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After the TEPCO’s Fukushima NPP Accident in 2011, it became necessary to evaluate the absorbed dose 
distant from beta emitting nuclides. We focused our attention on the beta sources (such as 90Sr/90Y) released 
in the accident. We try to perform benchmark analysis using PHITS code for the evaluation of the absorbed 
dose from beta radiation. The simulated absorbed dose rates for beta radiation by PHITS agreed with the 
measured absorbed dose rates to within 6% in the range from 1 to 1000 μm deep in ICRU tissue. The PHITS 
code showed almost the same results as EGS5 code. The PHITS’s ability to visualize with T-Deposit is useful 
and powerful to provide presentation Dose MAP from beta radiation. 
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1. Introduction1 
A large amount of released radionuclides were 

deposited over wide areas in eastern Japan. The 
contaminated ground should be decontaminated by 
workers. The beta radiation from deposited nuclides on 
ground was not shielded for decontamination workers. 
In other place, a decontamination work is needed for 
high dose rate field in Fukushima NPP. In NPP 
contaminated water are stored in the tank and some 
operator should work near the non-shield contaminated 
water. Before the TEPCO’s Fukushima NPP Accident in 
2011, conservative rough dose evaluation was sufficient 
because these work is rare case. But at this time many 
workers exposure from non-shield situation. The rough 
dose estimation is denied because expert workers works 
long as much as possible. Then after the accident, it 
became necessary to more accurately evaluate the 
absorbed dose distant from deposited beta nuclides. We 
focused our attention on the beta sources (such as 
90Sr/90Y) released in the accident [1]. In the previous 
study [1], the results of EGS5 [2] simulation were in 
good agreement with the measured results to within 9% 
in the range from 1 to 1000 μm deep in ICRU tissue. 
The PHITS [3] code is much easier to use than the EGS5 
code, to understand the dose distribution around the 
source by drawing absorbed dose map using a 
mesh-tally method. We try to perform benchmark 
analysis using PHITS code for the evaluation of the 
absorbed dose for beta radiation. 

These dose map using a mesh-tally method can be 
used for workers to recognized radiation field condition 
and to avoid an unnecessary dose exposure. 
                                                                                            
*Corresponding author. Email: nobuhara@tokyo-nucl.co.jp 

2. Material and methods 

2.1. Benchmark experiment 

A series of beta source experimental data to measure 
the absorbed dose rate in ICRU tissue phantom by PTB 
[4] was used for our benchmark evaluation by the 
PHITS code. 

The measurement system developed by PTB 
consisted of irradiation devices, a source holder, a 
source stand, a beam-flattening filter, a phantom, an 
extrapolation ion chamber and so on. The ionization 
chambers having a diameter of 3 cm are set 1-10000 μm 
deep. 

In the reference [5] and ISO 6980-2 [6], the absorbed 
dose rate at depth d in the ICRU phantom from beta 
radiation can be approximated by the following fitting 
function (1). 

 

{ }[ ]( )
　

τ

τ･･

br

br
i

i dXiT
dT

−

−
=


=

1

)(arccoscos
)(

8

0  (1) 

With 1
log

log
2)(

min

max
10

min
10

−












+
+












+
+

=

shift

shift

shift

shift

dd
dd

dd
dd

dX ･    

 
The dmin, dshift, dmax, Ti (i= 0..8) and τbr are fitting 

parameter which was given in reference [5]. 
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2.2. Calculation methods 

The PHITS ver. 2.88 code was used to calculate the 
absorbed dose. Physics model of PHITS ver. 2.88 has 
employed original mode (use photon and electron 
library) and EGS5 mode (PHITS-EGS). We use EGS5 
mode to calculate absorbed dose from beta radiation 
because models recommended from PHITS manual [3] 
to use electron transport is EGS5 mode. 

We modeled the measurement system calculation 
geometry as much accurately as we could find in PTB 
reports [4,5,7,8]. Figure 1 shows a calculation geometry 
of 90Sr/90Y case modeled from the PTB reports. In Table 
1 the material used in our calculation is shown. The 
source intensity, source size, dimensioning of the 
flattening filter and source window of 90Sr/90Y source and 
85Kr are shown in Table 2. The source holder was not 
considered in our simulation since the size of the source 
holder was not described in the PTB reports.  

