1YQ0001000
00001100
00003200
000013090
00001400
000013500
00001600
00001700
00001800
00001900
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1 00000100

0 0 0 54 54 0 00000200
ANISN SAMPLE DATA. (GAMMNA) 00000300
15%% 8306 0 5 A ? 1 0 ? 13 0 00000400
54 4 s 58 30 0 240 292 o 0 00000500

1 0 0 200 3 1 ? 1 1 1 00000K00

0 1 0 1 1 0 00000700

thx® 27 1.0-4 1.42089 1.0+9 27 0.0 0.0 0.5 2.0-4 37 | 00000R0D
17xs 00000900
jax F1.0-3 t 20001000
lax F1.0 00001100
Axx 910 30 1150 100 00001200
s¥s  F1,0 00001300
6 0.0 0.0604938 2R0.0453704 ?R0.06049%38 2R0.045370400001400
0.0604938 0.0 0.0453704  0,0462962 2R0.0453704  0.046296200001500
0.0453704 0,0 4R0.0453704 0.0 2R0.0604938 00001600

s -.975900 -.9511897 -, 7867958 L5773503 .218217900001700
+,2182179  +.3773503  +.7867958  +.9511897 .8164965 .786795800001800
-.5773503 -.2182179  +,2182179  +. 5773503  +.7867958  -.617213400001900
-.5773503 -.2182179 +,2182179  +.5773503 -.3086067  -.218217900002000
+.2182179 00002100
8¥¥ 10R1 3R? 00002200
9¥¥ 241 247 00002300
10¥¥ 41241 246 1Q6 41247 252 206 00002400
11¥% 67 4155 60 00002500
62 4191 96 4119 24 00002600

122x 67 GRB.4T6-2 00002700
67 6R4,005-5 6R1.001-5 000072800

19%¥  F5 00002900
229% 241 247 00003000
23¥¥ A1 00003100
2T¥¥F 2 3 4 57 ¢ 00003200
2B¥¥ 5201 54 00003300
T T 00003400
5TOP 00003500
APPLE -2 SAMPLE DATA, CASE- CANLSH> 00000100
FLUX 1 000007200
1.0 00000300
CROS 1 00000400
Tt 1 11 00000500
109% 1 00000600
11v¥y 1 00000700
12e2 F1 1 00000800
RCAL 1 00000900
1 1 1 1 0.0508 00001000
9¥¥ F1 00001100
229 1 00001200
23%% F1 T 00001300
1DAY 00001400
APLT 1 00001500
1 00001600
15.0 20.0 00001700
AFTER SHUTDOWN DOSE RATE ¢0001800
DISTANCE FROM THE PLASMA AXIS (CM) 00001900
DOSE RATE ¢ REM/HOUR) 00002000

SPEC 1 00002100
2 1 1-54 0 2 00002200

1 08 00002300
15.0 20.0 00002406
GAMMA  ENERGY SPECTRA 00002500
GAMMA  ENERGY (EV) 00002600
GAMMA  FLUX PER UNIT LETHARGY 00002700
{RON ALR 00002800

END o 00002900




A.3.2

THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

Two-Dimensional Problem

BOT3.5 SAMPLE DATA (NEUTRON)
0
61¥¥ 0 3 2 13 10 42 4 5 46 20
0 0 168 1 48 1 1 1} 1 1
1 30 30 3 0 2 0 0 0 0
0 0 ] ] 1 o 0 0 0 0
3 -2 0 0 0 0 3} 0 0 0
2 1 1 0 o] 0 0 0 1} 8
0
B2FY 2 3 4 14 15 3 10 11 12 13
8 60000 ] g .
p3xx 1.0 1.0-3 G. 0. 1412 T
Tex  -0.273%00 -0.,18343 1H1 -0.604472 -0.52553 -0,18343
1M2 -0.85077 -0.79667 -0.52553 -D.18343 1M3
-0.98303 -0,96029 -0.79667 ~-0.52533 -0.18343 1M4
1924 IR-0.96029 SR-0.796567 7R-0.52553 O9R-0.18343 3R0.9%56029
SRO.79667 TR0.52553 9RD. 18343 T
gxx 0.0 0.025307 1N2 0.035623 0,018972 1N2 0.0
5.035623 0.016252 0.026552 184 0.025307 0,019472
0.026552 0.018840 1N4 1924 T
17%% 1.0 127 9813 7
1Tx% Fo.0 T
17%x Fo.0 T
17%% Fo.0 T
17 %% Fo.0 T
17x% Fo.0 T
17%x Fo.0 T
17%x FO.D T
17%% Fo.0 T
17%x Fo.o0 T
17%x Fo.0 T
17xx Fo.0 T
17%% Fo.0o T
17xx Fo.0 T
17%% Fo.0 T
17x Fo.0 T
17%% FO.0 0T
172X Fg.0o T
17x% Fo.o T
17%% Fo.0 T
17x% Fo.0 T
17x% Fo.o 1
17%* Fo.0 T
17%% Fo.0 T
17xx FO.0 T
17%% Fg.o T
17%% FO.0 T
17%x Fo.0 T
17%% Fo.o T
17%x% Fo.0 T
17=x Fo.o T
17%x Fo.0 T
17xx Fo.0 T
17%% Fo.0 T
17%% ro.o T
17x% Fo.o T
17 %% Fo.0 T
17xx Fo.o T
17%% Fo.0 T
17%* Fo.0 T
17%% Fo.0 T
172% Fo.0 T
Ixx Fo T
Txx Fa
Sxx F1
2xx 910.0 30.0
SRR 91n.0 30.0 1150.0 100.0
B¥¥ 10R1 3R2 9Q13
10¥¥y 20161 164 194 21165 168 2Q4
11¥¥ 4?7 2137 40 47 2161 64 2113 16
12x% 47 4RB.4TEH-2 47 4R4.005-5 4R1.001-5
9¥Y -141  -145
19¥¥ -161 -185
20%  F1l
T T

JAERT 1301

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
Qo000500
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001200
0002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003209
00003300
00003400
00003500
00003600
00003700
0000380C
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
Q0005000
00005100
00005200
00005300
00005400
00005500
00005600
QCoos70D
00005800
00005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
0000680C¢
00006300
00007000
00007100
00007200
DoogT300
00007400
0Q007s00



JAERI 1301 Appendices
ACT4 SAMPLE DATA. CASE-<DOT) 00011100
26 2¥ 2Y 2000 4000Y 8000Y00011200
2% 00011300
42 13 10 2 5 S4 1 0 0 ¢ 0 00011400
1 o 0 0 0 Q 0 0 o 00011500
2 -2 2 0 -1 -1 -1 0 60011600
1 12 12 5 5 00011700
-1 00G11800
440.0 4.5200E+16 1.0 0.0 0.0 0.0 00011900
1D 00012600
9¥¥ 101 0 00012100
10¥%  4R26 101 00012200
11¥¥ 26054 260586 26057 26058 00012300
26 00012400
12=x  (.058 0.918 0.0215 2.9-3 B.476-2 ¢n012500
T 40012600
GAMMA £0012700
1 1 0 00012800
END 00012900
DPOTZ,5 SAMPLE DATA (GAMMM) 00022100
o 00022200
61¥¥ 0 3 2 13 10 54 4 5 58 20 00022300
0 0 1638 1 48 1 1 0 1 1 00022400
1 10 10 3 0 2 0 o 0 0 00022500
0 0 0 0 5 0 0 0 0 0 Gp022600
3 -2 0 0 o 0 0 0 0 0 00022700
2 1 1 0 ¢ 0 0 0 0 8 00022800
62¥¥ 2 3 4 14 135 9 o 11 12 13 60022900
& 60000 0 0 00023000
63xx 0.0 1.0-3 Q. 0. 142 T 00073100
Tes  -0,27900 -0.18343 tH1 -0.60442 -0.52553 -0.18343 00023200
1M2 -0.85077 -0.79667 -0.52353 -0.18343 143 00023300
-0.98303 -0.96029 -0.7T9867 -0.52553 -0.18343 1M4 00023400
10724 IR-0.66029 SR-0.79667 7R-0.52553 9R-0.18343 3R0.96029 00023500
SRO.TG667 7R0O.52553 9RO.18343 T 00023600
6xx 0.0 0.025307 1N2 0.035623 0.019972 1N2 0.0 00023700
0.035623 0.016252 0.026552 tN§é  0,025307 0.015972 00023800
0.026552 0.018840 N4 124 T 00023900
Jxx Fo T 00024000
1%x Fo 00024100
Sax F1 00024200
2x% 00024300
910.0 30.0 00024400
4%k 00024500
9I0.0 30.0 1150.¢ 100.0 00024600
3¥¥ 00024700
10R1 3R?Z 00024200
10R1 3IR2 00024900
10R1 3R? 000250060
10R1 3IR2 00025100
10R1 IR? 00025200
10R1 IR2 00025300
10R 3R? 00025400
10R1t 3R2 00025500
10R1 3R2 00025600
10R1 3R2 00025700
10¥% 00025800
21161 164 1Q4 21165 168 244 40025900
11¥¥ Q0026000
61 2137 40 000726100
I 2161 64 2113 16 00026200
12xx 00026300
47 4RE.4TH-2 00026400
47 4R4.005-5 4R1.001-5 60026500
9¥¥ 00026600
-161 -165 00026700
19%¥ 00026800
161 -145 00026800
20¥¥  F1 06027000
T T 00027100

95



THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

APPLE-2 SAMPLE DATA. ( DOT3.5 ) GAMMA DOSE RATE.

FLUX 1
2 0
CROS 1
11 1 1
10¥¥ 1
11¥¥ 1
12¢x F1 T
RCAL 1
1t 1 1 1 0.0508
9¥¥ F1l
22¥¢ 1
23¥¥ F1 T
SAMPLE
qPLT 1
2 52
15.0 20.0

SHUTDOWN DOSE RATE (Z=15CH)
DISTANCE FROM THE PLASMA AXIS (LMD
DOSE RATE ( REM/HOUR>

RPLT 1
31
-1 t-10 0 0 O 0.0 890.0¢ 1.0 +10 15.0
SHUTDOWN DOSE RATE
SPEC 1
2 1 1-54 0 2
1 1
3 12
15.0 20.0

GAMMA ENERGY SPECTRA
GAMMA ENERGY (EV3
GAMMA FLUX PER UNIT LETHARGY
IRON ALR
END 0

JTAERI 1301

00015100
00015200
60015300
00015400
00015500
00015600
00015700
00015300
00015900
00016000
00616100
00016200
00016300
00016400
00016500
00016600
60016700
00016800
(30016900
00017G00
00017100
00017200
30.000017300
00017400
00017500
00017600
goo017700
00017300
00017900
00018000
00018100
00018200
00018200
00018400
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A.3.3 Three-Dimensional Problem

MORSE

200

¢
1.5000

7.328
2.5000
2.8300
4.6300
2.1500
7€
0

-1
1
X-I0NE
Y- ZONE
I-Z0NE
Z0NE
X-BLOC
Y-BLOC
Z-BLOC
ELOC
MEDL
SURF
11,
SECTO1
SECTO3
SECTIO
SECTO1
SECTOZ
SECTO1
SECTO?Z
SECTG3
SECTG4
REGI
SURF
11,
SECTO1
SECTO?
SECTIO
SECTO4
SECTOS
SECTOB
SECTOT
SECTOB
SECTO9
13

s e e ek b e e A R A R b
(=]

OO D000 0000000

ol P O NI

TFBD03

-GG
300

1
+7
+h
+6
+5
+3
+1

1

0
-1
-1
-2
-2

SAMPLE

30

—_ R A s O

2,

-

Y

xs5Q
Z5a
250
X5q
x5Q
x50
X5Q
15a
s

[APOU I

o o O o

00
0

372

L5000
L8710
L0000
L1500
.0000

1
1
13

0SS SECTIGN.
42

0
0

DA
42
1.
+7
6
th
+5
+3
+1

»

-

-10
10
-10
10
1
-27
=25

[ Y gy

o O o O 0

TA.

5}

0.
0.
G.
o.

.0

5.
6.

1
5
1.
1
1
4

Appendices
{NEUTRON?
0 42 42 o 4
0.001 10000.0
L2549 +7 1.1478 +7 1.0500
L7570 t6 5.0990 +6 4.5160
4000 +6 1.0580 +6 &.0000
L4100 +5 1.0000 +5 4.6500
L0000 #3 4.6500 #2 2.1500
L6500 +0 2.1500 +0 1.0000
0 9 42
1 9 108.0 1.0
100.0
1g0.0
16.90
104.0
100.0
16.0
3, 10, 1, z, 1
2, 3, 4, 5, 8
-1 1
-1 1
1 -1
-1 -1
,1 1_
-1 -
-1 -1
-1 -1
-1 1 -1
2, 10, 4, 5, 6
2, 3, 4, 5, 6
-1 1
-1 1
1 -1
-1 -
-1 -
-1 -
-1 -1
_I -
-1 -1
0 ¥
0 ¥
0 ¥
0 ¥
¥S5Q -300.0
0 ¥
0 ¥
Ysa -36.0
Yse -144.0
¥35a -324.,9
¥3Q -575.0
Ysa -2809.0Q
¥3Q -5776.0
47 45 4 & 2
44 0 -1 0 0

2.2

W W o W

7
+6
+5
+4
+2
+0

F o A Y]

0

+5
-3140
.0000
L6600
L1500
.ga00
L6300

10

1.0

6
+h
+5
g
+2
-1

A R ST ]

0
-8

. 261

L1620
L0000
.0000
.5500
. 1500

250
0
+6
+6
+5
va
+1
-1

00054400
00654500
000545600
00054700
00054800
00054900
00055000
00055100
00035200
00055300
00055400
00055500
00055600
000557040
00055800
00655900
00055000
00056100
00055200
D0056300
000356400
0Uas6500
00056600

10,000556700

00056800
00056900
00057000
00057100
00057200
00057300
00057400
00057500
50057600
Q0057700
00057800

10,00057900

00058000
00058100
00058200
00058300
00058400
00058500
20058600
00058700
20053300
00058300
00059000
00053100
00059200
00059300
00059400
00059500
00059800
60059700
00059300
00059900
00060000
00060100
00060200
00060300
0000400
00060500
00060600
00060700
00060300
0000900
00351000

ar



THIDA-2 : An Advanced Code System for Calculation of JAERI 1301
Transmutation, Activation, Decay Heat and Dose Rate

