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ABSTRACT

Study on the standard review plan of waste release program during

decommissioning of nuclear power plant.

The unit one reactor of 1st Nuclear Power Plant in Taiwan will be
permanently shut down in December 2018. Taipower Company had
summited decommissioning plan in November 2015. Decommissioning of
nuclear facilities must be performed and completed in line with regulatory
requirements. The main regulatory is based on "Nuclear Reactor Facility
Control Law" and its implementation rule, together with other relevant

laws and regulations to regulate the reactor decommissioning operations.

For low-level radioactive waste, we have developed "A certain
activity or specific activity radioactive waste management practices rule"
and "A certain activity or specific activity radioactive waste release
program guidelines". After radiation measurement, the dismantled waste
in line with the release plan's "release criteria" can be regard as "ordinary
waste". Measurement of radionuclide and activity is an important basis for
classification of low-level radioactive waste. This project will study on the
standard review plan of waste release program during decommissioning of
nuclear power plant. After reviewing the status of the domestic and foreign
operation experience and technology, the standard review plan of solid

waste release program will be established.
The specific objectives of the proposed research are:

1. Collection and analysis of the standards of international waste

release plan in decommissioning of nuclear power plants.

2. Collect and analyze the international standard review guideline of



waste release plan in decommissioning of nuclear power plants.

3. Propose the standard review plan for waste release project of

decommissioning nuclear power plant.

This report first points out the necessity of guidelines for the release
of decommissioning plan. Then, followed by a description of the sources
and characteristics of operations, waste disposal of nuclear power plants in
Taiwan and abroad, radiation measurement techniques and analysis
methods, decontamination technology, methods and places for external
release, experience and standards of quality assurance programs. Finally
put forward suggestions on the draft standard review plan for waste release

project of decommissioning nuclear power plant in our country.
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Analytical Support for Waste Characterization
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Figure 1: The Model WM2110 Germanium (? Low Lavel Waste Assay System
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B8] 5-3 Canberra SGS Segmented Gamma Scanner
L)

B8] 5-4 Ortec SGS Segmented Gamma Scanner

B8] 5-5 Canberra TGS Tomographic Gamma Scanner
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B8] 5-6 Ortec TGS Tomographic Gamma Scanner

) 5-7 ORTEC ISO-CART™ 4 %

28



The ISOCS Configured

Detector. for Samples

Cart. and in Small

Shield Containers.

Component

5

Configured Can also

for Soil Floor Count Large

Analysis Samples in
Marinelli
Beakers

B 5-8 CANBERRA ISOCS % st

R Y Lo T 2T

d R O SR R P BRI R A 4TS 2 REE B A
FERET I RS- BB R TR F b B 5
RSB R d eni B~ A5 MR S B R A g § AE R
LS TILEW - E: 3L N AR Y EY AR LTS s L R E
FEigsh o P - SRR R (TR (T R R R A RN T

E=0

AL I R 2 R RRRA D %.’f o gk g Rl T AR 0 &
S R A RO - QAR A0 - QAR it
B RER RS o 4R atawm :

(1) =i

AR OE LT R RIS LT AR BRR S A Sk

29



k"]'lv}izp/ S AR R /ﬁ/? ’/54*m}%\ﬁ3#”ﬁ';?ﬂfjfvl]\/p
WAP I WRIBACRF TR SE TR EP £ RO RE T
T AR o

(2) »uER

LRGSR R RE KRR PEE D E RS
e U EE S THRARAH ER RIS E ) Rl A A TR E
R pAlRE S A pE A RETE AR ATRERF G
W HEZREFTE > Ao R Pk e

(3) 4~ ¥ & &

S Az RMERZ RSB ERAY  EZRETHE TR K
BEIRTP B 2RSS e F S PR B R
gl R

\V‘b

4)

“

BAREZE GEZ ARG ER Y 0 PIRE SO R T oD
Geitld B TR BRDTRRBRR AT A
SRBRE G AHEHAM AR R BB E S RPATE

TR p A E R

(5) Hiplyzfae b Tl =

E3

""TJ\

P

‘Er

BRI ACATREFEERFSE LT 2 X854 0
30



SRR R R P SR MR PR {1 2RE A
Ptk RISE PR AR R R PEA 1T 0 2 2 10 5] P
R R SRP A E R LS R e T AT Y KB
FEFR S EE T R 6 -

‘1%

) RS LR

B R 2 RSP EE R R RS R 0 & 4 B PR
HER BRGS0t b Fllde E LRI AAIER T B
S AU AR ot O R FOT A R B 0T LR o
HEY o UK TR RP AT R EERE R FRE PR EAMT
EEER- R

$o % RUARGREAFIBPEREAERNES)
PR BEERS AL AMARF L EPEF A RRA(Y SR Hee

B g RERSERT RMEEARF (1T AR

Z_B e

@R 0 R AR BT RR FRAMREE .

"

SR ARG H

ER B E T LR BRSNS

2

(-) $4#M

31




FEARSEPF BERVAL ANARF 2 AP EE
Pl SRR AR PR FREFEFAATPRRS

#:,\pﬁg:\f?%@;i‘é%ﬂ?o
(z) #/% 3
FAARBET I ECER PRI P AL EFEPRTRL

ZAAE T AR T AL LR AR
m?rji,ﬁ:r%ﬁ %ﬁj\ﬁ}%‘ﬂ'—vnuﬂ‘-ﬁ- P\ga 5'1—1‘?"%:
Lo¢ ikt @e o

SRV RRRAREE AR ERNE FRP -

3. 5 g,;ﬁ%u_%gurg]%a\;‘;—%ﬁd\:}iﬁh‘—%ﬁa%é"#ﬁfag’;’/}%"

(2) 342 MaRziy

AMAR L P S Al HRL R L X AR
R FAMAERF RS AER G R

BRI R AT 2 R PR R AR Y T R
j}é’ pi,f_ IJ o

(=) B22%R

%E’\ﬁ}@ﬁff —:Ld—»’i‘:}'i m}ﬁ&%‘; ,@TL g@
Ko bR A RBAP Y HE2 0 PR AY 205 f
Rl SRR AP L

(I ) APM i3 R8P o
L= wg%?ﬂgo

32



2. Pi3 R B EH 1k % 7w o
3ﬁiﬁ%$%$%&?éﬁm°
4 = RGERFVCER T SR B R E ks

5. - RUER S ER T SRR b & R R

RV EE eSS REFE RRE e SRE e LR

%E‘ﬁéi—iﬁ&éwi PR U e
':@%f%é’#éi"’“F?%*%%IP’—_}E_}%&%H%\
éﬁ FH %ﬁi?ﬁ]ﬁ EemERE e f L irERaFE
(z) A% 4

FACRBAPIRT AN FATRELEF AFRT
HEz AR DA T TR mie R L3 LUEE AL

BTt s - 2AAERARATLPN TS F LT
o

L s Eirhe 2R -

2. MEPERGRAC ZHL R T I E S AR
SNHP L H s (TR o

B ddle o iR gL ME 2 P L

REF- e FHRITREELT2TE -

W
®

33




10.

11.

12.

s
-
Y <]
*
\1¥,

o
>\_

7

haty

PRI PSR O U X R EERL TR

WR AP G REE R AL E L H S Eirh e
ﬁ%ﬁé*ﬁﬁgﬁﬁﬂiiﬁ

RPigsl (T4 B2 L2 g3t B v 29 o
WP AES AR 2 ﬁ?*%ﬁi'ﬁ&éﬁﬁﬂ’%ﬁ
4 0 2§07 L RsHE ASLE AR

Pt R AL E R ERFITE L LT R KET
AP g B RG -

PEAGE R E BB F2 T ¢ TR E B PRaE B
it o

A~

M e S s RS B LR BT @
ol i o

YRE AT E R B AR 2 R g LT
TR G g

Sl KR R ww,s BHE 21 X REE R
FUE A AATRE B Y R A R RR R
ﬁ

51

[

=

‘*%‘-»

¥
Bt

¥

wﬁiW?éiﬁﬁﬁﬁﬁl*ﬁfaﬁ“ﬁlﬁ
L
EHIFZ AR ENGEF VR G &S] iR f'

_r\

I g =12 DO Bxuiig,]‘;‘v"i'!:é‘ R AR S]|
£l
AR At ’&.Q%{%%‘Iﬂ"f ViR B Fz B
T o 2] 4 ,Fiﬁfm—kr"‘::

b
‘EP

\
__;‘_
*:m\* e 3{*3 *mkr

bt
1‘?\“‘*

)
=
£
\_x

(1) 3 H i

34



a FEAIEA R 2 ERHE R

b. Fdhind AEEFERAL > FFEAEH O NE )
w2 Pl (FESR AP 1 o

c. FEFFEALTLEZARFRLL T
) PExL R ¢
a. FAHMEVFE
b # AR TERA R
c. BALHET > FAMETEEREEF LT EER
io
Q) fEFE1IZ | e
a. fFHFEHI RS EZ R
b. fFITERF2Z ZHUR 20528 EHHTF20
R e
C. fEBIMFVTI BRI L IZAMEN LG
d #HRHTLF A2 BAFREFA/RETE
4) #5A 4w
a. fFERAF2EREERER AT -
b f AT - ARAEL T FERER
(5) 1A
a. fH O EITE Rl
e poav RS ERIEE -
. fFEHIRAR P EFHE e R R R

35



(6) &)
a. 4§ & (double check) ¥ Frind © -] 2§ F k3t F F 7 o
b. 4F & & AP M K g2 0 Rl Ecdy 2 AR o
C. AP i PEEEERGLTRE S A LT RET -
d. ZFERFEER BRI BRER > BTN B 10%5% &3
A TAF iR# R Sk 2478 Tt - R o
(r) 32%R
FARARETRY LV R RN
A FRER D UARTRAZIAFTESRE G AL
8 5 A o o

