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Present status on international approaches to develop clear-
ance levels for radionuclides in solid materials and/or waste

Yoshikazu YOSHIDA and Masafumi YAMAMOTO
J. RANDEC, No. 14 [August 1996), page 2~13, 1 Figures, 9 Tables

International guidance on the clearance levels for radi-
onuclides in solid materials and/or waste should be devel-
oped for rational disposal of very low level radioactive
wastes and for their reuse and recycling.

International organizations such as IAEA and OECD/NEA
have been discussing this subject, and several recommen-
dations were made in this field. We reviewed these interna-
tional approaches to develop clearance levels for radionu-
clides in solid materials and/or waste. An outlook on the
introduction of these international recommendations into
national regulatory system is also given, along with national
approachs to this subject.

Enlarged Field of Nuclear Decommissioning Waste
Takehiko ISHIHARA
J. RANDEC, No. 14 (August 1996), page 14~23, 8 Figures, 5 Tables

Originally nuclear decommissioning waste means the
waste genealed from decommissioning activities of nuclear
reactor and related nuclear facilities. At the United States
defense sites enormous quantities of nuclearly and chemi-
cally contaminated waste, mixed waste, have been gener-
ated from the ongoing Environmental Management Pro-
lect. In the same time after ceasing of the cold war, big
countries with nuclear weapons have been facing to new
problems of dismantling surplus nuclear weapons and dis-
position of fissile materials under the nonproliferation con-
ditions

All the wastes generated from decommissioning activities
of civilian and  defense nuclear apparatus and facilities
should be defined as decommissioning wastes, including
environmental managenent waste and dismantled warhead
waste .

New concepts and processes developed among these
decommissioning activities should be valuable even in
Japanese nuclear world with no military aspects.

The Japan Power Demonstration Reactor (JPDR) Dismantling Activities

—Dismantling of the Reactor Enclosure and the Auxiliary Buildings —
Yoshihiro SEIKI and Takashr KUBO

J. RANDEC, No.14 (August 1996), page 47~59, 10 Figures, 4 Tables

As the final stage of the JPDR decommissioning pro-
gram, after the major components were removed from
each building of JPDR, the dismantling activities proceeded
to the decontamination of contaminated concrete surface
and the final radiation survey of buildings. These activities
were conducted to verify the developed techniques and the
detailed procedures for decontamination, and to allow un-
restricted use of the JPDR buildings .

Following the decontamination of buildings, the disman-
thng of each building was started. Before dismantling the
buildings, the radiaton control designations were
changed. The buildings that contaminated embedded
pipes were changed from first-class radiation controlled ar-
eas to second-class radiation controlled areas. On the
other hand, the buildings that had no contaminated pipes
were changed to uncontrolled areas. A first-class radiation
controlled area allows the use of unsealed sources ; thus,
radioactive contamination may exist. A second—class ra-
diation controlled area is one where only sealed sources are
allowed.

Significant quantities of data and experience were 0b-
tained during these activities. The practical procedures for
decontamination, the final survey of radioactivity, and the
dismantling work of buildings were described in this report.

Fabrication technology of waste package for low level radioac-
tive solid waste and evaluation of the package
Tadao KODAKUTSU, Teruyuki HIRAI,
Masaru HAYASH!I and Toshio TANIGUCH!
J. RANDEC, No. 14 (August 1996), page 60~72, 11 Figures, 6 Tables

Low level radioactive solid wastes generating from nu-
clear power plant are classified into air and liquid-filter, arti-
cles of consumption, various parts of replacement and con-
sumption materials generating during periodical Inspec-
tions and so on. Therefore it is difficult to define such
wastes univocally, because waste forms and contamination
conditions are different respectively.

In order to bury these wastes into shallow land disposal
site, it is necessary to understand waste properties, and to
establish reasonable fabrication technology of waste pack-
age.

This report describes the outline of these studies .
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Summary and Results of The JPDR Dismantling Project
Yasuhiko MIYASAKA

J. RANDEC, No. 14 (August 1996), page 24~33, 7 Figures, 5 Tables

The Japan Power Demonstration Reactor (JPDR) disman-
tling project was successfully completed March 1996. This
project had been conducted since 19871 under considera-
tion of the long-term program for nuclear energy research,
development and utilization for issued by the Atomic Energy
Commussion (AEC). It consisted of two phases ; research
and development were performed on the key technology
such as radioactive inventory estimation and remote dis-
mantling in the Phase | program, then the developed tech-
niques were applied to the actual dismantling of the JPDR
in the Phase Il program. Varicus know-how and data on
the dismantling activities and developed techniques were
obtained through the project. Especially remote dismantling
by developed cutting technigues, waste management and
implementation of site release procedures studied are usc
ful experience for future decommissioning of commercial
nuclear power plants.

This report describes the results and summary of the
JPDR dismantling project.

The Japan Power Demonstration Reactor (JPDR) Dismantling
Activities
—Dismantling of The Biological Shield—

By Yoshituro SEIKI, Kazushige KOZAWA
J. RANDEC, No.14 (August 1996), page 34~45, 13 Figures, 5 Tables

Actual dismantling of the Japan Power Demonstration
Reactor (JPDR) in the Japan Atomic Energy Research Insti-
wite (JAERI) was started in 1986 and was completed by
1996. The objectives of dismantiing activities are to obtain
the data necessary for decommissioning of nuclear power
reactors,to verify and confirm the developed techniques.
By 1990, the highly activated components such as the re-
actor internals, the reactor pressure vessel (RPV) and the
pipes connected to the RPV were already removed by re-
mote operation using the newly developed dismantling
techniques.

