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System Engineering Approach to Planning and Evaluation of
Nuclear Power Plant Decommissioning
Satoshi YANAGIHARA, Kunio SHIRAISHI,
Hirohito OGIHARA, Takenori SUKEGAWA
J. RANDEC, No. 12 (July 1995), page 2~10, 10 Figures, 1 Table

As one of promising technology for decontamination and
decommissioning (D&D) projects, a study on system engi-
neering approach to planning and evaluation of nuclear
power plant decommissioning has been conducted in the
Japan Atomic Energy Research Institute under contract
with Science and Technology Agency of Japan.Various
data on dismantling the Japan Power Demonstration Reac-
tor (JPDR) has been collected and these are accumulated in
the decommissioning database. The data collected from
the dismantling activities are being used for {1) managing
ongoing dismantling activities, (2) verifying the code sys-
tem for management of reactor decommissioning (COS-
MARD) developed for the forecasting of management infor-
mation, and (3) planning future decommissioning of com-
mercial unclear power plants.The JPDR dismantling activi-
ties were then characterized by analyzing the data collected
with regard to waste arisings, manpower expenditure,
worker dose and dismantling machine performance. In ad-
dition,information about D&D projects in the world has
been collected through the OECD,/NEA decomissioning
cooperative program. The information has been also accu-
mulated in the decommissioning database. COSMARD and
database are expected to be particulary useful in decom-
missioning nuclear power plants.

International Activity for Decommissioning of Research Reac-
tors
~—OQutline of IAEA Technical Report on Decommissioning Tech-
niques for Research Reactors —

Nobuaki OHNISH]
J. RANDEC, No.12 (July 1995), page 11~21, 3 Figures, 6 Tables

To date, well over 650 research reactors, including criti-
cal assemblies have been built or are in the construction or
planning phase throughout the world. Over 370 research
reactors have already been shut down and decommis-
sioned to different stages. By the turn of the century, about
220 research reactors operating today will have reached 30
years of age and will also become likely candidates for de-
commissioning.

The first publication of the IAEA on research reactor safety
was early as 1960 and this subject has since received con-
tinuous attention. The basic principles and reqguirements
for the safety of research reactors and critical assemblies
have been compiled in two safety code-on design and on
operation, as the 1984 edition of Safety Series No.35.

In addition, it has been recognized internationally that
there would be advantages in harmonizing principles and
rationalizing decommissioning standards on an interna-
tional basis. The Safety Giude and Technical Report have
been issued in response to the need as part of IAEA pro-
gramme for decommissioning of research reactors and
critical assemblies.

This paper describes the outline of the IAEA technical re-
port on "Decommissioning Techniques for Research Reac-
tors” which has been published recently .

Decommissioning Plan for the TRIGA Mark-11/111
Doo -Hwan SUH
J. RANDEC, No.12 {July 1995), page 42~48, 5 Figures, 8 Tables

KRR-1 {Korea Research Reactor-1; TRIGA Mark-Ii,
250 kW) and KRR-2 (TRIGA Mark-!ll, 2 MW) have been
operated for 33 and 23 years respectively.

These two reactors are planning to be shut down in De-
cenber 1995, for the reasons of uneconomical operation,
technical obsolescence and political change. After then
KRR-1 would be in Stage-2 in order to reconstruct for a
memorial building,and KRR-2 would be in Stage-3.

In this paper, decommissioning plans for KRR-1 and KRR
-2 are described as follows ; 1) Background, 2) Facility de-
scription, 3) Decommissioning options, 4) Schedule of the
plan, 5) Cost estimates, 6) Results of preliminary examina-
tion for decommissioning study .

