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The calculation of the necessary thickness of a lead container for the transportation of the TeO.
and MoO; samples, which were irradiated in the Dalat reactor (fuel is U-Al alloy, 36% enrichment
235()), is carried out by using ORIGEN2 and QAD-CGGP2 codes. In calculation, cross section library
of PWR type (fuel is ?**U-low enriched UO2) is used. For the convenience of comparison with
experimental data, the calculation conditions are similar to the real conditions in the Dalat reactor.
The calculation and experimental results were corresponding well each other in spite of the use of the
cross section library of PWR type. It means that the calculations by using ORIGEN2 and QAD-CGGP2
codes with cross section library of PWR type are acceptable and could be used in calculations of

activity and radiation shielding for different irradiation compositions in the Dalat reactor.
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1. Introduction

The Dalat reactor is a pool type research reactor, which was re-constructed from a 250 kW
TRIGA-MARK II reactor. During the reconstruction, the nominal reactor power was increased to
500 kW. The main purposes of the Dalat reactor are radioisotope production, neutron activation
analysis, research and training. In the radioisotope production, samples are irradiated in the
neutron trap with neutron flux about 2:10"neutron cm?s!. Two main products in the Dalat
reactor with high activity are '*'I and **™Tc, which are processed from irradiated TeO, and MoOj;
targets. After the irradiation, the samples are pulled out from the reactor core and placed in a lead
container and transported from the reactor room to a hot cell by human power. Thus, the problem
of radiation protection for workers should be considered by evaluating the necessary thickness of
lead container.

In this report, the calculations of activation strength and the necessary thickness of lead
container for the transportation of the irradiated samples, TeO, and MoO; , are described.

2. Calculation
2.1 Calculation Codes

Two calculation codes used in this problem are ORIGEN2 [1] and QAD-CGGP2 [2].
The ORIGEN?2 code is used for calculating the photon characteristic of radio-nuclides produced
in the irradiated samples during the reactor operation. It is a versatile point-depletion and
radioactive decay computer code for use in simulating nuclear fuel cycles and calculating the
nuclear compositions and characteristics of materials contained therein. It represents a revision
and update of the original ORIGEN computer code, which was developed at Oak Ridge National
Laboratory (ORNL) and distributed worldwide beginning in the early 1970s.

QAD-CGGP2 code is used for evaluation of dose at various points outside the lead
container. It is a computer code for the shielding design of reactors, nuclear facilities and
radioisotopes, developed in the Japan Atomic Energy Research Institute (JAERI). The QAD-
CGGP2 is a point kernel calculation code and is the revised version of QAD-CGGP. In this
version, the build-up factors for elements calculated with the DLC-15 photon cross section [3] are
replaced by those calculated with the PHOTX photon cross section [4].
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2.2 Calculation Conditions and Parameters
(1) Input Data for ORIGEN2 Code

To calculate radioactivity and photon characteristics of irradiation samples by using
ORIGEN?2, the necessary parameters for input are:

- Weight of **U in the reactor core

- Thermal power of reactor

- Weight of elements in target composition

- Irradiation time

For the present study, the above parameters are given in Table 1. Those parameters are
the same as the real conditions in the Dalat reactor. In Appendix A, is shown the working
configuration of the reactor core.

Table 1 The parameters for INPUT data of ORIGEN2 code

Parameter Value
-Weight of *°U (kg) 3,5
-Thermal power of reactor (kW) 500
-Weight of TeO, target (g) 100
-Weight of MoO; target (g) 5
-Weight of Al-container (g) 100
-Irradiation time (h) 100

The TeO, and MoOj targets are contained in an Al-container and irradiated in the central
channel of reactor core. Thus, the target compositions are TeO,+Al and MoO;+Al. The Al-
container is a cylinder with size of inner diameter 2 cm, thickness 3 mm and height 20 cm.

In the calculation, the cross sections library for PWR type was used and photon decay
parameters are read from the photon decay library for activation products. A sample of input
deck for ORIGEN2 code is shown in Appendix B.

(2) Input Data for QAD-CGGP2 Code

The output data of the ORIGEN2 calculation about the activity and the photon
characteristics of radio-nuclides produced from the irradiated compositions of TeO,+Al and
MoO;+Al were used as the input data for QAD-CGGP2 code. The geometrical parameters of the
calculation configuration are shown in Fig 1. With this configuration, QAD-CGGP2 code makes
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use of the cylindrical coordinate system. The coordinate origin is at the center of the bottom of
the lead container. Evaluation points are at half height of the lead container and at radial distance
0.0, 50 and 100 cm from the lead container surface. A sample of the input deck for QAD-CGGP2
code is shown in Appendix C.