After removing the highly activated components, the dis-
manthng activites proceeded to dismantling the concrete
structures of the biological shield. The dismantling activities
of the biological shield were started al September 1990
and were completed by January 1994 . The inner protru-
sion of the biological shield which had high radioactivity
was removed using the Diamond Sawing. Coring and the
Abrasive Water Jet technigues with remote operation. The
remaining biological shield which had low radioactivity and
large amount of concrete was dismantled using the con-
trolled blasting technigque. These techniques were selected
to minimize the radiation exposure of workers and to demol-
ish powerfully the massive reinforced concrete structures.

Through the dismantling activities, various data on cut-
ting performance, radiological safety, waste generation
were collected. This report describes the dismantling pro-
cedure and the results of data analysis on dismantling of the
JPDR biclogical shield.

Development of Pu adsorption by Fibrous Actiuated Corbon
(FAC)

Takeo MIMORI and Hideki TAKAHASH!
J. RANDEC, No. 14 (Aucust 1996), page 73~81, 8 Figures, 6 Tables

Japan Atomic Energy Research Institute and Unitika Ltd.
jointly developed an inorganic adsorbent, which can re-
move plutonium in reprocessing liquid waste and reduce a
volume of the waste containing TRU by the incineration .

The inorganic adsorbent consists of 80 wt% fibrous ad-
sorbentand 20 wt% inorganic binder, and be molded in the
cartridge forms to be easily applied in the industrial fields.
The fibrous adsorbent is improved so as to be more hydro-
philic by the oxidation without decreasing the specific sur-
face area of fibrous activated carbon. As the fibrous ad-
sorbent i1s consisted of more than 90% of carbon, it is
physically and chemically stable, and easily converted to
CO:2 and H20 by the incineration. It is possible to expect
useful applications from at the standpoint of the volume re-
duction of the waste.

This paper introduces the plutonium adsorption and the
incineration propertic:s of the inorganic adsorbent.
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International guidance on the clearance levels for radionuclides in solid materials and/or waste should
be developed for rational disposal of very low level radioactive wastes and for their reuse and recycling.

International organizations such as IAEA and OECD/NEA have bcen discussing this subject, and
several recommendations were made in this ficld. We reviewed these international approaches to develop

clearance levels for radionuclides in solid materials and/or waste.

An outlook on the introduction of

these international recommendations into national regulatory system is also given, along with national

approachs to this subject.
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RAENYn ECEANEARET 2 EZ2615 2
s, EC OIERZ2ILHED & OHIFIBR D —
BRI D LSOO TIThnTwa, EM1A
b OBFIHZEHR I, IAEA O HIR A5 it ikue
ERICEH» o8z SkOBARAB L UBEFERK
BT 2 HIGIBRAMEIE B L KRB B E DILHEE #1988
FWTEE LT 3 (Table 3.1) ¥,

Table 3.1 Recommended clearance levels for recycling steel scrap and equipment'?

Type of activity

activity concentration

B, v 1 Bq, g avaraged over a
maximum mass of 1000 kg (a)

@ N/R (c)

Clearance Jevel for the mass ~ Clearance level for the surface

activity concentration

0.4 Bq./ et for non—fixed
contamination on accessible

surfaces (b)

0.04 Bg, /e (b)

(a) no single item may exceed 10 Bq, /g

(b) averaged over any area of 300 cn’ of any part of the surface

(¢) N/R : no value is recommended

ZDIIREDEE IE. FofRE A NLTHB D, fik
FOT N2 =7 AOFFH D S 7 EGTRR AU H A
KHRITENBZFPETHAHIE, b0, a7 ) —
FEESDREAOREAESETE FEICR> TS
ZEREEINT LB,

3.3 OECD/NEA (2 485151®

OECD,/NEA T3, 198555 a3 s vy a = >
8T 2RISR E L, MEDL 25, 122
Hpom3070Y 2 7 b BEFEIR &> TERD L

SN TEH, BEFAMEDT I3y a7
TLEB7 =7 LEFHL TWwE, ZOF T,
FTaAIwyaZ I I o THRETIEEYOR R
BREALT 22 & DEEEDTERINTEB D EEY)
PUSETIEBIB T BT ETREEZLS
nNTws,

FIC. 1992F i3, 7as8vyva=r @y
LW ETE ORI IIF IR S OV DA
BB L UVBEFERORSTORDDI A7 I N—7 38
B an., HAAB L UEERCET 5 EEDORKRET
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WXL, BERAORER & L TZCE D & B A
HHYMOEE 2G5 £ LT, WHEOWEY Ao
2L CEY ., BURBRENRZ) A2 DbeL A
ﬂWNWr%UX?kbwaﬂn@M YA AN 3

=3 B

H14% (19964 8 H)

T 5 M R S T B (Table 3.2) ',

‘5 RA77N—7Ti, $%HHAHEOET LI
ﬁwt@ﬂ%ﬂmxﬁﬂ%awiéﬁﬂ%%®ﬂw
Hmarve sy Akl THEEESFIT T L
FREIW > T b,

Controiled Environment Unrestricted Environment

Flelease

_ | Tier Areuse |-—

Source

Fig.3.1 Proposed scheme for management of

material from nuclear facilities'®

Table 3.2 Summary of health risks from the radioactive scrap metal management alternative'®