We perform 3 benchmark analyses to evaluate the 
absorbed dose from beta emitting nuclide to validate 3 
condition, the first one is important beta nuclide 90Sr/90Y 
with filter and the second one is same beta nuclide 
90Sr/90Y without filter (this is different shielding 
condition from first one) and the third one is 85Kr 
(maximum beta energy of this is 0.687MeV, that of 90Y 
is 2.27MeV) , which are shown in Table 3.  

In the simulation, beta source spectra given in ICRP 
Pub. 107 [9] were used for calculation. The beta 
spectrum were shown in Figure 2. To a comparison, 
another beta source spectrum data from RADAR decay 
data [10] was also shown in Figure 2. In the PHITS  
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Figure 1.  Calculation geometry of benchmark analysis. 
(Source: 90Sr/90Y, with flattening filter, distance 30 cm) 

 
 

Table 1.  Density and composition of materials used in the 
simulation. 

Material Air ICRU 
tissue PET SUS SrCO3 Kr 

Density 
(g/cm3) 1.2･10-3 1.0 1.38 8.06 3.76 0.0191 

Composition (wt.%) 
H  10.12 4.2    
C 0.01 11.1 62.5 0.1 8.14  
N 75.53 2.6     
O 23.18 76.18 33.3  32.51  
Si    0.7   
Ar 1.28      
Cr    18   
Mn    1   
Fe    71.2   
Ni    9   
Kr      100 
Sr     59.35  

 
Table 2.  Beta source parameter and flattening filter size [4]. 

Nuclide 90Sr/90Y 85Kr  
Source 

intensity(MBq) 460 3700 

source size φ5mm×0.44 mmt φ6.3mm×6.6 mmt*1 

source window 
(mg/cm2) 

Stainless Steel 
(79) 

Titanium 
(11.3) 

Dimensioning 
of flattening 

filter 

3 concentric 
circular foils, 

all 190μm thick, 
φ40mm,  

φ60mm and 
φ1000mm  

in radius 

2 concentric 
circular foils, 

one 50μm thick and
φ80mm in radius, 

one 190μm thick and 
φ550 in radius 

*1: source size is not affect in 85Kr case 
  because it is in gas condition. 

 
calculation, we set stratified tally regions at the 
source-side surface in the phantom and each of the 
stratum of tally regions was set to 30 mm in diameter 
and the whole thickness for the stratified tally regions is 
2 cm. The devided tally regions is 2 μm in thickness and 
we obtained the absorbed dose rate by scoring deposit 
energy tally [T-Deposit].  

In addition, cutoff energy of electrons was 1 keV, that 
of photons was 10 keV (setting value of 1 keV for 
electrons and 10 keV for photons are PHITS ver. 2.88 
default value), and the number of histories to run was set 
to 1×109 so that an error of the evaluation value would 
become less than 1% in the range of 1 to 1000 μm depth 
in ICRU tissue. Therefore these calculated value in the 
range of 1 to 1000 μm depth have sufficient accuracy. 
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Table 3.  Benchmark case list. 

Nuclide Flattening  
filter 

Distance from 
source holder(cm) 

90Sr/90Y with 30cm 

90Sr/90Y with out  30cm 

85Kr with 30cm 
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Figure 2.  Beta source spectrum [8,10]. 
 
 
3. Calculation results 

3.1. Calculation Result for a depth dose distribution  

Figure 3 shows a comparison of the simulated and the 
measured results of absorbed dose rates for 90Sr/90Y beta 
radiation at 30 cm distance from the source holder with 
the beam-flattening filter. EGS5 reference value [1] is 
also showed in this figure. In the comparison for beta 
radiation, the simulated absorbed dose rates agreed with 
the measured absorbed dose rates to within 3% in the 
range of 1 to 1000 μm depth in ICRU tissue. The C/M 
factor (PHITS Calculation / Measurement) is in range 
1.00 to 1.02. The PHITS code showed the same results 
as EGS5 code. 