/// —> /d <+ Calculation points
- 2%
I A / 50cm 50c
5 T ? % > < ~ >
& E
3
11 7 1o
VA _// . Irradiation composition
—*§2cm ] .
-4 cm__y -d Thickness of lead

Fig.1  Lead container and irradiation composition for shielding calculation

3. Calculation Results and Discussions

A lot of information is given by ORIGEN2 output. However, only the information about
activation products such as radioactivity, photon emission rate is necessary in the present
problem. The radioactivity of nuclides was used for the comparison of the calculation results of
ORIGEN? with those calculated by using the basic activation equation. The basic activation
equation is as follows:

A(Cl) = ’Zo'a-;tg Noom (I_e-ft?‘)e-k

where, m; weight of target isotope (g), Oy ; activation cross section of isotope (barn), ¢; thermal
neutron flux (n/cmz/s) at irradiation position determined by experiment, N, ; Avogadro number
(6.023x1023), A; mass number of target isotope, A ; decay constant of radioisotope, T ; irradiation
time, ¢ ; cooling time.

The purpose of this comparison is to examine the adequacy of the use of the cross section
for the PWR type in this case. In Table 2 are shown the activities of radio-nuclides produced in
the activation process of TeO,+Al and MoOs+Al compositions. The comparisons revealed that
the results by two methods are corresponding with each other. It indicates that the use of the
cross section of PWR type in this problem is acceptable.
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Table2  The calculated results of the activity of radio-nuclides produced in irradiation
compositions TeO,+Al and MoO;+Al (irradiation time 100 h, cooling time 0 h)

Radio-nuclides Activity (Ci) | Ratio Radio-nuclides Activity ( Ci) | Ratio
produced from (H/(2) produced from (/@2
TeO,+Al (1) ) MoOs+Al ) @
24 24
Al origin Na | 044 * . Na | 0.44 *)
BAl 50.8 * BAl 50.8 *
1BmTe | 0.24 0.28 | 0.86 Mo | 1.16 1.33 | 0.87
Te origin 2Te | 37.7 404 | 093 | Moorigin | Mo | 045 0.52 | 0.87
1PTe 17.2 20.1 0.86 ®mTe | 0.97 1.14 | 0.85
Blre | 5.90 6.53 | 092 Olre | 045 0.48 | 0.94
Blmpe | 0.39 0.43 | 0.90
B 1.86 2.12 | 0.88
Total 116.8 Total 56.4

(1) Calculation by ORIGEN?2 code.
(2) Calculation using basic activation equation with the experimental parameters
(*) Not calculated

In Table 2, the total activity of irradiation compositions includes two parts: the activity of
target materials (TeO, and MoOs) and activity of Al container. The energies of gamma rays
emitted from the radio-nuclides created in TeO, and MoO; are mainly lower than about 1 MeV,
while the energies of gamma rays emitted from radio-nuclides created in Al, are very high,
especially, isotope 2*Na. The **Na is created from the reaction 2 Al(n,00)**Na (Ey=1368 keV,
2754 keV, Ty=15h). In this Table, all of the values of activity in the column (2) are higher than
one in the column (1). It can be explained that the fuel used in the Dalat reactor is enriched to
high concentration of 2**U (36%) compared with that of PWR. Therefore, the energy spectrum of
the Dalat reactor is softer, specially, in the neutron trap because of the absence of uranium. The
neutron flux used in ORIGEN2 is obtained by averaging in the all volume of active region, while,
in the calculation using the basic activation equation with the experimental parameters, the
neutron flux is the value in the neutron trap where it is the maximal value in the active region.
These facts will give rise to column (1) values lower than those in column (2).

In the case of the calculation for MoO3+Al composition, *™Tc is one of high activity
isotopes. However, *™Tc does not appear in the original decay library of ORIGEN2. In the
original decay library, only the transition Mo —— **Tc is obtained. In ORIGEN2 code, the
matrix exponential technique is used and the transitions with large decay constants are
approximated to “instantaneous” ones; it means that, if the decay constant for B is large (i.e., B is
short-lived) in a decay chain A— B— C, the matrix is reformulated as if C were formed from A
directly. Thus, **Tc are directly formed from **Mo, and **™Tc does not appear in ORIGEN2
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output. In the irradiation, %Tc is produced from *Mo by two branches. The decay scheme is as

follows:
Mo (Ti.=264d) 82%  S9™TC (Tyn=6h)
18 %: 1100%
9

Tc

Therefore, in the present case, the decay data of #™Tc was filled up in the decay library.

