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 We, The Japan Atomic Power Company, have already started preparatory tasks for decommissioning of 
Tsuruga Nuclear Power Station unit 1 (TS-1), a small type BWR. Radiological characterization of the plant is 
one of important task of these tasks. We have performed radioactivity distribution calculation as radiological 
characterization around the reactor in Primary Containment Vessel (PCV) and in Biological Shielding Wall 
(BSW) and have obtained reliable information. But we needed more information on radioactivity distribution 
in TS-1 Reactor Building to plan rational decommissioning planning. In this work, we extended calculation 
areas to around Main Steam Line (MS), around Feed Water Line (FW) and around Suppression Chamber (S/C), 
where we needed special treatments. Local neutron transport phenomena, such as neutron streaming through 
MS, FW and Vent Tube, is observed there. To simulate such neutron transport phenomena well, we performed 
the calculations using three-dimensional neutron transport calculation code named TORT, applying "Coupling 
Calculation" technique. Calculations showed that all materials in these areas could be treated as 
non-radioactive. In order to verify reliability of calculations, we also performed radioactivity measurements. 
And Comparison between calculations and measurements proved that calculations had quantitative reliability. 
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1．Introduction 

Radiological characterization for a nuclear power 
plant is an important task of preparatory tasks for 
decommissioning and is performed at the first step of the 
tasks. The preparatory tasks are radiological 
characterization, dismantlement planning, dismantle 
-ment cost estimation, a disposal planning, disposal cost 
estimation, safety assessment for decommissioning and 
so on. We perform radioactivity distribution calculations 
and radioactivity measurements in radiological 
characterization. The calculations must be verified with 
the measurements. And radiological characterization 
will give information on radioactivity distribution in the 
plant and on amount of waste from decommissioning. 
Reliable information from the radiological 
characterization makes other tasks rational. 

One of the most important information from 
radiological characterization is radioactivity level 
identification for materials in the plant. We identify the 
radioactivity level by assessing the radioactivity 
distribution. Dismantlement planning needs the 
information because a selection of dismantlement 
method depends on radioactivity level of materials. And 
dismantling cost and disposal cost of waste materials 
from a decommissioning also depends on the level. The 
information is indispensable to a rational dismantlement 

planning, a rational disposal planning and optimized 
cost estimations. 

When performing the radioactivity level 
identification, we identify non-radioactive materials. 
According to the safety guide report for radioactive 
waste treatment by regulatory body in Japan, materials, 
which irradiated by neutron less than 6.25μSv/h, can be 
treated as non-radioactive. We apply this guideline to an 
identification of non-radioactive material. 

We call a boundary line, at which materials in the 
plant are distinguished between radioactive or 
non-radioactive, “NR boundary (Non-radioactive 
boundary)”. NR boundary is also estimated in 
performing radioactivity distribution calculation. 
Materials, which are outside of NR boundary, can be 
treated as non-radioactive materials. 

We have already started preparatory tasks for 
decommissioning of Tsuruga Nuclear Power Plant Unit 
1 (TS-1), a small type BWR. We have started 
radiological characterization of TS-1 with radioactivity 
distribution calculation around the reactor in Primary 
Containment Vessel (PCV) and in Biological Shielding 
Wall (BSW). The calculation has indicated that NR 
boundary is in BSW. The calculation has been verified 
with radioactivity measurements and its reliability was 
confirmed [1]. 

Although the radioactivity distribution calculation 
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around the reactor has been performed, two areas where 
we needed special treatments were still remained. One 
area was around Main Steam Line (MS) and Feed Water 
Line (FW). Another was around Vent Tubes. MS and 
FW are located in “MS-tunnel Room” and Vent Tubes 
connect Primary Containment Vessel (PCV) and 
Suppression Chamber Room (“S/C-Room”) as shown in 
Figure 1. MS-tunnel Room and S/C-Room are in TS-1 
Reactor Building. MS, FW and Vent Tubes go through 
BSW. Local neutron transport phenomena, neutron 
streaming through MS, FW and Vent Tubes and 
irradiating materials around them, are observed in these 
areas. In this work, we performed radioactivity 
distribution calculations and identified radioactivity 
level of materials in MS-tunnel Room and in S/C-Room. 
The calculations were verified with radioactivity 
measurements in these areas. We also estimated NR 
boundary in these areas. 