WP
filng
>
W

ﬁ
|
5

(1) AR i A9 AR
LopSF RERSE AL -

2. 143 F R BREF H1i2 05 7w o

4

3&”5@$aﬁ%&%$%m
4. - LER D T RS AR A R R
5. - LFASFANT ARSI

36



FIg kR pR

-~ BAF AL DN RFE AT
BB AN R R (RERF ATk Y5 ).
SRR EE

1~ s i 48 -

2T AT R AT R

3 BERFEeERFERA (R EFLY)

(-) #5#W

R LT SR R
R S BRRIFAL N RTF

(=) A% 4

FAARRAPRHEANSF MBI ENFETI AL
HEMEFAAREF S HEE A c F AR B AT

ZPFEFUT R

1 3P b A

N N

VA A N R TR R HHAR P

LR AR 2 o

RN 1Y

¥

¢

20 ReR AL AR R AR (R AR A Pl e g 27

3. ME O oA E R B Ao R eniE

37




ERTEY TR R

4. P REEE R R RIS L ] Fl R B2 1 & P
FRCFR AL P FECELEIRREIE S

(Z) $REBERIAF

P AP R B AMAR P RR(EL S N E T
)R AE 2 E) s FRECRHERE S AR EEP)
PR (ER) 5 AT ERM T R TR Fe TR g
[ T AL

G B e (e £) s &6 R B (e &
BAFTTE)PNELT AN PRI GHEEEFT
Pifi s 20 SR F R HEA T B 4%)

%ﬁ%%ﬂ’,mdiﬁ%ﬁwﬂﬂ T HLRAK)E 1
UESLEACLE A IR L I T - X b

H W

FEMA D B B g SRR £)5
R

7**fé\z\ ;%%“]\E’}é‘;)o

(z) $4%R

FEARBAEY G e ATE  # RR 2
o & 4RaTn] s PR ol R E TR R T R
TR DFE 0 UFERP ARG R PSR
Bz & g pn v o AT R A U e RRAFLE
WHfre XF FREZFTAH -

N

(I ) P8R R g e

Lo P F REXEE 412 o

38



2. f"'-;—ﬁ}j%g 'F‘gﬂ‘; = 35 (T mﬂ]
P E RER S R E R

W
—H

4 - RGERFLIER T RS R B B e
- RGER AL GER LT s R 4 K R

hd

LRSI S W A

oy
v

R S

-~ EEREAE

SEEMRELBNT AR ERELZ T F G 0
B RS FIE 0 0 RL AL L R R BP0

L

ﬁf’r;}(’ﬁ,’ﬂf _E':_’FT "z"-lir'lv ]"*Fa/z‘l’ﬁ_.lq_ﬁ_°
SRR AR RE

FplAANRBERPEME S BMRTREE BRAETA -

e

= Bt

WP T AEIE > T ITEIARR o

() WwPrRZaHEFSFRRF LA EGH GE DD

i

1. #7@#* RBZ2BEE 3% o
2. HgfREsad .
3. ERATEE -

( )*%—fé L—L _z: .E‘ 5,3 4 g; LL )iﬂ/;;] ;z 5 '7 ;J'T:t’ :

39




1. #* REZRES 2o
2. FREZR - ERSFEZRFR - RE%XSF ~EMWFTRIER
2ERIFFELR ©
L R O T
() HE32 - REBIp R Pl h ik R -
(=) RLAFRE -

(2) #1720 o

‘ﬂ’ g‘ -

2h ALY (RS 24) LRESE (P F BERS)

ERpy o # n p

F e

iRl Eal U

FRARHE S 1 Sv/h
RE A
R & n p

40




et 5

W | £E kg |20 HHHEF uSvh| BEAFPRE
1 5?']’%
HEAR 1P R L
‘H‘%:

WRERATESE (BT FRERY)

41



£ p

ip o
Atrp P # t p
R AR
o kg
¢ KR
RELH
Lr P # d p

LA

[ s S

i3 A
&
ReEEfd REFR RF R RN
Ko > Sy
g min O Bq # Bq/g
Ba/g

42




AR Y FH R FA A A RS

Ak (H i)

A

(-) 324@

RS- R RSV FRYT SRR F
VRERN D FAEAFTOPRFRIF LG IHERIE A7
Fo A AlE - BB R RE S

BRITE, wREBERE 045532 T BRI ESIPN Fo

(=) B#AE %A

FHEACRBAPIRT AN FATRELHEF EFRT
Hrz pAEFR DA TR mie R L3 LR E AL
Riermsing d o $ 4 R RRRATLNF o § 0T

R R I X AR T R

. JERDVR .
oo A B EEHRTLE o

B

|

Kabe

= R AHRANRE ¢ EP AL REZRIFE
43




B TR BRI LA LETA -
= BREE . FRP T AT 0 X LM

(= )heim Rt g BB F N BRKE 2L AP P
Pl EE RS Gy fdE 1 R REBERE
F o2, X T REBEEY o3 R ERE (D)
PR AR AR BV ERER Y Eo L R
TREZRE S E 2 AR EER R S

TRIPERE ~ RECF BT RIER 2 R AL
TR e
B REEEME ST E S F(-) REPE R

I g 2 Rl DSBS R o () KR RE
(Z)~ 477 o

(Z) 3o RIAR

R AT AR AR A MR A 4 2
BR%G - THP P REREHETI F e 2R
gt RRRBLBMTRER BRI ZLAREETRE TN
FF e B PEER  RNT ORISR SRR F L A TR
RGBS A 2RRREA S TR TR AR P
#3% F H1 R R HFRF" TAF-CNLA-TI22)2 & i3 3 737 F

TR EFE A EA L 3R BRI R TARO9.T% G R H
e %?dnﬂ@b~”r$?¢m&1mBq@,u FE %
UER- SRR S A= Sl e S

d%ﬁmiamﬁﬁwiwiéﬁ%giﬁﬁgﬁﬁﬁz
A ERRREAE 6 (TAF) RIS % LR TR 4p 9
(ISOGUM,2013) > 3=z H & < ¥ jB| E(MDA) % & B # F& TR ©

a4



B (T IR]E ] R F 17 R 100 Bakg 0175 ¢

FRPFLH I VEFYUIRAIRITEF L0 AEF &P
B4 #p > 2 MDCR ( minimum detection counts rate ) &+
,uﬁfMM$$WM)$6iﬁﬁéﬂ%%ﬁ%$i@%ﬁ
Sgpslie A Bk Rl B 5 R E2 MDCR & -

R R T AR B g W R R ALE

(—)J«rff‘%%<&€f'1§$¢ RUERRE BRI EFTA N EE D
GiEo e el frig REZREE 22 MR eEd o
3. EHRERF o TR REEEREL G A E F AR MAT
FARTFHEHHE KT 0.05 ped # /) P2 RE 0 2
5 B E 0.01 pied 2 /) pF o

C)PREVFRABAF W ERER 2 SR # YR
EEZRE 22 FREERCERFEERFF  RE %
FoRMTRERE BRFREIR P ERS QA SR
BERZ A BT RIE ] 2 2% § 41F R 100 Ba/kg i01/5

i

it REREEREAAEE RDFE CFAZ R
oIz BRTERIMFSNERE L A T2 P %
B

FEE MmN RHRER Y DA AR AEP H Hei
4 %?q@&ﬁ\—gl‘z\:%i"ﬂ_{ﬁq )@Lﬁ);%ﬁnb X
BeFETE O ZERICG - R BmRER AR

ERREREARIKEEZ FRARE A2 25F
HEREBATE G ZPIB/REEERE T EFEHEY
FEERRdRE > 2op i p 78 2 REkEmRY

FEEE 0 & dERIEE/RE B o R/ AR Z Y P
45

®



?%iﬁﬁiﬂﬁﬁw*’#%aﬁ%W§$§wﬁ’;
TE - RGERAWER M T s RSB ER

i s - ”‘)%O;ja:l:’* ji/,,\ﬁ%,i/‘;; M4 -

7“—“}%

o

P FOR T S g R YR R
GRE R SRR T SRR UE AR KT A D
A o B RHREIURT 5T kBT X 2R
iy o & iR B P USSR Fﬁﬁ%%riﬁﬁiﬁawagﬁ
Voo SRR srEE 2 BRA R BRI
CEREIGREEE 10 E .

