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   In the field of safety regulation sytems for nuclear facilities after the completion of their operations, 

criteria of residual radioactivities and confirmation and verification procedures for the termination of the  

decommissioning are important issues that should concretely be made a study.  Safety standards and 

criteria in IAEA, USA, etc. , and practical examples of site release of nuclear power reactors in USA were 

studied, therefore, issues for introducing the regulation system in Japan were discussed.  In this report, 

final status survey of Trojan nuclear power plant was investigated as a particular case of site release, and  

concepts of specifying survey areas to be measured radioactivities and demonstrated to compliance with 

release criteria were discussed.  In addition, the idea of confirmation and verification procedures for the  

termination of the decommissioning in Japan was proposed referring to the US guidance (MARSSIM). 
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3.6

 Tennelec Model 
LB5100 

Genie-2000 w/Ortec 
Detector

 GFP 

 57mm 80
g/cm2

58mm 79mm

a cpm  1 58 N/A 
cnts/dis  0.332 0.340 0.005 0.009 a

 2 20 
MDC 12 57 dpm/100cm2 0.053 0.076 pCi/g b

a 60Co, 137Cs
b 60Co, 137Cs MDC

Trojan Nuclear Plant Final Survey Report for Support Facilities and Site Grounds
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3.3

PGE 10

3.3.1
23) 

1

3.4

124 (38m) 203 (62m) 3.5 (1m)

1/4 (0.6cm)

2

2001 3 2002 8

3

(Dome)

(Polar Crane and Support Structure) (Wall) (Floor)

ft2 m2

Elev.197' Elev.249'9" 20,580 1,912 
 35,580 3,290 

Elev.44' Elev.197'  59,430 5,521 
Elev.44' 16,500 1,533 

132,090 12,256 

4 DCGL

DCGL DCGL(gross activity DCGL)
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DCGL(surrogate ratio DCGL)

DCGL

DCGL

DCGL

DCGL

Co-60 Cs-137

DCGL

MDC DCGL

3.1 3/3

DCGL
dpm/100cm2 DCGL

DCGL DCGL

mrem/yr
14C 4.07E-03 3.7E+06 1.10E-09 0.001 0.0 

60Co 5.19E-02 7.1E+03 7.30E-06 0.161 4.0 
90Sr 1.12E-02 8.7E+03 1.29E-06 0.028 0.7 

134Cs 4.86E-03 1.3E+04 3.74E-07 0.008 0.2 
137Cs 9.25E-01 2.8E+04 3.30E-05 0.728 18.2 
241Pu 2.97E-03 8.8E+02 3.37E-06 0.074 1.9 

 1.00 --- 4.53E-05 1.000 25.0 
DCGL 22,000dpm/100cm2 8

DCGL

DCGL

Co-60 Eu-152 DCGL

DCGL DandD

DCGL pCi/g DCGL 
DCGL  DCGL

mrem/yr
3H 0.875 110   7.96E-03 0.292 7.3 

60Co 0.0335 3.8 8.82E-03 0.323 8.1 
152Eu 0.0910 8.7 1.05E-02 0.385 9.6 

 1.000 --- 2.73E-02 1.000 25.0 
hard-to-detect

Eu-152

                                                       
8 DCGL = 

n

i

i

DCGL
f

1

1  = 
0553.4

1
E

000,22 dpm/100m2
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DCGL unity rule Eu-152 4.9pCi/g

DCGL

Eu-152 Co-60 Eu-152 DCGL

8.7pCi/g 0.32Bq/g Co-60 DCGL 3.8pCi/g 0.14Bq/g 4.9pCi/g 0.18Bq/g

DCGL Eu-152

DCGL  4.9pCi/g Co-60 Co-60 DCGL 3.8pCi/g

DCGL 2 9

5

76

DCGL

71

DCGL 1

                                                       
9 1

(a hard-to-detect, HTD) (a easy-to-detect, ETD)
DCGL

DCGLsurrogate

DCGLsurrogate = 
n

iiETD DCGLfDCGL
1

//1

1

Eu-152

Eu-152 DCGL = 
n

iiEu DCGLfDCGL
1

152 //1

1  = 
)0273.2(7.8/1

1
E

 = 7.03 

Eu-152 DCGL 7.03 pCi/g
Eu-152 DCGL 8.7pCi/g Co-60 DCGL 3.8pCi/g 4.9pCi/g

DCGL
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4

1 2

3 DCGL 60

1

DCGL 16 2

2 22,000dpm/100cm2

DCGL 2

2 100%

500

12 m2 1,912m2 1

100m2 2

1,000m2

6

"Ludlum " (GFP )