Impact categories Recycle /reuse

Radiological riska

workers and public ; 107*to 10~

Hedlth risks from radioactive scrap metal management alternatives

1077 to 107 fatal cancer risk to metal

I————
|

Dispose and replace

|
Potential elevated cancer :

risk to miners

population risk per year of practice

Nonradiological risks®
Accidents(workplace)
to workers
Accidents(trans-
portation)
Chemical exposure
from smelting® to public

Chemical exposure None

| from coke production

About 7 fatalities or serious injuries

1072 fatality risk to workers and public

107* fatal cancer risk to workers ; 107

About 14 fatalities or
serious injuries to workers
1072 fatality risk to |
workers and public
107° fatal cancer risk to
107 to public

1 fatal cancer risk to

workers : 107 to public

workers ;

4 Risk estimates represent maximum individual lifetime risk associated with a 50000 t

throughput,

operated so that individual dose does not exceed 10 uSv,yr.

b Maximum individual lifetime risk of cancer fatality resulting from one year of exposure at

the maximum permissible concentration(U.S. ).
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xf L TR OBBIRAMRE 252 2 2 03T &
%,
MHRHMED > 7 VA BT & LT DALy B 1EE
LizdbdE, %%Mtt(@ﬂﬂm\ﬁﬁm¢mm
Lz O KPTE %5, IAEA @ TECDOC-855
Tk, ZR6H2EEL 80O E LTS (uncon-
ditional) OHLEFE A L~V BFRE L T 5,
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WS »THY | B S & FEERIRD D5 DS
WEIRG L ONIN L HBETH B Z &, (=R,
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4.1 EFEHOLD DRERNEE

Y & LT DML 2 RUE U 2= BRIBR S R 1
TECDOC-401ic B W TIAC AT s iz, FEE S
DTSRG > ) A, o SHLRTMS. b L
YFRGE MURKREAT, BhHEER, BRMbRHE. BEAD
IED > 5V A TH B, TECDOC-4011z BV T
. RSOy F ) F ORTHELIEGETIBRE %
523y ) Ak Mﬁ%%mﬁi\%ﬁWﬁM
BRAMBIE & U CRHER RAZAE Z L 1R L T B,

TECDOC-855T iZ. 1‘@0)5‘}?“' & B EIHIBR 2h R

EOREELEO TREDITERELS L UEEMOD
IR S OFHES T h T\ b, 53z
LT, —fRDIETALD & —fF OBEEIFIC X % BERD
D2FEHDUST >+ A DRSS DB THEIENT
w3, ot TECDOC-401 0FHE 3. #7405
DEHEE S+ UV A OFH N Z X — 8 D—EF I K
PN AR TEIO~BL00A5 I L v b D23 h B 05, Z
NEBROL TR ZY 3 Twb, Table 4.1
£ 4.2z TECDOC-855TiThb i zilsy s + 1)
BT 2GR R ORETCH Vv s e FEoh
M5 b OBEE FRRED R S TV S %5
WG T 1% R T, /2L, FHE EORHER/ NS
A—ZHRYFL LY TR E LT TECDOC-855
DR TR B R o st s iz b Ok
Wiz (Table4.4, 45128V TH]L, ),

Table4.1 Excerpted summary of results of
studies on clearance levels for landfill
disposal (Bq,7g) '?

Radionuclide Range
H-3 2X10° ~3 X100
C-14 1 X10? ~8 X10*
Co-60 5 X107~ 1 x10'
Ni-63 1 x10* ~5 x10¢
Sr-90 2 X10" ~ 3 X10°
Cs-137 1 x10° ~2 %10}
Eu-152 1 x10° ~3 x10°
Am-241 3 X107~ 2 X107

Table 4.2 Excerpted summary of results of
studies on clearance levels for disposal
by incineration (Bg,/g)

J Radionuclide Range

| H-3 4 X104 ~1 X106
C-14 1 X10* ~ 3 x10%
Co-60 5 X10 '~ 9 x10!
Ni-63 9 X10* ~4 X107
Sr-90 5 X10" ~ 3 x10?

i Cs-137 3 X100 ~ 4 X10'
Eu-152 3 X100
Am-241 2 X107~ 1 x10°
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4,2 BIEERMOREHIRNEE ’Cbi FTTUERE NN ENTEDT, 22T

PRt E LT OFFIH, BHEOHEER2EE L
HUBIERAMEIE D WT ik, RADWASS Eti o 5 ¥
DOH & 72 5 72 SS-111-P-1. 10T, . 7
ToUABLIUaY ) — s OFEMEL TOREF
M. EES L OTLE - REBHOREHEE L 7o
i = DlinfTh T WD, P-1,10FEHIZ D

=g nE’]@%mH&())i\@ﬁé Table 4.3' 2739,

Pﬁwuﬁ L&, TECDOC-855Ic 81> T, fi
DI & 2HEEH B O T, HHERIEE OHE
FEB & OTUEE o tEgdaET B & S OFHEH
T T3 (Table 4.4)'2,

Table 4.3 Composit summary of ranges of limiting exempt quantities
for the recycle and reuse of contaminated materials'?

Recycle or
Radionuclide group

reuse category

Alpha emitters Metal concrete recycle

I\eue (Surfaces)

Photon emitters \/Ieta /concrete recycle

Reuse (surfacos)
No - photon emitters Metal /concrnte recycle
Reus( (surfaces)

Other low dose Meta /concrete recycle

Reuse (surfaces)

Table 4.4 Excerpted ranges of results obtained
from reuse analyses (Bq,/g)'?