FPTUSHLA R # 0 BRI )T RRER P B A
BRAe S Pz E R T4 ICP-MS & #%iﬁi?'ﬁ’?ﬁ_ ) iE
iﬂ“ﬂﬂﬁiﬁﬁ&%?%&’%ﬁﬁééﬁﬂﬁﬁﬁ%
B B BAER TGRS A A B o T by e kg s
BT ERET R 6P

(z) $4%R

Fh 4R BRI G TR IR S RIRAD B 8

RV ER TR R PRS- LERSNF
R S e S R Tk & SUESS SIIEAN SR EE S
TR AAMEREPRFEL & R

(I) ApM iR B e
1. Mg otbr kit o
2. PEYLLE S L 5 7w p] o
3. PEULE ST R 2R

46



4. F5 S ITH AT E LA R B G ST R FE AR

5. - RIERAVER T R ER R ER -

6. ISO/IEC 98-3 GUM (TAF £ i#]% FE T & % 7 = 3% 4531)
7. TAF-CNLA-TI2(2) “*estihfs 3 4 f25% # 41 R R
8. TAF-ISO/IEC 17025:2005 iRl3# & {2 & F % 3 it 4 - & & o

9. TAF-CNLA-RO5(6) » it 4 @55 & & o

47



S RRE AT R ER B O

>

$I % hES N E B

|

SRR RIEE S N AR .
GRPFEFE S v g {17 o)
R R NS A AR LR -5

G B T3 w el RS BAIZL R E )
e

m

pERRE AN A B ENEUEA T

2 {8 FdT N o

Jin

~ R
S8

|l
La

m

Ffﬁ
I
&
x
@

(=) 3§

FHEARSY - TERANERE T R EDHE
FREN FAATOER - ‘%‘ﬁl\;ﬁﬂﬁi%‘#%;\:
ZAR 2~ HRE R RR ~ Her 2 S R R R
BAPFERERIZE LTS B EENESND
SRR SOV 2 18 AL 5

~

%

\n

TR

(g

-\“\*

(=) &A% 2

FAARBAPABPEPFAIPE G AFT
PTREZ A AE R AT R AR EF N UUE S
BAREFmS NG S - FRARBARATLIPNF ]

M

I, BRAFHPFITES N2 0L RPHEFE R r e d
—fl]?f °

48




2 R R AR R AT T R
I Pl RA ST R E oo

(g

3. BRAPFEEPRIZE LIS A PEUAERESDTRIA
oA E XU E 2 IS N o

(2) $aemaRLAE
@%ﬁ@ﬁumﬁﬁiwﬁﬁﬁﬂ%*%*ﬁﬁﬁﬁ’j
B AR R 1T R AR R S S

BBl S MR B TE IR AL Rk i
EE N BN B AGHRE TGRS o HRS
Nl

2 A AR X RREETRIED > A A ART RGNS

PRI F i L b AT AT

%?}W"’](ﬂ‘fl _%]z ;;b #—f?f-s’\.b’?;t_]p#;r blg

3. HRE )T 10 P o BHATD 2 TR B AT

ARSI S LS R L R

L HREEN F o SRR

MRBERDE R EHT P EEA X T WAL
SR LY X X

49



RSB ASTEF T WR A SRR
ﬁ%*°?u%*MMMD??%ﬁ@@ﬁixﬁﬁfg@

Zb LR AL S o ARSI e LR L Ay R R

B KR Y B (ER) BN SR A R

HEFERICBERY Q) ARERPEE it SiEEs
(43R 3 R 2 fg S (e g § 2 P8~ 25 5 %

A5 E o

A AR AL &R B IR R
SIS REP R R BRI RGBT 0 T HRE A

T o

=

R

mA S F A

R

ARE R EREE L AP L

BT HE RGBT B p Y FEAR R

= R oS

®

A EACH T E TR B H LB T 4P
tEFE -
BARBRIFSERE AN BAFE T 5 PAR S AT
TR BRSO R RE R AR T RS A
PEEARR AL - PP E R BN B R UL o)
o e AT P B P E M EIUE S B R R LR B
5@ RIEATFF ~RELIF B R #
& 0 PP A ) T
(z) 3EFR

i

F AR ALY G TR AR A SRl

50



B RER AV ER T SR B R - USRS
VR R T RS R R R M R g
B DR EAPM RS PITRPELE R NI F N2
i’%”’ﬁ‘%fﬁﬂ]{ir‘ﬁ-éﬁ%; 0

(I ) 10 M2 22 P i
1. el F 122 o

2. kgl H T8k 5 (7 ) o

W

AR P RILRT G 2 B e X F LA o

N

LR R 4 I8 (R PR o
5. - RUER R GER T LA R B F TR o
6. Heitfhih X 2EERD -

>

FIF SN2 BT Ao o

>

|
s
|
=}
B
b3
J
W

51



- AR ERRITE
AR P ERF Ao B LRRE SR o
CREREITE
1~ HEFRE
RERIHER R HE o

=P REF

TE (RPRIFEE 0 L)
CEASE R~ EE B BRESFETEL




(=) A% A

FALARRAVEY AN FAT R E L HEF AFRT
RE2ZAAE fo TATFPOF R LT R EET A
LRBEFmERINE L c F AR RAIRATIPNE S Y

1. rr%"/g‘}\l%?ﬂ‘,_’%kf L H 1:;? P A2 Fpik oo 0 E '__i%k#f#

2. u*b‘){k"]-r'}%qj Fr ‘"’}&/éf’?% i}ﬁ mﬂ—v?ﬁ' ”-“ TR 1R
EPHR ¢ PR R REAR TR ST R

¢ E R F e o Ry 2P o
3. HMAMBPRREXANTLEANTHRIASFED o

4. iﬁﬂ’;‘_—%?ﬁ'ﬁvzi—_ﬁ FH o ¢ Ao EP TR BT 2 5 &

5. M SRS EILS A AR S RI TR
Fiﬁﬁ%%ﬁ&ﬁ%%g@gﬁﬁﬁ&o

(Z) $ERBERIAE

ﬁ
b

B BAR P RS RRIE AT A R & R
B B RB R MR BEETH UWA

HPHRMAEFREREEFRE FERRE T AP K
IR RIS BITIHEREREETR

W ER AT RE REP REHM - H a5 KT P

REMR ~ KRIEH g mEE s Fn o

?:ﬁ;ﬂiz?wwgy B 42 F] 5 Bidr ik B %%gfx,ﬁ%ri}i:ﬁ
53



TR S HE o AR RS e R

g R TR BHIRRITERAS 4 ARES
TR A AP R ERJT s R ~FE B BRI A E R

RERR X T TR CEBRRGHE -

LR BEAE B PES AR R ARG RS R e

B E 4 BT VR LA o

Bt v fEAFIREfFE TRERAST T AW LR ET
FRFhER o FEES - o

MERAER S R A e 2 INR T ¢ AERRE R
NNCE R CE- TS oF RN (X5 SUEIEE ST S8 R IKES
i el g AAFRE I HFRAIKL SHR2 F LG
PG AR RREEE FHEPFLEE NN
R BT BT L 6 L T 2k .

HPEAREI AR R 2 H ¥ B

FEEIL KA PIRERE EREFF E R RE F o
L
v

nf)
d A
ootk
i
pa
R
o
=
S
=
/H}

FREREZR LM,
FREEAEAR 242
EFRRBRIFALSAGR S,
BTN SRR S R
HLOGFEHE
FHEEVHANA RREE

54



7. 1 iFE B TR
8. i griciedut ik

9. HTARMFE > GldcR T EAIFEE  TRE A QG E

B o

(z) $4%R

FE2 RESRTE 3 FRERTE 4 2B
BATE o5 PIFELE o

EBR ) FEX-FI XD
L3 F BB E 412 o

2. P F BRSSO EER o

?i

4

3.1 F B ERE R R ER

&)
™ =%

4. TAF “ip|:g45 &
T10(2)

45 B 2 BT > TAF-CNLA-

5. - WHRRAVFR T RS R S E RIS

6. — TWHEREIWFRNT SR AETFER -

7. TAF-CNLA-T12(2) "=s{L s R 4 fa'f 3 #1 R RIBATRET
8. TAF-ISO/IEC 17025:2005 jpl3& &2 fa it F 5%k % i 3 - S & F
9. TAF-CNLA-RO5(6) » i # 3#sk &6 & £ o

10. TAF-CNLA-R04 » & Bl % 23+ 8 i jmyc { -

55



ok Ry

Sly

SI% E R PR L8 R g AR R 2 (55
FH Bl AR E R G THP B BEAIEE - 2 R L
¥ dee s MR E R E

(=) FL#F
MR PR R AR LT

(=) A% 4

=
uzs
>~
pui]
&
uxs
*
ey
el
>
-
(\x,
o
o
[
»
<l
d
=
i
flm
e
R
Im}
|4
&

VRIEIHE ST R BN A 2 A X gt
5lif 2 %

FER I TR F BN R LA
&

S4 2 RFRR B REAI R 2 L 2 ik IR

(1) pMZREFIRF
L 3 F B8 412 -

2. P F R ER S H 2w T

56




ERRE

RS

EE Y CECRE. - Potr g
DEE T SRS IS S

57



We- s FZE RRZ BREBRF O

T FAE R b R FEER PR N F AT

’.}_a“r“f TR, Lok a i
ﬁ,:(g‘;’%& FRHEF

%
Y =
.
z‘s’$

o ATHI2L 5 iRl & 5%
% 0.12puSv/h) > & BV pEG X

PR EERAIE Y R M KR AN R BT e E 45T AR
?}“ :

(1) REI B kR KB (ER) FERm S o MESFE
Bl s B e oo

(2) MG APEE S d RGO £) s AR R B0
L3 T H) PTG

BeER 455 A

s FARE ARFE(rE G 21
CERSHEATARE)

PR EEERV L FRMAR LA R EL AL AR
KRG o aATETER S £ £

< 45 f5 04 R AW D B B 0 A B A
(012 £ Sv/h) » ¥ B¢ pE

THR T
%QI'T$ }%$E£J]“T$]# %F‘% g‘j\ ’}g"‘*’ﬁg";‘*jff'}”“f"
Be TN
(D @f%l,}ﬁ‘l\;\ﬁq\

HE(EE) P n Tt o HE
TR RS ERY



Q) A & BRI Tod i B R & 3 R R) R 1 5 4
H('&f'g 4 2 ,}%‘ﬁé A T j_q/)__]; o

386 B RS

BAEFMARP PR R R

T P2 A B KRTF (DFEEL 2 P AH BTG R
ER P D BATHIEER S FE AR HH R DGR
WA RHEF 012 uSvh) TR FEEEF Q) RF EFZEY A

Hosa R EEMARS -

» FE i

FIRS
%

ot
5

al

\

.