The photon emission rates of the irradiated target composition in the output data of
ORIGEN? after 2 days cooling time are given in Table 3. The photon emission rate is given for
each energy group as a function of cooling time. That is necessary as the input data of QAD-
CGGP2 code. In ORIGEN2 code, the photon energy spectrum from 0 to 10 MeV is divided into
18 groups. However, in the present case, the photon energy spectrum is spread in the range from
0 to maximum 5 MeV and divided into 16 groups.

Table 3 The calculated results of the photon emission rate for irradiation compositions TeO,+Al
and MoO;+Al by ORIGEN?2 code
(irradiation time 100 h, cooling time 2 days)

Upper energy of group Photon emission rate for Photon emission rate for
(MeV) TeO,+Al (photons/s) MoO;+Al (photons/s)
1.000E-02 1.44E+10 8.11E+09
2.500E-02 1.28E+10 1.47E+09
3.750E-02 3.32E+09 1.18E+09
5.750E-02 2.19E+09 1.20E+09
8.500E-02 2.84E+09 6.91E+08
1.250E-01 2.17E+09 1.87E+09
2.250E-01 1.17E+10 1.77E+09
3.750E-01 4.90E+10 4.74E+08
5.750E-01 6.60E+09 7.62E+07
8.500E-01 5.43E+09 3.86E+09
1.250E+00 3.27E+09 1.93E+09
1.750E+00 1.39E+08 8.90E+03
2.250E+00 1.19E+08 7.62E+01
2.750E+00 1.77E+09 1.77E+09
3.500E+00 1.21E+06 1.21E+06
5.000E+00 1.26E+04 1.26E+04
Total 1.16E+11 2.44E+10

The calculated dose by irradiation composition TeO,+Al at different distances is presented
in Table 4 for different thickness of lead container. The calculated doses at 1 m from the lead
container for TeO,+Al and MoOs;+Al are compared in Table 5 and Fig. 2.
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Table4 The dose by TeO,+Al calculated at different distances
and for various thickness of lead container

Thickness of Dose at various distances from lead container surface (mR/h)
lead(cm) 0cm 50 cm 100 cm

5.0 1539 46.4 14.0

6.0 600 26.7 7.90

7.0 281 15.6 4.70

8.0 132 9.1 2.85

9.0 62 54 1.71

,—\2 T T T T T T T T T T L T T T T T T T T 1 T T T T
a S [ T T ]
T F 9 )
220 [ \ R ———— ]
A L o\ | —©— Dose of TeO 2+A1 composition i
L. \ \ 5 -
15 - ; ~B— Dose ofMoO3+Alcomposition ______ N
10 N e .
5 _""'"""""'""""""""'\"'\\?5: :\' """""" 2 .'5' R/'h""""i’ """"""" :
: ' ~~\\Q\é nl : .__
: | T ]
0 1 i | 1 I 1 ] 1 i [ ] 1 1 )3 [ 1 1 L 1 I 1 1 i i I 1 1 I 1

4 5 6 7 8 9 10

Thickness of lead (¢

Fig. 2  The calculated dose for different thickness of lead container
(Distance of 100 cm from the container surface)

m)
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Table 5 The calculated dose at distance of 100 cm from the lead container
surface for TeO,+Al and MoO;+Al compositions

Thickness of lead | TeO,+Al composition MoOs+Al composition
container (cm) (mR/h) (mR/h)
4.5 22.8 17.8
5.0 14.0 11.0
6.0 7.90 6.75
7.0 4.70 4.18
8.0 2.85 2.60
9.0 1.71 1.61

Table 6 The calculated dose for various energy ranges of gamma rays at distance
of 50 cm from lead container surface, thickness of lead container 5 cm.

