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The unit one reactor of 1* Nuclear Power Plant will
permanent shut down in December 2018. Taipower Company must
put forward decommissioning plan before December 2015. The
International Atomic Energy Agency had published the Safety
Standards Series No. RS-G-1.7 which announced a clearance

effective dose of less than 10 uSv / yr for individual.



According to this standard, the Atomic Energy Council(AEC)
have developed "a certain activity or specific activity
radioactive waste release plan guidelines". Base on the
foreign experiences, after clearance radiation measurement,
more than 90 percent of the dismantled waste in line with
the release plan’s "release criteria" can be regarded as
"ordinary waste".
This project will be discussed in-depth on the review
and certification standards of clearance measurement
technology. After reviewing the status of the domestic
operations and the experience of foreign technology, the
review key points of the clearance measurements for large
size objects and tubular objects will be proposed in standard
review plan.
The specific objectives of this research are as follows:

I. Collection and analysis on the clearance measurement
technology information of low-level radioactive waste from
developed countries.

2. Collection and analysis on the clearance measurements



technology information for large size objects and tubular
objects of low-level radioactive waste from developed
countries.

3. Propose the review key points of the clearance
measurements for large size objects and tubular objects
of nuclear power plant decommissioning plan.

In this report, first, we collect and analysis the
clearance measurement technology information of low-level
radioactive waste from developed countries. Including
formulation of the implementation and clearance plan of low-
level radioactive waste provided by AEC are collated. So as
the introduction of the important measurement systems and
core technology of the clearance measurement laboratory of
Institute of Nuclear Energy Research(INER). In particular the
surface activity measurement technology of large buried pipes
and large objects were analyzed in detail. Foreign low-level
radioactive wastes of clearance measures and principles
including the United States, Germany, France and other

countries were collected and reviewed.



This research project also purchased a 3 inches sodium
iodide (Nal(Tl)) detector and 1its lead shield. Having
completed 1installation, testing and calibrations, the
minimum detectable activity can achieve clearance activity
level requested.

This research project also studied the common quality
assurance criteria for general laboratory and the special QA
requirements for clearance measurement laboratory issued by
the Taiwan Accreditation Foundation (TAF). According to ISO
17025 quality system, the standard QA criterion of the
laboratory is quite completed. And the clearance measurement
laboratory of INER had been certified by TAF. It 1is
recommended that the review key points of the clearance
measurements for large objects and tubular objects of nuclear
power plants decommissioning plan can base on the TAF related
quality certification criteria ISO/IEC 17025.

In the future, decommissioning clearance measurement
technology of the nuclear power plant of Taiwan Power Company

can apply the technology and experience of INER through



technology transferring process.
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- ~ 0.5 AR & SR R4S

IR R b b i b A b b A b b b b S b b i b b b b A b b b b e b i b A b i b b b b b b b b i b b i b A b b i g4

*kx*%* G AMMASPECTRUMANRALY S I S *xkxx%

%k ok ok k& Kk ok kK K ok kK K K ok ok kK Kk ok kK K ok ok kK K ok ok kR Kk ok kR Kk ok kR K kK kR Kk kR kK
Filename: DETO1

Report Generated On : 2015/10/26 05:19:15 PM

Sample Title : DO01-0.5cm

Sample Description

Sample Identification : D01-0.5cm

Sample Type

Sample Geometry

Peak Locate Threshold : 3.00

Peak Locate Range (in channels) : 1 - 1024

Peak Area Range (in channels) : 1 - 1024

Identification Energy Tolerance : 0.400 FWHM

Sample Size : 1.000E+000 G

Sample Taken On : 2015/7/1 12:00:00 AM

Acquisition Started : 2015/10/26 04:54:53 PM

Live Time : 1000.0 seconds

Real Time : 1001.6 seconds

Dead Time : 0.16
Energy Calibration Used Done On : 2015/10/26
Efficiency Calibration Used Done On : 2015/10/26

o\

Efficiency ID
Peak Locate Analysis Report 2015/10/26 05:19:15 PM Page 2

LR R e AR I b b b b b S 2 S dh dh  Sb b b b b S 2 S dh SR Sb b b b b S S S S SR dh  Ib I b b b b S S SR db db I b b b b S S 4

*x%xx P EAKLOCATEREPORT **xxx*

Rt A b b b A b b b g b b b g b b b dh b b b A b b b g b b b A b b b A b b b S b b b A b b b S b b b dh b b b b g 4
Detector Name: DETO1