Decommissioning Program for JAERI’s Reprocessing Test Fa-
cility

Takeo MIMOR/, Kazutoshi MIYAJIMA
J. RANDEC, No. 12 (July 1995), page 49~58, 10 Figures, 2 Tables

JAERI's Reprocessing Test Facility for short JRTF, is the
first facility constructed in 1966 for fundamental fuel re-
processing tests in Japan. The JRTF decommissioning
program consist of treatment of liquid waste generated
from reprocessing tests, research and development on dis-
mantling techniques and actual dismantling. This pro-
gram started in 1990 under a contract with the Science and
Technology Agency, and will be completed in 2001. This
paper introduce the outline of JRTF and the summary of de-
commissioning program for JRTF.
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Steam Generator Replacament Work in Nuclear Power Plant
Takashi DODO
J. RANDEC, No.12 (July 1995), page 22~31, 22 Figures, 6 Tables

Steam Generator (SG) Replacement is one of the biggest
projects of Pressurized Water Reactor Power Plant. SG Re-
placements had ever been practiced in the United States,
France, Germany and another countries, so nowadays SG
Replacement has been fixed as a effective maintenane
method of PWR. In Japan, SG Replacements has been
also completed in Takahama-2, Minhama-2, Genkai-1,
Oni-1, and are planned in another 4 plants. The new
steam generators are of the latest design and manufactur-
ing process well based on the domestic and foreign operat-
ing experiences.

This report deals with outline of SG Replacing techniques
in every steps of the work, decontamination and training for
radiation exposure reduction, and radioactive wastes and
the treatment.

Decommissioning of the Windscal Advanced Gas-cooled Reac-
tor

Hironori ISHIKAWA
J. RANDEC, No. 12 (July 1995), page 32~41, 13 Figures, 5 Tables

The WAGR ceased operation in 1981 after 18 years of
successful operation as a development reactor for the AGR
nuclear power stations. Dismantling the WAGR is the UK's
lead power reactor decommissioning project. Decommis-
sioning began in 1982 with the removal of fuels from the
reactor core. The wide variety of data and the experences
have been obtained in the course of the WAGR decommis-
sioning Project. In this paper, the activities of the WAGR
decommissioning Project are summarized.

Advanced Measuring Techniqgue named Long Range Alpha
Detection (LRAD) Method for Alpha Rays

Yoshiro KATAYAMA
J. RANDEC, No.12 (July 1995), page 59~67, 19 Figures, 1 Table

Los Alamos National Laboratory is developing a series of
instrumentation based on the Long Range Alpha Detection
(LRAD) Method. Historically, alpha detectors have been
limited by the very short range (about 3em for alpha of 5
MeV) of the alpha source in the air.

This revolutionary detection technique, LRAD permits
monitoring of alpha rays up to several meters from their
origination point. In LARD method, alpha particles inter-
act with the ambient air, producing ionization in the air
about over 140,000 ion pairs at 5 MeV of alpha energy.
These charges can be transported in the moving current of
air generated by fans. An ion chamber located in the front
of fans measures the current carried by moving ions. Sev-
eral patents have been awarded regarding LRAD Methods.

Exclusive license grated to Eberline Instruments from Los
Alamos National Laboratory and Model LRAD-1 is the first
product by Eberline Instruments Corp. located Santa Fe,
NM.
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System Engineering Approach to Planning and Evaluation
of Nuclear Power Plant Decommissioning

Satoshi YanaciHARA, Kunio SHIRAISHI,
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Hirohito Ocinara, Takenori SUKEGawA 9
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As one of promising technology for decontamination and decommissioning (D&D) projects, a study on
system engineering approach to planning and evaluation of nuclear power plant decommissioning has been
conducted in the Japan Atomic Energy Research Institute under contract with Science and Technology
Agency of Japan.Various data on dismantling the Japan Power Demonstration Reactor (JPDR) has been
collected and these are accumulated in the decommissioning database. The data collected from the
dismantling activities are being used for (1) managing ongoing dismantling activities, (2) verifying the code
system for management of reactor decommissioning (COSMARD) developed for the forecasting of
management information, and (3) planning future decommissioning of commercial unclear power plants.
The JPDR dismantling activities were then characterized by analyzing the data collected with regard to
waste arisings, manpower expenditure, worker dose and dismantling machine performance. In addition,
information about D&D projects in the world has been collected through the OECD,/NEA decomissioning
cooperative program. The information has been also accumulated in the decommissioning database.
COSMARD and database are expected to be particulary useful in decommissioning nuclear power plants.
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Table 1 An Example of Calculation Models
in Unit Activity Database

