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Fig. 20 X-directional dose rate distributions measured in front of the 
shield. 

Dose rates in front of the shield a:re determined by the components (3), 
(4), and (5). The contribution of the component (4) can be approximately 
estimated with the measurement for the configuration of which no shield in 
the cavity and the rear door is open. In this territory, the main contribution 
of the component (5) is considered due to the ga1mma rays penetrating 
through the shield and then reflected at the rear wall. This contribution can 
be estimated with the difference of doses measured iln the two configura-
tions in which no shield in the cavity with the rear door open or closed. This 
amount resulted in negligible small at measurement positions in front of the 
shield. Thus, dose rates corresponding to the component (3) were obtained 
by eliminating only the contribution of the component (4) from measured 
dose rates. They are shown in Figs. :21-23 by comp2Lring with calculations 
based on the above formula. 

Since the first slabs of・ the CIL and ICL arrangernent are thick enough 
from the point of view of albedo, calculations using the albedos of concrete 
and iron can be considered corresponding to the measurements for the CIL 
and ICL arrangement, respectively. Actually, these calculations agree well 
with measurements except X-40 cm far D = 90 cm where the component (4) 
is probably included in measured values. Large differences are seen between 
the measurements for the LCI and LIC arrangement and the calculations 
using the albedo of lead. It may be said that underestimations occur・ at 
reflection angles less than about 82 deg. where experirnental results are close 
to calculations for concrete or iron which is the second layer of the LCI or 

(141) 



26 

゜76.0° 80.5゚ 82.9° 84.3° 85.2° 

Cal.―Concrete 
----Iron 
ー・- Lead 

‘ヽ
 ｀
 

喜

，
｀
 

¥

‘

¥

[

」

2

9
 

0

0
 

~
 

ーミ

w
．マ
q
・

モU
)
a
•D~ 

8
5
0
0
 ¥〉△▽

＼
 

40 60 80 100 120 
X (cm) 

Fig. 21 Comparison of measured and 
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the front wall. 
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120 

LIC arrangement. The front lead slab in the LCI or LIC arrangement is 

2.5 cm in thickness which is too thiin to calculate the reflection from the 

LCI or LIC shield using the albedo of lead. Therefore, the effect of the 

second layer must be included in the calculations for the LCI or LIC arrange-

ment. Good agreement is seen at reflection angles above about 82 deg., that 

is, X > 60 cm for D = 20 cm. This is probably due to large slant paths in 

lead at large reflection angles. For example, the slant path in lead is 15.1 

cm at 80.5 deg. and increases to 20.2 cm at 82.9 deg. Thus, the 2.4 deg. 

increase of reflection angle turn out the 5.1 cm increase of the slant path, 

and experimental results become closer to the calculated values rapidly. 

From these analysis, it can be concluded that the dose rate distribution 

in the region of X > 40 cm in front of shield is determined mainly by gamma 

rays reflected from the front surface of the shield. In this experiment, ・the 

streaming component due to multi-scattering between the front wall and the 

shield is not a main component. Good agreement between calculations and 

measurements indicates that Chilton and Huddreston's data are accurate 

enough to use them in this type of sin1ple calculations. 

Dose rate distributions on the line X = 120 cm for six CIL arrangements 

are shown in Fig. 24. In the figure, a peak is found that seems to move from 
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the incident hole to the slant direction. This is the component (4) which 
plays important role in the calculation described in the next chapter. 

4. CALCULATIONS 

For two CIL configurations having the gap width D = 50 or 90 cm, cal-
culations were carried out using the PALLAS two-dimensional discrete 
ordinates transport code<9) and the MORSE Monte・carlo code.<10) PALLAS 
calculations in two-dimensional RZ g,sometries were performed for the case 
of P = 50 cm only. A geometrical mtodel taken in calculations is shown in 
Fig. 25. The origin of the coordinates was taken at the core center where a 
point source was placed. R-directional dimensions of the shield and the con-
crete cavity were determined so as to conserve actual geometrical cross 
sections. Thus, a cylindrical shield with a radius of 56 cm was placed in a 
cylindrical cavity with a radius of 1•4 7 cm. The front wall and three iron 
slabs were replaced by a 35-cm-thick concrete wall to keep the length of the 
lead lining of the incident hole, since llt was found, through calculations, that 
the gamma rays reflected at the le.ad lining play important role in the deter-
mination of dose rate distributions in the cavity. 

To express the R-directional distribution of incident gamma rays, tw。
types of absorbers were placed at the location corresponding to the outlet of 
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the experimental hole as shown in Fig. 25. The outer absorber is a "black" 
one which absorbs all gamma rays incident on it and the inner absorber is a 
"gray" one which absorbs only 36 percent of gamma rays incident on it. 
These two absorbers reproduced the radial distribution of the incident 
gamma rays fairly well,as shown in Fig. 26 with dotted lines. 
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Calculations were carried out from 8.25 Me V to 92 ke V with 30 energy 
mesh points and with 28 angular mesh points taken on a hemisphere of 
which polar angles are given in Table 26. Comparisons of measured and 
calculated dose rate distributions on Z-directional traverses are shown in 
Figs. 27 and 28. Good agreement is found in front of the shield except on a 
line of X = 20 cm where a steep gradient of dose rates is seen in the X-
direction. Good agreement is also seen behind the shield. However, large 
inconsistencies are found in the side ailr region of the shield. There are un-
realistic peaks in the calculations. It seems that a peak moves from the 
incident hole to the direction corresponding to the angle 0 3 in Table 26. 
The ref ore it was expected that this is due to the ray-effect arising from 
inaccurate treatment of the gamma rays scattered at the incident hole. 