Sample Title: D01-0.5cm

Peak Locate Performed on: 2015/10/26 05:19:15 PM

Peak Locate From Channel: 1

Peak Locate To Channel: 1024

Peak Search Sensitivity: 3.00

Peak Centroid Centroid Energy Peak

72



No. Channel Uncertainty (keV) Significance

1 13.55 0.0328 11.98 295.82
2 31.98 0.1905 52.83 8.69

3 48.38 0.0709 88.99 54.06

4 64.73 0.0712 125.45 48.97
5 85.78 0.1039 170.94 20.29
6 107.35 0.1334 212.09 10.04
7 158.24 0.1434 326.87 5.02
8 319.11 0.0380 660.36 41.45
9 399.42 0.0357 827.00 45.21

10 540.82 0.0469 1103.10 17.43

11 618.66 0.0389 1238.06 26.64

12 843.61 0.0385 1635.59 23.92

? = Adjacent peak noted

Errors quoted at 1.000 sigma

Peak Analysis Report 2015/10/26 05:19:15 PM Page 3

e R A A A db b b b b i i S dh A S I b b b i e S dh S g b b b b i S i S AR S I S b b i b S d dh A I S b b b i i 4

*xxx%* PEAKANALYSTIGSRETPORT *xkxx

R A b b A b b b b b b b b AR A b b b A b b b A b b b A b b A b b A b b b A b b S b b A b b b g 4
Detector Name: DETO1

Sample Title: D01-0.5cm

Peak Analysis Performed on: 2015/10/26 05:19:15 PM

Peak Analysis From Channel: 1

Peak Analysis To Channel: 1024

Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts

1 9- 25 13.55 11.98 6.37 1.40E+005 419.52 2.76E+003

2 27- 36 31.98 52.83 8.94 5.32E+002 138.84 3.07E+003

M 3 36- 119 48.37 88.99 9.69 1.31E+004 123.59 5.21E+003

m 4 36- 119 64.98 125.45 13.99 2.23E+004 159.04 6.24E+003
m 5 36- 119 85.82 170.94 18.55 7.35E+003 111.41 6.76E+003
m 6 36- 119 104.78 212.09 22.17 1.63E+003 83.40 7.43E+003
7 146- 181 158.24 326.87 25.35 8.63E+002 200.92 5.64E+003
M 8 288- 466 318.71 660.36 49.26 5.52E+003 103.24
7.37E+003

m 9 288- 466 402.04 827.00 56.70 9.55E+003 115.24
5.89E+003
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M 10 486- 661 545.32 1103.10 67.54 2.74E+003 69.44
3.54E+003

m 11 486- 661 617.97 1238.06 72.34 3.15E+003 71.36
2.83E+003

12 809- 883 843.61 1635.59 37.84 1.69E+003 71.74
6.14E+002

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma
Interference Corrected Activity Report 2015/10/26
05:19:15 PM Page 4

% %k k k k k ok ok k k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
*** NUCLIDEIDENTIPFICATIONREPORT
* % K kK

e R A A A db b b b b i i S dh A S b b b b i e dh dh S g b i b b i S i S AR S I S b b i b i i dh A I S b b b i i 4

Sample Title: D01-0.5cm

Nuclide Library Used: C:\GENIE2K\CAMFILES\NAIDEMO.NLB
.................... IDENTIFIED

NUCLIDES ..t ittt it it eee e

Nuclide Id Energy Yield Activity Activity

Name Confidence (keV) (%) (Bg /G ) Uncertainty

CO-57 0.824 122.06* 85.51 1.40507E+002 2.18910E+003
136.48 10.60

CD-109 0.999 88.03* 3.72 1.58113E+003 2.46341E+004
CS-137 1.000 661.65* 85.12 7.90285E+001 1.23127E+003
CE-139 0.990 165.85* 80.35 7.82094E+001 1.21850E+003
* = Energy line found in the spectrum.