DETECTER AND SOURCE INPUT SET. 00065100
4] 42 42 1 1 1 3 1 8 0 0 00065200
0.0 0.0 0.0 D00AS5300
TOoTAL FLUX 00065400
NEUTRON FLUX 00065500
1.0 1.0 1.0 1.0 1.0 1.0 1.0 00065600
1.0 1.0 1.0 1.0 1.0 1.0 1.0 00065700
1.0 1.0 1.0 1.0 1.0 1.0 1.0 00069800
1.0 1.0 1.0 1.0 1.0 1.0 1.0 00065900
1.0 1.0 1.0 1.0 1.0 1.0 1.0 00066000
1.0 1.0 1.0 1.0 1.0 1.0 1.0 000686100
FLUX 00065200

1 2 3 4 5 b 7 3 9 10 11 12 13 14 0D0O06H300

15 16 17 13 19 20 21 22 23 24 25 26 27 28 00066400
29 30 31 32 33 34 35 3 3T 38 39 40 41 42 00066500
3.05349+4 6.55626+5 2.4000 +35 3.39300+3 1.01720+4 1.69650+4 2.37510+4 00068600

1.79919+5 2.79633+5 00066700
4 2 3 1.5 E+7  1.3728+7 1 00066800

0.0 0.0 D.0 00065900

0.0 3.0 0.0 0.0 -15.0 15.0 00067000

1 00067100
1.41 E+7 1.0 00067200
END 00067300
xxxx  TOPIC PLANE DATA, 00067400
-120.0 -120.0 0.0 120.0 ~-120.0 0.0 -120.0 120.0 0.0 00067500
0.001 00067600
-120.0 0.0 -120.0 120.0 0.0 -1720.0 -120.0 0.0 120.0 00067700
0.001 00067800
0.0 -120.0 -120.0 0.0 120.0 -120.0 0.0 -120.0 12¢.0 00067900
0.01 00068000
ACT4 SAMPLE DATA. CASE-(MORSE D 00048800
26 2Y 2y 2000Y 4000Y 8000YQ000485800

2y 00049000

42 9 1 2 5 54 1 0 0 g 0 00049100

7 0 o] 0 ] 0 0 0 0 00049200

2 -2 2 o -1 -1 -1 g 00049300

1 10 10 5 5 00049400

-1 00049500
440.0 4,5200E+18 1.0 0.0 0.0 0.0 00049600
10 00049700

8¥x 1 2 2 1 1 1 1t 2 2.7 00044800
9¥ ¥ 101 0 00045900
10¥¥ 4RZ6 101 00050000
11¥¥ 26054 28056 26057 26058 00050100
26 00050200

12xx  0.058 0.918 B.0215 2.9-3 8.478-2 00050300
T 00050400
GAMMA D00sS0500
1 1 Q9 00050600
00050700

END
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MORSE-GG SAMPLE DATA. (GAMMA) 000321900
200 300 9000 54 o] 54 54 4] 4 0 0 10 0 130 00022000
0 1 0 1.0 0.001 10400.0 2.2 +5 1.0 -8 0 00022100

3.0000 +6 2.7000 +6 2.5000 +6 2.3000 +6 2.1000 +6 2.0000 +5 1.900 +6 00022200
1.8000 +6 1.7000 +6 1.6000 +6 1.5000 +6 1.4000 +& 1.3000 +6 1.2000 +6 00022:00
1.1000 +6 1.0000 +6 9.0000 +5 8.100C +5 7.3000 +5 6.6000 +5 6.0000 +5 00022400
S.5000 +5 5,0000 *+5 4.5000 +5 4.0000 +5 3.6000 +5 3.3000 +5 3.0000 +5 00022500
2.7000 +5 2.5000 +5 2.3000 +5 2.1000 +5 7.0000 +5 1.5000 +5 1.8000 *5 00022600
1.7000 +5 1.8000 +5 1.5000 +5 1.4000 +5 1.3000 +5 1.2000 +5 1.1000 +5 00022700
1.0000 +5 9,0000 +4 8.1000 +4 7.3000 +4 6.6000 +4 6.0000 +4 5,5000 +4 00022800
5.0000 +4 4.5000 +4 4.0000 +4 3.5000 +4 3.3000 +4 00022900
7CTF6003 00023000
a 1 o 0 0 G 54 00023100

1 1 g 10.0 1.0 -3 1.0 -2 0.0 00023200

-1 00023300

1 MalLE 00023400
X-Z0ONE -100.0, 100.0 00023500
¥-Z0NE -100.0, 100.0 000236400
7-Z0NE -15.0, 16.0 00023700
CONE 1 1 1 00023800
X-BLOC -100.0, 100.90 00023900
Y-gLOC -100.0, 100.0 00024000
Z-8L0C -16.0, 16.0 00024100
BLOC 1 1 1 00024200
MEDI 1, 3, 10, 1, 2, 1, 2., 3. 4 20024300
SURF 1, 2, 3. 4, 5, B, 7, 8, 3, 10,00024400
11, 12, 13 00024500
SECTO1 -1 -1 1 00024600
SECTO3 1 -1 1 00024700
SECT1O 1 -1 G0024800
SECTCT -1 -1 00024900
SECLTOZ -1 1 -1 00025000
SECTO1 -1 1 -1 00025120
SECTOZ -1 1 -1 00025200
SECTO3 1 -1 -1 00025300
SECTO4 -1 1 -1 00025400
REGIL 1, 2, 10, 4, 5, 6, 7, 8, 8 000253500
SURF 1. 2, 3, 4, 5, b, [ 8, 9, 10,00025600
11, 12, 13 000zZ5700
SECTO1 -1 -1 1 ng025800
SECTOR2 1 -1 1 00025900
SECT10 1 -1 Q0026000
SECTO4 -1 -1 00026100
SECTOS -1 1 -1 00026200
SECTOB -1 1 -1 00026300
SECTOT -1 1 -1 00026400
SECTO8 1 -1 -1 Co026500
SECTOD -1 1T-1 00026600
13 00026700
1.0 X -100.0 ¥ 00026800
1.0 X 100.0 ¥ 00026300
1.0 ¥ -100.0 ¥ 00027000
1.0 Y 106.0 ¥ 00027100
1.0 x5a 1.0 Ysa -900.9 ¥ 00027200
1.0 58 -223.0 ¥ 0ogering
1.0 1354 -256.0 00027400
1.0 X5Q 1.0 Y34 -38.0 ¥ 00027500
1.0 150 1.0 Y54 -144.0 ¥ 00027600
1.0 X549 1.0 Y34 -324.0 ¥ 0Q027700
1.0 15Q 1.0 Y56 -576.9 ¥ 00027800
1.0 Xs5q 1.9 ¥S5@ -2809.,0 ¥ 00027900
1.0 ha:3e! 1.0 ¥Y5& -5776.0 ¥ 00028000
CROSS SECTION. 00028100
54 54 0 0 54 57 4 4 2 4 8 3 0 00023200

0 0 0 ] o Q -1 0 0 g 0 1 00028300

1 -1 1.0 00028400

2 -11.0 00028500

3 -2 1.0 00028600

4 -2 1.0 000238700
DETECTER AND SOURCE INPUT SET. 00028800

0 54 54 1 1 1 3 1 8 by 0 00028900

0.0 .0 0.0 00029000




CcCoO 0o oo o000

THIDA-2 : An Advanced Code System for Calculation of JAERI 1301
Transmutation, Activation, Decay Heat and Dose Rate

TOTAL FLUX 00032900
SHUTDOWN DORSE RATE (MREM/HOUR) 00033000
139266-3 0.13612-3 0.12570-3 0.11531-3 0.10746-3 0.10232-3 0.97182-4 00033100
.91994-4 0.36807-4 0.81605-4 0.76397-4 0.71168-4 0.65913-4 0.60626-4 00033200
55250-4 D.49927-4 0.44770-4 0,40115-4 0.35973-4 0.32356-4 0.29278-4 00033300
L76468-4 0.23648-4 0.20820-4 0.18263-4 0.16283-4 0.14595-4 0.12909-4 Q0033400
11513-4 0.10405-4 0.93080-5 0.84339-5 0.79561-5 0.74239-5 0.68973-5 00033500
L63776-5 0.S8663-5 0.53647-5 0,48750-5 0.43997-5 0.39426-5 0.35085-5 00033600
.31047-5 0.27578-5 0.24894-5 0.22983-5 0.21809-5 0.21296-5 0.21408-5 00033700
.9272%1-5 0.24143-5 0.26973-5 0.30287-5 0.34423-5 00033800

FLUX 00033900

1 2 3 4 5 b 7 3 9 10 11 12 13 14 00034000

15 16 i7 18 19 20 21 22 23 24 25 26 27 28 00034100
29 30 31 32 33 34 35 36 3T 38 39 40 41 42 00034200
43 44 45 46 47 48 49 50 51 52 53 54 00034300
L05340+4 6.555626+5 2.4000 +5 3.39300+3 1.01790+4 1.69650+4 2.37510+4 00034400
L79919+5 2.79633+5 00034500
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A.4 Sample Output Data

Appendices

A.4.1 ACTA4 Output for One-Dimensional Problem

ACT& |WPUYT DATA (ARD ImAGE LIST

- m-

7000%

400QY

o o

BEES EERES RS R e AR RIS
1 ACT4 SAWPLE DATA, CASE- (ANISWH}
2 26 Y Y
3 kA
L} Az 13 1 F b LL]
5 ? 0 e 0 ] [
b ? -7 2 Q 1 -1
? 3 L} -] 1 '
) 1
9 Aa0. 0 4,%20E+16 0.15972
10 108 L] 1H
1 ¥y 101 1]

12 10¥Y  4R?% 101

13 11vy 26054 78056 20057 26053
1 %
15 1zze 0,058 0.918 0.021% 2.9-3
18 I
17 GAMMA
13 1 4 o
18 £wWD
T P I FI
P AP U
TIKE INTERYAL
LINE TIME
SCHEDULE 5---
SHORT POV
[4 2%
LONG POw
449
QUTRUT  TIMING
(83
oy
33
(£ ]
133
(&)
ND GF NEUTROM ENERGY GROUFS. Az
WO OF ax|4L HWESH POINT. 1
NG OF MITING TABLE LENGTH. ]
ND OF OulPUl TIMES, ]
NO OF TRAMSMUTATIONM RATE. ¢
SLAB/CYLSSPERSX YIR-2IR-T/3-D ?
FLRST RADIAL WESH POINT. 1
FIRST Ax[al MESH POIAT, t
RAQIAL MESH JWTERVAL, 1
TIWE MESH IMTERVAL. 1
OPTION PARAMATER EYECUTE PRI
INQUCED aCTIvITY TES ¥
DECAY HEAT YES Y
GAMMA Rav SOURCE YES ¥
TRANSHUTAT[ON RATE L) L]
ACTIVATION CHARN TABLE Darta - N
GAMMA RAY CROSS SECTION Data L]
GAMMA RAY EMITTED DATA X
A-NAT L CMAT FORT DEBUGING ]
R z PRIMTED BY MESH
1 0 [} 0 0
? 0 Q 0
3 0 0 [ @
4 v} ) 0 Q
bl 3 3 1 1
POVEK (Mwy THERMAL ) 4. 40Q0EsD?
RR CIDRYS R ) 1.59720E-0)
YAR (USER C-mWarl.) 1.0000E+0Q0
OUTPYT TIMING
1)
23
(3)
)
5)
(b}
9y ARRAY 2 EMTRIES READ
10% ARRAY 3 EMTRIES READ
11% aRRay 5 EMTRLES READ

12¢ ARRAY 5 ENTRIES READ

A, 4762

T 0D 4T A

ER DK
LE
£R 0w
LE

AFTER

LI
NQ OF
NO OF

K0 OF

THALY
LAST
LAST
AT AL

NT
ES
ES
ES

LS
2.00000000
Z2.0000C0C0

z.00C00000
7000.00000
» 4000.00000
30043.00000
SHUTDOWNK £e--
2.00000000

[}
RADIAL MESH FOLINT,
Z08E.
CAmMA EMERGY GROUFPS,
IMATY
C-MAT [TERATION,

(SHOR? LIFE CORST.)
RADIAL WMESH FOINT.
AXIAL  NESH POLNT,
mESH [MTERVAL.

PPFLUX (MORM. FACTOR)
DILNTY (7ws[HALY/DT)
PREC CUSED C-mAlt.)

AFTER

SHUTDOWN o
310.0000000
1.00000000
1.00000000
1.00000000
1. 00000000
1.00C00000

TR R O o

o -

“ Mo X E N

[ B

CRRERS |
00000100

3000¥00000700

00000300
00000400
00000500
00000600
00000700
00000800
0Qa00%c0

1Y00001000

13

sS4

10

ooooIio0
QORI 200
oooG1300Q
O0001400
¢o001509
agoDY R0
00001700
00001800
00001900
P

+.5200E+1%
1.2168€-0%
1.0000E-0C6

101



NQ

102

OME OIMENSIONAL GEONETRITAL DATA ¢
"