=
#

7

L
ki

[T

£

s
Jis

N

el

GREERRIE Y AMAER L KR 2 BT R

ARG

(1) 2682 AMADF LRy KB(ER) FHRR &
CACE IR S SU R -

(2) £ & ARMAR P2 B bk i B A £)2 B
Brg F 2148 4555 %L‘Tnﬁ) °

PPN TR LEESVERNT FMAER P

AR E 2 BAP AR KR PR AT TR
kpEHEE 4@wawﬁﬁwﬂ@a& EHTE D © At
BAGBRDRE S FR I BRI E RS
Bio~d I AR R E AT - TR R A ER T
B A IR SSRGS AR BEE T
RFEFTRBERT R MR R PR B R R R R ACE

AR R

59



1B KRA RS BT
() AAEENEL 2 KRR o
(Z)DCR:cL 1421 A4 2 B R P o
C) ok e TpEaig g2 TYHRE AR o
(2) THRIFFLRSFRE GFEAD 2 BRI -
() cM#E R §FdhrslEd 2 gidy -
SRR AR R AR

AR ZBRPE SRR E AR 3 AT

R E R RGERE BB AT R ERB RPN FERE
5 % <10 Bq/100c ni °

S Rs A AR AR E F<1uSvhi ARFERGEFLL
2Bq/100c mi ; ** i B <300Bg/kg » 4% & <330Bq -

BRI T I AR HEFCE<02uSvh) EARFRITL
<2Bq/100c 11f ; ** i B <80Bg/kg °

B oEEE ﬁAﬁﬂ?\ ngﬁ—" (3= ) BE2BHI5 o R
ITREARAF TG LR RIL s S E RS FRER
75 A g o

\ﬂ\,"%$)‘l’% %—ﬁj«'}’”ik j‘g—’}‘]PJ’“L"p"{ﬂiiﬂl/P%‘)‘%ﬁi
REJo 0 AT B2t f?l]_'ﬂﬁi;gjgm L B o

4

j‘f‘ﬂ\ ?#?FJ#%]"Q‘#F]T‘Q%‘HP 'F$":L'/P\?F ( FEF R
T AT R R AR R RS ST AR RIS SR 2

% ~ 3z % ~ SRV Test Room ~ ACST Pump Room ~ VDS Room ~ &
60

=



FRRBACR A ARDFEERE T ERT 0 f 45T 4§ Hla
ARBGEARS)  BUE - F B R kR B FAR
EoARRE SRRk LY ABAKE RS E
BAETPRE R FHRAE MR L EwER R -

ZCERRPER
(=) *esH s
1.%%ﬁﬁéii%@%nﬁ?ﬁﬁ%itﬁﬁéCwmmxm7
2 Mn-54> B &pfa e B ol AR B 2L
op - kS R ELRIFE f;é_i)aﬁ/,a CET iR B2 b F (G
dotitd - 0 P25~28)F I o B e B r o

20 ERIB P TAEL SRS 8 g enPET i f 1 Co-60 ~ Cs-

134 ~ Cs-137 ~ Mn-54 ~ Fe-59 » o »*H &2 B ﬂ\%-%%éf"&ﬁft’ [ERES
N FERR O ERE -
() BAte XFHET

L pARIREREE BHT 2848 £ & 5 1,265mm~
A A 1,040mm-~ 3 A 2 940mm -~ B A 5 23mm ™+ o F %
RS 969 o o

2. /»b/}'{ fE]. )’?ﬁl//'!' ~Eo ﬁ"H‘?ﬁa/ ’F)i? SOOmm‘

% & 5 800mm-~ % & 5 900mm -~ & & 5 100mm ~ F f 576 =

o,

3554 G AR C FARTEME Y BEER H BT s
B> 3 B 5 884mm + 3mm-~ P /E 572 mm + 2mmw}‘r§:2§‘_

605.6 mm * 1.6 mm ~ % ff 208 == o
61



62




s~ Fe g ERIZ S ZERFH
SHEWEARF R AT R PEERN TR A AT

1-1 8 5% 2 GoAg T B R BB FERE
(1) #REFH L VERAFL S Imxlm 73 A4 o

Q) & TRFEIHL G HFH SRESELE (FEAZ)ER RS
SoBL s WRIPH S HRRBEAE ARSI PPZ
18 B A ﬁ};f;}io

(3) DGS(2 I % orh 0 2o 2% %)% B 25 B Bl 5 BE R R 4
AI3m~SmEF o g s FshRET o 2748 F3
B R o ¥ kB pE %3 E MDCR (minimum detection
countsrate) B2y £ bl s o Aujg o TIREL KW
oAFR WPl R AP o B

MDCR & =d" (bi - i)"1/2)/i » (P)
P

& =i kT o FEF 95%F i B~ S% B R ET
g2 @i kT 0 2% MARSSIM(I1) ¥ 6 % mE-£ 7

CEBEREL e B AR E LY ES 232
bi= & Rl #cpF 2. & F 3 #ic ¥ (counting rate, cps)
i= & P38 [ (sec)

P= il il (1) B BE P=1 o

¥ DG5 > &R EPFF(G)=1sec > F|

MDCR & =2.32 x (% B 4 £ - #% (cps))(1/2) »

63



e fptei iy = REF A &KF +MDCR E -

FA BT 520 150cps > BIH#-DGS se ks ® 5 F 1 F 2 150 cps

PRI E B A R AR BT ER T F Il M0 150

cps 2§ B Fit{THRITE

(4) 45 Hp]: % DG5 HRlF rac AHEFLELHLF - B
n’i«iv’t’l‘m A B iR - Em R B B b B

AR B G A g BRI SR AP H BRI P

R

(S)F;'E})'Zi4 BEadFqh GRledrd | FEEFLREHR »‘E'EY
Y

il

(6) H B Rzt B2 ”’Li'*ﬁ WoplEk o mie ] TR &R EF N
KRB A4 T A TRE AR ES K IR
75‘54‘ ﬁ)"\:ﬁ $J‘P—/%@I_‘Z—°

1-28iEF Bt s B’*Tifi”f*f;é_bL R AITITEsLE

(1) % 5 B8 (F £ 25

)
=

B (510 2) *H§BPE > 4 6 Bk BRI 40T

1 lﬂ

AHREIHPRE FRERE T TS A2 - B
HERCRNE AT

PoirlicE RypR Y A G R E SR RITES A R AT
TARHA F - BRI Lo
WEPAREEFHP W e £ I 10cm x 10cm ; B
HFERMAARERFL L5 T lom 2 FR °

(2) B fE R A T ITERA

Ptk D SR RS AR M A (oM B2 A 2 RRRE A

64



£6)RT LR ATV ER A 0 Co-60 & Cs-137 i
MDA {355 /| % 0.02Bq/g- MDA B3+ 5 23 431 % 7rctafi &
ARG OB E LT I P EE L DRARSE ARG
MDA 2 3+ 5 2 3840 #pon

_465xVB+3
60x ExRxV xt

i BR/MHFSER/FE (BgL ~ Bg/m”3 & Bgkg %)

MDA =

¢

i L 5 B PERERE (A)o

B2y Bienp il BE L0 HET ERFTRRT
(R4 )5 FASLAA ~ 7002 2 PRlEE 2 S
Ak o F T2 R AR R o

E BRIy et oy o

R: 8 wizk o

ViIRRE  HAS TR E A

WL M A6 AR B ] ) o

55 éuj% s BRI R AR A

PEa TR A R TR M6 PR R A TR
By BB G MR SR S HTRE A 2
BE KT PH AT HREMDA @~ ER AR E2BEATES
FHEFTH GR A% EAALEELE EREARE

Bl EpF AR AEET -

65



2
9’
%4
?

RE PSSR BB AT BIEEE TS

™

vl:x
(1) “F 4 6 455 0 RIS 3000 T g & fyt e o

Q) ARG B4 o HEF G RBEI 0% 5 @12 ATIR2]

ZO0RE S % 5 012uSv/h | 2 BpHEE £ ] 3041590 o

B) 2 BHAITEE S A5 ERERRES
bl

HE% 2 REDS Ko
R FRASE P EFEMEE S 2 ERT

21 B & BB A 47 (T A2 R

() #EFa @2 sk RREESH > & - rus Uiy
¥

(2) #Pefhz fhmiE I s B AT R R E BT AT

ERRE
$ 045 P R 2

MDA (&35 -] >+ 0.02Bg/g - MDA &3+
Easslr FrchF i AR g 98 & 11 7 11 pgFE 2L
5 d ST E RIS

() FmA TR S ke tiot T & BT 8%
HFRFARIVERATESZE s K sERF | 24 R 20

UL 4382 6% DRRAT AP

22 B8 E G ISR R FR ERIFERR
(1) fﬁr@ﬁ%ﬂ P A et EBWRP Y
RE LA A ﬁ%‘ﬁﬁﬂﬂiﬁw*ﬁiﬁﬁo

(2) DGS( I S mr it 2 K E)F B R A EFREB 3

m~5SmiEF 2Tl P ET o neFd Rk

66



Foip] 0 R RF P2 e ki~ T
22 ¢ B AR MR L (Cthe) P oo T iRERE
MDCR & & 45 & foit#ed 18 > &4 Bl » kb i

o

MDCR & =d" (bi - )*(1/2)/i + (P))3* ¥

d'= »cic kT s FE* 95%E chd B R ~25% B R R LT
BX 2 tpeat kT %4 MARSSIM % 6 % 33803 2
BREL Bt B AEHEL 2320

bi= & P #pFF 2. % F - % F (counting rate, cps)

i= 2R EPR(s)

P = Rl 25 ( 1) > &%= Bk P
=1 % DG5> & B3+ #PFF({)=1sec > Fp

MDCR =2.32 x (% ¥ 3 #c % (cps))N(1/2)

Fh bt iy =REBF I 8F +MDCR > 5 F F 3 85
BT 150cps Bl B g2 £ HRIHE B B0 E 0B 150
cps PFoRIGRRGEM BA G LT R Y ER T F
3 150 cps 2. i F B0 BT HPIITE -