2. Measurements and calculation

2.1. Radioactivity measurements 

In order to verify the calculations, we measured 
radioactivity generated by neutron flux irradiation using 
activation foil sets at 15 locations in MS-tunnel Room 
and in S/C-Room, where the local neutron transport 
phenomena can be observed. Nickel (Ni) foil and Gold 
(Au) foil were used for the activation foil set. We used 
Ni foil to measure radioactivity generated by neutron 
flux irradiation in fast energy range. To measure 
radioactivity, which was activated by epi-thermal 
neutron flux and thermal neutron flux, we used Au foils. 
We located 10 foil sets in MS-tunnel Room and other 5 
foil sets were in S/C-Room. These foils were irradiated 
during one operation cycle, which is about 13 months. 
After the irradiation, we used Germanium Detector to 
measure the radioactivity of foils and its detecting time 
was 10,000 seconds. 

2.2. Calculations 

Radioactivity distribution calculation is composed of 
three kinds of calculations; these are neutron flux 
distribution calculation, dose distribution calculation and 
activation calculation. First, we performed neutron flux 
distribution calculations in MS-tunnel Room and in S/C- 
Room. Accessing the neutron flux distributions, we 
calculated dose distributions in these areas and 
calculated radioactivity at activation foil set locations. 

2.2.1 Neutron flux calculation 
 In order to simulate the local neutron transport 

phenomena well, we performed neutron flux distribution 
calculations in MS-tunnel Room and in S/C-Room using 
three-dimensional (3D) neutron transport calculation 
code named TORT [2] with MATX-J33 [3] neutron 
cross section library. In these calculations, neutron 
source data were given as "TORT boundary source input 
data" [2], which generated from the previous calculation 
[1] using VISA code and TORSED code [2]. To 
generate neutron source data from a previous calculation 
using these codes is called "Coupling Calculation" [2]. 
In the previous work, neutron flux distribution 
calculation was performed in two-dimensional (2D) 
cylindrical coordinate system. Applying the Coupling 
Calculation technique, we converted the neutron flux 
distribution in 2D cylindrical coordinate system into the 
neutron source data in 3D rectangular coordinate system. 
3D calculation code applying the technique makes it 
possible to simulate neutron flux distributions well in 
MS-tunnel Room and in S/C-Room. 

2.2.2 Dose distribution calculation 
To obtain dose distribution in MS-tunnel Room and 

in S/C-Room, we converted these neutron flux 
distributions to dose distributions with “Neutron 
Flux-Effective Dose Conversion Coefficient” [4]. The 
conversion gave 3D dose distributions. To grasp the 
characteristics of the distributions, we draw dose 
distribution contour maps on arbitrary planes in the 3D 
distribution, where local neutron transport phenomena 
can be observed: around MS, FW and Vent Tube. And 
we estimated NR boundaries in MS-tunnel Room and 
S/C-Room assessing these contour maps. 

2.2.3 Activation calculation 
Activation calculation for Ni foils and Au foils at 15 

activation foil set locations were performed using 
ORIGEN-S [5]. We picked up neutron flux at these 
locations in the neutron flux distributions and input them 
to ORIGEN-S as “ORIGEN-S neutron flux input data”. 
Operation history during the operation cycle was given 
as “ORIGEN-S irradiation period input data” [5]. 
Calculated radioactivities of Ni and of Au were 
compared with measured ones to verify reliability of 
neutron flux distribution calculations.  
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Figure 1. Cross section view of TS-1 Reactor Building.
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3. Results

3.1. Radioactivity measurements 

Measured radioactivity at 15 locations are shown in 
Table 1. We measured 58Co radioactivity generated in 
Ni foil and 198Au radioactivity generated in Au foil by 
neutron flux irradiation. Radioactivity in Ni foils were 
not detected (ND) at any 15 locations. And at location 
10, neither radioactivity in Ni foil nor radioactivity in 
Au foil was detected.  