@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 0.400 FWHM

Nuclide confidence index threshold = 0.30

Errors quoted at 1.000 sigma

Interference Corrected Activity Report 2015/10/26
05:19:15 PM Page 5

R R A SR b b b b b b S 2 S dh dh  Ib b b b b b i 2 S dh Sh  Ib b b b b S S S S SR dh  Ih b b b b b S S 2h db db Ib b b b b S S 4

*** T NTERFERENCECORRECTEDRETPORT
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* Kk Kk kK

IR R A b b i b I b b A b b b b S b b b b A b b A b b b b B b g b b b b i b b b b e b b b b b b b b A b b i 4

Nuclide Wt mean Wt mean

Nuclide Id Activity Activity

Name Confidence (Bg /G ) Uncertainty

CO-57 0.824 1.405068E+002 2.189096E+003

CD-109 0.999 1.581132E+003 2.463410E+004

CS-137 1.000 7.902847E+001 1.231265E+003

CE-139 0.990 7.820941E+001 1.218504E+003

? = nuclide is part of an undetermined solution

X = nuclide rejected by the interference analysis

@ = nuclide contains energy lines not used in Weighted
Mean Activity

Errors quoted at 1.000 sigma

*kkkkKhkkkk kK UN I DENTTIU FTIUET DUZPTEATK S *khkkkKhkkk kK
Peak Locate Performed on: 2015/10/26 05:19:15 PM

Peak Locate From Channel: 1

Peak Locate To Channel: 1024

Peak Energy Peak Size in Peak CPS Peak Tol.

No. (keV) Counts per Second % Uncertainty Type Nuclide
11.98 1.4017E+002 0.30

52.83 5.3216E-001 26.09

6 212.09 1.6305E+000 5.12 Sum

326.87 8.6327E-001 23.27 Sum

9 827.00 9.5467E+000 1.21 Sum

10 1103.10 2.7446E+000 2.53

11 1238.06 3.1529E+000 2.26

12 1635.59 1.6872E+000 4.25

M = First peak in a multiplet region

32 2 8 93 N R

m
F

Other peak in a multiplet region
Fitted singlet

Errors quoted at 1.000 sigma
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s A5 AR & SR W RIES

IR R b b i b A b b A b b b b S b b i b b b b A b b b b e b i b A b i b b b b b b b b i b b i b A b b i g4

*kx*%* G AMMASPECTRUMANRALY S I S *xkxx%

%k ok ok k& Kk ok kK K ok kK K K ok ok kK Kk ok kK K ok ok kK K ok ok kR Kk ok kR Kk ok kR K kK kR Kk kR kK
Filename: DETO1

Report Generated On : 2015/10/26 04:52:50 PM

Sample Title : DO01-4.5cm

Sample Description

Sample Identification : DO01-4.5cm

Sample Type

Sample Geometry

Peak Locate Threshold : 3.00

Peak Locate Range (in channels) : 1 - 1024

Peak Area Range (in channels) : 1 - 1024

Identification Energy Tolerance : 0.400 FWHM

Sample Size : 1.000E+000 G

Sample Taken On : 2015/7/1 12:00:00 AM

Acquisition Started : 2015/10/26 04:04:40 PM

Live Time : 1000.0 seconds

Real Time : 1006.1 seconds

Dead Time : 0.60
Energy Calibration Used Done On : 2015/10/26
Efficiency Calibration Used Done On : 2015/9/30
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Detector Name: DETO1

Sample Title: D01-4.5cm

Peak Locate Performed on: 2015/10/26 04:52:50 PM

Peak Locate From Channel: 1

Peak Locate To Channel: 1024

Peak Search Sensitivity: 3.00

Peak Centroid Centroid Energy Peak
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No. Channel Uncertainty (keV) Significance

1 31.96 0.2287 58.80 8.30

2 48.59 0.0528 88.80 97.94

3 65.15 0.0521 125.10 92.92

4 86.26 0.0777 170.74 36.62

5 108.58 0.1107 212.99 13.00

6 161.58 0.1161 329.66 7.07

7 220.72 0.1595 459.70 3.52

8 321.18 0.0285 661.01 77.21

9 401.02 0.0270 821.46 82.50
10 434.85 0.1912 876.99 4.77
11 517.79 0.0631 1052.94 16.58
12 554.71 0.0399 1115.27 35.47
13 622.06 0.0281 1240.94 51.77
14 725.63 0.0945 1389.36 5.22

15 847.99 0.0280 1640.08 47.11

? = Adjacent peak noted

Errors quoted at 1.000 sigma
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Rt A b b A b b b b b b A b b AR A b b b dh b b b A b b A b b A b b A b b b A b b S b b A b b b g 4
Detector Name: DETO1