R-M10

THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

ANISHY
YOLUNE IOME
7.82823E+01

1 0.0 1.390008+00 1
? 3.0000DE+G0 4.50000E000 A, 484T0E+D) 1
1 +.00G00E+00 T.30000E+00 1.49412E+02 3
L] 9.,00000E+00 1.05000E+01 1.97976E+02 1
3 1.2Q000DE+01 1.35000£+01 7.54541E+02 1
6 1.50000E+01 1.863000E+01 J.11108E¢07 1
? 1.80000€+01 1, 95000001 J.ATOTOEO? 1
] ?.10000E¢01 2.25000E+01 4.24235E¢02 1
9 2.400001+01 2.33000E+01 4. B0B00E*D2 1
10 2.70000E+01 2.83000E+01 5.3735%E02 1
1 3.cco0QE+0!L «,00000E01 3.02797E¢Q3 ?
12 5.CG0C00E 01 b.250Q0E 0 9.82026E403 ?
11 7.50C00E+C1 8. T3000ED] 1.37484E04 ?
14 1.00000E+02
waulQIAL MEUTRON FLUX PRIMTED =seax
® MESH- ) R MESH- 2 R OMESH- ) R MESK- & R KESH- 5 B OMERM-
1 1.00 wan 1.413070+ 21 1.10752b+21 3.551730+20 6. 797230420 5.388140+20 4_20430D+20
? 1,00 YEAR 1.93568D27 1.329030+722 1.026210+722 8.154700+ 21 6. 4657602 5.045160¢21
3 2.00 YEAR 3.871380022 2.438060+22 2.05742D0472 1.63154D422 3.293150e22 1.00903D+22
R OWESH- 9 & MESK- 50 R MESH- 11 R MESH- 12 R OWESH- 13 % MESH
1 1.00 HON 1.437350420 6.7T17640¢19 1.967190+19 1.238630+19 A bT344De1E
? 1.00 YEAR 1.724820+21 4061160420 2.354830¢20 1.48643D+20 1.041CG50+20
3 2.00 YEAR J.A4965D021 1.612230+72% 4.709260+20 2.977450+20 7.0824%7D+20
ATOMIC DEMSLTY MIXLX¥G TABLE
MIXURE CONPORNENT WO.DENSITY ABUNGANCE WAT, L 20NE
1 26 05 5.400QE-02 101
H 26 6056 9.1800E-01 0
3 6 26037 2.1500E-07
4 26 26038 2.9900E-03
b] 101 26 4, 4TROE-D?
ATOMIC DENSITY AND RATIO OATA BY ZONE
IOME- 1 JONE- 2 IOKE-
DENSITY B ATSIBE+22 0.0
1SOTOPES i RAT]O0 BY Z20NE
1 260354 ¢.05300 9.0
2?2 605K ©.91300 0.0
3 26057 C.02130 0.0
4 26058 6.00290 0.0
4CT CHAIN-TBL LOCATIOW SIZE
KLAKAL= 15 NIGMAL = 21
KCENAL= i NIPMAL = 32
KALPKME- 77
ACT CROSS SECTION FES4M3IN 1M ALL JERC
ACT CROSS SECTION FES4ND Inm ALL JERD
ACT CROSS SECTIOM FES4NNA 1M ALL IERD
ACT CROSS SECTION FES4MHED M ALL ZERO
ACT CROSS SECTLOM FESeM3N [ ALL ZERO
ACT CROSS SECTLON FESBND IN ALL ZERO
ACT CROSS SECTLION FESGEWNA  |N ALL [ERO
ACT CROSS SECTION FESTWZM LN ALL TERD
ACT CROSS SECTION FESTNIN M ALL IERD
ACT CROSS SECTION FESTND Ik ALL [ERO
ALT C{ROSS SECTIOW FESANZNM NDT FOUND
GAMMA SOURCE OQUTPUT TIMMING AFTER SHUTDOWN
AT TIME 1257 MO, 4 SHUTDGWN 26400, 3EC.
wex WRITTEN BY UNILT 20 s»3
sxx  DELAYED GAMMA-RAY YIELD DATA TABLES =s# TIME INTERVAL (DFIWT¥) = 1.21682E-0%
NUCLIDE 10K HALF LIFE WHPC
1ALL- O 1] 0 0.0
MOT NWPC TBL.
FE - 5% 26033 0 2.180488-09
3.0Q000E-C8
FLE - 23054 1 7.56969E-08
1,00000E-09
(14 TR 3| 24051 % ?.B9b24F 07
8.00000E-08
SFE - 33S5HORT 260%] 5 1.35752E-03
WOl %MPC TBL.
BFE - 1535HDRI 26153 s 4,560259E-03
MOT ®MPC THL,
FMN - 53 25053 ] 5.87289E-15
MOT1 NWPC TBL.
3FE S2SHORI 26052 ? 2.3267SE-05
NQT NMPC TBL.
YMM - 1525HORT 25152 5 5S.4751726-04
NOT NWPC THL.
10MN - 572 25052 19 1.43491E-06
% ,00000E-C9
11MK - SHSHORT 25056 5 7. 46515E-05
2.00000E-08
17MNK 5 7SHOR! 25057 1 T.50162E-03
KOT WHPC TEL.
13FE 59 26059 5 1.80040F 0/
z.60000F-09
1T4MN - SBSHORI 25058 29 1.06149£-02
WOT NWPC TBL.
15CR - 535HORT 24055 1 3.28196E-03

NOT NNPL TBL.

3.172090+20
3.306310¢29
T.613030+21

JAERI 1301

R MESH- B

2.256820°20
2.707%4D+ 21
3.413880+21



JAERI 1301
GAMMA -ENERGY E
1 ©.3J0000E 07 -
7 0.27000E+07 -
3 0.23000f+07
L] 0.23000E+QT -
5 0.21G00E+Q7 -
6 0.20000E+07 -
r 0.1%000E+07
] 0.13000€E+07 -
? 0.17000E07 -
10 0.16000E+07 -
11 0.15%000E+07 -
12 T.14000E+0G7 -
13 0.15000f+07
14 0.12000f 07
1% 0.110008 07
18 0.10000£s07 -
17 0.90000E «06 -
18 0.B10C0EO% -
19 0.71000E¢06 -
20 0.66000E+06 -
Fal 0.50000E+06
77 0.55000E+C6 -
23 0.50000E+0& -
24 0.45000E«06 -
25 0.400CGEX06 -
F] ©.316000FE+06 -
27 0.33000E+08 -
8 0.30000E+0b
29 Q.27000E+06 -
30 Q.25000E+06 -
3t 0.23000E+06 -
32 0.21000E+08 -
33 0.20000E+08 -
34 0.19000(+06 -
15 0.18000E+06 -
i1 0.17000E+08 -
37 0,16000E+06 -
33 0.15000E+06 -
19 0.14000£406 -
a0 0.1I000t+06 -
LR 0.12000E+06 -
42 Q.11000E+06 -
43 0.10000E+*0&
44 0.90000E+05
L] 0.21000E 03
45 0.73000E-05
47 0.66000( +0%
43 0.80000E+ 05
49 0.55000E+05
50 0.50000£+05
51 0.45%000E+05
52 Q.40000E+05
33 G.36000E+05
34 0.33000E+05
LOCATLON REQUESTED
LOCAT|GH USED
LOCATION UNUSED .
ELAPSED TIRE 1.43%05
INDUCED ACTI¥ItY
AgL- 0
HALF LIFE ¢.0 SEC
0.0 SEC 5.793750E-01
30.00 SEC J.TR6425E-01
1.00 MlM 3. 780513E-01
1.00 HOUR 3.A487370E-DY
1.00 DAY 2.547353E-01
1.00 MOM 2.415038E-01
1.00 YEAR 1.731943E-0%
INTGR D 87 b.684406E+08
MM 152 SHORT
HALF LIFE 21.100 WIin
0.0 5:tC 2.253026E-0%
30.00 SEC 2.2163228-0%
1.00 HIN 7. 1BO2I5E-03
1.00 HOUR 3. 138731E- 0
1.00 DAY 6.433816E-2
1.00 ®ON a.0
1.00 YEAR a.0
LNTGR D ST 1.7474826-01
PLOT OF CURVE

¥ MIN

1S 10®=-4,

¥

0.27000E+07
0.23000E+07
0.23000E+07
0.21000€E+07
0.20000E+07
0.,19000E+Q7
0,13000E+07
0.17000E+07
0.14000E+07
0.15000E+07
0. 14000E+07
0.13000E+07
Q. 17000F 07
0.110004 +0/
0.10000L+07
0. 90000£ +06
0.81000€+06
0,73000£+08
0.66000E 08
0.60000E+CH
0.53000E+08
0.50000E+08
C.a5000E+06
0. A000CE+0E
0.36000E+06
0.33C0CE+DE
C.300C0E+0D8
0.27CCOE+DE
0.23000€+08
0.23000E+08
0.21000E+08
0.20000E+08
0.19000E+06
0.18000E+006
0.17000E+08
0.16000E408
0.15000E+06
0. 14000806
0.13000E+06
0. 12000E+06
0.31000E +06
0.10000F +06
G.S0000E+0D5%
C.81000E+05
0.73000E+0%
0.b6000E+DS
0.60000£+0%
0.55000E+40%
0.50000E+0%
0.45000E+05
0.40000E+05
0.36000E+05
0.33C00E+05
0.30000E+0%

150000
9454
240548
£C.
AT TIME 12
FE - 8%
2.685 YEAR

Z.107001E-01
2.107021E-01
?-10701%9E-01
2.106939E-01
2.103333E-0
2.062175%E-01
1.627619E-01
5, 835079E+08
L LI ¥
5.591 DAY
3. 4TE299E-05
J.4TT134E-08
3.479995E- 08
3. 460236E-06
3.072734E-06
7.990047E-08
7.508410E- 26
S.4aTI24E00

AT MESH 8,

LLERT]
10.257 KON
2.789663E-02
T.789661€-02
2.789659E-02
2.739405€-02
T.783477E-02
2.607373E-02
1.239847E-02
6,274700E+05
MW - 56 SHORT

2.57T9 HOUR
1,219162E-01
1.216434E-01
1.2137128-01
$.31830168-07
1.926130E-04
0.0
0.0
4. 494109E+03

MUMBER OF MWuCL1DE 9

Appendices

1) {CURLES !

iR 91
3.957 WEEEL
e.0096541E-02
6.6%6481E-01
b.bG6425E-02
bh.689%63E0-01
6.331049£-0)
J.126379E-01
7.185327€-07
S.8085T3E+04
MX - %7 SHORT
1.540 min
1.633793E-03
1.370515E-03
1.054402E-03
3.090287E-13
0.0
0.0
0.
1.

901314E+00

[ ]

FE - 53 SHORT
4.510 MIN
1.704280E-04
7.994307E-0s
2.9233650-04
2.794304E-08
4. 769724E-55%
0.0
0.0
b 4TB40SE-01
FE - 39
1.4bs NON
9. 77T1547E-03
9.7T1518E-0)
9.771468E-03
9.75%238E-03
9.6707481-03
6. 086111E-03
I,330190E-05
1.093224E405

SHORT LIFE LINET =

FE -153 SHORT
2.%30 mIN
2.172532€-04
1.892343E-04
1.648289E-04
1.3835393E-11
¢.0
0.0
0.0
2.970583E-0Y
WX - 38 SHORT
1.088 MIN
3.818170£-03
6.413265E-0%
4.b54231E-D3
2.236037E-21

0.
0.0
g.0
B.4723850E-02

MK - 53
x3sxsamxy YEAR
2.621LATE-0F
7.621643E-09
2.621643E-09
2.621646E-09
2.621646E-09
2.621646E-09
2.52164E-09
8.273762E-07
CR - 553 SHQRT
1.570 mIM
3.465320E-0%5
3.322084E-0%
J.010580E-03
2.76G9932E-10
0.0
0.0
a.0
5.424287E-02

103

15.823H0UR
FE - 52 SHORT
3.275 HOUR

cooococoooo

“oooooaoo

4.275 HOUR



164
DECAY HEAT
ALL- 0
HALF LILIFE 0.0 SEC
0.0 SEC 1. 831112603
30.00 SEC 1.88346%E-03
1.00 mln 1.877560E-03
1.00 HOUR 1. 4T9954E-0)
1.00 DAY 2.160057E-04
1.00 HON 1.766511E-04
1.00 YEAR 6. 161346E-05
IMIGR D ST L. 077786E40]
MM -152 SHORT
WALF LIFE 71.100 MiN
G.0 SEL 3.738043E-07
30.00 SEC 3.185292E-07
1.00 WMIN J.153399E-07
1.00 HOUR A.510976E-0B
1.00 DAY 9.7apb7IE- T8
1.00 mOM 0.0
1,00 YEAR 9.0
IWTGR D ST 7.511477E-03
PLOT OF CURVE
¥ MlN [S 108%-6.
DECAY GAWMA  SDURCE
GROUP- 1
0.0 SEC 2.351496E+07
3u.00 SEC 2.30799CE+07
1.00 MLlw 7.298T87E+Q7
1.00 KOUR 1.64AT0SECT
1.00 DAY 3.556574E¢00
1.00 wOM 0.0
1.00 YEAR  C.0
- INTGR D $71 7.999984E411
GROUP- 9
0.0 SEC 7.5A7509E£+05
30.00 SEC 5.814149E+0%
1.00 MLK 4, 560971E+CY
1.00 HOUR 3.921108E+G2
1,00 DAY 3. 343886E4010
1,00 mOM }.383468E400
1.00 YEAR §.303TA8E- 18
INTGR D 57 9_.404360E+08
GROWP 1T
0.0 SEC Y. 493353E+09
30.00 SEC S.48449%E409
1.00 MIN S.A73RY9AE+08
1.00 ®OUR 4. 4a090CE+CY
1.00 DAY 1.036936E+09
1.0¢ HOM 9. 6472815208
1.00 YEAR 8, 3B7433E002
INTGR D 571 2.337895E4 18
GROUP - 25
0,0 SEC 5.9527227E+00
30.00 SEC 4. 3TB3I53E+00
1.00 NIN 4.680244E+08
1.00 HOUR 4.572153E+0%
1.00 DAy 3.0923I9TE+02
1.00 KON 3,001180€+00
1.00 YEAR T.55bb66TE-18
INTGR O $T 1.093790E+10
GROUP- 33
9.0 SEC F.617188E%00
30,00 SEC 9.617T431EO8
1.00 KIN 9.617081E+0¢
1.00 HOUR 9.610951E°06
t.00 Day 9. 4687456406
1.00 WO 5.989952E+06
1.00 YEAR 5277574 CH
INTGR O 87 1.075952E¢ 14
GROUP- a1
0.0 SEC 0.0
30.00 SEC 9.6
1.00 MIN 0.0
1.00 HOUR .0
1.00 Day .0
1,00 KOK o.0
1.00 YEAR 0.0
INTGR D §T 0.0
SROUP 49
0.0 SEC 9.0
16.00 SEC 0.0
1.00 Wi a.0
1.00 ®WOUR 0.0
1.00 DAY 0.0
1.00 KON 0.0
1.00 vEAR 0.0
INIGR O ST 0.0

F

G

G

G

GROUP -

0.
0.
0.
0.
0.
0.
0.
0.

THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

AT TIME 12

E - %%
b33 YEAR

2.
a
0
0
0
0
[+
o
0

® - 52

$.591 DAY
7.209184E-0D8
7.2067H3E-08
7.206484E-08
FLITLT41E-08

AT MESH € 8,
LL] 34
10,257 MOM

1.380%18E-00
1.180%15¢E-08
1.380514E-
1.3180389¢E-
1. 377453 -
1,2903C07E-
B.135610E-0Y
3. 108900 0]

56 SHORY
2.579 HOUR
1.635CA%E-02
1.431331E-0)
1.6a7083E-03
1.265018E-03

4.3168606E-08 2.614832E-06
1.656032E-09 o.0
1.556249E-27 ¢.0
1.129104E-01 5.10301%€201
NUMBER OF AuCLIDE 9
AT TIME 12
AT MESH ¢ 3,
ROYP- 2 GROUP- ]

T.a30214E+07
T.41240BE+07
7. 394865607
5.625TI1E«Q7
1.173193E+05
a.0

0.0
2.73737bE*12
ROUP- 1D
1.60723TE+04
1.1TTSB2E+0%
. b491ITECO]
3.739980E-03

0.0

0.0

c.0
1.561352E07
RQUP- 18

1.158273E+0%
1.15/885E+05
1.137840E40%
1.1%2237E+0%
1.0231220€+03
?.660683F 03
2.500387E 15
T.814092E 01
28

2.007273L-06
17997336006
1.634017E08
9. 768023E+05
9.622269E+0%

6.0B0317E+05
3.326860E403
1.0920s7E413
GROUF- 34

0.0

c.0

o.o

0.0

Q.0

0.0

9.0

0.0
GROUP- 42

Q.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
LROYP- 50

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

G

¢

G

G

€

<
C0OO0CDOCOORNOODOOCCO N0 0

1.O0BA3TSELOB
§.390819E+03
B, 140108E*0Y
6.6648016-02
0.0

0.9

0.0
1.4b670%8E09
ROUP- 1%
9.558152E+05
4, 402871E°CY
§.2355836E+03%
2.421361E005
1.136917E+05
7.9583168107
2.TTRI8BE 15
2.079273E01)
ROUP- 19
1.033724E407
3. 988307E+ 00
7,678241E06
S.GaTBTI1E-DY
0.0

0.0

0.0
1.384050E410
RQUP- 27
7.52T2T4EQT
2.527253E¢07
2.527230E%07
2.574638E+07
7. abAB1BEDT
TLAT99T0E0T
2.711930€E+03
2.1921%4E 104
ROUP- 35

0.0

=}

chocomobhwcboooDoDOCooBOOOO
o
»
[

1

t

1
G

G

GROUP-

G

I3}

©

P

) (wall
[ ]
3.9%7 WwEEK

$.295683E-08
1.295652E- 08
1.29580 21 - 0%
1.294314E-08
1.203044E-08
6.049384E-07
1.390332E-10
1,1233837E+01
M - S7 SHORT
1.540 NLN
T.92aG94E-08
6.327927E- 04
5.052704E -0
1.480860E-17
2.0
0.0
0.
9.1

13973E-03

) (GAM RAY
ROUP- &
6.338066E+08
6.513388E+00
6.497346E+08
4. 956975E+08
1.024332E¢06
0.0

0.0
7.391398E+33
ROUP- §2

L. 759188Er08
T.194551E408
5.251311E+08
6. 49149bE+0}
5,76%141€20)
1,498852E+02
T.4D8540E- 16
2.1847718E¢ 1D
20
1.829608E+04
1.158128E°04
1.015598E 0
1.011427E+03
L.9B1602E%02
7.335489E+01
2.19476TE-17
1.5038872€+09

ROUP- 28
0.0
0.0
0.0
Q.0
0.0
0.9
0.0
0.0
ROYP- 36
0.0
0.0
0.0
0.0
0.0
c.o
0.0
0.0
ROUP- &4
0.0
0.0
0.0
0.0
0.0
9.0
0.0
0.0
ROWP- 52
0.0
.0
0.0
0.0
0.0
0.0
0.0
0.0

[

J

F

[ 4]

E - 33 SHORT
2.%310 WM
T.070517E-0%
3.723007¢- 04
5.58%4030- 08
5.333608E-08
B IAYBOZE-ST

g.0
0.0
1.238361E-02
£ - 39

1.464 NMON
7.348321£-03
7T.388274E-05
T.58B237E-03
T.543420E-0%
7.431812€-03
4. TO1383E-05
2.5T248TE-CT
B.4%4903E107

F

SHORT LIFE LINIT =

E -151 SHORE
2.%410 M1N
3. 908630E-0¢
3. 404533E-04%
2.965473E-08
7.489252E-13
0.0
0.0
¢.0
S 3esandt-0d
58 SHORTY
1.088 HIN
1.7356279E-04
1.762287E-06
9.180396E-07
AL4DI10T9E- 23
0.0
a.0
c.0
1.6

$Tb34E-03

[%TENSITY 7 EMERGY GROQUPS. [
GROUP- &

G

ROLUP- 5

4. BBTOTTESD)
J.540379€+03
2.574841€+03
1.234382E- 13
0.9

0.0

0.0

& . BADIIRE OB
GROUP- 13

G

o

<«

@

o

1.622087E+08
1.620974E408
1.670028E+08
1.608204E+08
1.548584E+00
§.795613E+07
5.1599420+0%
1.759720E+15
BouP- 21
2.362558E+0%
1.856449E405
1.506287E+05
4. 4186918-07
0.0

e.c

0.0
2.717018E+08
ROUF- 29
a.0

g.¢

0.9

0.0

0.0

0.0

0.0

6.0
ROUP- 3T
c.0

0.0

0.0

0.0

9.0

a.0

0.0°

0.0
ROUF- 43
0.0

0.0

0.0

0.0

9.0

c.0

c.0

0.0
ADUP- 33
0.0

0.0

o.¢

0.0

0.0

0.0

0.0

0.0

GROUP -

G

GROUP-

4. 375700E00
4. 374238E001
4. 3740658401
4,3529758+08
3,865500E 0
1.G05147E+ 00
§.445832E-1%
6.35323TE+Q7
14

J.196489E+00
2.J2473IBE4 04
1.690TI2E 04
5.105386E-13

0.0

0.0

0.9
3.05282TECT
ROUP- 22

2.87003aL007
2.352326E+07
2.296750E+0T
5. 168924E+05
T.641181E+04
1.986940£+03
1.867219E-1%
1.9526B0E+ 11
Jo
1.,005968E+05
B.O32431E+04
6. 413715004
1.BTR759E-07
0.0

0.0

0.0
1.156897E+02
GROUF- 32

GROUF -

<

3.145469E06
31434528408
31054356404
3. 143430E+086
1,09691%E 08
1.9591136¢06
1.071988E+0%
3.519088E¢13
(1}

o
o

o - N K- - =
bl ai e =
D000 COO0DO0OCOBOO0CCO

LI

xazwasnaz YEAR

0.0

0.0

0.0

0.0

0.0

0.0

0.0

a.0

C& - 3% SHORT
3.520 nin

1.617982E-07
1.466250E-07
1.328703E-07
1.19606TE- 12

0.

0.0

0.0

T.394351E-04
(4}

GROUP- 7

1.2300TAE+0%
1.227325E+09
1,2245380€+09
401740408
1.943374E¢06
0.0
0.0
4. 534305013
GROUP- 15
Z.511452E408
7.102754E+08
2.095004E+08
2.G41424F+08
2.011257E+08
1.272302E+08
B.961TB1E+0S
7.785393E+15
GROUP- 2}
B.9055446+05
5.022261E+05
3.652581E405
T.751049E-11
0.0
5192E+08
LA

w9

L]
o
5.
GRO
0.
0.
Q.
o
0
0
0
0
R
3

CoooOQOoOOO0OC WO O

o
o

P- 39
L.T62452E¢03
6.996629E¢05
5.586646E+05
1.63735TE-08
9.0

TT11E+0%
47

o
OO OODO0OR—OOC
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CoODoOOOCO0C COO
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o
o
o

JAERI 1301

15.823H0UR
FE - 57 SHORY
§.273 HOLR

- - - N )

coooO0CO0o

8,275 WQUR

GROUP-
J.66TSSLEOS
2.875072E+0%
2.268540E¥05
2.521313E+02
5. 16B0%0E- 18
2.0
9.0
4. 201324E+D8

GROUF- 1%
2.385614E+0%
2.113138E408
1.905807E+05
1, Z10434E°05
1. 074881003
2.795016E¢03
7.620607E-15
1.906927E+81

GROUFP- 24
e.0

.0

t.0

0.0

0.0

0.0

0.0

0.0
GROUP- 37
§.780978E¢01

§.7T7T04E+01
9.777322E+01
9.730183E001
3.640530EDL
2. 746T9%E+CO
2,111421E-13
1.5319G0E+0%
GRCUP- 40
b.302603E+08
5.032486E+08
4.018376E4086
1.577708E-05
0.0

AB19E+DY
P- 48

o -

DoCOoOODOCNGO

OO0 VOO OGRND D



JAERI 1301
DECAY GAWNA SOURLE AT TImE 12
AT MESH ¢ B,
GROUP- 1 GROupP- 2 GROUP- )
N - 52 0.0 0.0 e.0
MM - SBSHO 1.396576E¢+0n 1.173393E+ 0y G.0
GROUF- 9 GROUF- 10 GROUF- 11
L] 3? 5.343488E+01 0.0 1.1369126+08%
NN - S8SHO Q.0 0.0 0.0
FE 59 0.0 0.0 Q.0
GROUP 1T GROUF- 1% GROUP- 19
L] 54 1.079806E¢0%9 0.0 2.0
MN - 57 3.77A544E 03 1.023220E+05 0.6
ME - SHESHD T.0461508+04 0.0 0.0
GROUP- 25 GROUP- 28 GRGUP- 27
tR bR 0.0 2.0 T 4648148007
LL} 52 3.0923%7E+0? 1.114174E+07 .0
FE 39 0.0 9.615129E+0% 0.0
GROUP- 33 GROUP- 34 GROUP- 3%
FE 39 F. ALBTASE+DE ¢.0 0.0
INDUCED ACTL¥ITY AT TIWKE 17
OYER ALL
ALL- D FE $5 LLIEEE T
HALF LIFE 0.0 SEC 2.685 YEAR 10.257 HMOX
0.0 SEC 1.877S99E+01 9. 408357E+00 1.392572E+00
10.00 SEC 1.873125E+01 9.008357E+0Q 1.392571E%00
1.00 mtu 1.569576E+Q1L 9.408357E+00 1.397571E+00
1.00 HOUR 1.69144{E+07 9.403088E+00 1.392442E+00
§.00 DAY 1.1135190E+0) 9.4C1716E+00 1.339432E+09
1.00 ®ON 1.078512E+01 ¥.208128E+00 1.J0ISTHE+0Q
1.00 YEAR 7.886973E+Q0 7.26T722E00 4. 189206E-01
IWIGR D ST 2.994563E+08 2.627834E+08 3.132014E007
MN -132 SHORT N - 52 Mx - 58 SHOAT
HALF LIFE 21.100 Mik S.591 DAY 2.%79 HOUR
0.0 sfC 1.538194€-01 2. 375692E- 0 7.263513E+00
J0.00 SEC 1.513132E-03 2.374395E-0a T.247263E000
1.00 XN 1.488484E-03 2.374804E-0a T.231049E+00
1.00 HOUR Z.142885E-04 2.363354€-04 5.551655E+00
1.00 DAy 4. J97516E- 24 7-09BLB8E-04 1.147546E-02
1.00 mOx 0.0 S.A57217E-06 0.0
1,00 YEAR g.0 S.IPBI99E- 24 0.¢
INTIGR D ST T1.193047E01 I.720811E+02 Z.6TTA92E 0%
PLOT OF CURVE
Y KIN 1S 10s2-7, MUNMBER OF NULLLDE 9
DECAY HEAT AT TIME 12
OVER A&LL
il 0 FE 5% LU T
HALF LIFE 0.0  SEC 2.635 YEAR 10.257 MWON
0.0 SEC 1.076269E-07 0.0 5.891198E-09
ID.00 SEC 1.0715008-07 g.0 6. 8913%4E-09
1.00 NIA 1.067917E-07 0.0 6.8591387E-09
1.00 WOUR §.300310f-02 0.0 6.890751E-09
1.00 pay T.758430E-09 0.0 6.876107E-09
1.00 MOM 6.884132E-09 0.0 6. 441073E-09
1.00 YEAR 3.0635036E-09 0.0 J.QB2840E-09%
INTGR D ST 1.666209E-01 c.0 1.549934E-01
MN 137 SHORT Kx - 57 MX - %6 SHORT
HALF LIFE 21,108 M1IN 5.591 DAY 2.579 MOUR
0.0 S$EC 2.21068&6E-11 4. 923898E-12 9.860617E-08
10.00 SEC 2.17&66TE-11 4. 922248E-12 9.8333861E-08
1.00 Wl 2. 1392438 11 4.927058E-12 9.816544(-08
1.00 ®OUR J.0TOMA5E-17 & M93324E-17  7,536676E-08
t.00 Dav .317903E-37 4. 3497756-12 1.557859E-10
1-G6 MON 0.0 1.131072E-13 9.0
1.00 YEAR 0.0 1.0629206-31 0.0
INTGR D 3T 1.714643E-07 TLOTIIBITE-06  3,434851E-03

Appendices 105

1 (GAM RAY IWTEMSITY / E£MERGY GROUFS. { CC)
AFTER SHUTDOWN 3
GROGUP- & GROWP- 5 GROUP- & GRoUPr- 7 GROUP- &
0.0 .0 3. 865300E+01 °.0 0.0
1.024332E+08 0.0 0.0 1. 943374E0h 8.0
GROUP- 12 GROWP- 13 GROUP- & GROUP- 15 GROUP- 14
F.Te4101E00) F.TIRA22E40 0.0 T.958385E+01 1.0T4081E+0%
0.0 T 116499640 0.0 0.0 0.0
0.0 1.340440E400 o.0 2.011217ErDB c.o
GROYZ- 70 GROUP- 21 GROUP- 27 GRQuUP- 2} GROUP- 24
0.0 0.0 0.0 g.0 0.9
B.985602E+02 0.0 T-BA1I81E+04 0.0 0.0
0.0 a.0 0.0 0.0 4.0
GROUP- 28 GROUP- 2% GRCUP- 30 GROUP- 31 GROUP- 32
6.0 0.0 0.0 .o 0.0
g.o 0.0 0.0 ¢.0 8. 640530E+01
9.0 c.o 0.0 0.0 0.0
GROUPF- 3 GROULP- 37 GROUP- 38 GROUF- 39 GROUP- 40
0.0 Q.0 1.09691%E+08 0.9 ¢.0
(CURLES / mv-TH)
SHORT LIFE LIMIT » 15.82300UR
CR - 51 FE - $3 SHORT FE -13%3 SHORT mMm - 53 FE - 52 GHORT
3.957 WEEK 2.310 WIN 2.%10 WINM vwazzsmmssw vYfaAR 8.275 MOUR