If this inference is true, this proble:m will be solved by calculating uncol-
lided gamma rays from the incident hole analytically. Then, calculations 

Table 26. Polar Angles of the 
Angular Quadrature Set Used 

in PALLAS Calculations 

1
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Fig. 27 Comparison of measured and calculated dose rate 
distributions on Z-directiorial traverses in the CIL 
configuration of D = 50 cm. 
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were divided geometrically into two steps. In the first step, calculations 
were carried out from the source to the inner surface of the front wall. In 
the second step, the boundary fluxes obtained by the first calculations were 
treated as the source from which uncollided gamma rays were calculated 
analytically. As shown in Fig. 29, an improvement is seen in calculated 
results. Therefore, the above inference on the ray-effect is acceptable and 
the method applied in the second calculations is effective to improve the 
calculational accuracy. 

In these calculations, incident gaimma rays were divided into two com-
ponents, that is, onei entering into the cavity without interacting with the 
materials of the front wall and the other mainly scattered at the incident 
hole. Dose rate distributions due to the two components紅eshown in Fig. 
30, which indicates that the scattered gamma rays at the inner surface of the 
incident hole・ play imtportant role in the determination of the dose rates on 
the traverse of X = 60 cm. Consequently, it is quite important to pay 
attension to the scattered gamma rays at the duct outlet in this kind of 
problem. 

Monte Carlo calculations were carried out for two OIL configurations of 
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D = 50 cm and 90 cm. Accurate geometrical models were taken. Incident 
gamma rays were emitted from a disk source of 40 cn1 in diameter placed at 
the position P。.Theywere sampled uniformly in a cone having an opening 
angle of 5 deg. around the axis. The radial distribution of measured incident 
gamma rays was accurately・ reproduced in. calculations. The DLC-23 cross 
section file was used, so that P3 calculations were carriled out with 18 energy 
groups of which boundary energies are given in Tablle 27. The number of 
histories were chosen so that fractional standard de,riations would be less 
than 0.1, which resulted in about five thousands. 

Comparisons of measured and calculated results in front of and behind 
the shield are shown in Fig. 31 for D = 50 cm and F'ig. 32 for D = 90 cm. 
Fairly good agreement is found in these areas except on the line X = 20 cm 
where extremely steep gradient of dose rates are seen. Comparisons of 
measured and calculated results in the side of the shield are shown in Fig. 33 
for D = 50 cm and Fig. 34 for D = 90 cm. In spite of fairly good agreement 
seen in the case of D = 50 cm, ratheir large disagreen1ents are found in the 
case of D = 90 cm. As a cause of these disagreements;, inaccurate treatment 
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of photon scattering with恥 crosssections is considered. In these figures, 
only fractional standard deviations larg;er than 0.2 are indicated. 
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Table 27. Ernergy Group Structure of MORSE Calculations 

Group 

No. 
Energy Range (Me V) 

Group 

No. 
Energy Range (Me V) 

1

2

3

4

5

6

7

8

9

 

1.00 + Ola -

8.00 + 00 
6.50 + 00 
5.00 + 00 
4.00 + 00 
3.00 + 00 
2.50 + 00 
2.00 + 00 

1.66 + 00 

8.00 + 00 
6.50 + 00 
5.00 + 00 
4.00 + 00 
3.00 + 00 

2.50 + 00 
2.00 + 00 
1.66 + 00 
1.33 + 00 

10 
11 
12 
13 

14 

15 

16 

17 

18 

1.33 + 00 
1.00 + 00 
8.00 -01 
6.00 -01 
4.00 -01 
3.00 -01 
2.00 -01 
1.00 -01 
5.00 -02 

1.00 + 00 
8.00 -01 
6.00 -01 
4.00 -01 
3.00 -01 
2.00 -01 

1.00 -01 
5.00 -02 
1.00 -04 

aRead as 1.00 x 101 
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5. CONCLUSION 

The following conclusions are obtained from the analysis of experi— 

mental data on the shield for leakage gamma rays from a duct. 
1. For the penetration component, a better shielding effect can be obtained 
by setting heavier materials to the source side. 
2. The same conclusion is obtained for the leakage component. 
3. The reflection component can be calculated by using a simple formula 
and Chilton and Hudldreston's albedo data. 
4. The gamma rays scattered at the inside of the duct outlet play important 
role in the problem ・of additional shield. 

Experimental data obtained for twenty shield configurations can be used 
to assess calculations of the effect of additional shields for leakage gamma 
rays from ducts. In calculations with the discrete ordinates transport code 
PALLAS, the ray-effect was found in the case of straight forward calcula-
tions because of inaccurate treatment of gamma rays scattered at the duct 
outlet. This problem was solved by performing analytical calculations for 
gamma rays scatter,ed at the duct outlet and going to detection points 
without any collisions. Monte Carlo calculations with the MORSE code 
gave. fairly good results in the configuration of D = 50 cm, however, large 
disagreements were found between measured and calculated results in the 
configuration of D = 90 cm. The cat1se of the disagreement was not clarified 
in this study, howeve!r, it was conside,red that one of the reasons is inaccurate 
treatment of photon scattering with恥 crosssections. 
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