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Method to Estimate *’Sr/”’Y Contamination Density using 70-pm Dose Equivalent Rate

Hideo Hiravama*! and Kenjiro Konpo*!

A method was developed to estimate *°Sr contamination density on a concrete surface or on the surface of soil or water within

1 g/cm? using 70-um dose equivalent rates. The 70-um dose equivalent rates from contaminated areas of various sizes were
calculated at heights of 3.0, 5.0, 10.0, and 50.0 cm using egs5 Monte Carlo code. The ratio between the measured 70-um dose
equivalent rate ratio at 50 cm and that at 3.0, 5.0, or 10 cm can be used to estimate the effective radius of the contaminated
area by using the calculation results. The contaminated density is obtained from the measured 70-um dose equivalent rate with

the calculated radially dependent conversion factor.
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Table 1 70-pum dose equivalent rate at height of 3.0, 5.0, 10, and 50 cm
from a circular source of *’St/*°Y (1 Bg/ecm®) on concrete as a function
of source radius together with dose ratio and conversion coefficient.

mSy/h per Bq/cm2

radius

(cm)

at3.0 cm

at5.0 cm

at 10 cm

at 50 cm

1.0

1.44E-04 + 2.2E-07

5.28E-05 + 1.4E-07

1.25E-05 + 6.50E-08

2.98E-07 + 9.5E-09

5.0

1.69E-03 + 7.0E-07

8.89E-04 + 5.3E-07

2.69E-04 + 2.97E-07

7.50E-06 + 4.8E-08

10]

2.75E-03 + 8.4E-07

1.91E-03 + 7.3E-07

8.12E-04 + 5.01E-07

2.91E-05 + 9.4E-08

50,

3.72E-03 + 9.4E-07

3.36E-03 + 9.1E-07

2.63E-03 + 8.32E-07

4.61E-04 + 3.7E-07

100

3.84E-03 + 9.8E-07

3.51E-03 + 9.4E-07

2.90E-03 + 8.72E-07

9.08E-04 + 5.0E-07

200,

3.91E-03 + 1.0E-06

3.60E-03 + 9.8E-07

3.01E-03 + 9.07E-07

1.24E-03 + 5.8E-07

500]

3.97E-03 + 1.0E-06

3.66E-03 + 1.0E-06

3.08E-03 + 9.38E-07

1.38E-03 + 6.3E-07

1,000

3.97E-03 + 1.0E-06

3.66E-03 + 1.0E-06

3.08E-03 + 9.40E-07

1.38E-03 + 6.4E-07

2,000

3.97E-03 + 1.0E-06

3.66E-03 + 1.0E-06

3.08E-03 + 9.40E-07

1.38E-03 + 6.4E-07

Dose ratio

Bq/cm2 per mSv/h

radius |at 50 cn/
(cm) |at3.0 cm

at 50 c/ | at 50 cn/
at5.0cm| at 10 cm

at3.0 cm|at5.0 cm

at 10 cm

1.0] 2.06E-03| 5.63E-03| 2.39E-02{6.93E+03| 1.89E+04|8.02E+04

5.0 4.44E-03| 8.44E-03| 2.79E-02| 5.92E+02| 1.13E+03|3.72E+03

10] 1.06E-02| 1.53E-02| 3.59E-02| 3.64E+02| 5.25E+02|1.23E+03

50f 1.24E-01 1.37E-01{ 1.75E-01] 2.69E+02|2.98E+02|3.81E+02

100] 2.37E-01] 2.58E-01| 3.13E-01| 2.61E+02| 2.85E+02|3.45E+02

200| 3.16E-01] 3.43E-01| 4.10E-01| 2.56E+02|2.78E+02{3.32E+02

500( 3.47E-01 3.76E-01{ 4.47E-01] 2.52E+02|2.74E+02|3.25E+02

1,000| 3.48E-01) 3.78E-01| 4.49E-01{2.52E+02|2.73E+02|3.24E+02

2,000{ 3.48E-01| 3.78E-01| 4.49E-01| 2.52E+02|2.73E+02|3.24E+02
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Table 2 Comparison of 70-um dose equivalent rate between Ref. 6 and

this work.
Source radius (cm)
1.0 cm 5.0 cm 10 cm
Height (cm)| Ref. 6 |this work Ref. 6 |this work Ref. 6 |this work

(GY) ®)

(A(B) |_(A) B)

(AB) | _(A)

B) (A)(B)

mSv/h per 1Bg/cm’

mSv/h per 1Bg/em®

mSv/h per 1Bg/em?