3.2. Dose distribution and NR boundary estimation 

Dose distribution contour maps on X-Z plane at MS 
center and at FW center in MS-tunnel Room are shown 
in Figure 2. That on X-Z plane at Vent Tube center in 

S/C-Room is shown in Figure 3. Red line and blue line 
in these figures indicate the same ranges, which are 
shown in Figure 1, respectively. 

We drew dose distribution contour maps on X-Z 
plane at MS center, at FW center and at Vent Tube 
center because highest dose levels around MS, around 
FW and around Vent Tube were observed there. 

Area where dose is less than 6.25 μSv/h is painted 
in white on the maps. As shown in these figures, NR 
boundaries are located in BSW and all materials in 
MS-tunnel Room and in S/C-Room can be treated as 
non-radioactive.  

3.3. Verifications 

Measured radioactivity, calculated radioactivity and 
comparison between both ones (C/M) at 15 locations are 
shown in Table 1.  

Table 1.  Measured radioactivity, calculated radioactivity and 
C/M in MS-Tunnel Room and in S/C-Room of activation 
Foils. 

Measured 
 radioactivity 

Calculated 
 radioactivity 

Radioactivity Radioactivity No Foil
type Isotope

(Bq) (Bq) 
C/M

Au 198Au 4.06E+00 4.43E+00 1.09 1 Ni 58Co ND 2.50E-04 - 
Au 198Au 2.38E+00 7.02E+00 2.96 2 Ni 58Co ND 4.34E-04 - 
Au 198Au 1.42E+00 5.85E+00 4.11 3 Ni 58Co ND 5.47E-04 - 
Au 198Au 2.33E+00 9.00E+00 3.86 4 Ni 58Co ND 8.40E-04 - 
Au 198Au 2.26E+00 1.55E+00 0.69 5 Ni 58Co ND 1.04E-04 - 
Au 198Au 2.28E+00 8.66E-01 0.38 6 Ni 58Co ND 3.66E-05 - 
Au 198Au 2.11E+00 1.23E+00 0.58 7 Ni 58Co ND 9.14E-05 --
Au 198Au 1.77E+00 1.22E+00 0.698 
Ni 58Co ND 9.18E-05 - 
Au 198Au 6.50E-01 1.23E+00 1.90 9 Ni 58Co ND 8.96E-05 - 
Au 198Au ND - - 10 Ni 58Co ND - - 
Au 198Au 2.54E+00 4.54E+00 1.79 11 Ni 58Co ND 8.60E-05 - 
Au 198Au 5.27E+00 6.51E+00 1.24 12 Ni 58Co ND 4.76E-04 - 
Au 198Au 1.20E+02 7.82E+01 0.65 13 Ni 58Co ND 1.57E-02 - 
Au 198Au 2.51E-01 1.67E-01 0.67 14 Ni 58Co ND 1.65E-06 - 
Au 198Au 5.43E-01 1.64E-01 0.30 15 Ni 58Co ND 1.49E-06 - 

*ND: Not Detected

Figure 2. Dose distribution in MS-tunnel Room. 
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Figure 3. Dose distribution in S/C-Room. 
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All C/M values, which are calculated value divided by 
measured value, are less than one order magnitude. It 
shows that the calculations have quantitative reliability 
[6]. This verification proved that the dose distribution 
calculations and the estimations of NR boundary in 
MS-tunnel Room and in S/C-Room are reliable.  

4. Summary and conclusions

  We performed radioactivity distribution 
calculations in MS-tunnel Room and in S/C-Room. 
Assessing the dose distribution calculations, we 
estimated NR boundary in MS-tunnel Room and in 
S/C-Room. The estimations proved that NR boundaries 
are located in BSW and that all materials in these areas 
are non-radioactive. C/M values at all activation foil 
locations being less than one order magnitude proved 
that the calculations have quantitative reliability. We 
obtained reliable information on radioactivity 
distribution in MS-tunnel Room and in S/C-Room. 
Referencing both the information and the previous 
information, we will be able to plan a rational Reactor 
Building dismantling plan and to optimize cost 
estimations. 

We applied Coupling Calculation technique to the 
neutron distribution calculations. By considering the 
theoretical background of the technique, we could 
perform neutron flux distribution calculations reliable. 
And we proved that this technique is effective when we 
need to extend a range of radioactivity distribution 
calculation.  
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