- (G-M) "Ludlum 2350-1"

(MDC)

5cm/sec DCGL

40% MDC 1

DCGL 15% MDC

Ortec Canberra Genie 2000

Tennelec Model LB5100 GFP /

30 DCGL 15%

MDC

2 DCGL 1% MDC
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7

60cm 60cm 0.3 0.6cm

1

30

(reference coordinate system)

(a random-start systematic spacing method)

DCGL 10%

100cm2

8

Survey Data Management System, 

SDMS

9

5,700m2 2,349 3.7

479

3.8 73 25

73 DCGL

3m2 2

3.9

25
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DCGLEMC
10

10

LTP

76

DCGL

 DCGL DCGLEMC

 ALARA DCGL

LTP 10 CFR 20.1402

                                                       
10 3.7 3.8 ID

S01197A 3.4 EL197 EL250
2 1,912m2

83% 11%
2,800 18,000dpm/100cm2 35 2,900 5,000

dpm/100cm2 3,800 dpm/100cm2 3.8
8 1,000 dpm/100cm2
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3.8  

Description No. of 
Smears a

Results
(dpm/100cm2) b

Dome 
Above Elev. 197'; Sections 7-9, 16-18 8 c <1,000 d

Polar Crane and Support Structure e

Ring girder exterior – top surfaces; Sections 1-18 44 2,000 f

Ring girder interior – inside bottom plates; Sections 7-9,16-18 29 < 1,000 
Bridge girder ‘A’ and ‘B’ exterior – top of girders, catwalks 61 2,000 g 

Bridge girder ‘A’ and ‘B’ interior – walking areas 18 < 1,000 
Sill beams and wheel trucks – top, inside bottom plates 50 < 1,000 
Main and trailer trolleys – top, inside bottom plates, cable drum 30 < 1,000 

Wall e

Elev 44’to 47’; Survey unit S01044S 32 < 1,000 
Elev 47’to 175’; Sections 1-16 50 < 1,000 
Elev 175’to 197’; Sections 7-9, 16-18’ 37 < 1,000 

Floor
Survey unit S01044N 30 < 1,000 
Survey unit S01044P 30 < 1,000 
Survey unit S01044Q 30 < 1,000 
Survey unit S01044R 30 < 1,000 

a 100 cm2

b  1,000dpm/100cm2

c m
d dpm/LAS
e

f 1 2,000 dpm/100cm2 Section 11 1,000 dpm/100cm2

g 1 2,000 dpm/100cm2 near off-end wheel trucks 1,000 dpm/100cm2

Trojan Nuclear Plant Final Survey Report for the Containment Building Interior
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3.9

dpm/100cm2 aDCGL
m2

S01180A 1 3 0 0.60  56,000 17,000 
S01180B 1 5 0 0.05 EMC 28,000 19,000c

S01180C 1 2 0 0.13  25,000 17,000 
S01180D 1 2 0 0.11 EMC  48,000d N/A 
S01180E 1 1 0 0.02  24,000 6,000 
S01180F 1 1 0 0.06 EMC  48,000d N/A 
S01181J 1 1 0 0.05 EMC  32,000 N/A 
S01183D 1 1 0 0.07 EMC  58,000 N/A 
S01192B 1 4 0 0.09 EMC  116,000d N/A 
S01192E 1 2 0 0.08 EMC  23,000 N/A 
P01102A 1 19 0 0.62 EMC 70,000 16,000c

S01044E 2 2 0 0.08 e 27,000 N/A 
S01044E 2 1 0 0.01 e 50,000 N/A 
S01044F 1 3 0 0.80  24,000 15,000 
S01044H 1 3 0 0.06 EMC 54,000 22,000c

S01044J 1 1 0 0.02 EMC  23,000 N/A 
S01044L 1 2 0 0.08 EMC  23,000 N/A 
S01044S 1 2 1 0.03 EMC  52,000d N/A 
S01092A 1 2 0 0.12 EMC  26,000 N/A 
S01095C 1 2 0 0.08 EMC  27,000 N/A 
S01116A 1 1 0 0.08 EMC  26,000d N/A 
S01128B 1 1 0 0.01 EMC  33,000 N/A 

P01204A 1f 1 0 0.03 g 26,000 N/A 
G01015A 1 11 0 N/Ab  21,000h 13,000h

G01015A 1 0 1 N/Ab i 1.7j 0.08j

a 1,000dpm/100cm2 22,000dpm/100cm2

b

c EMC
d  vs. 
e 2 1 S01095C S01044S
f 2 1
g 100% EMC
h cpm 10,000cpm
i 15cm
j

Trojan Nuclear Plant Final Survey Report for the Containment Building Interior
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3.3.2 NRC