Radionuclide

Tx’zmg@
H- 3 39100 ~1 X108
C-14 1 X102 ~7 X 10
Co-60 6 X107*~9 x10'
Ni-63 8 103 ~ 1 X108
Sr-90 2 X100V ~ 2 x10° |
Cs-137 2 X107 '~ 9 X 10! |
Eu-152 1 X107~ 35 x10'
Am-241 8 %1072~ 2 X102
TECDOC-85512 85> Tld, i iyic, A9 5 &
DR HICR 2 TXRTOYF I A HH T = 2 1
ERIMELE O FHfE 2> & . A5 5w xR I
5 5 H ﬂf’n“r*;liml: BRAMEE SR ES N T B,

TECDOC-855THH SN Tw 3

SRR OHHIER S

Overall range of Overall range of

estimated acceptable amount

exemption level for recycle (t)
0.1-10 Bg g 10%~10°
0.1-10 Bg e’
0.1-1 Bg g 103~10°
0.1-10 Bq/cm —
10 100 Bg/ g 10°~10°
10 - 100 Bq/cm2 =
10% - 105 Bq. g 10°~10°
10* - 10* Bq, /et —

rm ”

TS (L o T b) % Table 4520 R$,
«.@i‘%ktﬁbﬁyﬂi’ DV TRRDOIIT & 2 FEM 2

LENTBY ., HHROBMWNTAET 255103, &
!Lfﬂﬂﬁt@tt B AR RS FEME(E) DF]
W1 EBZ TR TRVELTWS,

BRI EE (Bg.g)
o Mln. [ / (E’y_L 0 IE/B) ALIiHh /103 AI Iir //105-‘
ZIT, BLTOERBUTOLEED TH 5,

Min, [a,b, +**, nl=a,b, *++, n O/ |M#&
Ey=yBOERT 2N F (MeV)
Ef=B#RDFER) = 3 N F (MeV)
ALIinh =& A SR PR (Bg)
ALling =# 1 FERHU R E (Ba)
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Table 4.5 Derived unconditional clearance levels'?

Ranges of Representative
ivi ingl 1 f
activity . Radionuclides 2 smg e vaues o .
concentration activity concentration
(Bq.g) (Bq.g)
0.1 Na-22 Nb-94 Fu-152 Th-230 Np-237
Na-24 Ag-110m Pb-210 Th-232 Pu-239
Mn-54 Sh-124 Ra-226 U-234 Pu-240 0.3
Co-60 Cs-134 Ra-228 U-235 Am-241
<1.0 Zn-65 Cs-137 Th-228 U-238 Cm-244
=1.0 Co-58 Sr-90 In-111 Ir-192 Po-210 3
<10 Fe-59 Ru-106 I-131 Au-198
=10 Cr-51 Tc-99m [-125 Ce-144 Pu-241 30
<100 Co-57 1-123 1-129 T1-201
=100 C-14 Cl-36 Sr-89 Tc-99 300
<1000 P-32 Fe-55 Y-90 Cd-109
=1000 H-3 Ca-45 Pm-147 3000

<10000 S5-35 Ni-63

a2 Radon-220 and radon-222 were not considered in this classification.

EdRD &5z, IAEA OHEFEIZ, BE T L Bl 2 1E. EC TRE X T\ 2 S50 o8 i i e
AR R 2o T 18 OO 7 R R R e B — D IR AR FI R 3. BRHEZERELEZLOTHY . 35, b
NEEE252 505 D TH5H, OECD/NEA NI RVEEBRNA L. Rz LB ACS
® EC OMETOFALIE. —iBRMET &1 LU TEM S JTEESEESNTBY ., BEENLIBEFAD
NIEEREL 52182 ¥ 3 FZBRE 2IEAL BTSN I &2 o T w5 (Table
T3, 4.6)'9,

Table 4.6 Proposed nuclide-specific clearance levels for a) metal scrap recycling and
b) direct reuse of metal items'?

Radionuclide ‘ a) Recycling b) Direct reuse
Mass specific (Bq,/g) Surface specific (Bq,cm) Surface specific (Bg,cn?) }
H-3 1,000 100, 000 | 10, 000
C-14 100 1, 000 1,000
Co-60 1 10 ‘ 1
Ni-63 10, 000 1,000 1, 000
Sr-90 10 1 10
[ Cs-137 1 100 10
Eu-152 1 10 1
Am-241 1 ' 0.10 0.10
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Table 4.7 Sentencing of concrete rubble at

KRB-A'
Contami- Icmty R .\f[;ss - . bis_posal :
nation (Baq.”g) (ke)
class
o 0.37 9699  18727ke
11 1.0 4894 licenced release
1 2.0 4134 to conventional
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Iy 5.0 7720 10477ke
A% >5.0 2757 radioactive waste
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y Enlarged Field of Nuclear Decommissioning Waste
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LR BE

Takehiko IsHara

Originally nuclear decommissioning waste means the waste geneated from decommissioning activities

of nuclear reactor and related nuclear facilities. At the United States defense sites enormous quantities

of nuclearly and chemically contaminated waste, mixed waste, have been generated from the ongoing

Environmental Management Project. In the same time after ceasing of the cold war, big countries with

nuclear weapons have been facing to new problems of dismantling surplus nuclear weapons and

disposition of fissile materials under the nonproliferation conditions.