(3) 4 DGS5(5 I % ort v 2 3% )E 3 1R & B & o 2 4 53
B3 (cps) °

4) o s RS L AR ERFZRMREER
AILENSS Ao N (R ER)(FE e 2) A e
RS R FR S RIS RRAKR R E R ERER
BEGEE AR F RV RS O ARGRNG AR T
g s AR SRR P RIL > B R IEERT R
F A ELP~f% (judgmental sampling)® 34 & (T B4k 0 EF &K

67



Y RRETA LS o
2-3 & 4G fEsAE S dpliTEARSE

AT 1121 (A & 5 iv 2K )% B @RI % - FEE R
BE)IEFRAESEIM~Sme P T AR B EHARESTESYT R
BR A FER 012 uSvho PI-AT 1121 4cdi® 5 £ F
0.12 uSv/h P RIRRE 5 7 £ 2 WRl 2 FERET FHEF K
35 0.12uSv/h 2 if % # 8L L7 R E o

3HBFAMAEAAF R ITERR

() #Fhfz Bu grAMEAF ST RRE FFFLE
RS A ) AR < (S N I N ) WA
VRSB LABRIS G- RALRRIIEI S Ko F -
BEA W3 BT S o

(2) #Pfh2 R T SR RSP MBS (oM B2 4 2 RIS
%ﬁgﬁy7ﬁ$§@m¢ﬁwwﬁ AT AE R
MDA &35 ] 3t 0.02 Bg/g e MDA &35 25851 % (75cke
&4ﬁiﬁ§98&119119%#7r B 15 5 T R
e

Q) BEAFTRIE ke T W g AMAER I HRA
Fradrd o B 2HWET §F 2 AR PE LT
AR FHREVERATTES R EEE 2R
FAPECEFAFAZER T ERAA L AR -

68



MEik— ARIALABHERARLEER

1 AR ERGBIE - fama¥:__ F A A
2. AR E LA kA R

#ZEB#: F A A8

REFRM: 1 Sv/h(Za /¥ 0.12 1 Sv/h)

eResE &l 1x

4. 1A R & R
[ A

V.lo ‘I.lA_?\-'ll IR =1 e ,\"‘1‘-'.-'U

i8] 4

gL

Wl 4R

bl
B

>~
Pl
|3

69



Ao s RGED oA G RPN R A 1R Bk

1. JBEIBZ L 5 B . Hp#H: & 7 p
2. AT RE EHC A5 - BB

erpHp:  E B p

3. 247 % B MDA (- 0.02 Bg/g) :

Cs-137: Bqg/g ; Co-60 : Bq/g
=¥ g P S At PP
Cs-137 o<1 ot %
Co-60
(1 n>1 n# £
Cs-137 o<l oé
Co-60
(2) o>1 0% &
Cs-137 o<1 oé
Co-60
3) o>1 o#* & #
Cs-137 o<1 ot $
Co-60
(4) o>1 o#* & #
Cs-137 o<1 oé ¥
Co-60
(5) o>1 o7 &t

4. iR E L yC /Cip <15 Cit® i PifiziERaF
Ko Ciol - RFRAIERMT RSB RER G FIEEE LD S

Pz B RES W ERE n TE PifEadicp o

Rl AR wAR LRI

I

70



HAZ SRR AL G R R SL

1. BT B .

2. WRIRE EH A5 B L op E

3. RER P S cps(7 - *+ 150cps)
MDCR=2.32 x (kB4 B+ #%)?=__ cps

i &R =R EF A5 +MDCR=

waplpE_ E

A

2

A

cps

4 WRIEEAEN GRE A & cps(imk

PR ik B RIS B B S R ER

WA R

et
Ex
>~
Y
=
SO
R

71

_F



Ak o~ BERZ ¢ P AG R TREEA

Wolp W &

i BRIRE CA
T pdp_

REFFESF b

i

! p

35

BE

p

e & He B S =bi+MDCR ; & * &% : [J&[]7

(4 <150 ¢ps) s MDCR=2.32 x bi'?;

PR E L A5 - JE
terpdp:  E P p
GEFPE: uSv/h (|- #% 0.12 uSv/h) 5 i * 4% &[]}
Frdp & E AT ENEE 1 & 5 f 2|
Bl REHFF  |MDCR | &1 | 6 1555
i 2
¥ P bt 2 b
(cps) &
: ; | s (Wil
,,,,,,,,,,,,,,, S T = [
Laﬁﬁ [W2R1]:
O¢ # y g | DEH
O¢ # s g | DER
O¢ # P O #
O¢# s g | OEH
O¢ # s g | OEH
¢ # s g | OEH

72



Pl
Ex
>~
i}
=
=
Tow
o

>~

LRI

MR SR AP LR ER A ER T AR AR Y

I T
- AR E

EE AP S T R A ER T R
PoE mpRE ) 2 MRS R T

)y P ERE EHS RN B R P ik T - R
B v R R T RS S ByRE ) A it 2 Co-
60 PifE2. 0.1 Ba/g +* & & » FIot e Bk o0 04 § 45 5
2 i3 h Co-60 0 #-i4c Bt E B RS S 1 <100
Bg/kg °

=

() s R T B2 A R MBS Attt §
(F<02uSvh)z & ¥ & RN -

(2) AABRE - “FF BRAF L F 5 2FAFETAF 2
Bq/100 cm “(Bly) » & R £ 1% # HEE 40 b o

(=) ¥ 0 e B g 2 BRI P AR RIFUER L B Pl R
Bk o R SRR Z AR AR 205 R R T
COETED SR EERY 1L RS SO ERTY 3
S PR At BT St b Tl e A AR PR R

73



TER o TR RS TR T DAY R

BIPE AR ER o
SRR ARARE
(-) 2R REBL ZRFFE

I B4 BB R D 5318 R 8 B(bl4 : WCM-10PC
WEH - hFLE A

(1) WiRl% % -y i £ 4 & 50keV~1.5MeV o

(2) BeEpA : FRLRFRARE
(3) &irl2eF 1 =15% (Cs-137) -
(4) B 17 Bl7ER ¢ =80 Bg/kg (Cs-137)
G) FpEmfrtn o BT EAER -
(6) ¥ BRIRER(B* 1t iE & (Bgkg) °
2. 4e B A TR
(1) Eirla £ # 7 : S0keV~2MeV ©
(2) BHRERA B AU RE
(3) ¥y 1 =30% -
(4) 217 B (FWHM) : <3 keV (1085.8 keV) °
(S) BMFRIFER D= THFEERE) TR R
4T AN | 3 k2 Co-60 ¥ 4 B[ R R
(AMDA)& $—9 Bg/kg °
3. 305 % R & (4o Ludlum 177 +449) & + & 45 % 4 #&
% (4 Ludlum 177 + M2241)] -
(1) BRl¥g By (MBEi)e

74




(2) Bt MANEL IR E - 449
(3) 7 2Rl f£ 1 ~15cm? - -
(4) »F(2m) © = 20% (¥F Sr-90/Y-90) o

(5) 4pom % & 1 0~500 cpm > ¥ EiE H o

(6) & # X1~ X10 ~ X100 ~ X1k » ] %/ & 20 cpm ©

(7) SR 2 0 3 R E £10% -

(8) * PR @ ¥ i FAST(4 #)) » SLOW(22 #))& 3] 90%

(9) £ BRI TAAN o
4, WF B 5 LRIk (40 LB-4000 ~ LB4110 4])

(1) BRI a~p

(2) BHREEA T L S b R

53 8 R WA - RN BRE

B) #FE a=04cpm > B =5cpm -

(4) 37 Rl a: =05Bq;p: =1.5Bq

(5) »c% 1 0=20% (Po-210/Am-241) ; B=30% (Sr-90/Y-
90) & B=10% (Co-60) -

5. %t g SR E 50 % TRk a2 45 5 1R R B (4 PA-100
ADER > HRIFEET J 0.00 uSv/h~9.99 pSv/h) -

(£) B M7 RIE :
1. %4 5t %R @ <80 B/kg
2 MBS R -
(2) 2RIP TR

75



. B4 By iE R D - SRPIEREZ L R <10% o
2. FHEAE S L - SRR EZ B AR > uw T Bk
Pp2 TE3c L T E AR
(m) 0 6 Fllot SR $
Lo— RERZ VFERER IR RITEE > Rixggp
* Tokai 1% & a4 17 ‘,f % 14 2_ clearance waste B2 2+ 4 »
oG RIER P EP AL 41 477 > Tt A

4ok RRT A2 1 BRAEREY

2410 SERIPR G R 2 R A

¥ & BoR o 2
H-3 T pac bt kR 2
C-14 N R
Mn-54 M-I AR I e
Co-60 Se B e A TR
Sr-90 Prfbie Aot 2
Cs-134 Se B oo A TR
Cs-137 Sv B e dHE A TR T
Eu-152 T AR S i
Eu-154 v B AT A 5 IR]
Pu-239 2 Am-241 sn& 3@ i RS

H ¢ Mn-54 ~ Co-60 ~ Cs-134 ~ Cs-137 ~ Eu-152 ~ Eu-154 %
S BPAAE TS A 5 I F T A A B ATk RE
EERER @ H3~C-14 4= Sr-90 2= B ﬁﬁ{%&.k}rj’:ﬂ %

76



B % #F > Pu-239 fr Am-241 1 & & ffxfe 55 > Fyt H-
3+ C-14 > Sr-90 ~ Pu-239 fr Am-241 % 7 B P46/ ‘o i+ &
WAL~ kAR F R E ot R AR EH B Y
FRod WA BT IFEE PSR FHATE L4 P
438 FP 13 2 WP E ¢ (US.NRC) ¢ 1982 & 57 i
e 10 CFR 61.55 2 Pifbim &0t b Fllicis > ki = 24 B P
85 2 & el b Flik(scaling factor) » 3-8 T — % & & 2 1
FRILT HRER S SRR B g R P BT i
SRR R o WA T R RLE L PR R RIS R
B REEHER AT R TR IR o H-32C-14~Sr-90 ~
Pu-239 fr Am-241 % 7 B4 5 PifEa b Flicds o