1

2001 5 8

NRC ORISE(Oak Ridge 

Institute for Science and Education), ESSAP(Environmental Survey and Site Assessment Program
24)

NRC ORISE

2

PGE

NRC ORISE

3

50% NaI

PGE

4

10 10 5 PGE

ESSAP

PGE

NRC ESSAP

PGE PGE

5

ESSAP PGE

6

ORISE ESSAP

ESSAP

dpm/100cm2
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7

3,300 12,000dpm/100cm2

0 2 dpm/100cm2 -2 15dpm/100cm2

ESSAP PGE

3.10

20% PGE NRC 8

(side-by-side measurement) 3.11

3.10
ORISE PGE

(dpm/100cm2) (dpm/100cm2)
ORISE PGE  ORISE PGE

1 3,300 3,500 0 3 
2 4,000 NA 0 3 
3 5,600 4,800 0 1 
4 12,000 NA 0 9 
5 11,000 NA 0 15 
6 3,700 NA 0 6 
7 3,300 2,900 2 1 
8 2,900 3,000 0 -2 
9 4,200 NA 0 4 

10 3,900 4,000 0 3 
Confirmatory Surveys of the Containment Dome Trojan Nuclear Plant, Rainier, Oregon , ORISE (August 2001)

3.11

(dpm/100cm2)
ORISE PGE

45’ 
1 87,000 87,000 
2 8,900 8,600 
3 55,000 54,000 
4 24,000 24,000 
5 36,000 37,000 
6 19,000 20,000 
7 10,000 9,600 
8 29,000 28,000 

Confirmatory Surveys of the Containment Dome Trojan Nuclear Plant, Rainier, Oregon , ORISE (August 2001)
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3.4

Trojan Nuclear Plant Final Survey Report for the Containment Building Interior

124ft(38m)

3.6ft(1m)

203ft(62m)
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3.3.3

1

25) 

2001.7 2004.11 

74 1 8 2 12 3 54

132,000m2

 Area m2

 57,000 
 28,859 

 4,114 
 42,242 

132,215 

8

2,364 1,627

10 CFR 20.1402

2

74

DCGL

66

DCGL

8

1 2 3

DCGL 1 8

DCGL 2 12

3 54

DCGL 1

2 3 1

LTP
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33 9,460m2 1

100 m2 2 417 m2

3 9,460m2

300 21,694m2 1

1,551m2 2 417 m2

3 21,694 m2

S

G
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3

National 

Institute of Standards and Technology NIST

3 Ludlum GM

Ludlum 2350-1

5cm/sec 0.5cm/sec DCGL

50 MDC 44-9

GM DCGL

3cm/sec

1 DCGL 45

MDC

Tennelec Model LB5100 GFP /

Ortec

Canberra Genie-2000

2 DCGL 1 MDC

20 DCGL 5

MDC

1 100

2 10 50

3 10

2 3

1m2 2cm 5cm/sec
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0.8 DCGL DCGL

elevated area

Ludlum 43-68 GFP

Ludlum 43-116-1 GFP

44-9 GM

Ludlum 44-10 NaI

0.5m/sec 6cm

9,000cpm

DCGL DCGL

Ludlum 43-68

Ludlum 43-116-1 44-9

GM 43-116

1

30cm 30cm 15cm 1

100m

H-3 C-14

30
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1 2

3

4

3.12

3.13

3.5 3.7

1 2 3 7,667m2 324

1 elevated

DCGL 1m2

2 G51045B 1

G51045F DCGL EMC

1 300 1,551m2 100

6,200 13,000cpm 9,000

DCGL 1 30 40

0.0007 0.95pCi/g(137Cs) 0.023 0.047 pCi/g(137Cs)

2 1,800 4,856m2 20 50

4,700 97,000cpm

2 31 49 0.016

0.135pCi/g(137Cs) 0.023 0.083pCi/g(137Cs)

3 G51045A

G52025A G51045A 21,694m2 5

6,400 9,000cpm

3 31

0.017 0.029pCi/g(137Cs) 0.023pCi/g(137Cs) G52025A

30 0.018 0.070pCi/g(137Cs) 0.043 

pCi/g(137Cs)

5

LTP
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1.0 DCGL

DCGL EMC

DCGL

ALARA DCGL
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Trojan Nuclear Plant Final Survey Report for Support Facilities and Site Grounds
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Trojan Nuclear Plant Final Survey Report for Support Facilities and Site Grounds
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Trojan Nuclear Plant Final Survey Report for Support Facilities and Site Grounds
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3.4