ACT. METH: PUMP (R TDREIE]
IF(WEIG >= 1)
DMMHSUM=35%WE [ GxNUMB

IF(WEIG >= 0.5)

DMMHSUM= 25%WE | GXxNUMB
IF(WEIG > 0)
DMMHSUM=15%WE|GxNUMB
ENDIF

ENDIF (G¥) WEIG EFE

ENDIF NUMB [ %

END DMMHSUM: A T %
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International Activity for Decommissioning of Research Reactors
— Qutline of IAEA Technical Report on Decommissioning
Techniques for Research Reactors —
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To date, well over 650 research reactors, including critical assemblies have been built or are in the
construction or planning phase throughout the world. Over 370 research reactors have already been shut
down and decommissioned to different stages.
operating today will have reached 30 years of age and will also become likely candidates for decommissio-
ning,

By the turn of the century, about 220 research reactors

The first publication of the IAEA on research reactor safety was early as 1960 and this subject has since
received continuous attention. The basic principles and requirements for the safety of research reactors
and critical assemblies have been compiled in two safety code-on design and on operation, as the 1984
edition of Safety Series No.35.

In addition, it has been recognized internationally that there would be advantages in harmonizing
principles and rationalizing decommissioning standards on an international basis. The Safety Giude and
Technical Report have been issued in response to the need as part of IAEA programme for
decommissioning of research reactors and critical assemblies.

This paper describes the outline of the IJAEA technical report on “Decommissioning Techniques for
Research Reactors” which has been published recently.
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Table 1 Statistics of Research Reactors
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Table 3 Potential Advantages and Disadvantages of Immediately Achieving
a Specified Decommissioning Stage
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Table 4 Typical Steps for the Decommissioning of Research Reactors
and Other Small Nuclear Facilities
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! Steam Generator Replacament Work in Nuclear Power Plant

Takashi Dopo

Steam Generator (SG) Replacement is one of the biggest projects of Pressurized Water Reactor Power

Plant. SG Replacements had ever been practiced in the United States, France, Germany and another

countries, so nowadays SG Replacement has been fixed as a effective maintenane method of PWR. In
Japan, SG Replacements has been also completed in Takahama-2, Mihama-2, Genkai-1, Ohi-1, and are
planned in another 4 plants. The new steam generators are of the latest design and manufacturing process

well based on the domestic and foreign operating experiences.

This report deals with outline of SG Replacing techniques in every steps of the work, decontamination

and training for radiation exposure reduction, and radioactive wastes and the treatment.

1. ERRESREISHOBE

A FEH RS (Steam  Generator : SG. Fig.1) @EY
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FmEA R Frh KA (The Kansai Electric Power Co., INC.)
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Fig.1 Steam Generator (54 F Model)

Table 1 Steam Generator Replacement in the World

AL %2 |EERGFER | BUEERE
1[$u-288 FAUN 1979% 2H 3208s
2|yy—-188 TAYAR 1980% 98 290R8
3| s—%—ferr380 FAURH 19815 6A 2808
4| s—F—Rasb4938 TAVA 1982%10A8 2508
5(A7YvbEnd A Fayv 1983% 6A 1048
6| R4vbE—F1 28 FAUN 1983%108 1038
7| aErur2EA TAYUAH 1984% 2R 2408 N
8|ovo2em FAUH 1988% 44 21080 |
9 |4 F47 R4 380 TAUAh 1989% 2A 1408447
WlUurHL2EE AVxI-TV 1989% 5H 1008
nlgvez—nisa 75 1990% 28 1328
2| Kye—k FAUA 1990% 95 1828
HEYESOPr™ FAUR 1982% 5A 2288
| /—z7231 84 FAUN 1993% 1A 968
15| "XFo 18 24 1993% 4A 998
16| kxA3E8A ¥ - 1993% 68 978
17/ Ea¥x4538 AP 19935 8A1 1788
8|57y —-321E8 TIVA 1994% 2A 1028
19| V. C. 37— 7AYUAN 1994% 9A8 988