2.4 b Fligcde

PRI E R P AR LA R
BB A P T RCE - BB R R L MM R Pt 2 i
PIP R O P BB T 0 TR - ER A ER
AN 2L BRI 2 PSR 50 E PP &
BT e R 2 AP R LSRR P RE o) B
SR PR T RS« e B PR A
fa ¥ H-3~C-14 ~ Sr-90 ~ Pu-239 fr Am-241 % sip| 2 fd2 $
B fiho 4 4-2 417

TR BERAPE R
Co-60 c.14
Cs-137 s

77



Cs-137 Sr-90
Cs-137 Pu-239
Cs-137 Am-241
SRR E
(—) TEAR
FRAFEFZRE - SH 31 8RR R E IR

(=) #HEIF 220 HHRESF LAFEFTE S BB (7)

AR SR A G

1. B #5544 R
R*PIERBREZ B EHAEIZRE > FAER

WP f5 R B AR AR S B <02

uSv/h » H =z 18 Pl BREIT FR(F 2 2 5 > MRl E T A

HEREL ’ﬁ'*%"ﬁ?évﬂfﬁlp\ cFFAREF R EE o RIP N
T T b R #u Do B R
eFFE2 A REFFPN 2T R BHFALER
4 4-1) 0
2. 45 AFFHS LR
i % A RS R Rk (4o LB-4110 3))2 ik
FooF AP P EBERS RS R G PR 100 om )
BB LA P I 32 M) [AE A
BARAFL ARG )] BHET R AP R L2 .
MRl % & a< 1Bg/100cm? & By<2Bq/100cn>% 5

78




St e R BB R (drd 42) -
BB (Y E R R R

() #&* RE 5 278 G FEGEWCM-10PC 3]) > 4 2

mREESN o

Q F¥RE2 BEAFLERFETL S 1448

(3) EirlS¥c FEAF D 1/1000~ ¥ A 95% °

(4) &R ErSF 1 = 15%(Cs-137) -

(5) Bi¥ RlER ¢ = 80 Bq/kg(Cs-137) -

(6) iRl FETA © - SRR T2 L s <£10%
(7) WRl%%F< 100Bgkg & & & @ e R EL*(Ir

% 4-3)
(2) 4B dA At

LA FRp A fad R 8 AR 1 2 EMEF Rz B
SRR R SR R

2. PR A AT o £ RERRIPOEL R ) Bl R
P -
A TR R (rk 4-4) -

4 - WF ROV FER T RS R S RREL & 1
T

BAcB () AR ERIZ AP E R T i R

%%%@“%Fﬁ%ﬂ@ﬁ%<%ﬁ%’%ﬁﬁbr ESEY $2
FRMTEAY ) PRRE -

o

N kst T

79



gy 4e B 48 Co-60 ~ Cs-137 5 A% > #i4e 2. H-3 -~ C-
14 ~ Sr-90 ~ Pu-239 fr Am-241 % ¥iplPfit /& & % % ot 4
45> B8 T— U RSV ER T RS R TR RS AT

FlprAE2 o IR T AR KON E LT .
B B 3= pa g T P

80



%43 2eGHHEFEREEL

2Rlp # 9
R S¥ I
e Bk TR AT &
uSv/h
®REA S R rop g &0
p

K H

MO EREREE FFEA02uSvh P BRIEE LT R EL VR

%I_ﬁp\ o

%% | £ Bke) | %5 H5HE F(uSvh) i

o

81



oA

H AR 517 ERYS
F P&

%44 (e tHFHFTLER L

2Rp E: 3
S O S A
£ip) gk
REA 5L BoBE Wrop ¥ E_
1P
fcn REFF @/

X%a%ﬂ¥ﬁﬁﬂgﬁﬁﬁiwﬂBM%mz&BM@BM%m%%@

82



s]:ﬁé, o

M B € (kg |Z2HEFEIF L (Bg/100cm?) 3 T
oA
HEP AR 517 ERYLS
-

83




145

EAS L =

B B Z R BBl A

£Rlp P & !

R B

KRB A

v B

e H i

OhELERLE © < 100 Bg/kg

%8 | £ E(ke)

4 L oL
BBt s

(Bakg)

84




AR GRERYS
P E
24-6 WiERATESE
PP s AYrp g # t
p
AR AR A i kg
R -1
RE LA Wi p g S
p
WD 2 R R

85



et B BT R

:5-«
R
=%
s
=¥

A £ PR (min) ¢ _

PR Z el ~ B

Bedt | REM ¥ 5 % TP
wiE R
¥ q 2
Kot z e o B
. o (Bq)
(g) | (min) Bq/g (Bq/g)

xS i d ¥ ;jﬂ‘ﬁ |_“_’_i§_;§, , “-é‘:{ ?}1.7\’}‘-? , ;ﬂﬁ-uﬂ,;v\,}:r;'ﬁ% .

Ay (M i)

86



447 RPN ERAE k&

B HER i

BRfoe s O FRERF LJFCAEARMF L CARAF JE#

Bpyomgs &8 Oyt r OFEH O @ieks 8w

405 (7P AR $ 1 2 Co-60 Pijh s Hih o

Y ER R L3 pe
Pfh LA | v b ¥ o
(Ba/g) (Ba/g) R
H-3 < LOE+02 | D& 7
C-14 < 1.0E+00 | & [J%
Sr-90 < LOE+00 | [J& [J7
Pu-239 < 1.0E-01 OE %
Am-241 < 10E-01 | [JE %
R = LY L
#A A R S

T RE R A

87




~

N

A

N

PR E T R

48 Pi- R RERE

= ¥R A

Hz i3 R FEEH | s
& E 3 fer 474 # o
4. I A= osgla | ALy o 2@ = g S
A2 5 % 7 = ERE | @ iR i o T i !
LUDLUM | RL-IM-14 [ISO-8769 |1. # R# | ket | & Lispapan | 52 3@l kany
— AR B e RE e A305410 | HBEFHRE| RIS
177 (1988) - 1% B teiR]
B iRl FRE (5 YHEFPN o | (PAEeRE | F -
X 2. FEFME & o
* R AR 150-7503- #H(Co-60 G o E
R o GEES R
1(1988) - 2.4 Fp AR
F2F o A Sr-
LUDLUM | ¥ o N —
=L
90)) - w2
IEC-325 . -
B)=(H = |- KA
17745 -
(1981) - — &R SRt
FWREF Frie
R) e
Rere) 5 2 Rif
3ERRE R ek mi—g
F e SLE B o # o
(#43%(Co-
60 & Sr-
90); (%
7 FER
R) e
LB-4110 RL-10-158 |[RL-AIM- |1 8 ie| ¥ s ok |# ik NGEET R RAEE ST MR 2
4 B 3] [14LB4000 | & ° F sz GfER)= (REFRE | BRI
1.1 g A%
RELARL | PgpEEp o I (84(Co- (i g |(PFenE | Fa-
2.1 IFR R i o

88




i ALF o

(A

60 £ Sr-90
%z Am-

241)) -

3R RER
R (Co-
60 2 Sr90
2 Am-
A1) (57

FEER) °

S CE:
FRct) ;
R P

B o

AR

=~ BBl &

(-) 2 s HEF CEAFEFTE - BB FRER &
B BER AT E S 2 IR A EARE E0E 0 23 T -
RSV BRI T R R IEEER e T A

4-1~4-5, (P.11~P15) -

(2) BRRIPABER A7 > d W EE R F RSN TR -

(Z) ARBE ORI AT R 40 1 5 3 10 & o

89




CTENNEEE SEE - RIF R UF -4 ¥ 3]

P L R AR R P AR RN F T
5. BRI SR Har
5.1 K

PR M IR REEEREF LT M L F 4
S A E ST AN E L 2 B
BRHTETAR FEEMEEI SR L EF S

R B E D R AR IR R AL R R AT
Lo WP AL kI L P R R RIS R
B P AR ERT -

R AT 0 F RAR S FILE - FEFIRL PO RS

%‘ ZipRiE 4 5 d Hﬁl*f‘ﬂ\r‘s ABig g %f‘ ﬁlffﬂ@mﬁ‘giﬁ—k&
o Ak TRAL ERF TRV E BN Fe el

B (R AT RT3 B) Y AT - A T
B, o R RABEERATRAIRFE

FER RS e (SR 7 TR < Y
FRR P FRBACTA  bts o Aot T2 FRL S TR
s sk ) A PURGL TR A R E S AR ERD W
FBICLE AR TR IR A BE A B BT E
B R AR Sl E s g

ﬂﬁi+aﬂ0ﬁﬁ,ﬂﬁ%%%ﬁﬁﬁ%ﬂ~gi 2Ll
X F RFCAE A 2 R d RT3 RUR RS A R
TRF o] AT R OB .
ot 5 %iﬂﬁ’&@#ﬂ@%&ﬁ@?ﬁﬁﬂ“*ﬁ@
FRLAEE R AT D Lk ksl RO - A R
P AR R ERE IR o R B S JE T R BT S g

90



WAL FI(G G TR TR )R -

RSP TR 0 UL L M-
52 &%

TR
d R AL - R A
'r‘éf °

B B2 ST B R AT R ik
RRRpE 2 %0 0 TR L R R A B EBIEN T 0 d &
I 22PN E . A

CEEERREF O BFFFEREF T LT 2
Pl BT AT B EEAR
R AR T I R EBGE R M T R

g #d’*ﬁﬁwuf’ib T AT R
mgﬁ%lﬁﬂ%%ﬁ%&ﬁ@%&

R R EA- AHAER P PRy o - KT EAERP
i?%i%%i#i:ﬁ%ﬂaﬂ o SRR AR P2 S
wd 7 R %#%ﬂ%fLi,%WK&%%ﬁ’%ﬁ’—4