1.817823E-07
1.817820€-07
1.817820E-07
1.817822E-07

2.049623E-02
7 144651E-02
2.0945620E-02
1.%98723E-04

1.533980E-02
1.3533b64E-07
1.1749%7E-02
9.896630E-10

4.790T08E-01
4. 790665E-01
TR 24E-DY
4. T85T14E-CY

oCvoocoocooo
o000 oon

4.672313E-01 3.0%4075E-53 a.0 1.817872E-07
T.236734E-01 0.0 0.0 1.817822E-07 .
S.LM0TALE-08 9.0 0.0 1.817810E-07 N
A 153431E+04 4. 63IFLIErOY T 12431LTE+DN 5.7T363%E+00 .
LL] 57T SHORT FE - 59 LL] 58 SHORY (R 55 SHORT
1.540 MIN 3.464 MODN 1.088 Mln 3.320 Wl 8.273 HOuR
9.802514E-02 8.307040E-02 5.21a658E-0) 2,359314E-03
T.827085E-07 5. 306998E-02 3.792511E-03 2.1)8087E-03
5.249753E-02 8.3069%50E-072 2.758210E-03 1.937T605E-03
1.831704E-13 8.301657E-02 1.322290E-19 1.Ta4t04E-08
0.0 8.175818E-02 0.0 0.0
0.0 5.173941E- 00 o.0 0.0
0.0 2.831069E- 04 ¢.0 G.0
T A2FI21E02 9. 793744F+03 4, 9B0789E+00 3. 491446E+0D
(N¥-TH / PF Ww-1H)
SHORT LIFE LIMIT = 15.823H0U8
kR - 51 FE - 53 SHORT FE -133 SHOR! wx - 353 FE - 52 SHORT
3.957 WEEK 4.510 MIN 2.310 MIN vwaamsazsn YEAR 8.273 HOUR
9.2691748-11 3.0574430-10 2.795795E-10 0.0 0.0
9.269088E-11 AL 093583E-10 2.435223E-10 0.0 0.0
9.269011E- 11 5.998089E- 10 2.121159E- 10 0.0 0.0
F.2SFSIVE- L J.8150448E-172 1.780523E-17 0.0 0.0
G.040101E-11 5.879437E-01 0.0 0.¢ 0.9
A 3TTR2E-11 a.9 0.0 o.o 0.0
9.946473E-15 0.0 o.0 0.0 0.0
8.040064E-04  A.B44937E-Q7  3.82?803E-07 0.0 0.0
MN - 57 SHORT F¢ - 59 L] 58 SHORT (w 55 SHORT
1.540 ML 1.464 MON 1,088 min 3.520 MIN 1.275 AguR

1.081316E-11
9.43p745E-172

1.026376E-10
T.abab11E- 11

4. 697360E- 10
J.TS5DP35E- 10

6. 41B994E-10
6.416958E-10

2.994873E-10 6.416923E-10 5.428341E-11 8.331890F-17
B.7TIS31E-22 4. 412832E-10 7.602602E-27 T.BITEASE-1T
0.0 (PRI TTI RN C.0 0.0
0.0 J.996 M4 TE- 10 0.0 0.0
0.0 2.188935E-12 0.0 0.0
5.402132€-07 TLA79197E-03 9.80740}E-03 1.340997E-08
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DECAY

1.00
1.00
[uTGR

0.
3o.00
1.00
1.00
1.00
1.00
1.00
INTGR

0.0
30.00

1.00
IKTGR

9.0
10.00

1.00
[ATGR

[
30.00
1.00
1.00
1.00
1.00
1.00
INTGR

SEC
SEL
MLN
HOUR
DAY
MOX
YEAR
D osT

SEL
SEC
LR
HOUR
DAY
LEL
YEAR
0 5T

SEC
SEC
MLN
HOVR
DAY
LIV
YEAR
D 5T

SEC
SEC
MIN
HOUR
GAY
1L ]
YEAR
D ST

SEC
SEC
LI
HOUR
DAY
L]
YEAR
b st

SEC
SEC
LIL]
HOUR
DAY
HON
YEAR
o ST

SEC
SEC
MIN
HOUR
DAY
LavL]
YEAR
D sT

GANMA  SOURCE

GROUF- 1

b, 268473E 11
A.13a5T3E+EL
6. 108491Er 11
4. 312262€ 1Y
3.903834E+08

2.0

0.9
2.088474E0 18
GROUP- 9

2.01a73EC10
1.543579E0 30
1.215043E410
1.85497HE0Q7
1.605832E406
4. 175645E+00
3.924046E-14
2.55475LE+13
GROUP- 17
1,396695E0 14
1.393851E14
1.391074E+14
1.120287E+14
2.780539E+13
2.118962€+13
1.007603E+13
3, 142016E+20
GROUP- 25
1.86337%E+11
1.500448E+ L1
T.A6655TEYY
1. 435687E409
9,293}23E00
2.416542E+0%
Z7.2T0937E-13
3.820268E+10
GROUF- 33
1.5575A8E10
3.597328E6+10
3.597309E+10
3.395016E+10
3,541822E+10
2.740564E410
1.225990E¢08
s 07e63BELT
GROUP- a1
0.0

<
0000000 OROOOCO 0O
. PR = G
CO0OO0DOCDO0O0OE00Q00O0D
-
»
o

THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

AT TINE 12

GROUP- 2
1.94TTETES 2
1.943102E412
1.938531E+12
1. 4BTE5TE+ L2
3.073437E+09

0.0

0.0
T.173874E0 18
GROUP- 10

0. 19)592E+08
3.07Y548E+08
2.200014E¢08
1.05908TE 02

0.0

0.0

0.0
4.030300E%11
GROUP- 12
3.480384E409
3.47%696E+09

3.
3.
3.074997E+09
7.993914E07
7.514128E-11
5.4%1731E+15
GROUP- 25
J.0RATAEE+1D
2.513492E410
2.,081313E+10
3.686732E+09
1.678566E+09
2.275123E+0%
1.204428E+07
4, D94182E¢ L6

4T9583E+09
ALZ78BEO9

GROUP- J4
o.0

0.0

0.0

g.c

0.0

g.c

0.0

Q.9
GROUP- 47
o.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
GROUP- 50
0.0

0.0

9.0

0.0

0.0

0.0

0.0

0.9

G

G

G

G

G

<
OO0 OoOELOXNOVOGODROODEO0O0O000SGO0

OYER ALL
ROUP- 3
3,3972162E%10
27,9403 14E+10
2.350983E%10
2.097384E+03

g.c

0.0

0.0
4.59TR18E 1)
ROUFP- 11

7.5682%1E+10
2.822449E410
2. 7TB914E410
7.275903%E+09
J.A56664E09
5.834330E07
8.3A9034E-11
6, 7485468433
RDUP- 1%
3175821611
2.T16562E+11
2.326757E+11
1.5BB62TE+D4
0.0

0.0

c.0

4. 194011E% 1
ROUP- 27

T,9585257E11L
7.955186E411
7.955118E¢11
7.946945E¢ 11
7.758858E011
I T14284E0 11
3.5363506E007
4.9003T6Ex18
ROUP- 33

2

PR o oo,
CO O O0OOCDCO000000DTEVOOOOTOD

-

3t

G

G

CGAN RAY [NTEWSLTY { EMERGY GROUPS.)

fOUP- 4

1.7T166B6E413
1.709688E+13
1.TO8%1E+13
12944 2E* LS
2.645730E10

0.0

0.0

6. 269158E17
ROUP- 12

2.666T40E 1Y
2.2%4929E+ 11
1.914813E+11
1.950847E+08
1.732TH8E+0B
4, 504365508
4, 23295932
6, 519385614

GROUP- 20

G

o

4.801562E+08
J.5T75299E+02
2.683325£+08
1.039557E+07
2.699163E+07
7.018636E+05
6.595730E-13
4. B2AIATESLD
ROUP- 28

o
o

-

b1}

OO0 OCCOOXNOOCCOOOOLN00D0DOCQLARNOTOCR0RO
PR TR . .
C OO0 OO0 O0C0CO0O00000CO00RACCOCOODO0CO0O
-
-
ry

CROUP- S
1.7260028E+02
1. 21N TENOT
& 093024007
I.INAE-09

0.0

0.0

0.0
1.209700E+11
GROUP- 13

T.178096E¢1)
T.1480853E+ 1)
7T.177859€E11
5.7B33TSEL 1
5. T93512E 11
J.664122E+11
7.004908E409
6.588284E418
GRDUE- 21
6.1645T6E+09
A_91987BE+CY
J_928AL2EOY
1.153355€-02

9.0
0.0
0.0
T.086010E512
GROWP- 29
¢.0
0.¢
0.0
0.0
.0
-0
.0
.2
CRour- 37
.4
.0
.0
0
0
0
o
.0
GROUP- 45

000D O0OO0ODOCOCOO00DO0OODD
-
-
—

DD OO0 CODONOOCOCODOOVNOODODOODOXTOOC

G

4

G

[

G

G

o

RGUP- &
1.314993E08
1.314557E+0%
1.314301E408
1.308103E+04
1,1681863E+06
3,020679E+04
7.838671E- 14
2.059344E0 17
ROUP- 1&
3.31T123E008
$.003888E08
4,399209E+08
2. 103498%E-C8
0.9

0.0

0.0
T.943320E411
ROUP- 27
9.001930F+1Y
7.374625E¢11
7.201298E+ 11
1.384873E010
2.296339E40%
S.9T116BE07
S.611384E-11
$.93&309E+13
ROUP- 30
2.62ISTTE+DY
7. 094B66E+09
1.67Z70IE+09
4.902430E-03
0.0

0.0

¢.0

Y, 0171986412
ADUP- 38

1.174376E10
1.1763869E+10
1.176562E+10
1.1735883E410
1.158413E%10
T.328158E+08
4.009313E+07
1.316328E%17

ROUP- 4B
0.9
0.0
0.0
0.0
a.0
¢.0
c.0
0.0
ROUP - %4
0.0
0.0
0.9
8.0
0.0
0.9
0.0
0.0

&

G

G

e

G

L2l

Il

rOUP- 7
3.224330E40)
F.TITIAIELD
3.210140E413
Z.ABA59TEXLD
5.098406EF10
0.0

0.0
1.188644E% 10
rRQUP- 1%

9,809388E11
. 5290936411
9.286268E411
T.6360%1E+11
T.523008E411
4.T59093E+11
2.50407RE+OY
B.5488T0E+ 18
ROUPF- 23
1.796795E+10
1.306T70E+10
9.3503855E+09
4.556165E-07
0.0

E039E+13
3

o e

0

CO00DOOO0O0O0CE vwOO

OUP- 3%
LZ8325RE410
1.824723E+10
1,437002€+10
4, 2T0244E-02
0.0

o
]
1
]
]
L
0
0
0
0
0
a
R
?

281I9E413
P- a7

-

OO0 TMOO
CO0000M000C*00

o -
o

JAERI 1301

GROUP- B
1.012098E+10
T.984902E+00
b IA22T9E000
T.3TIONSE+OE
1.552803E-13
0.0
0.9
1. 1Te7TIE+1)

CROUP- 14
4, 701900E+0%
5.9919581E+00
. 4STBATERDY
J.637H1AE40N
3.23I0250E+09
3.399616E+07
T.89330%E- 11
5.730221E+13

GROUP- 2%

0.0

CoOOo0O OO OO0

o .

o
wmwOoO@OoOoOAQ00

LES Y4
+9I9IGSEC0H
2.93840%E+06
2.9382%7E+06
7.9241350E+ 06
27.5%6RIEL0R
B.T52100E4C4
§.345201E-18
4L E0TERSES1T
GROUP- 4D
1,843723E+1)
1.312476E411
1,047983E+11
3.0714735E-01
0.0

933TE+14

9
L ¥}

-

OO0 00D0D 0RO
OO0 OKOoOoCcC®@OoOO0



JAERI 1301
DECAY GAMMA  SOURCE AT TIME 12
GROUFP- 1 GROUP- 2
LLERE- Q.0 .0
MM - 385HD 3.903854E08 J.075437E+D0
GROUP L] GROUP- 10
N 32 1.605832E+08 6,0
LL] 56 8H0 0.0 0.0
FE - 5% 0.0 0.0
GROUP- 17 GROUP- 13
LLEE L] 2.263079E+13 6.0
HM - 52 1. 134732608 J.074997E+09
MM - S65KO 1. B4TORJE+ L 0.0
GROUP- 23 GROU?- 26
CR 51 0.0 0.0
LL} 52 9.293323E+08 33483288407
FE 39 0.8 3.595083E+0%
GROUP- 33 GROUP- Ja
FE - 5% J.sa18228010 0.0
SL1DLOGICAL HAZARD POTENTIAL (B.N.P)
SHUT DOWN AT TIME- 12 AT TIME-
0.0 SEC 2.116928E+03
30.00 SEC 2.116114E+0)
1.00 Mix 2.115302E+03
1.60 HOUR 2.011164E403
1.00 DAY 1.730220E+0]
1.00 HOX 1.637176E+03
1.00 YEAR 2.613164E*02
ELAPSED TIME T.27T405EC.
DELAYED GAMMA RAY SQURCE ¢ 13, 1), 346

SHUTDOwWM TINE NO. 3

[ZRET T

EAZINBAZRUIETAL

1RY
JIM
NID
LGH

R-M5H

13

GAMMA RAY SOURCE COPY ENOD WRITTEN BY LOGICAL UN]T
IN AMI[SN FOR GAMMA RAY TRAWSPORT
THIDA SYSTEM STEP N0.2 (ALT&}

NEXT STEP CALC,

AX
A
NE

{-MESH
LONE

1
1
1
1
H
1
1
1
1
z
7
2

-

POINT
RADIAL
0.0
3.00000E+00
6.0000CE+00
9.000CCE+00
1.20000E+01
1.50000E+01
1.40000E+01
2.10000E+01
2.40000£+0%
2.70000E+01
3. 00000E+01
5,00000Er01
7.35000QE+01

Is

LOCATION REQUESIED ----
LOCATION USED e
LOCATIDN UMUSED e

BETA

2.29061E- 04
S14391E-0%
9594 8E-05
J52354E-0%
LB2A9EE-O5
Jba2alb- 05
1.00993t-03
7.12598E-08
4. A5177E-08
1.96530E-06
0.0

0.6

0.0

-~

—-—

ELT)

236000
9728

240274

>IBIEINNEELE

OYER ALL
GROUP- 3
0.0
0.0
GROUP- 11
J.a16664E109
0.0
0.0
GROUP- 19
0.0
0.0
¢.0
GROUP- 27

T.TsBEIEERLL
0.0
0.0
GROUF-
0.9

3s

Appendices
CGAK RAY
GROUP- 4
9.0
2.685730E+10
GROUP- 12
1.732248E408
¢.0
0.0
GROUP - 20
0.0
2.699163E007
0.9
GROUP- 28
0.0
0.0
0.0
GROUZ - 38
9.0

<EMFPE} ALR / Kw>

WRLTTEN 8Y LOGICAL FILE wWO.

EETANENREEEERENRFENUN RS EFNIRRNEERNEI RN

DECAY HEAT

B &G
3.24368E-02
9.03576E-03

4, 02864E
1.94192E-
1.08927E-
b.0&613E -
3.56127E-
2.16006E- 04
1.25796E-04
6.3487FE-05
0.0

0.0

0.0

03
[+h]
03
0+
04

17

EBSDIC

INTEWSITY / EMERGY GROUFS.)