CE1) REANRIRFFESLLTHS. BEHSEHETHOER
(£2) *1ARAAREBDBIAISDETRBENABORHRE - TRONREROTHE

Lreax

E2.3 8-

Egos b ]

ERAKT

LARARE

HT#68

1ARIYR T

Fig.2 A Bird’s -eye View of PWR Plant (2 Loops)



w gy IRER

11t

7

Table 2 SG Replacement & SG Storage Building
Construction Schedule in Japan

#1255 (1995F 7 A)

Table 3 SGR Basic Procedure
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Table 4 Results of Radiation Exposure
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3 Decommissioning of the Windscal

‘ Advanced Gas-cooled Reactor

' Hironori Isnikawa

The WAGR ceased operation in 1981 after 18 years of successful operation as a development reactor for
the AGR nuclear power stations. Dismantling the WAGR is the UK’s lead power reactor decommissioning
project. Decommissioning began in 1982 with the removal of fuels from the reactor core. The wide variety
of data and the experences have been obtained in the course of the WAGR decommissioning Project. In
this paper, the activities of the WAGR decommissioning Project are summarized.
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L7zb Dk UTEHEL A RBI OMETEEE % Table
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Table2 Summary of WAGR Waste Quantities at 1993

Waste | Mean specific I Total

Material Category Mass (te) activity Activity
at 12 yr decay GBq'te TBq

Mild Steel LLW 200 4,00E-1 7.99E-2
LW 533 3.19E3 1. 70E3

Stainless LLW 18 5.23E-2 9,41E-4
Steel ILW 29 5.38E4 1. 56E3

Graphite LLW 73 5.92E-1 4,32E-2

LW 210 1LO4E 2 4.07E1 |

i Insulation LLW 10 1.81E0 1.81E-2

ILW 9 2,16E 1 1.94E-1

Concrete de minimis 1911 2.46E-5 1. 71E-5
LLW 1297 1, 10E0 1,43E0
LW 302 | 2, 66E1 LL11E1

TOTAL | 3.30E3TBq

Table 3 Nuclide Activities Summed Over All
Components at 1993

Note:

Nuclide ACT“BV(;”
H-3 44
c-1¢ 4.7
Cl-36 0. 088

| ca-a1 0.121
Mn-54 0,000 |
Fe-55 1858 [
Ni-59 6.8
Co-60 602
Ni-63 695
Nb-93m 0,168
Nb-94 0. 042
Eu-152 1.12
Eu-151 1.39

| Eu-155 0.37
TOTAL 3306 TBq

Tables 2 and 3 assume WAGR operated over 18
vears al an average power level of 80 MW thermal followed
by 12 years decay.
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Fig.4 Top Biological Shield During Thermic Lance Process
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Table 4 Heat Exchanger Disposal Methodology

Comparison
- Method1 [ Method?2
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Table 5 Dose Uptake of WAGR Project Workforce

Item Year

1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991

Number of personnel 30 29 29 28 32 26 24

Total dose (manmSv) | 87.3 | 98.2 | 51,39[110.91|105.0 | 71.0 | 62.5

8 6
Highest individual 11,9 | 1L6 4,33 13.29| 12,92| 6.6 7.1
dose (mSv) 9
Average dose (mSv) 2.9 3.4 | 1.8 4,0 3.28| 2.9 2.6
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Decommissioning Plan for the TRIGA Mark-1I /111

Doo-Hwan Sun

O e e R e R e . e e e e o e e o o

KRR-1 (Korea Research Reactor-1; TRIGA Mark-1I, 250 kW) and KRR-2 (TRIGA Mark-III, 2 MW)
have been operated for 33 and 23 years respectively.

These two reactors are planning to be shut down in Decenber 1995, for the reasons of uneconomical
operation, technical obsolescence and political change. After then KRR-1 would be in Stage-2 in order to
reconstruct for a memorial building,and KRR-2 would be in Stage-3.