Sample Title: D01-4.5cm

Peak Analysis Performed on: 2015/10/26 04:52:50 PM

Peak Analysis From Channel: 1

Peak Analysis To Channel: 1024

Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts

1 27- 146 34.83 58.80 5.91 2.63E+003 63.97 1.16E+004

2 27- 146 48.51 88.80 9.76 1.02E+005 423.50 1.80E+004

3 27- 146 65.14 125.10 13.63 1.28E+005 434.95 2.12E+004
4 27- 146 86.16 170.74 17.76 3.10E+004 201.71 2.35E+004
5 27- 146 105.73 212.99 21.11 1.06E+004 164.40

.58E+004

6 151- 244 160.36 329.66 28.93 -2.11E+002 819.15
.36E+004
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7 151- 244 222.32 459.70 36.14 -5.86E+001 228.19
.02E+004

8 286- 896 320.59 661.01 45.51 2.04E+004 182.00
.92E+004

9 286- 896 401.13 821.46 51.99 4.68E+004 327.50
.29E+004

10 286- 896 429.48 876.99 54.08 1.98E+004 251.37
.90E+004

11 286- 896 521.09 1052.94 60.30 1.04E+004 213.64
.38E+004

12 286- 896 554.22 1115.27 62.38 8.80E+003 122.23
.18E+004

13 286- 896 622.16 1240.94 66.40 1.87E+004 175.98
.84E+003

14 286- 896 704.49 1389.36 70.89 9.74E+002 75.45
.06E+003

15 286- 896 849.31 1640.08 77.97 7.57E+003 98.80
.92E+003

= First peak in a multiplet region

= Other peak in a multiplet region

= Fitted singlet

m s 2N 3 o3 938 B 3 P2 3 2 3 D3 DD w3

Errors quoted at 1.000 sigma
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*** NUCLIDEIDENTIPFICATIONREPORT
* % * Kk K
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Sample Title: D01-4.5cm

Nuclide Library Used: C:\GENIE2K\CAMFILES\NAIDEMO.NLB
.................... IDENTIFIED

NUCLIDES .t i ittt et e eeeaeens

Nuclide Id Energy Yield Activity Activity

Name Confidence (keV) (%) (Bg /G ) Uncertainty

CO-57 0.820 122.06* 85.51 4.90819E+022 6.35564E+024
136.48 10.60

CD-109 0.999 88.03* 3.72 7.90639E+023 1.02302E+026
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CsS-137 1.000 661.65* 85.12 5.86775E+021 7.65920E+023
CE-139 0.989 165.85* 80.35 1.69378E+022 2.19525E+024
*
@
Energy Tolerance : 0.400 FWHM

Energy line found in the spectrum.

Energy line not used for Weighted Mean Activity

Nuclide confidence index threshold = 0.30

Errors quoted at 1.000 sigma
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*** I NTERFERENCECORRECTEDREPORT

* Kk Kk kK
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Nuclide Wt mean Wt mean

Nuclide Id Activity Activity

Name Confidence (Bg /G ) Uncertainty
CO-57 0.820 4.908190E+022 6.355636E+024
CD-109 0.999 7.906392E+023 1.023018E+026
CS-137 1.000 5.867752E+021 7.659202E+023
CE-139 0.989 1.693779E+022 2.195252E+024

?

nuclide is part of an undetermined solution

X = nuclide rejected by the interference analysis

@ = nuclide contains energy lines not used in Weighted
Mean Activity

Errors quoted at 1.000 sigma

kkkkkkkk kK UN I D E N T I F I E D P E AK S *kkkkhkkkk kK
Peak Locate Performed on: 2015/10/26 04:52:50 PM

Peak Locate From Channel: 1

Peak Locate To Channel: 1024

Peak Energy Peak Size in Peak CPS Peak Tol.

No. (keV) Counts per Second % Uncertainty Type Nuclide
58.80 2.6288E+000 2.43

212.99 1.0560E+001 1.56 Sum

329.66 -2.1054E-001 -389.07 Sum

459.70 -5.8615E-002 -389.31

821.46 4.6827E+001 0.70 Sum

3 3 2 3 =
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First peak in a multiplet region

Other peak in a multiplet region

m 10 876.99 1.9850E+001 1.27
m 11 1052.94 1.0445E+001 2.05
m 12 1115.27 8.8046E+000 1.39
m 13 1240.94 1.8666E+001 0.94
m 14 1389.36 9.7385E-001 7.75
m 15 1640.08 7.5711E+000 1.31
M

m

F

= Fitted singlet
Errors quoted at 1.000 sigma