GROUP- 5
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THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

A.4.3 Plotter Output by APPLE-2

FLUX PER UNIT LETHARGY

GANMA

{ REM-HOUR}

DOSE RATE

0”

GAMMA ENERGY SIECTRA

18!
st
-
1o’ r
3
10! E,
3
10’

- ) T v T

—&— KON
= AR el . 1

.t
1% T T e |
. b
e R | T R b
TR N ¥ o
3
)
]
| R | A
. b ]
10 R R R b !
I S T DRSS ]
1 SRRERREEE LR
1ot ! I
! 10? ot 10’
G AMMA ENERLY (EVY)
- AFTER SHUTDOWN DUOSE RATE
T T T T T T 2
T
10t
o
1o’
3 4
—6— | DAY
IG' Z Z v 1 " e 1, " .

0

20 0 00 ¢ © [0 160 ©

DISTANCE FROM THE PLASMA AXIS (CM

JAERI 1301



JAERI 1381 Appendices

A.5 Job Control Language (JCL)

A.5.1 One-Dimensional Problem

FrJCLG J0oe

tf EXEC JCILG

JESYSIN DD DATA, DLM= s

I JUSFR 04402372, YA . SEK1,0017,01
1.5w.2C.41.5F. 0 SRP
GPTP PASLWORD LMSGCLASS =X

0000Ci00
00000700
¢0000300
c0000400
00000500
00000600

[[ll8lIllllIIIII(!l.I3tlllllllllllil‘l!t..ttll..lt.l‘.lll.llllll'lllllllooooofoo

(R ANISN  COMPUTER SYSTEM
s LOGICAL FILE

i F109 ; WRITED OF CROSS SECTION WEIGHIING FOR MOKRSE

fis FT10 ; WRITED OF SCALAR FLUX FOR APPLE OR [HIDA OR EtTC.
s FT11 ; WRITED DF ANGULAR FLYX FOR APPLE OR ETC.

His F150 ; WRITED OF KERMA FACTER FOR APPLE

JPSPT2Z.THIDASPX . DATACANIRUNS

*0C000800
*00000900
t00001000
=00001100
£00001200
"00001300

[Ji-xll:t--ltllutst:t:x:--::ltstlll!llltltlxnxttl--I:-l-s--x--nllltlltlroﬂooj¢00

10 EXEC FORIZT,S0=-J2372.ANISNTSS’, Q=" FORT’ A= ELM(FINPRZ,SUMARY)"’

Jf EXEC LKEDIT77,LM=7J2372.ANISNBS’

11 EXEC GO

JIFTO6FOCY 0D DCB=(HLKSIZE=137)

I/ EXPAKD DISKTO,DON=-FTOAFOO1,DSN="J2372.G1CX40"
fFFTO1FOCY DO DISP=~(,DELETE) ,DSN=R&FTOY,

ff DCA=(RECFM=VYBS,LRECL=19064,BLKSIZE=19068),UN1T=+¥K10,
Jf SPACE=(TRK, (400,500

JIFT02F0O01 DO DISP=(,DELETE)Y  OSN=R&FTO2,

{1 DCB=(RECFH=VBS, L RECL=19064,BLKSIZE-19068) ,UNIT=VWKI10,
It SPACE=(TRK, (100,500

/tFTD3F0O01 DD DLSP=(,DELETE) ,DSN=8LFTO3,

17 DCB=(RECFM=VBS,LRECL=19064,BLKSIZE=190682 UNIT=-¥K10,
Jr SPACE=(TRK, (100,50

JIFTOBFO01 DD DISP=C,DELETE) ,DSN=LLFTO08,

1/ DCO=(RECFM=¥BS,LRECL=19064 BLKSIZE=19068) ,UNIT-VwK1O0,
Ir SPACE=(TRK, (100,502

£IFTD9FO0Y DD DISP={,DELETE) DSH=2LF109,

/! BCB=(RECFM=VES,LRECL=19064,BLKSI2E~19068) ,UNIT-¥K10,
tt SPACE=(TRK, (100,50

J4FT10F001 DD DISP~(,CATLG,DELETE) ,DSN=J2372.ANIFLX1,DATA,
{1 DCB>(RECFM=¥AS,LRECL+1%064,BLKSIZE=19068)  UNIT=D000C,
17 SPACE=(TRK,{50,70),RLSE)

{IFTY1FO01 DD OLSP=(,DELETE>, DSN=2&FT11,

/f DCB=(RECFM=VBS,LRECL-19064,BLKSIZE=19068) ,UNIT=wK10,
/1 SPACE=C(TRK,{(100,50)2

[{FT14F001 BD O!SP=(,DELETE> DSN=L&FT 14,

/t DEB=(RECFM=YBS,LRECL=19064,BLKSIJE-15068) ,UNIT=WK10O,
i SPACE=C(TRK,(100G,50)

JPFT20F001 DD DISP=(,DELETE) DSN=4&4FT20,

It DCB=(RECFM-YBS,LRECL=19064 ,BLKSIZE~19068) ,UNIT=WK10,
11 SPACE=(TRX, (100,502)

fIFTS0F00Y DD DISP=(,DELETE) , DSN=84FTS50,

/1t DCB=(RECFM-VBS,LRECL>19064 ,BLKSI7E=19068) ,UNIT=wK10,
11 SPACE=(TRK, (100,300

11 EXPARD DISKTO,DDN=SYSIN,OSN="J2372.THIDAIPK’,Q=",DATACARIDATAY"

+4
I

ocoo1500
00001600
00001700
00001900
00002000
ogo02100
00002200
00002300
00002400
00002500
00002600
000D270D
po0Cn?2800
000072900
00003000
00003100
poog3zoo
00003210
00003220
00003230
00003600
opQo3/oo0
00003800
00005100
Go005200
Qoo0s5300
00005310
00005320
00005330
00005400
00005500
000035600
00005610
00005620
00005630
00C05700D
00005800
00005900

111



THIDA-2 : An Advanced Code System for Calculation of JAERT 1301

1z Transmutation, Activation, Decay Heat and Dose Rate

f1dcLs JOB 00000100
{1 EXEC JCLG 0ego0200
JISYSIN 0D DATA,DLM="++’ 00Q00300
1 JUSER 14632372,YA.5EKL,0017.01 00000400

C.3[.4T.4W.4 GRP SRP 00000500

OPTP PASSWORD= ,MSGCLASS=X,NUTIFY:J23?2 00000600
;fzz:xx:x:xxx*zxt:zxxxxxxxxxxxu:xxxxx:xxz:tx:xuxzt:xxxx;xzx:xxxxxxmxum:xooo00?00
jfx THIDA PROGRAM PAKAGE CODE. J2372.THIDA3PK.DATACTHIDAJCL? x00000800
rix 5TEP - 2 (ACT#®) x00000900
it INBUCED ACTIVITY, DECAY HEAT, AND GAMMA-RAY SOURCE =000C1000
fiw ETQ4CSCALAR FLUXY TC FT17C(DECAY GAMMA-RAY SOUYRCE) x0000110C
Hix STERP - 3 (ANISN) *()0001200
Hix GAMMA-RAY TRANSPORT. *Q0001300
1in FT17{(DECAY GAMMA-RAY SOURCE) 7O FT1Q(GAMMA-RAY FLUX) x00001400
= STEP - & (APPLE) *x(0001500
ir= DOSE RATE AND ENERGY SPECTR PLOTTING *000015600
= FT10(GAMMA-RAY FLUX) AND FT01(CONVERSION FACTOR? *(00001700
! faxxxxtxx!x!:xxxx:xxxx:l:xxtx:x:x!:xamzxzzxtix!l:xlx:x:x:xxx:xn:xxx!xsxx:zoooo1300
/1 EXEC FURT??,SU=J23?2.ACT45,Q=’.FDRT’, 000061900
i =’ELH(QIADH,SDURCE)',B=HDPRINT 00002000
i EXEC LKEDIT??,LH=J23?2.ACT45,A=‘LREP(JHF,JHP)' 00002100
{7 EXEC &0 Qoon2200
J/ETO6FOOL DD OCB=(BLKSIZE=137) 00002300
{7 EXPAND DISK,D0ON=FTQ1FOC1 Q0002400
/1 EXPAND DISK,DON=FTO2FCO1 00002500
;1 EXPAND DISK,DON=FT20F001 00002800
;1 EYPAND GRNLP,SYSOUT=E 00002700
JIFT17FOO1 DD DSN=J23?2.SGSI.DATA,DISP=(NEU,CATLG,DELETE), 00002300
I DCB=(RECFH=FB,LRECL=80,BLKSIZE=3200),UNIT=TSSWK, 00002900
/1 $PACE=(TRK,(20,10),RLSE] 0QCco3000
/! EXPAND DISKTD,DDN=FT04F001,DSN=’J23?2.aTAN[FLN’,Q=’.DATA' 00003100

11 EXPAND QISKTO,DDN=FTOSFOO1,DSN=’J23?2.CHAINLIB’,Q=’.DATA(CHS?)' 00003200
11 EXPAND DISKTO,DUN=FT09FOO1,DSN=’J2372.CRDSSLIS’,Q=‘.BATA(CRS?)‘ G0003300
it EXPARD DISKTO,DDN=FT10F001,DSN=’JZE?Z.GAHHALIB',Q='.DATA(GAM82)’ 00003400

/1 EXPAND DISKTU,DDN=SYSIN,DSN=‘J23?2.THIDA3PK‘,Q='.DATA(ANIACT)’ 00003500
f/:xxx:x:;xxxxxxxxx:x::xxxxxxtxzz:nxxxx!xxxxxxxx:xtxxxnx:xx:xzsxxx*xzxxxooooj500
{1 THIDA PRDGRAM PAKAGE CCDE. x00003700
i/= ANISN -+ GAMMA-RAY TRANSPORT. *00003800

{[x‘xxxzxxxxxx:x:xixxxsxxxzxxsxxnxtx:xxzxxzz:x:xx:xxxxxx:xxxxxxxxxxxxxxxooooj900

{IANISKNG EXEC FORT77,80='J2372.THIDAZ", 00004000
H Q='.FURT’,A=‘ELH(FIDAS)’,B=NUPRINT 00004100
JFFORT2 EXEC FORT??,SO=‘J23?2.ANISNTSS',A=’ELH(581A,FINPR2,SUHRRY)', 0004200
1! DISF=M00,B=NOPRINT, @=" . FORT’ 0004300
fILINKZ  EXEC LKEDITT?,LH=’J23?2.AHLSRES‘,A=’LREP(JHF,JMP)‘ 00004400

F/RUNZ EXEC &GO 00004500
{1FT06F001 DO BCB=(BLKSLIIE=13T) 00004510
/1t EXPAND D[SKTU,DDH=FTO&F001,DSN=’J23?2.GRDUPIN’ 0000470C
{IFTO1F001 0D pISP=(,DELETEY ,DSN=2&4FTO1, 00004800
Hf DCB=(REEFH=VBS,LRECL=1906#,BLKSIZE=19068),UNIT=UK§0, 00004900
{7 SPACE=(TRK,(400,50}) 00005000
/iFTO2F00L DO DISP=(,DELETEY ,DSN=8&FTOZ, 00005100
It DEB=(RECFH=VBS,LRECL=19064,BLKSIZE=19068),UNIT=WK10, 00005200
it SPACE=(TRX,(100,50)) 000053200
{1FTO3F001 0D 01sP=(,DELETE) ,DSN=24FTO3, 00005400
1 DCB=(RECFH=VBS,LRECL=19064,BLKS[ZE=19068),UNIT=HKIO, 00005509
/1 SPACE=(TRK,(400,50)2 00005600
1/FTO8FOCGY DD DISP=(,DELETE) ,DSN=3&FT08, oo0o0s700
r DCB=(RECFH=VBS,LRECL=1906A,BLKSIZE=19068),UNIT=WK10, Q0005800
i1 SPACE=(TRK, (100,50 00005900
1/FTO9FC01 DO DISP=(,DELETE) ,DSN=82FT09, 00006000
11 UCB=(REEFH=VES,LRECL=19064,3LK512E=19068),UNIT=UK10, 00006100

00006200

/! SPACE=(TRK,(400,50)2
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D0 01SP=(,CATLG,RELETE),DSN=J2372.3GF1.DATA,

41 DCB=(RECFM=vBS,LRECL=19064,8LKSI2E=190682 ,UNIT=TS3WK,
i1 $PACE={(TRK,(10,5),RLSE)

fIFT

11F001

D0 DISP=(,DELETE),DSK=&&FT11,

;i DCB=(RECFHM=¥BS,LRECL=15064,8LKSIZE=15068) ,UNIT=WK10,
/7 SPACE=(TRK,({100,50))

HIFT

14F001

00 DiSP=(,DELETE),D54=82FT14,

/1 DCB=(RECFM=VBS,LRECL=19064,8LKSIZE=19068) UNIT=wK10,
14 SPACE=(TRK,{10Q,502)

HIFT

20F001

0D DISP=(,DELETE),DSN=84FT20,

{1 DCB=(RECFM=VBS,LRECL=19064,BLKSIZE=139C68) ,UNIT=WK10,
/1 SPACE=(TRK, (100,503

X
i

EXPAND
EXPAND

DISKTO,DON=FT17F0Q1,D8N="J2372.aGS1",Q=" ,DATA"
DISKTD,DON=SYSIN,0SN="J2372, THIDA3PK ' ,@=".DATACANIDATAR) "

00006300
00006400
00006500
00006600
00006700
00006800
00006810
00006820
00C06830
00Q06900
00007000
00007100
0000¢7200
00007700

lI::xxxtxzzxzxxxxxxxxxxzxx!xx#xxxxxmxz**:xt*xtxxxxxxxxxxxxxxxxzxxxx!xxxx&@ﬂO?Bﬂo

f7x

DOSE RATE PLOTING.
!i® CALCULATIONS (1D-S5MNJ.