All the wastes generated from decommissioning activities of civilian and defense nuclear apparatus

and facilities should be defined as decommissioning wastes, including environmental managenent waste

and dismantled warhead waste.

New concepts and processes developed among these decommissioning activities should be valuable even

in Japanese nuclear world with no military aspects.
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N, BFREE L Ehb ik ot, 0%,
AR A 2 VIESIZ V474 Y b =7FIF iz
Pbhb7aIyvasrREEDEIINSE LD
Wik o7z,

AR, KRIE TR L TS 4 - EEE
HODFEILBADST T O O, F R DK
6 HEND i ARYEH OBBEE I L 2006 &
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CEESD S bFEEYISHENIEZ LD TS, I

S5DOLMBEEDHEL D HIZDOVRTHIBRS,
2, BREETOXAEDEEYER
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R DR E A TWT, REDETFH
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A F e 2254 (Japan Atomic Industrial Forum, Inc.)
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ef.: DOE, FY 1997 Congressional Budget Request, Bud-

get Highlights (DOE /CR —0039), 1996, p.35

A =] i RFER b7y BRI #Y
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Lﬁ{ 214 FAGEH 4 | ANSEH 95/9  Versailles | 147 3 -

Table 1 Presentations at Recent Major Waste Management Conferences
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3. KEICH T IEEYOFEFI—RLNIL
EEDDOEE

WAE, KEOFH FHBEEW IRV NVERY)
(HLW) . #ER%E A28 (SF). TRU BEEY. KL
SOV (LLW) . BEEFEM(MW), v 7 &
FRELEE(I LT A ) ) BL U EMEIEY (H B0
B EREIEM o, BREORT ISR
Mmoo SN AEREAREHIIRETFELAE I LT £
DEEFFEREYE LTSN, —HEAEINLTH
ERNF VY AOVETEY & L b ISP (Nuclear
Waste) & L idin %, REFEED L IIRETHEDE &
AEAEEYE O E I & DGR & e EBEY & o
W, BRENEFREE s S RECHE NS LD it o

T2e VT UHNEEY T UHAEDOEENOHENE T

SRDT Ty « TV NEEELTPBEL LD
BEVMTHY , VEACRES N ERY 7 »#ILoD
AT KBICHEBINTWS, 851, Thsid®
NEFNWEEOLOEEHEBFEDO LD LT S
%,

DOE ¥ — % (Table 2) 1z & #LIF19914 12 3. &
L AOVBEZEY)R9, Tt 5 28889500, TRU
BEFEY25, 4Tm', KV ~OVBEEY)A23, 9, BE
FEAEWN0. 1A, 7 T > 4hEE 1 818405, ER El
EVLIO I MMTEET B v, 7T U HELR I
$2 L, @mUr UL TRU %665 m'. % OMEL X
WISTSAMTH D, MFEDIT1 (24K > T
%

Table 2 Current and Projected Quantities of Radioactive Wastes in the United States

,. |
Types of Waste l 1991
High-Level Waste (HLW)
Commercial*! ‘ 1,729
Defense 395
Transuranic (TRU) ‘
Commercial 0
Defense*? 254
ER TRU n/a
| Spent Fuel (SF)
I Commercial*?® 9.546
Defense 0
Low-Level Waste (LLW)
Commercial 1,423
D&D LLW —
Defense 2,816
FRLLW n/a
Mixed LLW (MW)
Commercial n/a
Defense ! 101, 4
Uranium Mill Tailings
Commercial 118,400
| ER By-product Materials** 11,390

Volume of Waste (10°nv)

2000 2010 2020 2030
. 240 . 240 . 240 . 240
333.6 335.3 341.8 346.4
0 0 0 0
275 297 191 191
570 1,100 1,700 1,700
17.091 24,589 31.119 35,353
0 0 0 0
1,722 | 2,055 2,321 2,508
- | 7.83 613,06 1,293. 30
3,787 | 4,769 5,469 6,231
920 18, 000 29,000 29,000
n/a n/a n/a n/a
n/a n/a n/a n/a

|

119, 400 n/a n/a n/a
33,000 36, 000 38,000 38, 000

n-a Information not available.
ER  Waste from DOE environmental restoration projects.

D&D Wastes from decontamination and decommissioning of commercial nuclear reactors.
*1 By the year 2000 HLW is projected to be vitrified into glass, reducing the volume.
L Reduction in volume is projected as TRU waste is assayed and some of it is reclassified to other waste categories.

*q

MTIHM of spent fuel.as in 1991.

3 Projected volumes assume no new orders cuse. Volumes for future years assume the same ratio between the volume and

*4 Includes mill tailings, windblown contaminated soil, stabilizing material, low-level waste and source material.
Source : USDOE, Integrated Data Base 1992 : U.S. Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics,

(DOE/RW-0006, Rev. 8), pp. 15, Table 0.4.