3.0| 8.71E-05| 1.44E-04

0.604 | 1.02E-03 | 1.69E-03 0.604 | 1.82E-03| 2.75E-03 0.663

5.0| 3.11E-05| 5.28E-05

0.588 [ 5.27E-04 | 8.89E-04 0.593| 1.18E-03| 1.91E-03 0.618

0| 7.12E-06| 1.25E-05

0.571 | 1.60E-04| 2.69E-04 0.596| 4.96E-04 | 8.12E-04 0.611

50| 1.85E-07| 2.98E-07

0.622 [ 4.60E-06| 7.50E-06 0.614| 1.81E-05| 2.91E-05 0.621

Source radius (cm)

50 cm 0
Height (cm)| Ref. 6 |this work Ref. 6 | this work
A) (B) (AB) | A B) (A)(B)

mSv/h per 1Bg/em?

mSv/h per 1Bg/em®

3.0| 3.20E-03 | 3.72E-03

0.861 | 3.68E-03| 3.97E-03 0.928

5.0| 2.69E-03| 3.36E-03

0.801 | 3.34E-03 | 3.66E-03 0.913

0| 1.91E-03 | 2.63E-03

0.726 | 2.75E-03 | 3.08E-03 0.892

50| 2.88E-04| 4.61E-04

0.625( 1.13E-03| 1.38E-03 0.817

Table 3 70-pm dose equivalent rate at height of 3.0, 5.0, 10, and 50 cm
from a cylinder source of *’Sr/”"Y (1 Bq/g) on soil as a function of

source radius together with dose ratio and conversion coefficient.

mSy/h per Bg/g

radius
(cm)

at3.0 cm

at5.0 cm

at 10 cm

at 50 cm

1.0

2.04E-05 + 7.1E-08

7.64E-06 + 4.3E-08

1.88E-06 + 2.1E-08

6.49E-08 + 3.8E-09

5.0

1.91E-04 + 2.3E-07

1.16E-04 + 1.7E-07

4.10E-05 + 1.0E-07

1.56E-06 + 1.9E-08

10|

2.56E-04 + 2.8E-07

2.10E-04 + 2.5E-07

1.12E-04 + 1.7E-07

6.11E-06 + 3.8E-08

50,

2.87E-04 + 3.1E-07

2.77E-04 + 3.0E-07

2.51E-04 + 2.8E-07

8.85E-05 + 1.5E-07

100]

2.93E-04 + 3.2E-07

2.84E-04 + 3.1E-07

2.63E-04 + 3.0E-07

1.49E-04 + 2.1E-07

200,

2.98E-04 + 3.3E-07

2.90E-04 + 3.2E-07

2.71E-04 + 3.1E-07

1.78E-04 + 2.4E-07

500

3.02E-04 + 3.4E-07

2.94E-04 + 3.3E-07

2.76E-04 + 3.2E-07

1.88E-04 + 2.6E-07

1,000

3.02E-04 + 3.4E-07

2.94E-04 + 3.3E-07

2.76E-04 + 3.2E-07

1.88E-04 + 2.6E-07

2,000

3.02E-04 + 3.4E-07

2.94E-04 + 3.3E-07

2.76E-04 + 3.2E-07

1.88E-04 + 2.6E-07

Dose ratio

Bq/cmz per mSv/h

radius |at 50 cn/
(cm) |at3.0cm

at 50 cn/ | at 50 e/
at5.0cm| at 10 cm

at3.0cm| at5cm

at 10 cm

1.0| 3.18E-03

8.49E-03| 3.44E-02

4.90E+04|1.31E+05

5.31E+05

5.0] 8.17E-03

1.34E-02| 3.81E-02

5.24E+03[8.61E+03

2.44E+04

10] 2.39E-02

2.92E-02| 5.45E-02

3.90E+03[4.77E+03

8.92E+03

50] 3.08E-01

3.20E-01] 3.52E-01

3.49E+03[3.61E+03

3.98E+03

100[ 5.09E-01

5.26E-01] 5.66E-01

3.41E+03[3.52E+03

3.80E+03

200 5.96E-01

6.14E-01 6.56E-01

3.35E+03[3.45E+03

3.69E+03

500[ 6.22E-01

6.40E-01] 6.82E-01

3.31E+03[3.40E+03

3.63E+03

1,000] 6.23E-01

6.40E-01 6.83E-01

3.31E+03[3.40E+03

3.63E+03

2,000] 6.23E-01

6.40E-01] 6.83E-01

3.31E+03]3.40E+03

3.63E+03
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Table 4 70-pm dose equivalent rate at height of 3.0, 5.0, 10, and 50 cm
from a cylinder source of *’Sr/”’Y (1 Bg/g) on water as a function of

source radius together with dose ratio and conversion coefficient.