{ix SION FACTOR (54 GROUPS).

f[xxlxxzxxxxxxzxxxxxzzxx!xxxxxxx::1xz*xxxz¥x!xxx::xx:xxxxz*xxxmxwxxx:xxaooooa200

G
[
i
H
i
i
X
%
1)
i)
4
117

EXEC

EXPARD
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND

LMGD,LM="J2372.APPLEPNL’

DISK,DDN=FT21F0C1

DISK,DDN=FT23F0C1

DISK,GDON=FT24F001

DISK,BDN=FT27F001

GRNLP,SYSOUT=E
01SKTO,DDN=FT10FCO1,D8N="J2372.8GF1",a=".DATA"
DISKPSO,DON=FT10F001,0SN=TAGFIN
DISKTQ,D0N=FTO1FO01,08N="J2372.APPLE’, G="_0ATA(GFLXDOSED "
DLSKTO,DON=SYSIK,DSN=-J2372. THIDAIPK', a=" DATACANIAPLY’

INPUT FLUX FOR AFTER THE THIDA GAMMA TRANSPGRT x000079300
INPYT CROSS SECTION FOR THE DOSE RATE CONVER-*00008000
x30008100

00008300
00008400
40008500
00008400
00008700
00008800
00008500
00009300
00009100
00009200
00009300
00009430

113
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{1 SPACE=(TRK, {100,500

THIDA-2 : An Advanced Code System for Calculation of JAERI 1301
Transmutation, Activation, Decay Heat and Dase Rate
A.5.2 Two-Dimensional Problem

/1JCLG JOB 00011500
/1 EXEC JCLG 00011600
JISYSIN 0D DATA,DLM="++7 00011740
ff JUSER 04392372,YA.SEKE,0017.01 00011800
T.5 C.3 W.3 L.4 5RP 00011900
OPTP PASSWORD= SMSGCLASS=X 00012000

11 EXEC FORT77.,50="42372.00T354CL", =¢ CNTL?,A="ELM(GICX400T)" 00012100
{{ EXEC LXEDTT 00012200
{1 EXEC GO 00012300
{4 EXPAND DISKTD,DDN!FTOlFOO},DSN=’J23?2.GICXAD’ 00012400
{FFTO2F0O0T DD ODISP=(NEY,PASSY,DSN=R&GILX, 00012500
i DCB=(REEFH:VBS,LRECL‘I906&,8LKSIIE¢19068),UNIT=HK10, 00012600
/7 SPACE=(TRK, (300,500} 00012700
[1SYSIN oo = 00012800
2 3 42 1 00012900
ix 00013000
fftxx*xxxxxxvxxxmxxxxxxxxxz*xmxxxxmxxxx*xxxxmx*xxxxxwxxx*x!xxx*xxxx*x*x*ﬂﬂ@13100
/4% DOT3.5 NEUTRON CALC. J2372.THIDA3ZPK.DATA(DBOTRUNY x00013200
1i% FTO5 : READ OF SUMPLE INPUT DATA CARDS. xQ0013300
fi* FT0& : READ OF GILCXa0 CROSS SECTION, x00013400
P x FT09 : WRITE OF FLUX FOR RESTART, x00013500
fi% FT11 : WRITE DF ANGULAR FLUX FOR DOMINO. *00013600
filx FT18 : READ OF FLUX GEUSS FOR REATART. x(Q013700
/[xx*x*#xxx*xxxmwxxxxxxxxxmxx*x**xxxx*xxx*xxxxxxx*tx*xmxxxx*txmxxxxx*xxxooo13300
't EXEL FDRT??,SO='J23?2.DUT35',G=’.FGRT’,A=’ELH(UUTER,TPSAVE)’ 00013900
1t EXEC FURT?T,SO=’J23?2.DUT3S',Q='.FORT’,A=’ELH(TPXF)',DISP=HUD 00014000
/1 EXEL FORTT?,S50=742372.00T7357, =+ FORT’ ,A="ELMCACTVTY)’ ,DISP=NOD 00014100
1 EXEC LKEDLT77,LM=-42372.00T357,A="LREPCINF, JHPI’ 00014200
/{ EXEC GO 00014300
J1FTQ6FO0T DD DCB=(BLKSIZE=137) 00014400
JIFTO1F001 DD DISP=¢(,DELETE),DSN=8&FT0T, DO014500
i DCB=(REEFN=VBS,LREEL:1906Q,BLKSIZE:19068),UNIT=WK10, 00014600
/i SPACE={TRK,{(100,503) 00014700
JIFT02F001 DD DISP=(,DELETE),CSN=8&FTO2, 00014800
I DtB=(RECFM=VBS,LRECL=19064,BLKSEZE=19065),UNIT:HKiO, 00014900
/i SPACE=(TRK,{(300,1002)> 00015000
/IFTO3F001 DD DISP=(,DELETE) ,DSN=8&FTO3, 00015109
1 DCB=(RECFH=VBS,LRECL=19064,BLKSIZE=19068),UN1T=WKIO, 00015200
/1 SPACE=(TRK,(300,100)7 00015300
{iFTC4F001 DD DISP=¢,DELETE),DSN=3&FT04, 00015400
X DEB=(RECFH:VBS,LRECL=19064,BLKSIIE=19068),UNIT=WK10, 000153500
/! SPACE=(TRK, (300,100 00015600
JIFTO8FCO1 0D DISP=(0LD,0ELETE) , DSN=8&GILX, 00015700
H DCB:(RECFH=VBS,LRECL=1906&,BLKSIZE=19068),UNIT=WK10, 00015800
!l SPACE=(TRK, (900,500)) 00015900
FIFTOOFC01 DO DI&P=(.CATLG,OELETE),DSN=J2372.DOTFLXN.DATA, 00016000
H DEB=(RECFH=VBS,LREEL=19064,BLKSIZE=19068),UN[T:DOO10, ¢0016100
{i SPACE=(TRK,(20,10),RLSE] 00016200
//FT10F0O01 DO 0iSP=C,DELETE),DSN=82FT10, 00016300
I DCB=(RECFN=VBS,LRECL=19064,BLKSIZE=19065),UNIT=WK10, 00016400
ji SPACE=(TRK,(100,50)) 00016500
F{FT11F0O01 DD DISP=¢,DELETE) ,OSN=8&FT11, 00016600
i DCE=(REEFM=VBS,LRECL=19064,BLK312E:19068),UNIT=UK10, 000616700
{/ SPACE=(TRX,(100,50%) 00016800
JIFT12F001 DD DISP=(,DELETE),DSN=8&FT12, 0o0C16900
I DCB=(REﬁFH:VUS,LRECLIlgﬂéﬂ,BLKSIZE=19068),UHIT=WK10, 00017000
Jt SPACE=C(TRK,(100,50)) 00017100
FIFT13FC01 DD DISP=(,BELETE),DSN=23FT13, 00017200
H DCB=(RECFM=VBS,LRECL=19064,BLKSIEE=1906B),UNIT:WKlﬁ, 00017300
/1 SPACE=(TRK, (100,503 00017400
[/FT14F001 DD 0ISP=(,DELETEY,OSN=8&FT 14, 00017500
i DCB‘(RECFM=VBS,LRECL=19064,BLKSIZE=19063],UN[T=UKIO, 00017600
/! SPACE=(TRK,(100,50)) 00017700
JIET1S5F00T DD DISP=(,DELETE),DSN=&&FT15, 00017800
17 DCB=(RECFM=VBS,LRECL=19065,BLKSIZE=19068) ,UNIT=WK10, ¢0017900
/! SPACE=(TRK, (100,500 00018000
JIFT20F001 DO DISP=¢,DELETE) ,DSN=3&FT20, 00018100
H DCH=C(RECFM=v8S,LRECL=19064,BLKSIZE=19068) ,UNIT-WK10, 00018200
I1 SPACE=(TRK, (100,50 00018300
JIFT21F001 DD DLSP=¢(,DELETE) ,OSN=8&&FT21, 00018400
I DCE=(RECFH=VBS,LRECL=19064,BLKSIZE=19068),UNIT=WK10, 00018500
/4 SPACE=(TRK,<100,500) 00018600
{{FTS50F001 0D DISk=(,DELETE),DSN=2XFTS0, Q0018700
1 DCB=(RECFM=VBS,LRECL=19064,BLKSIIE=19068),UHIT=WK10, 00018800
00018500
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/1 EXPAND DISKTO,DON=SYSIN,DSN=*J2372.THIDA3PK  ,8=".0ATA(DOTDATAL}
+4
11

ff4CLG JOB
{1 EXEC JCLG
FISYSIN DD DATA,DLM="++¢’
H1 JUSER 04392372,YA,SEKI,0017.01

T.3 (.5 W.1 [.5 MTU

QPTP PASSWORDS= LMSGCLASS=D
f[xxxxzxxxxt*xxxxx*xw:xxmzxx***x*&xxxxxxx:xxzxxxxxxxx#xxxxxx*x1x*x3xxxf
fixx DOT-THIDA CALCULATIONAL JOB CONTROL LIST.CTHIDAZPK.DATACDOTTHIDAY/
Fixx FT17 IS SHUTDOWN GAMMA-RAY SOURCE. x/

,','x::x‘.lxxzxxxxxx::x:k‘k:xxxxx#xzxxxx:«:k:t:«:x:xxxz**xx;uxxx:uxa:xu:xxxxxxxxxxx*xxx:«x,'

FIACTF  EXEL  FORTTY
COMMON  NLFT,0(200000)

NLFT = 200000

ALL CLEAR(D,1,NLFTD
CALL CNTRL

sTOP

END

JIACTL EXEC LKEDITP7,LM='02372.4CT457,GRLIB=PNL

11ALTG  EXEC  GA

JIFTCSFO01 DD DCB=(BLKSIZE=137)

/! EXPAND TPDISK,DON=FRTO1F001,DSN=FTO1,SPC="30,10",

I RECFM=YBS,RS12ZE=12064,8512E=19068

/1 EXPAND TPDISK,DON=FTD2F0O01,DSN=FT02,8PC="400,200",

i RECFM=vBS,RSIZE=19064,B5I17E=19068

/! EXPAND TPDISK,DDN=FT20F001,DSN=FT20,8PC="400,20Q0",

H RECFH=vBS,RS1ZE=19064,B517E=19068

HIFT17F001 DD DISP={NEW,PASS),DSN=4830UR,SPACE=(TRK,(300,100),RL3ED,
/! DCB=(RECFM=VBS,LRECL=19064,BLKSIZE=19068) ,UNIT=WK10

JIET18F001 DO DOLSP={,DELETE),DSN=&&FT09,S5PACE=(TRK,(300,10032,

{1 DCB=(RECFM=VBS,LRECL=19064,8LKSIZE=190468) ,UNIT=WK10

t1  EXPAND TAPE,DDN:FTDQFOOI,DSN=’J23?2.DUTFLXI.DRTA’,HTV=02135?,POS=4,
ti MTU=MT62,0EN=14

/! EXPAND DISKTO,DON=FTCBFOQ1,D5K="J2372.CHAINLIB 8= DATA(CHEZ) "

{1 EXPAND DISKTO,DON=FTOYF001,D8N="J2372,CROSSLIB’,8=".DATA(CREZ}

// EXPAND DISKTOD,DDN=FT10F001,DSN="J2372.GAMMALIB", =  DATA(GAMB2)
{¢ EXPAND DISKTO,DDN=3YSIN,DSN=-J2372.THIOAZPK-, =2 .DATACODTACT)
,','*xxxxxxxxxmxxxxxxxsx**xxxxxxxxxx::xxx*xxxtxxx*xzxxxzxmx!xxx*x*xzxxxzx:x
JlxxxR GAMMA-RAY CROSS SECTION EDITER FOR DOT CALCULATIONS. =xwxxxx
f,'**XXXXXIKX*X*X***X***K**X*K***X***X!**x}ﬂ*’**X*#**!X*XXKX:X*x*x!*x*x**"l
/! EXEC FORT?7,50=7J2372.D0735JCL",G=".CNTL",A="ELM(G81X340:"

{4 EXEC LKEDT?

14 EXEC GO

{1 EXPAND DISKTO,ODN=FTO1f001,08N="J2372.GROUPIN’

fIFTOZFO01 OO DISP=(NEW,PASS), OSN=88GICX,

f1 DCB=(RECFM=VYBS,LRECL=16064,3LKS51ZE=13068) 6 UNIT=WK10,

/4 SPACE=C(TRK, (300,100

J1SYSIN pop x
2 3 54
IE]
J R KRR KK KK A KK KKK K R SR KR IO K OR KK R T KKK IO KK KR KKK KK K KR K
Ii=* DOT3.5  GAMMA CALC.
IR FT05 : READ OF SUMPLE INPUT DATA CARDS.
tix FTO8 : READ OF GICX40D CROSS SECTION.
[RES FT09 : WRITE OF FLUX FOR RESTART.
iz FT11 : WRITE OF ANGULAR FLUX FOR DOMIND.
IR E FT18 : READ OF FLUX GEUSS FOR REATART.
J KR R K KKK R SRR R KR K R K KKK K K K KKK R R KR K KR R R KK KKK K
Jf EXEC FORT7?7,50='42372.00T35¢,A="ELM(OUTER, TPSAVE, TPXF) ', Q=" FORT~

i EXEC FDRT??,SD=’J23?2.DUT35‘,A=’ELH(ALUCAT)',Q:.’FURT’,DISP=HOD
/¢ EXEC LKEDIT?7,LM=+J2372.D0T35°

{# EXEC GO

JIFTBAFOQ1 0D DCB=¢(BLKSIZE=137)

f/FTD1FC01 DD DISP=(,DELETE),DSN=8&FTO1,

i/ DCB=(RECFM=VBS,LRECL=19064,BLKSIZE=19068) ,UNIT=WK10,
77 SPACE=C(TRK, (100,500

f1FTO2F001 DO DISP=(,DELETE), DSN=8&FTO2,

41 DCB=(RECFM=vBS,LRECL=19064,BLKSIZE=19068) ,UNIT=WK10,
/7 SPACE=(TRK, (300,100

fIFTO3F001 BD DISP=¢,0ELETE) ,DSK=R2&FTO03,

/! DCB=(RECFM=vBS,LRECL=16064,BLKSIZE=19058) ,UNET=WK10,
{1 SPACE=(TRK,(300,100))

00419000
00019100
00019200

00032300
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
Q0033300
00033900
00034000
00G34100
00034200
00034300
00034400
Q0034500
00034600
00034700
30034800
00034900
00035000
00035100
00035200
00035300
00035400
00035500
00035600
00035700
00035800
00035900
00036000
00036100
00036200
00036300
00036400
00636500
*%00036600
00036700
00036800
00036900
00037000
00037100
00037200
00037300
00037400
00037500
00037600
%00037700
*00G37800
*00037300
*00038000
*00038100
*QQ038200
*00038300
*00038400
000383500
00038600
noo38v00
000383800
00038900
00039009
00039100
00039200
00039300
00039400
00039500
00039600
00G39700
00639800
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THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Dose Rate

/i{FT04F001 DO DISP=(,QELETE), D5N=8&&FTO4,

i DCB=(HECFM=VBS,LRECL=19064,BLKS[ZE=19068),UN[T?WKlOr
71 SPACE=(TRK,(300,1003)