Ref.: The Nuclear Waste Primer, Revised Ed. (Lyons & Burford, 1993), p.27
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Table 3 Regulations of Radioactive Wastes in the United States
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Table 4 Ma]or Envnronmental Regulahons in the United States
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Fig.2 What is Mixed Waste?
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Fig.3 Nuclear Waste-Related Organizations in the US Government
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Table 5 Cleanup Processes of Hazardous Material-Contaminated Sites
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Fig.4 Vacuum Extraction Process
Ref.: D.T. Davenport at al, Proceedings of the Interna-
tional Topical Meeting on Nuclear and Hazardous
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The Japan Power Demonstration Reactor (JPDR) dismantling project was successfully completed
March 1996.  This project had been conducted since 1981 under consideration of the long-term program
for nuclear energy research, development and utilization for issued by the Atomic Energy Commission
(AEC). It consisted of two phases; research and development werc performed on the key technology such
as radioactive inventory estimation and remote dismantling in the Phase I program, then the developed
techniques were applied to the actual dismantling of the JPDR in the Phase II program. Various know-
how and data on the dismantling activities and developed techniques were obtained through the project.
Especially remote dismantling by developed cutting techniques, waste management and implementation of
site release procedures studied are useful experience for future decommissioning of commercial nuclear
power plaints.

This report describes the results and summary of the JPDR dismantling project.
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Photo 1 View of JPDR

Photo 2 View of JPDR site (after dismantling)
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Table 3 Time Schedule of JPDR Decommissio—
ning Program (Phase II)
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! — Dismantling of The Biological Shield — '
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Actual dismantling of the Japan Power Demonstration Reactor (JPDR) in the Japan Atomic Energy Re-
search Institute (JAERI) was started in 1986 and was completed by 1996. The objectives of dismantling
activities are to obtain the data necessary for decomimissioning of nuclear power reactors, to verify and
confirm the developed techniques. DBy 1990, the highly activated components such as the reactor-internals,
the reactor pressure vessel (RPPV) and the pipes connected to the RPV were already removed by remote op-
eration using the newly developed dismantling techniques.

After removing the highly activated components, the dismantling activities proceeded to dismantling the
concrete structures of the biological shield. The dismantling activities of the biological shield were
started at September 1990 and were completed by January 1994. The inner protrusion of the biological
shield which had high radioactivity was removed using the Diamond Sawin:/Coring and the Abrasive
Water Jet techniques with remote operation. The remaining biological shield which had low radioactiv-
ity and large amount of concrete was dismantled using the controlled blasting technique. These tech-
niques were selected to minimize the radiation exposure of workers and to demolish powerfully the mas-
sive reinforced concrete structures.

Through the dismantling activities, various data on cutting performance, radiological safety, waste gen-
eration were collected. This report describes the dismantling procedure and the results of data analysis
on dismantling of the JPDR biological shield.
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Water Jet Cutting machine
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Fig.8 Conceptual diagram of the Abrasive Water
Jet Cutting machine
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Fig.10 Required cutting time by the Abrasive Water Jet Cutting system
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Abrasive Water Jet Cutting system

DI A~20WwtB TH D L X HICRA T v ¥ EH10wt
WIREZ ATV D I OEEMA N Y Th o Tz,
VLR X D UL LTz A Ty P G K EE S50~
TOWt% Th 2 12D EHETHNION > &8> Tz, [
WU R L 29 v i3, BE{esdsEc kb &
A MEMEL, 2002 BH88 K 2 L H92K N L 72
s, —E IR 7 0y 2 B L 72 3 meff A g Al
FarO 7 a -y 7 QR I L 72,
(6) TEFEHH. ATH. #Ei

K x v MM LI & B REHE i g R 2 R
ORI E L EEEBIS212H, fFEATR(H
i) . ¥I5400A - HTH - T ERAMEEEZEONE
WX Iz X A MBS 8. TA »mSy Th -
7zo TS OFEE < OB, BBEIYIN Lk A
REIC. HEGE SIS B TS O DS LB RO R B i
NTEEORIEEERTo D, 21U 7Toy 7
DY, FHEAIRIYL & > 7 ORI EHE B S it
L Twad 7oy JHIZIEIT 0 iizdDbDTH
3, B, Eadln UToEER S ATH. i<
W E, BB THE R UKY = v MYIET TAD
72D DFSEHEFEVEZRE D 7 — & AN Z Tyriz b,

4.5 F&®

K =y NN LR, RITINT Lz )
Wi 2T EOTRICBIER T 5 2 e 3 TE 2 E Ot
NIREAELTWS, o ORMEELL T,
A ERER T3 > 7 ) — b N O BRI % %
BRI YING T 2 2 ST E 720 LR
TgHar ) — ATy RICHEERT 52
T&Tz, U E- TRAET 2 BIRAERY) (B
B, YAk, R 7oY. BEME X, AF Y —[
AL GUWTRE R TITAREERE E L D R L . K
STHEIREE R B L T T 2 Z 8T E Tz, LU
I K RBHEM O FF B E b 3. FRCHEA Ci
L Cle CHRETMFREEY » Uie iz [BARY) & [F) bt
ORI 2 3B T L khote, BH. —
HOWE M. AT v D IZERLIEE . B O IR
HHHNOBER 2D 5 7o FA L. A8 OIUHE)
B B2 &b BRI S ORREE SR R
322 EHAL Tz, fEROmMFEMEEIITAY
v MW TR R T 5 20w id, M. Yk
RO TEF] B 3 YRR O L & b IR A] R T
HYH. RBIFcBWTEy 77 v 7FRBRECHERL 72
HAAY AT LAORELTIED 2LEDRDH 5,



Journal of the RANDEC

F YW ORI EIC L 0TS 2 e
TETH. S RANVDHE, FHEDEMNT . BEYO
RS, (EEE OWEE QTR & & B EES AL
AT LB YRPOTHL IO, ThLoDIEED
ShRAb PR L e T 2 LB H 5,