£ T _H

A ER AR PR ENF > AT 2%
MRE U FEFREFL AP L LA AP a5

%?E{«"’?}—/ ZKL\F‘_F’JJ—&&E: ‘? :‘LB‘,ﬁF \gzzkﬁ N LA j:,%g:‘g(j%‘

%iﬁﬂ’@ﬂ@ﬁi&ﬁﬂ’wwﬁmiw%ﬁ¢ﬁ%§o

91



SRAPP TR WERSFERNT AMAER RS E
Ny —_g—_ N fg’% ;\3 % i%"fﬁ'% G 4e 7
SRR REE S SR e
() v
ARk iEE o F 2 TRJPFFRE )~ TEXRRAFET
BRAILS 2 R AR R L TR ¥
B d R A1 F =y ) 2 A Ap M AR TR o
(5) MR ERIAR(R)
LUEgsme  $EADFER2 L LERE- WA
Ve R LT i e R A o AR
2. TR AR e | AP ERGF L PR POL S PR
T ARBE G GRS AN T RS Teke,
PEREHEE R TRPARSLE ) LLREREER
FREFREFEAIL -
3 ) BEP AR GO LR R S AR > B3
PR o
4. Tl | mFCRrEREE R R L 2 R 2
5Tl RS R0 BApM T RE TR RE | 5
W e

5-1 ¢ BEYIMEER L E

92



P e
&% BE RS HE AR
-5 - (4oLB-4000%)
z 2L REBER 2
% b S o B(7)
x W7 AR
x

#

& R RN
| R%#

o H BT e
T et Pl a P pa PN

~ R PE SRR BT R SE 20 A

(=) Paﬁw?f,;;}%,ﬂﬁiﬁ-ﬂr B p |54 & ¢ Pf&‘f’m7 FL=0 R
o BAREAF URP P 0 BT AR 2L ELFIRT
WRAFAREY > ARTI LA o

(’:) ;Ei]‘?&ﬁ Aol b l\-f?*‘—‘-% )%\:qj)r,, ;I“g_]z/\Fma;r'%ﬂ
arihal AR BN S R ob i S R LA

2. EARYEZEAF BEAMHR L LR LRI FF
3. MRRE 2 ARG 2 Txi%%@‘? PARM TR - 2 HRF A
AFA(E C EREE LR L f A 2P
i‘@%’?;élfg\“ﬁj*”&‘?“—) \&i\%—iﬂﬁpu?
B BB/ TR RS R R A

ﬁ%‘%—j‘_’/ l/‘l:f —/&%ﬁo

93



CEERFPFEAEVE AW RLAE %%W§ﬁ‘@f%
AP BHE PR ARCGFIFE AR Y A RQT 5L 31 B
37 ) > MBI R T *m%%ﬁ%n& JREd:|
BREBREEERY R

54 < pe

1.

Richard McGrath (Presenter), Richard Reid, Electric Power Research
Institute, California 94303 USA, Symposium on Recycling of Metals
Arising from Operation and Decommissioning of Nuclear Facilities
Studsvik Facility Nykoping, 2014, WASTE MANAGEMENT FOR
DECOMMISSIONING OF NUCLEAR POWER PLANTS:AN EPRI
DECOMMISSIONING PROGRAM REPORT, Sweden April 8-10.

IAEA-TECDOC-1133,IAEA, 2000, The decommissioning of WWER
type nuclear power plants, Final report of an IAEA Regional Technical

Co-operation Project. Jan.

Decommissioning and Disposal of the Decommissioning Waste at the

Site of the Loviisa.

USA, 2014Nuclear Power Plant — 14254, Matti Kaisanlahti, Fortum
Power and Heat Oy, Espoo, Finland , WM2014 Conference, Phoenix,
Arizona, March 2 — 6.

IAEA Safety Standards for protecting people and the environment,
Safety Guide, no. WS-G-5.2, 2008 , “Safety Assessment for the
Decommissioning of Facilities Using Radioactive Material” .

IAEA, 2004, Application of the Concepts of Exclusion, Exemption

94



10.

11.

12.

13.

14.

15.

and Clearance, IAEA Safety Standards Series No. RS-G-1.7, IAEA,
Vienna, 2004.

IAEA, 2010. International Basic Safety Standards for Protection
against lonizing Radiation and for the Safety of Radiation Sources,

IAEA Safety Series, No. 115, 2010.

NUREG-1575, Rev.1, 2000, Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM).

Nuclear Industry Safety Directors Forum in U.K., 2006, “Clearance

and Exemption Code of Practice”.

nuclear energy agency, 2013, “Radiological Characterization for

Decommissioning of Nuclear Installations”.

Annex 2 to” Handreiking vrijgave”,2014, “ Guideline for the
clearance of buildings during the decommissioning of a nuclear

facility”.

WM2013 Conference,2013, “ Waste Management Strategy for
Dismantling Waste to Reduce Costs for Power Plant Decommissioning

—13543”.

IAEA RS-G-17, 2004, “Application of the Concepts of Exemption

and Clearance ”.

Oregon Department of Energy 625 Marion St. N.E. Salem OR.
97310,REVIEW OF PGE’S DECOMMISSIONING PLAN FOR THE
TROJAN NUCLEAR PLANT.

Magnus Oskarsson BU Nuclear Decommissioning 2016-02-04

SNEC ,Decommissioning of Nuclear Power Plants — what are the
95



16.

17.

18.

19.

20.

21.

22,

23.

24,

challenges?

ISO 11929-1~3 > 2000.06.29 > The International Organization for
Standardization > Determination of the detection limit and decision
threshold for ionizing radiation measurements -- Part 1: Fundamentals
and application to counting measurements without the influence of

sample treatment.

Ross, R. R. ; Noyce, J. R. ; Lardy, M. M ,1993, 7 Inductively coupled
plasma-mass spectrometry: an emerging method for analysis of long-

lived radionuclides, Radioactivity and radiochemistry > (4)-1

ISO/IEC 98-3, Guide to the Expression of Uncertainty in
Measurement (ISO GUM).

FrcfrhF a2 R g 7 FARBE, - TFERLFEANT
EE R EyEET 12 7 29 P oo

Fleh+ it R g7 FAROS £, - TEASNFERANT R
SRR B HERT 0 F10 7 19 p oo

FrcferhF a2 R g Ay &> AR &, - TFER
B ERN T B R HAFIFFENFLH AEL > 120

FaF 11t EpF ERPEAEREE RS RREE

Yrae g AT R s AR 102 £ 12 7.

P e ity AR 102 £ “ERPG A LIRS E
ZBRIITE” CELE 22 RipF o127,

4 T P 7> 340 &0 p.65-78 0 100 > “ﬁfiﬁ,@ﬁ,,%ﬁ’i“{f%

FIAEEERFRA T EEE 100

Sy

96

o

’



25.

26.

27.

28.

29.

30.

31.

32.

33.

34. &

ﬁiﬁiﬁg’m2ﬁ7“{é@ﬁﬁ%ﬂiﬁg@ﬁ&@ﬁ?
PR AR BT 2 F AR 0 FEF 0 AREL S 10 0
15 p -

AR+ a2 B AT AT AM9S £, P TR

PO BRRAF T E R AEHEFET 10 7 31 p -

AR+t B g amL AT AR E, “SBFETY R
EREFH AT RS BT 4120 P -

AR AR § AR 02 E PR TRG RERFF AR

w2 A TF A A %L 102FCMA006 » 12 7 -

FreR iR g0 RS E o ER FHIAE TR L AR

BESAIT" F2 o+ %5 index 1141 95-03> 10 * -

Froe s A f 40 VR 1002 "R 64 R BRR GG

R > BBk 42 5 8 1 o

FrcteR+ i A g > AW OS5 E - "IA B BT R E 4l

PRAFRERFATE" ey > NRFEL ARG F R R

C09500764 15 * -

AR+ d B €y or AR 101 &0 “RME R

AP EFHBMEE SR TARELSY 2 A S BATHR

2 %% © 10lFCMAO006-15 > 12 * -

5% > 103FCMAO008-05 » = B 103 #, “i it g 3 4 75 B

BOpIE o FIPAE 5 120 o

HEGF FEP AFEFAT PR TG RAL BRI

- /z‘ Fﬁﬂﬂ F&g }z‘. iTRJ"

97



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

707 7Y AR DLE,

https://www.nsr.go.jp/activity/regulation/nuclearfuel/haiki4.html

PABE A 2L L 6 TAF “RldoRI§% 504 - &8
&7 5 ISO/IEC 17025 : 2005 > B4 B# * > M@ A £ ¢ (Taiwan
Accreditation Foundation » TAF) » TAF-CNLA-RO1(2)> & #* - 2005

TAF “RI34E8 Y MER PRS- MABE A 2 RREA
% ¢ (Taiwan Accreditation Foundation » TAF) » TAF-CNLA-T10(2) »

&
A

PABE A >R A L ¢ TAF-CNLA-TI2(Q2)» & #.20125 “%
SHLRS R 1R F H) R R

FAF RmAE AW 100 &, F g E Al tan g
£ T A T 343 H p.65-78 0 T oo

E‘“34

FhY 228 ERF o ARI02E 0 “FRPEAERGFH
2 g plIEE” Jf*m,ﬁﬁ?i“r PR > 12 7 o
IE R REE S AR100 £ BARy LRI R

HEFa" A Pa T340 ¥ 0 p.65-78 > & 100.10

PR AR 95 E R f?ﬁf 12776 2 5 5o & 15 & 2 47 > 2
SR E L L 2R T 3 d 0 3 F S 1 952006FCMA003 > 10

A o

g > AR OS5 £ A K e BT R I R P i
g AL RER L > R g s oL P Y 05 7 1]
EI o

BRG] 97 £ MTs R P AR A E R RRIE R

BHR 2 pigg «»;c},-]-,ﬁ_jrp;}i?;g_%, "L,{H R A

98



45.