FSSR

FSSR 10

NRC

3,411MWt PWR 1996 2005 5 NRC

unrestricted public use

NRC

25mrem/ 250 Sv/ ALARA MARSSIM

ORISE NRC
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DCGL

DCGL

DCGL

5,700m2 2,349

479 73 25

73  DCGL

3m2 2

132,000m2 74 8%

2,364 1,627 7,667m2

324 1 1 m2 DCGL

DCGLEMC

2 ORISE NRC

NRC LTP FSS LTP LTP
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4.2
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25 60Co

0.14/0.03=4.7
60Co 0.006Bq/g

 IAEA 
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4.2
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4.4

(Bq/y) 
BWR  PWR 

 1.90E+15 1.30E+15 
I-131 8.04d 7.80E+10 4.10E+10 
I-133 20.9h 1.30E+11 2.40E+10 
Co-60 5.271y 8.50E+08 2.50E+07 
Co-58 70.8d 6.70E+07 5.60E+07 
Cr-51 27.7d 5.20E+08 0 
Mn-54 312.5d 2.60E+08 1.70E+07 
Fe-59 44.6d 5.60E+07 5.60E+08 
Zn-65 244.1d 1.60E+08 0 
Zr-95 64.0d 3.30E+08 0 
Sr-89 50.5d 2.30E+08 1.20E+07 
Sr-90 29.12y 1.20E+07 2.10E+09 

Sb-124 60.2d 2.80E+08 0 
Cs-134 2.062y 3.10E+09 1.70E+08 
Cs-136 13.16d 2.40E+08 0 
Cs-137 30.0y 4.10E+09 2.80E+08 
Ba-140 12.75d 4.40E+09 0 
Ce-141 284.3d 3.20E+08 0 

4.5 BWR

(Bq/y) (s/m3) (1 )
40

(Bq/cm3)
 1.90E+15 0 - 

I-131 7.80E+10 1.99E-02 - 
I-133 1.30E+11 3.32E-02 - 
Co-60 8.50E+08 2.17E-04 7.67E-04 
Co-58 6.70E+07 1.71E-05 2.47E-07 
Mn-54 2.60E+08 6.63E-05 2.66E-05 
Zn-65 1.60E+08 4.08E-05 1.12E-05 
Zr-95 3.30E+08 8.42E-05 8.24E-07 
Sr-90 1.20E+07 3.06E-06 3.90E-05 

Sb-124 2.80E+08 7.14E-05 5.43E-07 
Cs-134 3.10E+09 7.91E-04 9.89E-04 
Cs-137 4.10E+09 1.05E-03 1.35E-02 
Ce-141 3.20E+08

2.55E-07

8.16E-05 2.84E-05 
70m

0.5 1.0cm/s 
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4.6 BWR

Sv/y

Co-60 2.77E-01 1.70E-07 3.80E-04 2.94E-04 3.74E-05 8.93E-06 0 2.78E-01
Co-58 1.08E-05 8.15E-13 4.87E-09 3.75E-09 4.78E-10 1.15E-10 0 1.08E-05
Mn-54 2.36E-03 1.26E-10 3.56E-06 5.16E-08 3.72E-08 2.22E-08 0 2.36E-03
Zn-65 2.25E-05 5.50E-12 3.63E-07 1.89E-06 1.16E-07 1.66E-09 2.26E-05 4.75E-05
Zr-95 2.61E-05 5.47E-12 2.68E-10 2.51E-13 2.15E-13 3.82E-10 4.27E-11 2.61E-05
Sr-90 1.99E-05 3.39E-08 2.78E-04 7.09E-05 2.05E-05 1.69E-06 0 3.91E-04

Sb-124 3.37E-06 3.29E-13 3.07E-10 4.44E-11 5.63E-12 5.63E-11 5.97E-09 3.38E-06
Cs-134 2.14E-01 4.25E-08 6.13E-04 9.60E-04 3.38E-04 2.89E-05 0 2.15E-01
Cs-137 1.23E+00 4.64E-07 6.62E-03 1.04E-02 3.65E-03 3.11E-04 0 1.25E+00
Ce-141 4.63E-05 3.70E-11 5.48E-09 6.20E-11 2.24E-10 5.13E-09 0 4.63E-05

 1.72E+00 7.11E-07 7.90E-03 1.17E-02 4.04E-03 3.51E-04 2.27E-05 1.75E+00
70m 
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FSSR

25mrem/ 250 Sv/ ALARA MARSSIM
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