5. HEREIEICL ZMARE

5.1 fREHIE

FIBERRY T3k 2 08 U 7o AP I3 Fig. 1 ioR g
IO, BEEEL L DR W IRETHRE R O EL
2. Im~EL18, 65m (4 £:16, 55m) . 2 & #340cm D fi%
B fRAR P E R & EL -4, 55m~EL18. 65m (£ 4
23m). BEJH0, 7Tm~2, 2m O F SRR AR T B
5o B TETHRE AT O 28 RG2S ST
FRIERE R Z2 HER R E 2 THIS0uSV/h iZ ETH - 7
23, HU R AR N T B v 1349 3 4Sv/h &
TR LT,

5.2 FRIRfES

FIGERRR TR 1, EERR CRUBIER O/ S WS
BPERL. BEIBUSNNDEE 2B D LT
HLUEHEOAEBET 2 THETHD, BIEE
. ETRRSERR N EE 35 & O R R AR ER R o
R E D EE L TOFEFL, (23EFRRET. By 1 1E
Bl SRR OERR, (44, GMEE. (6) IRuERE%:
OB TiTo T, BB, BEEERTICIE. AIET
WBRP=REZ A F—C AV Y VB ANSEEE, &
AT7EYR A —%FERL TSI &R 317572, KA
T EBEREROME LIRS,
(1) 7L

FEBRE Fig 12 W T & D WiE T LT & 2 B b
FAEMFFIC L 28O B OFEEERL
72o MELEFLIZE & U TG IA PUETER O BRAR 1
L. FFFEC ZHEREER L 2, FILER
BRI 00 15 & % % 1% L F9800mm~1, 500mm & L 72,
FLIERS I, BTN 1~ 2 8 (15 251) i
20em~40cmfHifE . PR i 20cm#» & 30emfEifsE & L
Tzo HE R FLIE 3 AR AR AR TR BB oD JR A 12 3
U, FAMEERL T, B335, MEAS
ENZHI30cmIBRE CH AL 21T - 7o BFLRBEBEE LA
C £ #9700mm~2, 200mm & L 77,

BB, G GERER O E 251 32m & H—
L TH7> 7z, Photo 1 i EFLIE% %5,

No.14 (August 1996)

o FAE G s i?mm

D 1, p ! \

PR LR s I

2 THIG

= % £ ;é’//;

ST A
SN 'T w07 7 BRI

SN [ " | B

HRORS mi\ HEOBS (WETL)

L _ )= / S
(f%%ii/’\ & it
T 5o

TEN g oswEw F

R E

BURORS (RFEL)

Fig.12 Conceptual diagram of the Controlled
Blasting

Photo 1

Drilling

(2) ZEHERAE
PEELGEH B T ESRI D & = BIERANC T 5
Te DI BERERROFER e H I T o 72, A 2580
DFEIC R (N7 —DAH) L=CW D%
AXTHa THEFIRL 7,
L=C+-W:D-H-a
ZZT,
C © BRE (BB O IER)
W B/NEFRR (FoFLr o BHEE TOMHE
)
D : fLREkR (BEEALE DRk
H: AR ZFAL LKD)
a BRI & B REK
FEAREZEARL U EROEH 21T > 70, &7z,



TaAI Yy gy IEER

A E T TS 2B LT AL 2 A L. &l off g
SR OARE RS L EIE ORI 21T - 72,
AL BRI R B O R 2 2, FHEL 72
2R a2 ) — FEORBZ BT 2 L »
I S, (BRESE THEEEIHO/NS BT —ov 4 b
BHERUI, 7—2NF 4 M EET OEBBERE
'V4f74bmﬁ&\@%ﬁﬂldﬁdfmﬁ
BO, R AFRIZLD 621 /100~ 1 /5001
Kiﬂﬁéﬁé_tﬂﬂmﬁﬂﬁfﬁé
(3) EYA B, BHTRUESR

YA NI D XITER D T — N A B

WEREE2HBALTERLU, FRLUZESA I
m%x&%%w%ﬂw 1 AT G 253E) 3
v, BllH D03 v 7 F 84 FES A 1
Sl A E—=— 8o FTHE Lz b D) &
LCHiAL., LA TY B 7 L, FDH%E
54 O & FEWIHRE E 2L, 2hE2EE L T
TR A#T U7z, Photo 2 2 SEI/EE %R T,

Photo 2 Tamping of Explosives

(4) 34

PO T e, B a > 27 ) — b ORI Z2BAIE
T 5Dz, BRI AR~ v M EEE S TR
DR EFELEL D) MUY — N (RO B =
—NE) T 57z, S~y P B L UPIRY
— M, BEORIz L VEThE2E IS0 X
ST VA —TCHEEL T,
(5) Mtuf

EFR GG R 2 & 2R R O R R L 7278
. KB EEEL TR 21T o /e Figl2 120K
T & S IR FLA E & U SRR AR P i oD J

Pl45 (199658 H)

W, AR 7oy ZRICKE L 1~ 7 a
v PRI AT o To ML F & L 2T
MATER OBERE Tk, 1 K% R & 7 AN #Be (35
om/ B o3 TR 1T o 7o JBRESE TR X KCEE
B Er (T EH SR A % ik L B O 21T -
1z, Photo 3 12 ORI 2R,

(6) YRR

BRI 7y 7OELCTary 7 ) — Mk, N>
FZV—AeNy 7Ry R@HL CBRRBEL 2o U
PRIERAENEOFME TN F 7T —a 2 HnT
FEITa Y7 ) — P EERLZ, &7 BEHR R
IO TIE, AR LB THD | 1E¥ELR
RPN HED B elcnNy 7R EOREHEREHL