The absorbed dose distribution from 90Sr/90Y without 
flattening filter and 85Kr with flattening filter in the 
ICRU tissue phantom are shown in Figure 4 and Figure 5.  

In the case of 90Sr/90Y without flattening filter (Figure 
4), C/M is in range 1.01 to 1.03. The ratio of maximum 
absorbed dose in depth to the surface of ICRU tissue 
phantom for the case without a filter is higher than 
without filter. In this case, PHITS calculation results 
exhibits that the depth dose curve is little changed 
because low beta energy part affect to a phantom. In the 
case of 85Kr with flattening filter (Figure 5), C/M is in 
the range 1.02 to 1.06. Table 4 shows the range of C/M 
in the range from 1 to 1000 μm deep in ICRU tissue. 
Although the depths of the absorbed dose in the ICRU 
tissue depend on the range to electron energies and a 
filter geometry, the results of calculated absorbed dose 
are in good agreement with the measured results to 
within the factor of 1.00 to 1.06 in this study. For a 
survey meter measurement relative standard deviation in 
JIS 4333:2006 [11] (as ordinary use for measurement 
requirement in field) was defined between – (15% + u) 

and + (15% + u). Parameter u is relative expanded 
uncertainty, and u may be almost 5% in normal usage. 
The C/M of PHITS code calculation are appropriate to 
this evaluation. The PHITS code showed almost the 
same results as EGS5 code in this study. 
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Figure 3.  Comparison of simulated and measured depth dose 
curves (absorbed dose to tissue). 
(Source: 90Sr/90Y, with flattening filter, distance 30 cm) 
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Figure 4.  Comparison of simulated and measured depth dose 
curves (absorbed dose to tissue). 
(Source: 90Sr/90Y, without flattening filter, distance 30 cm) 
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Figure 5.  Comparison of simulated and measured depth dose 
curves (absorbed dose to tissue). 
(Source: 85Kr, with flattening filter, distance 30 cm) 
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Table 4.  PHITS calculation benchmark result summary. 

Nuclide Flattening 
filter 

C/M range 
(1～1000μm) 

90Sr/90Y with 1.00～1.02 

90Sr/90Y with out 1.01～1.03 

85Kr with 1.02～1.06 

 
3.2. Calculation Result for a spatial dose distribution 

The spatial distribution of the absorbed dose 
calculation is shown in Figure 6. In this calculation 
mesh size is 0.01cm to realize absorbed distribution in 
the phantom. Using this map, we can easily understand 
the dose map around the structure like a phantom. 
Figure 7, shows a focusing view of the dose distribution 
at the front of phantom. The border between a green 
color and a blue color is perpendicular to the phantom 
front surface as required in this measurement system for 
ISO 6980-2. In this situation, we can see plane parallel 
beam field condition. For real workers case, if a realistic 
modeling is done, accurately absorbed dose estimation 
will be obtained. These map can be used for workers to 
recognized radiation field condition and to avoid an 
unnecessary dose exposure. 

 

 
Figure 6.  Calculation dose contour MAP. 
(Source: 90Sr/90Y, with flattening filter, distance 30 cm) 
 

 
Figure 7.  Calculation dose contour MAP focusing on 
phantom surface.  
(Source: 90Sr/90Y, with flattening filter, distance 30 cm) 

4. Conclusion 

The simulated absorbed dose rates for beta radiation 
by PHITS agreed with the measured absorbed dose rates 
to within 6% in the range from 1 to 1000 μm deep in 
ICRU tissue. The C/M of PHIT code calculation are 
appropriate to this evaluation to compare with 
measurement requirement of absorbed dose from beta 
radiation. The PHITS code showed almost the same 
results as EGS5 code. We can evaluate absorbed dose 
from beta emitting beta nuclide around the contaminated 
water tank and around the ground. 

The PHITS’s ability to visualize with T-Deposit is 
useful and powerful presentation Dose MAP of beta 
radiation for a decontamination workers to recognized 
radiation field condition.  
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