mSv/h per Bq/g

radius

(cm) at5.0 cm

at 3.0 cm

at 10 cm at 50 cm

1.0] 1.82E-05 + 6.7E-08 | 6.99E-06 = 4.1E-08

1.78E-06 + 2.1E-08 | 6.04E-08 + 3.7E-09

5.0] 1.77E-04 + 2.2E-07 | 1.07E-04 £ 1.7E-07

3.77E-05 £ 9.7E-08 | 1.44E-06 = 1.9E-08

10] 2.38E-04 + 2.7E-07 | 1.94E-04 + 2.4E-07

1.04E-04 + 1.6E-07 | 5.61E-06 = 3.7E-08

50] 2.67E-04 = 3.0E-07 | 2.57E-04 = 2.9E-07 | 2.33E-04 £+ 2.7E-07 | 8.02E-05 + 1.5E-07

100] 2.72E-04 + 3.1E-07 | 2.63E-04 + 3.0E-07 [ 2.44E-04 + 2.9E-07

1.36E-04 + 2.0E-07

200] 2.76E-04 £ 3.2E-07 | 2.68E-04 £ 3.1E-07 | 2.50E-04 £ 3.0E-07] 1.62E-04 + 2.3E-07

500] 2.79E-04 £ 3.2E-07 | 2.71E-04 = 3.2E-07 | 2.54E-04 £ 3.0E-07

1.71E-04 + 2.5E-07

1,000] 2.79E-04 + 3.2E-07 | 2.71E-04 + 3.2E-07

2.54E-04 £ 3.0E-07| 1.71E-04 + 2.5E-07

2,000 2.79E-04 + 3.2E-07 | 2.71E-04 + 3.2E-07 [ 2.54E-04 + 3.0E-07

1.71E-04 + 2.5E-07

Dose ratio

Bg/cm” per mSv/h

radius

at 50 cm/ | at 50 cm/ | at 50 cm/
(cm) Jat3.0cm|at5.0cm| at10cm

at3.0cm |at 5.0 cm| at 10 cm

1.0] 3.31E-03| 8.63E-03| 3.39E-02| 5.49E+04|1.43E+05|5.62E+05

5.0] 8.18E-03| 1.35E-02| 3.84E-02] 5.66E+03]9.34E+03|2.66E+04

10 2.35E-02| 2.89E-02| 5.42E-02| 4.19E+03|5.15E+03|9.66E+03

50] 3.00E-01] 3.12E-01| 3.45E-01} 3.74E+03|3.89E+03|4.29E+03

100] 4.99E-01| 5.16E-01| 5.57E-01] 3.68E+03|3.80E+03|4.10E+03

200] 5.86E-01) 6.04E-01| 6.47E-01 3.62E+03|3.73E+03|4.00E+03

500} 6.12E-01| 6.30E-01| 6.73E-01] 3.59E+03[3.69E+03|3.94E+03

1,000) 6.13E-01] 6.31E-01] 6.73E-01] 3.58E+03|3.69E+03|3.94E+03

2,000] 6.13E-01] 6.31E-01| 6.73E-01} 3.58E+03|3.69E+03|3.94E+03
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Fig. 1 Ratio of 70-pum dose equivalent rates as a function of
contaminated radius of *’Sr/”"Y.
(a) between 50 cm and 3.0 cm, (b) between 50 cm and
5.0 cm, (c) between 50 cm and 10 cm.
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Fig. 2 Electron spectra at a height of 3.0 cm from an infinite
contaminated area of *Sr/”’Y on concrete, soil, and water.
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Fig. 3 Conversion coefficient from 70-um dose equivalent
rate (mSv/h) to contamination density (Bg/cm” or Bg/g). at
heights of (a) 3.0 cm, (b) 5.0 cm, (c) 10 cm.
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Table 5 Comparison between measured and estimated *°Sr/”’Y
concentration in water using egs5 calculation results.

Height from water surface (cm)
1.0 cm | 3.0cm | 5.0cm | 10 cm | 20 cm ‘ 50 cm | 100 cm f“;(())cw Z,‘tS(())CW
70um dose equivalent rate, mSv/h per Bg/g (for 5§ mradisu source) at3.0 em at10em
Calculated | 2.87E-04] 2.79E-04] 2.71E-04] 2.54E-04] 2.26E-04] 1.71E-04] 1.16E-04] 6.12E-01] 6.73E-01
70um dose equivalent rate (mSv/h)
Measured 0.165]  0.155]  0.155]  0.45]  0.115[  0.095]  0.065] 6.13E-01] 6.55E-01
Concentrarion in water (Bq/g)
Estimated (A)| 5.74E+02[ 5.56E+02] 5.72E+02[5.71E+02[5.09E+02]5.57E+02] 5.60E+02]
Measured (B) 90
(A)/(B) 1.17] 1.13] 1.17] L7l 1oa] 1 1.14
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