Tro BWERELU 722> 70— Mid, BEREV ~ LIz U
T0L EEF S AGEEREFZ7vF I NarTF
WU L 72, Photo 4 1o kEEEE R R T,

Photo 3 Appearance of biological shield after
blasting

Photo 4 Mechanical crushing using a backhoe



Journal of the RANDEC No.14 (August 1996)

5.3 mBTF—7
(1) fESERL, O Bs
Table 5 & AU R U il R P ISR, 7R o )1 %
. TR B A R, AR U Jo O R A P T
@?Mﬁ LIX#I206 b o (77.6m0) L L 7o BRI
103[0] DR THI42kg TH D | T ImH 72 0K
546g DR A BRI U 720 & 72K L 7o BURHR S

ﬁﬁ:t‘c RO iR E 4L 13#01260ton (520mf) . E A L 7ok
HAXA4[E] DR THIB0Ke TH Y. FHTImd
72D #9250 OER E A Lz, B, BREOWK
P, 22 BLTH6HIPBRREFTHY .
AR E b L ICEHH LU 2EE il cho o b
ns,

Table 5 Amount of Explosives and number of Blasting times required by Controlled Blasting
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v  The Japan Power Demonstration Reactor (JPDR) Dismantling Activities !
+  — Dismantling of the Reactor Enclosure and the Auxiliary Buildings —

4 Yoshihiro Semxi and Takashi Kuso

9—- >

As the final stage of the JPDR decommissioning program, after the major components were removed
from each building of JPDR, the dismantling activities proceeded to the decontamination of contaminated
concrete surface and the final radiation survey of buildings. These activities were conducted to verify the
developed techniques and the detailed procedures for decontamination, and to allow unrestricted use of the
JPDR buildings.

Following the decontamination of buildings, the dismantling of each building was started. Before dis-
mantling the buildings, the radiation control designations were changed. The buildings that contaminated
embedded pipes were changed from first-class radiation controlled areas to second-class radiation con-
trolled areas. On the other hand, the buildings that had no contaminated pipes were changed to uncon-
trolled areas. A first-class radiation controlled area allows the use of unsealed sources ; thus, radioactive
contamination may exist. A second—class radiation controlled area is one where only sealed sources are
allowed. _

Significant quantities of data and experience were obtained during these activities. The practical proce-
dures for decontamination, the final survey of radioactivity, and the dismantling work of buildings were
described in this report.
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Table 2 Cutting Width, Depth and Cutting Effi-
ciency obtained in the Decontamination
Test
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(3) Backfill using a Crushing Machine (4) Demolition of Reactor Concrete Building

Fig.7 Flow of Dismantling Activities of Reactor Enclosure
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v Fabrication technology of waste package for low level radioactive
) solid waste and evaluation of the package ¢

Tadao Koaxkursu, Teruyuki Hiral, S
) Masaru Havasui and Toshio TanicucHr 4

i e

Low level radioactive solid wastes generating from nuclear power plant are classified into air and liquid-
filter, articles of consumption, various parts of replacement and consumption materials generating during
periodical inspections and so on. Therefore it is difficult to define such wastes univocally, because waste
forms and contamination conditions are different respectively.

In order to bury these wastes into shallow land disposal site, it is necessary to understand waste
properties, and to establish reasonable fabrication technology of waste package.

This report describes the outline of these studies.
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Japan Atomic Energy Research Institute and Unitika Ltd. jointly developed an inorganic adsorbent,
which can remove plutonium in reprocessing liquid waste and reduce a volume of the waste containing

TRU by the incineration.

The inorganic adsorbent consists of 80 wt% fibrous adsorbent and 20 wt% inorganic binder, and be
molded in the cartridge forms to be easily applied in the industrial fields. The fibrous adsorbent is
improved so as to be more hydrophilic by the oxidation without decreasing the specific surface area of
fibrous activated carbon. As the fibrous adsorbent is consisted of more than 90% of carbon, it is
physically and chemically stable, and easily converted to CO; and H:O by the incineration. It is possible to
expect useful applications from at the standpoint of the volume reduction of the waste.

This paper introduces the plutonium adsorption and the incineration properties of the inorganic

adsorbent.
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Table 2 Properties of Radioactive liquid waste
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Table 3 Properties of Adsorbent
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Table 4 Result of Adsorbent Selection
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Fig.8 Result of Cold Incineration Test
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Table 5 Radioactivity of Hot Incineration Sample

SRt a FUE A B HUHHE It y(137Cs) HUATHE It
(g) (Bq) (Ba) (Bq)
10 1.8x 104 1.6:< 103 4,9%10%
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Table 6 Radioactivity on the Glass Filter

s Hrs Bl I
- y e
a i B y(¥Cs) a« B y(¥Cs)
(Bq) : (Bg) :  (Ba) (Bg) : (Ba) :  (Ba)
6.3%10°51,7x10°Y  ND*  |7.9x10°%4.8x10°%  ND*
MIBER  x 03.8x107' Bq
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Table 7 Radioactivity in the combution pipe
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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.

A 4

Provide technical information on decommissioning.

\ 4

Train for decommissioning.

*

Inform and enlighten the public
about decommissioning.




EAEEA

RFNERT ISV JMEHE

T319-11 RMRHIAI A8 F 1 00FESNIE I
TEL.029-283-3010 FAX.029-287-0022