/{FTO8FO01 DD DISP=C(OLD,DELETE)  DSN=48GICX,

1 DCB=(RECFM=VBS,LREEL=1906#,BLKSIEE=19068J,UNIT=WK10,
f/ SPACE=(TRK, (300,1002)

{4 EXPAND SLTAPE,DDN=FT09F001,DSN=’J23?2.DOTFLX?.DRTA’,MTV=OOISSS,
i P03=a,RECFN=VBS,RSlZE=13026,BSIZE=130?3,MTU=HT62,DEN=4
JJET10F001 00 DISP=(,DELETEY ,DSN=8&FT10,

H DEB=(RECFN=VBS,LRECL=19064,BLKSIEE=19068),UNIT=WKi0,
J1 SPACE=(TRK,(100,502)

JIET11FO0! DU DLSP=(,DELETE) ,DSN=8&FTI1,

i DCB=(RECFH=VBS,LRECL=19064,BLKSIZE=19068),UNIT=WK10,
p! SPACE=(TRX,€100,500)

JIFT12F001 0D DISP=(,DELETE),08N=38&FT12,

/4 DCB=(RECFM=vBS,LRECL=19064,BLKS1ZE=15068),UNIT=WK10,
PFOSPACE=C(TRK, (100,50))

JIFT13F001 OD DISP=¢(,DELETE),DSN=3&FT13,

/4 DCH=(RECFM=VBS,LRECL=19064,BLKSIZE=19068) ,UNIT=WK10,
!/ SPACE=(TRK, (100,500

JIFT14F001 DD DISP=¢OLD,DELETEY , DSH=24S0UR, SPACE=(TRK, (300,100,
/f DCB=(RECFM=YBS,LRECL=19064,8LKSIZE=19068) ,UNIT=VK10
JIFT1SFO01 D0 DISP=(,DELETEY,DSN=&&FT15,

47 DCB=¢RECFM=vBS,LRECL=19064,8LKS12E=19068) ,UNIT=WK10,
i SPACE=(TRK, (100,50

JiFT20F001 DD DISP=(,DELETE),DSN=88FT20,

it DCB=(RECFM=VBS,LRECL=19064,BLKSIZE=19068),UNIT=WK10,
ft SPACE={TRK,(100,50)?

f{FT21FQ01 DD DBL1SP=(,DELETE),DSN=3&FT21,

) DCE=(RECFH=VBS,LRECL=19064,BLKSIZE=19068),UNIT=WK10,
{4 SPACE=(TRK, (100,502

f{FT50F001 DD DISP=(,DELETE),DSN=8&FT21,

i DCE:(REEFM=VBS,LRECL:19064,BLKSIZE=19068),UNIT=UK10,
{f SPACE=(TRK,(100,502)

f{ EXPAND DISKTO,DDN=SYSIN,0S5N="J2372.THIDAZPK", =’ DATACDOTDATAZY "

4

IR

HHICLG J0B

/1 EXEC J4CLG

JISYSIN O3 DATA,DLM="++"

{1 JUSER 04392372,YA.SEKL,0017.01
T.1 €.5 %.0 [.2 P.O GRP
GPTP PASSWORD= LMEGCLASS=D

,','x#x‘xxxxxx*:ﬁ:n:u(x:«xu:xxxx:::k*xxn:x:x*x:kx:!xxxxxxx:r:k*‘::xxx:xx:xx****mrﬁ:«t#xx::*;x:!

Iix APPLE-2 DOSE RATE PLOTTING. J2372.THIDAZPK.DATA(APPLEY

//*+++++++++++++++++++++++++++++++++++++++++++++++*+++++++++++++++++++!

/1 EXEC FORT??
COMMON  DC2000003
LIMH=200000
CALL CLEARCO.0,D,LIMM)
CALL APPLECLIMM
STGP
END
/7 EXEC LKEDIT??,LH:’JEE?2.APPLEPNL',GRLIB=PNL,A=’LREP(JHF,JMPJ'
/4 EXEC GO
FIFTOBFOCGT 00 DCB=(BLKSIZE=137)
JIFT21F0GT 0B DISP=(,DELETE},DSN=388FT21,
i DCB=(RECFM=VBS,LRECL=1906&,BLKSIZEil?DéB),UHET=WK10,
/i SPACE=(TRK,(400,50))
JiFT23F001 DD DLSP=¢ DELETE),DSN=8&FT25,
i DCB=(RECFH=VBS,LRECL=19064,8LKSIZE=19068),UN1T=WK10,
/1t SPACE=(TRK,(100,50))
J/FT24F001 DD DISP=(,DELETE) ,D§N=8&FT24,
/i DCB=(RECFM=VBS,LRECL=19064,8LKSIZE=19068) ,UNIT=WK10,
f{ SPACE=(TRK,{(10G,50))
/IET27F001 DD DLSP=¢,DELETE), DSN=R&FTZT,
H DCB=(REEFH:VBS,LRECL=19064,BLKSIZE=19068),UN[TZUKiO,
{1/ SPACE=(TRK, (100,503}
t{ EXPAND DlSKTO,DDN=FTIOF001,DSN=‘J23?2.DUT&FLXI'
I* EXPAND TAPE,DDN:FT10FOOI,DSN='J2372.DUTFLX%.DATA',HTV=0213S?,
% POS=4,MTU=MTE2,DEN=4
{f EXPAND GRNLP,SYSOQUT=E

/1 EXPAND DILSKTD,DOM=FTO1F001,08N="J2372.APPLE’, =: DATA(GFLXDOSE)”

/x EXPAND DISKTO,DONM=FTO1FOQ1,DSN="J2372. AFPLE", =¢ . DATA{XS5135)"
/* EXPAND DISKTO,DON=FTO1F001,BSN="J2372.GICXKRMAY

I EXPAND DISKTD,DDN=SYSIN,DSN=’J23?2.THIDA2PK',Q:’.DATA(DOTAPLG)’

++
I
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N00&43500
00043600
00043700
00043800
00043900
00044000
00044100
00044200
00044300
00044400
00044500
00044600
00044700
00044300
00044900
00045000
20045100
00045200
000435300
00045400
000435500
00045600
DO045700
000435800
00045900
20045000
00045100
00045200
00046300
00046400
00045500
00046600
00046700
00046800
00045900
00047000
00047100

00000100
00000200
00000300
00000400
00000500
00000600
pLlelshxgoly)
00000800
20000900
00001000
00001100
000G1200
a0oo1300
00001400
00001500
00001600
00001700
00001800
000012900
00002000
00002100
00002200
00002300
000024060
00002500
00002600
00002780
00002800
00002500
00003000
00003100
00003200
00003300
00003400
0003300
00003600
00003700
00003800
00063900
20004000
00004100



JAERI 1301 Appendices

A.B.3 Three-Dimensional Problem

t1JCLG  JOB Q0000100
{4 EXEC  JCLG oono0200
FISYSIN G DD DATA,DLM="++- 00000300
{1 JUSER 16632372,YA,83EKI,0017.01,MORSE] 00000400
T.4 C.5 L.4 W.2  S5RP 00000500
OPTP PASSWORD= LMEGCLASS=X 00000600
,','!zxxxxx::xxx!»(:Kxxx:t::xxzxz:xmx:ﬂxxxx:xxxxxxxz:&xx!xxxx:ﬁxxxxrzxxixxxxlxzx QoQoarz7oo0
if= THIDA NEUTRON FLUX CALEULATION FOR 3-D MEUTRONLCS ARALISYS. ® G00003800
1ix PROGRAM CODE USE TO MORSE-L. ¢3-0 MONTE CALRD CALC. = 50000300
= NEUTRON FLUX FILE ON FT10F0O01. (EDIT OF NRUN) * Q0001000
1= JEL FILE --- J2372.THIDAZPX .DATA(MORSENZ} * 00001100
{ ,‘x!xxxxxxxxxxxxxxxxxxxx*xx:xxzxxxlxzxxzﬂxxx:xxxzxxxx!xxxxxzx*xxxxlez!x! 00001200
j%x EXEC FORT77,80=rJ2372.MORSEI",A="ELM{JNPUT, XSECY 00001400
/1 EXEC FDRT??,SU=’J23?2.ALBHCD’,'='ELH(HRUNSP)',Q=’.FURT' goa2 13943
fi EXEC FEORT77,50=-J2372.80URCES’, A='ELMCEJURLE) ", =’ _FORT’,DISP=MGD 00001500
17 EXEC LKEDIT77,LM="22372. MORSEL",GRLIB=PNL, A="LREPCJMF JHP) 000G15600
fi EXEC GO 00001700
JIFTO6FO01 DD DBC8=(BLKSIIE=13T) no001300
/1 EAPAND DISK,DBN=FTOI9F0O1 00001900
JIET10F001 0D DISP={NEW,CATLG,DELETE).DSN=J2372.5TMORFLN.DATA, 00002300
// DCB=(RECFM=v8S,LRECL=19064,BLKSIZE=19068) ,UNIT=0C010C, 00002400
i SPACE=(TRK, (30,103 ,RLS8E) 00002500
/f FEXPAND DISKTO,DON=FT14F001,DSN="J2372.87X542" 08002500
fx EXPAND OILSKTO,DON=FT20F001,DSK="J2372.0FPOWERT” 30002700
Q0002800

ir EXPAND DISK,D0N=FT51F001
/7 EXPAND DISKTG,DON=SYSIN,DSN="J2372.THLDAZPK", =/ DATA(MORDATAN} 00002900

++ 00003000
I 000032400
FHJELG JOB 000001300
ff EXEC  JLLG 00000200
FISYSIN DB DATA,DLM="++’ 90000300
¢! JUSER 16632372,YA.SEKI,0017,100 00000400

C.41.47.2W.0 GRP SRP 00000500

QPTP PASSWORD= SMSGCLASS=X 00000600
ffx!!xxxxxxxzzxxx:x:xxx:zxtxxxxzxx:xxxxxxxxxxx*xx:xxxxx:xxxxxxx:xtzx:xxxoDUUOTOO
/¢%x THIDA PROGRAM PAKAGE CODE. J2372.THIDAIPK,JATACMORSEACLT) *00000800
¥ STEP - 2 (ACT4&D *30000%00
Iix INDUCED ACTIVITY, DECAY HEAT, AND GAMMA-RAY SOURCE *00001000
= FT04 (SCALAR FLUXY TO FT{T(DECAY GAMMA-RAY SOURCE) *(}0001100
ffx!xxxzxxxzz*xxlxtxxxxxxxx:xxx:xxul:x:xzxzxxxzz:xxxx:axxxxtx!xxmzxz:x:xaoooi200
// EXEC LMGO,LM="J2372.ACT45NEW" gooois10
/IFT08FO01 DD DCB=(BLKSIZE=13T) 00001600
1t EXPAND DISK,DDN=FTO1FQO1 20001700
/i EXPAND OIL3K,DDN=FTOZFGQO1 50001800
J1  EXPAND DISK,DON=FT20F001 00001300
it EXPAKD OISK,DDN=FT18§F0O01 ¢G0002000
/1 EXPAND GRNLP,SYSOUT=E noogz2100
JIFT17F0C% DO DISP=(NEW,CATLG,DELETE) ,0SN=J2372.3THORGS.DATA, goQe2200
/! DCB=CRECFM=YBS,LRECL=19064,B8LKSIZE=19068),UNIT=00010C, 00002300
{1 SPACE=(TRK,(30,10),RLSE) 00002310
/I EXPAND DISKTG,DDN=FTO4F001,DS8N=°J2372.3THCRFLN' 40002400

/! EXPAMD DISKTO,DON=FTO8F001,08N=’J2372.CHAINLIA",Q=".DATA(CHE2)" 00002500
J{ EXPAND DISKTO,DON=FTO9FQQ1,08N=/J2372.CROSSLIB",Q=" . DATACCRER)” 00002600
J/ EXPAND ODISKTO,DON=FT10F001,DSN=‘J2372.GAHMALIB" Q=" .DATA(GAHE2)" 00002700

/! EXPAND DISKTO,DDN=SYSIN,DSH=-J2372.THIDA2PK’, Q=".0ATA{MORACT)” 00002800
++ 00002900
40003000

1)
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THIDA-2 : An Advanced Code System for Calculation of
Transmutation, Activation, Decay Heat and Pose Rate

J1JCLG  JOB
jf EXEC JCLG
J7SYSIN DD OATA,DLM="++"
11 JUSER 04392372,¥A.SEKI,0017.01
T.4 C.5 [.3 ¥.2
QPTP PASSWORD= ,MSGCLASS=D

,l_f:u:xx:xx*xx::xx:x:xtx*xx:xxxxzxxx:zxzx*x*xxxxx:«xzx-:;xxxxx::*mx*xzxxxs:x::x:ﬂx!
Hix THIDA GAMMA-RAY FLUX CALCULATION FOR 3-D NEUTRONICS ANALISYS. *
Iix SHUTDOWN GAMMA-RAY FLUX FILE DN FTI10FD01. (EDIT OF NRUND *
(] JCL FILE --- 12372 . THIDASPK.DATA(MORSEGDD *

/ ,'x:«xxxx#x**x*zxxzxxzxmxmxxxx:uxxxxxx*z:zz*sxx*xzzx#.m:&:xxxx:u:xxxx:zx*x‘xxxz:ﬁ

ti  EXEC FORTT?7,80="J2372.HTHIDA", =7, FORT’,A="ELN(x) ", DISP=MOD

;i EXEC FODRTT7,80='J2372.ALBMCD", =/ FORT’,A="ELM(NRUNSP) ,DIS8P=H0D
/i EXEC FORT??,SO='J23??.HDRSEI’,Q=’.FDRT’,A=’ELH(JNPUT)’,DISP=NOD
i1 EXEC LKEDIT??,LN=’J?3?2.HORSE[’,A=’LREP(JMF,JMP)’

/t EXEC GG

[JFTO8F001 0D DCB={8LKS[ZE=137)
11 EXPAND DISK,DDK=FTO9F0O1
f!  EXPAND DISK,DOKN=FT10FOO1

}f  EXPAND DISKTO,DON=FT14FOO1,DSN=’J23?2.THIDXSS&'
i EXPAND UESKTU,DDN=FT1?F001,DSH='J23?2.MORAETS’

{1 EXPAND DLSK,DOK=FT51F001
11 EXPAND DISKTD,DDH=SYSIN,DSN='J23?2.THIDA3PK’, =+  DATACMDROATAGY
++

1N

JAERI 1301

00035700
00035800
00035900
00636000
00036100
000361200
00036300
00035400
00036500
00036600
00036700
00036800
00036800
g0037000
00037100
00037200
00037300
00037400
00037500
0037600
0Qo37700
00037800
Q0037900
000384900
00038100