Energy range TeO,+Al composition | MoOs+Al composition Al container
(keV) (mR/h) (mR/h) (mR/h)
<300 <6.0 E-16 <1.0E-16 <1.0E-18

300 - 375 1.11E-03 1.12E-05 4.2E-07

375 - 575 2.61E-01 3.15E-03 2.6E-04

575 - 850 6.40E+00 3.23E+00 7.0E-04

850 - 1250 1.27E+1 7.80E+00 7.5E+00
1250 - 1750 1.18E-02 7.80E-05 2.8E-06

1750 - 2250 1.44E-03 9.40E-07 9.1E-07
2250 - 2750 2.63E+01 2.62E+01 2.62E+01
2750 - 3500 2.13E-02 2.12E-02 2.12E-02
3500 - 5000 2.72E-04 2.72E-04 2.72E-04
Total 46.32 38.10 34.00

Table 5 shows that the doses of TeO,+Al and MoOs+Al compositions are similar
as the thickness of lead container increases. If the thickness of lead container is
increased, the radiation dose outside of the lead container is mainly contributed by high-
energy gamma-rays. This conclusion is also displayed in Table 6. Thus, the dose by
?*Na is an important part of the total dose in transporting the irradiation compositions in
the lead container. The 2*Na, as above discussed, is created from reaction 2’ Al(n,0))**Na.
The effective cross-section of this reaction depends on the neutron energy spectrum at the
irradiation position. Therefore, the difference of energy spectra of the Dalat reactor and
PWR should be considered. This problem will be studied in detail after this report.
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Table7  The calculated and experimental doses at various distances from
surface of lead container with thickness of 5 cm ( Dose : mR/h)

Distance from MoO;+Al composition TeO,+Al composition
container(cm) | Calculation | Experiment | Cal/Exp. | Calculation | Experiment | Cal/Exp.

0 1451 1540 0.94 1539 1620 0.95
50 38.1 45 0.85 46.4 52 0.89
100 11.0 13 0.85 14.0 15 0.93

- Cal/Exp. is ratio of the calculated dose to experimental one

The calculated and measured doses are compared in Table 7 for the distances of 0,
50 and 100 cm from the surface of lead container. The experimental dose is measured
with a dosimeter. The results showed that the difference between the calculated and
experimental values is only about 5-15 %. It can be noticed in Table 2 that the activity
of radio-nuclides calculated by ORIGEN2 is also about 5 — 15 % less than activity
calculated by using a basic activation equation with experimental parameters.

From Fig.2 we can determine the necessary thickness of lead container. If we
choose 2.5 mR/h as the acceptable dose level at distance 100 cm from the surface of lead
container, the necessary thickness is 8.2 cm.

Thus, from the calculation and experimental studies, we conclude the following:

In spite of the use of the cross section library of PWR in the calculation, the
calculation results for activity and dose of irradiation composition of TeO,+Al and
MoOs+Al agreed with those by experimental methods within errors of about 5 - 15 %.
Therefore, the calculations by ORIGEN2 and QAD-CGGP?2 codes with the cross section
library of the PWR type are acceptable for the activity and dose evaluation in the TeO,
and MoOs irradiation. It will also be able to be applied to the estimations of activity and
radiation shielding for different irradiation compositions in the Dalat reactor.
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Appendix A A plan view of the working configuration of the Dalat reactor core

The Dalat reactor core is cylindrical type, including 100 fuel rods of WWR-M2
bundle type, 7 control rods, 4 irradiation channels, graphite and beryllium blocks. The
radius and height of active region are 20.8 cm and 60 cm, respectively. The working
configuration of Dalat reactor is shown below.

Working configuration of Dalat reactor

O Fuel element ® Beryllium block
Control rod Beryllium

@ Irradiation channel Neutron trap
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Appendix B A sample of input deck for ORIGEN?2 code calculating activity of
TeO,+Al compeosition

1

2 92110

3 -1

4 -1

5 -1

6 RDA ORIGEN?2, VERSION 2.1 (16-10-1997) SAMPLE PROBLEM
7 RDA CALCULATION ACTIVITY OF TELLURIUM
8 BAS 100 GRAMS TELLURIUM

9 CUT 7 0.001 -1

10 LIP 000

11 LPU -1

12 LIB 012-3-204-205-20693-200

13 PHO -101 -102 -103 10

14 OPTL 4*87 87 17*8
15 OPTA 24*8
16 OPTF 24*8

17 TIT COMPOSITIONS OF UNIT AMOUTS OF TELLURIUM AND
STRUCTION MATERIALS

18 RDA -1=READ FUEL COMPOSITION INCLUDING IMPURITIES (3.5 KG)

19 INP -11-1-111

20 MOV -1101.0

21 HED 1

22 BUP

23 IRP 1000512 32

24 IRP 200052330

25 IRP 500053430

26 IRP 70.00.54530

27 IRP 1000055630

28 IRP 120.00.56730

29 IRP 150.00.57830

30 IRP 170.0058930

31 IRP 200.00.591030

32 IRP 250.00.5101130

33 IRP 300.00.5111230

34 BUP

35 MOV 12-1001.0

36 STP 2

37 2 92340 0.0 92350 3500 922380 0.0 0 0.0

38 0

39 STP 2

40 RDA -2=READ 100 GRAM TELLURIUM



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

INP
RDA
INP
MOV
ADD
IRF
IRF
IRF
IRF
IRF
IRF
IRF
IRF
IRF
IRF
IRF
OouT
MOV
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
ouT
ouT
END