In this paper, decommissioning plans for KRR-1 and KRR-2 are described as follows; 1) Background,
2) Facility description, 3) Decommissioning options, 4) Schedule of the plan, 5) Cost estimates, 6) Results
of preliminary examination for decommissioning study.
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FA4EF % Table 3 IR ¥,

Table 3 Composition of the Reactor
Structure (TRIGA Mark-Il)

. atomic density
material element | (atoms/bam—crﬁ
\ H 5.434% 102
0] 1,205% 107
ore Al 2,114x107°
¢ Zr 3.047X 107
U-235 2.074x107*
U-238 8.192x107*
H 2.339%x10°*
top and bottom reflector C 6.811x1072
(p=1. 842g/c) (6] 1.170x107?
Al 3.012x107°
H 2,774 %1072
core graphite C 6.276x107*
(p=1.752g/cur) [0} 1.387x1072
Al 1.940x1073
core tank and liner Al 6.024x107%
(p=2. 699g/cmr’)
carbon reflector C 1,135x 107!
(p=2.262g/cf)
air N 4,042%107°
(p=1.293%107%g/cm) (0] 1.327%107°
H.O reflector H 6.684%107%
(p=1.0g/cr) O 3.342%107*
-2
bottom grid plate g ? ?3822}0*2
(p=2, 105g/ca®) - L70%10
: Al 3.916X 10"
H 5.717%10°°
(6} 4.394 %107
Mg 6,554 x10°°
concrete Al 2,290%x107*
(p=2. 3g/cr) Si 1.904 X 1072
S 3.024%107°
Ca 1,.274x%107*
Fe 6.791x107*
@A EE T 7 VRS

ERETE O -0 OFEFFER L. Fodh%
W5 R-ZHEETVTHEML 77,

@ P E
hEFEETEIR, Er T AT e a—F
MCNP¥ % RwT{T5 72,

VAL Y pnsiee = e i

DAl liner DICEMT
Alliner OIEFMRIFLATOEY o
Si(0.25w/0), Fe(0.40), Cu(0.10), Mn
(0.10), Mg(2.5), Cr(0.35), Zn(0,10),
Trace elements (0, 15), Al(96.05)
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_Table 4 Inventory of Radionuclide in Al Liner (Ci/cr)

radionuclide side floor
Mn-54 6. 48E-10 1. 49E-09
Fe-55 4.60E 08 1. 04E-07
| Co-60 2.27E 11 5.19E-11 |
, Ni-63 5. 64E 12 1.30E-11
| 7n-65 4.73E-08 1. 10E-07 |

Tabl

FaIyvaZryIEHR EL125 (1995F 7 AH)

eb

Inventory of Concrete Shielding (Wall) (Ci/ar)

radionuclide. concrete thinkness (cm) |
| 5 15 25 | 35 | 45 55
Ar-39  [2.06E-09|2,39E-10[ 1. 25E-10|4,97E-11]1,57E-11[5, 38E-12
Ca-41  [3.75E-10[4.34E-112.28E-11]9,01E 12| 2, 89E-12[9. 79E-13]
| Ca-45 |1.87E-0712,17E-08[1, 14E-08]4.51E-09 | 1.45E 09|, 89E-10
| Mn-54 |9,01E-09|1,04E-09|5,47E-10|2, 17E-10]6, 94E-11|2.35E 11
Fe-55 |1.61E-061.87E-07|9.79E~08 3,88E 08 |1, 24E~08] 4. 21E-09
| Co-60 [3,56E-08]4,13E-09|2, 17E-09[8,56E -10{2, 75E-10(9, 27E- 11
Ni-59  |6,37E-11]7,39E-12|3,87E-12]1,54E-12[4,92E-13]1,66E-13
Ni-63  |7.57E-09(8.69E-10]4,56E-10]1,81E-10 5, 78E~11|1,96E- 11
Eu-152 | 1.73E 08]2.01E-09|1,05E-09[4.17E 10{1, 34E-10]4.52E-11|

Table 6 Inventory of Concrete Shielding (Bottom) (Ci/cn)

[

radionuclide s T 15
5 | 15

25

concrete thinkness (cm)