S, O N
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21-1-111
-3=READ 100 GRAM ALUMINIUM
31-1-111
-2101.0
-3101.0
100-1.01234
200-1.02330
50.0-1.03430
70.0-1.04530
100.0-1.05630
120.0-1.06730
150.0-1.07830
170.0-1.08930
200.0-1.091030
250.0-1.0101130
300.0-1.0111230
121-10
12101.0
201244
1002340
2003440
3004540
4005640
5006740
6007840
70.08940
80.091040
90.0101140
1000111240
121-10
-121-10

520000 100.0 0 0.0

130000 100.00 0.0



JAERI-Research 98-037

Appendix C A sample of input data deck for QAD-CGGP2 code calculating dose

Nolie BN Be SRV I -SRI )

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

outside of lead container
(distance from surface of lead container 50 cm, thickness of lead 5cm)

CALCULATION OF GAMMA RAY SHIELDING FOR IRRADIATED
TEO,+AL COMPOSITION
1040521111610 1100000
1.0E+00 0.0 0.0 0.00.00.00.0
0.00.10.20.30405060.70.8091.0
4.04.55.0556.0657.07.58.0859.0
9.510.010.511.011.512.012.513.013.514.0
145 15.015.516.016.517.017.518.0 18.5 19.0
19.520.0 20.521.021.522.022.523.023.524.0
0.0 0.025323 0.050645 0.075968 0.10129 0.12661 0.15194 0.17726
0.20258 0.22790 0.25323 0.27855 0.30387 0.32919 0.35452 0.37984
0.40516 0.43048 0.45581 0.48113 0.50645 0.53177 0.55710 0.58242
0.60774 0.63306 0.65839 0.68371 0.70903 0.73435 0.75968 0.78580
0.83411 0.88322 0.93234 0.98145 1.0306 1.0797 1.1288 1.1779
1.2270 1.2761 1.3252 1.3743 1.4235 1.4726 1.5217 1.5708
1.88502.1991 2.5133 2.8274 3.1416
GEOMETR DATA
RCC 1 0.000E+00 0.000E+00 5.010E+00 0.000E+00 0.00E+00 2.500E+01
1.000E+00
RCC 2 0.000E+00 0.000E+00 5.000E+00 0.000E+00 0.000E+00 3.500E+01
2.000E+00
RCC 3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.000E+01
7.000E+00
SPH 4 0.000E+00 0.000E+00 0.000E+01 1.000E+03
END
ZON 1
ZON -12
ZON -23
ZON -34
END
1234
1 1000 2 1000
11 8 52 82
LEAD EXP 8.73 LEAD
0.31900.2720 0.0
0.00011.34
0.0100 0.0250 0.0375 0.0575 0.0850 0.1250 0.2250 0.3750
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0.5750 0.8500 1.25 1.752.252.753.5 5.0
1.44E+10 1.28E+10 3.32E+9 2.19E+9 2.84E+9 2.17E+9 1.18E+10 4.90E+10
6.60E+9 5.43E+9 3.27E+9 1.39E+8 1.19E+8 1.77E+9 1.21E+6 1.264E+4
3.05E-3 4.34E-4 1.981E-4 1.218E-4 1.327E-4 1.986E-4 4.042E-4 7.239E-4
1.119E-3 1.598E-3 2.182E-3 2.804E-3 3.339E-3 3.826E-3 4.496E-3 5.718E-6
0.00.00.00.00.00.00.00.0
0.0 0.00.00.00.00.00.00.0
0.01-5.00
0.01 0.025 0.0375 0.0575 0.0850 0.125
0.225 0.375 0.575 0.850 1.25 1.75
2.252.753.55.0
PHOTONS /CM**2/SEC MR PER HOUR

57119000 0000

0 0 0 -1000
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CALCULATIONS OF ACTIVATION AND RADIATION SHIELDING OF SAMPLES IRRADIATED IN DALAT REACTOR USING ORIGEN2 AND QAD-CGGP2 CODES