35

45 55

| Ar-39

1.62E-09[7.07E-10

3.73E-10

1.27E-10

4.4TE-11|1,24E-11

Ca-41

[8.43E-10{1.28E-10

6.81E-11

2.31E-11

8. 10F 12225612

Ca-45

14,20E-07]6.41E-08

3,40E-08

1,15E-08

1,07E-09[ 1. 13E- 09

Mn-54

2.02E-083.08E-09

1,63E-09

5.55E-10

1.95E- 105, 40E-11 |

Fe-55

3.61E-065.52E- 07

2,92E-07

9.92E-08

3.50E-0819. 66E-09

Co-60

7,97E-08[ 1. 22E-08

6, 45E-09

2, 20E-09

7,72E-10|2, 14E-10|

Ni-59

1.43E-10] 2, 18E-11

1. 15E-11

3.93E-12

1,38E-12|3.83E-13

Ni-63

1.68E-08

2.57E-09|1,36E-09 4, 62E-10

1,63E-10|4,51E-11

Eu-15

2 [3.88E-08]5,93E-09|3, 14E-09] 1, 07E-09

3, 76E-10] 1, 04E-10]
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(2B FEZEY) D Fe = it
HAET HMETEFEEY OHE & % Table 7 2R
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Table 7 Waste Summary (TRIGA Mark-Il)

| BESEME | Rt(n) | ik (on) [GEMG 5@‘
Al Liner 1.86 5.0 1 ,
ayry— | 1024 235.5 30
N 76.82 53,8 23
[RFIR%%8 0.9 1

5t 181,08 295, 2 5 |
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Table 8 Radiowaste Management
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Decommissioning Program for JAERI’s Reprocessing Test Facility

Takeo Mimvori, Kazutoshi Mivajima

. g o o o oo s e

T BB ST S SE

L

JAERI's Reprocessing Test Facility for short JRTF, is the first facility constructed in 1966 for
fundamental fuel reprocessing tests in Japan. The JRTF decommissioning program consist of treatment
of liquid waste generated from reprocessing tests, research and development on dismantling techniques
and actual dismantling. This program started in 1990 under a contract with the Science and Technology

Agency, and will be completed in 2001. This paper introduce the outline of JRTF and the summary of

decommissioning program for JRTF.
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Table 1 Radioactivity and Volume of Liquid Waste
W R B O# K| B R
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0.05-5.7 [ 3 7x1¢' 7.4%10*
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Advanced Measuring Technique named
Long Range Alpha Detection (LRAD) Method for Alpha Rays.

Al #H

Yoshiro Katavyama

B N R e R R R N e R

Los Alamos National Laboratory is developing a series of instrumentation based on the Long Range
Alpha Detection (LRAD) Method. Historically, alpha detectors have been limited by the very short range
(about 3cm for alpha of 5 MeV) of the alpha source in the air.

This revolutionary detection technique, LRAD permits monitoring of alpha rays up to several meters
from their origination point. In LARD method, alpha particles interact with the ambient air, producing
ionization in the air about over 140,000 ion pairs at 5 MeV of alpha energy. These charges can be
transported in the moving current of air generated by fans. An ion chamber located in the front of fans

measures the current carried by moving ions.

Several patents have been awarded regarding LRAD

Methods. Exclusive license grated to Eberline Instruments from Los Alamos National Laboratory and
Model LRAD-1 is the first product by Eberline Instruments Corp. located Santa Fe, NM.
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Table 1 Standard Source for Test

Nuclide ; Natural Uranium

Source No. 1781|1782 | 1725 | 1636 | 1444

Total Activity; Bq|8.42|12.4|50.7| 137| 346

Density; Bg/cm |5.47(2.52|4.0313.80|3.46

Effective Area; cm|1.54 | 4,91 (12,6 36| 100
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Fig.19 Large Soil-Surface (1m*) Monitor®’
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RANDEC’s Capability

Research Association for Nuclear Facility
Decommissioning (RANDEC) plays a key
role in establishing overall technology for

decommissioning nuclear facilities.

The capability and service of RANDEC are to;

Implement decommissioning research,
development and investigation.

L 4

Provide technical information on decommissioning.

L 2

Train for decommissioning.

<

Inform and enlighten the public
about decommissioning.
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