46.

47.

48.

49.

50.

BNSO0514 > # &3 R4 L+t - &L -1 o

Ry amI02& > Pk A RAR S F a2 mg > %
SR SR E IR R LT T 3 0 3 E %5 1 102FCMAOQ06 0 ¢ &
2R 102 & 127

Rzg &+ 52y papirs a3 2016 # 08 1 05 p

Py ol ARG APPSR EL > ARI02 £ 127 26
El o

Pz - RERAERN T EMARS B S AE 99 &
AEEA CERELASE g(TAF) 22013 PlREE B R A FETAEE

CEEI

TAF-CNLA-RO5(6) > 2016 » it 4 #Fkis# & f o

99



Frclh+ oL R g ";;k/jﬂﬁ—_*n;}l? k5

PORABCF RO R R P RILE 2% 2 F A HE

FIEPF -l

STy TEY S L RSP RINY LY,

AL

XExH-: HZILEF
FERLIE A IR AR F
el N A FE HETAHI 4

* % % % ¢ 106FCMAO002






L

Abstract
T T ettt ettt bbb bbb bbb b s s s s s 1
e B OO ROPUPI 3
. BRI RELE T IMER s 4
3.1 3B R BB T EID s 5
32 BEA T AMTEZ SR i 9
B2 T B ettt 9
322 AR et 9
33 "ﬁi T AT ettt st 15
33,1 1B a2t “f T ettt eee e e e e e e e e e e e e e —teeeeraaaeeanraeeeanraaeeannnns 17
3.3 .2 M B i bbb 19
333 B I B I e 19
334 ‘ﬁ% T3 HITIY B e 20
3AFBTEE Y FZ T oottt 24
340 BERF DL AN e 24
B2 FEB oo 24
343 B IE B e 26
3.5 "ﬁ% PR R P A 3 s 28
3.6 S AR A RT T oo 28
361 BRI BT EZE BLE oo 29
362 BER P P HPETTH oo 32
3.0.3 BT T 75 ittt ettt eteas 32



3.6.4 FZ 7 BT T3 (Ary SLOTAZE)...civvevieieriierieereeeteeeree e 32

3.6.5 % # it Aokl 4 (multi-purpose canisters, MPC) .............c........ 33
3.6.6 BF 3 FT0 5 Koo 34
3.6.7 & % ¥ F1ISFSL & Soormiiiceeeeeeeeeeeee e 36
3.6.8 e B LLW eh8 I8 2 N e 37
CBIPERA L 2 SRR PRI A1 AR R 38
LR ELE OB R AP T 2R TED e 52
50 W% k+ % i €% 2{%2%(The IAEA safety standards)......... 52
5.1.1.TAEA Red o sf 2 B g 2% 2REPR F 53
512 B 4 ATEAD AR AR B e 56
513 BFF & B EPE D s 60
514 BERA P& 2B R e 65
5151AEA$ A e PIE A R e 68
TR E DE R oo 74
53 RMWALE TR FIEE 2 IR e 75
531 & REBTR Z oot 76
532 % 2HRIR FAEB e, 77
54 PRFE TAERFFIEE 2ER 84
540 BT e 84
542 BERAP AL FILE BAE S s 85
55IAEA *cst B A F el 7 L 2R P2 X 2R AL
BB e 92
5.5 1 GSG3 [N B oo 92
SS2BRFF 2 FEITRIER e 93
553 BAPETFOE 2IER e 101



554 FFFBLX
5.6 IAEA f % # LILW ¥

F SRR R TP PR 2 & Rk
6.1 TEFHECR P a5 BT e 117
6.2 2z Bt

HE 2 9 55 HHTE e oo 136

B3 0 T BB R e 149



WP &

B 1 bt s ) 4 Ak 9 8 TRAT A 7 AT ] 6
Bl 2 et ) 4 F AT 7

B] 3 Holtec’s ~ MPC(from:http://www.holtecasia.com/products-nuclear-

waste-management-dry-fuel-systems-mpc.html) 34

B 4 ® B LLW containers at the Low Level Waste Repository in

Cumbria 41
BSHERF LR 6% 2EMHILAHE 55
Bl 6 B 3 AT g 97
N e R 98
Bl 8 il F 4 AR A H 47 B TR0 & ) BN AL ) 99
Bl 9 AT A2 B chjp M 21 100
Bl 10 red 0 B A 47 BT 3 % 2% AR 101



P&

21 AWz BPLACGREK LR P E

# 2 {L®W PWR 2 BWR T AT £
%3 LARE A HITIT Y FR

R NI JERLE L RRER Sty
25 = fAH 3 E 2 R

# 6 B Ml 2

%7 %% LILW ¢ %

%8 % * HLW ¢ %

13

14

20

23

26

30

61

63



E £

GURNEESF SRS S S R 5 I S
IS R B T
TS B R PRJE ~ BT R B R AR LR G G T
SR FTE R R B d ] g L AT R
PR R

G B R %nu.wfﬁaﬁw&**
b
b

Lo e AR R RS R  H AR  RR fie
T %234 FaRRTR -

2. B AR ﬁE T R MR B R R e 2 PTG 2 A
AT % 2 FHRE FAERTR -

3 ROAFMGMHPADFARE P FRLI>EHEFAERK -
AL AR FENRR SR T ORIL 2 S

FRAF2FHREFAFNFTR -2 BT RP F

1
BhARRE % 2R 0 0 )N RO R R P A P E IR % 2
CRIE YL A



Abstract

This study is investigating the predisposal management of low-level
radioactive waste arising from nuclear power plants during their
commissioning, operation and decommissioning. It covers all the steps
carried out in the management of LLW following its generation up to (but
not including) disposal, including all the steps, i.e. pretreatment, treatment,

storage and transport.
The specific objectives of the proposed research are as follows:

1. Collection and analysis of the management and safety guide of

radioactive waste: processing of low-level waste.

2. Collection and analysis of the management and safety guide of

radioactive waste: storage and transportation of low-level waste.

3. Propose the review and regulatory proposal for the standard
review guideline of the predisposal management of low-level

radioactive waste.

This report focus on the predisposal processing of low-level waste,
including pretreatment, treatment, storage and transportation. Collection
of the safety management and guides were useful for the modification of
predisposal management of low-level radioactive waste safety

management technology.
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21 AR BRLAFREREMERASLS 14
“% [Ea Y % R | Maine Connecticut | Rancho Seco
kg/m* | Yankee m® | Yankee m’ m’
B4 O/ 1972/860 1967/691 1975/913
MWe-Type MWe- PWR | MWe-PWR | MWe-PWR
B 4 fARE
Ay ITE 1,142 | 57,240 88,240 11,400%*
Included w/
2 ST
1,142 | 28,820 15,390 Building
g
Demolition
) Included w/
AT o
327 32,000 Building 5,850
(Commodities)
Demolition
Misc. Class A | 1,142 | N/A 331 N/A
AR E 118,660 104,201 17,240
B/C #g 1,142 2,190 1,150 93
GTCC N/A N/A N/A 11
B PR E N/A 120,850 105,350 17,344

“Ref: Richard McGrath, TaiPower & EPRI Decommissioning Technical

Workshop, 2012
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2. BT R R FRPERAIR T B A BN s o

3.34 ‘,f R

HEIEFRAS RS2 TGRSR AT

g o™ 4 34

%3 % ﬁa‘f 7T st §5 FI(TAEA, 1999)

Technique Large Segmented | Building
volume parts surface
and and
closed structures
systems

Chemical decontamination
Chemical solutions X X X
Multiphase treatment processes X X
Foam decontamination X X
Chemical gels X X X
Decontamination by pastes X X
Decontamination by chemical X X
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fog

Gas phase decontamination

Mechanical decontamination

Flushing with water

Dusting/vacuuming/wiping

scrubbing

Strippable coatings

Steam cleaning

Abrasive cleaning

Sponge blasting

COzblasting

High pressure liquid nitrogen

blasting

Freon jetting

Wet ice blasting

High pressure and ultra high

pressure water jets

21




Grinding/shaving

Scarifying/scrabbling/planning

Milling

Drilling and spalling

Expansive grout

Paving breaker and chipping

hammer

Other decontamination

techniques

Electropolishing

Ultrasonic cleaning

Melting

Emerging technologies

Light ablation

Microwave scrabbling

Thermal degradation
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Microbial degradation X X
Electromigration X
Exothermic, highly metalized

powders x
Supercritical fluid extraction X
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Suitable waste
Option Examples
types

+ Implemented for LLW in
many countries, including

Near-surface disposal Czech Republic, Finland,
at ground level, or in France, Japan,
LLW and short- )
caverns below ground Netherlands, Spain,
lived ILW
level (at depths of tens Sweden, UK, and USA.
of meters) o Implemented in Finland
and Sweden for LLW and
short-lived ILW.

o Most countries have
investigated deep
geological disposal and it
is official policy in several

Deep-geological .
countries.
disposal
Long-lived « Implemented in the USA
(at depths between
ILW and HLW for defence-related
250m and 1000m for
. o (including used transuranic waste at
mined repositories, or
fuel) WIPP.
2000m to 5000m for
boreholes) o Preferred sites selected in
France, Sweden, Finland,
and the USA

« Geological repository site

selection process
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Suitable waste
Option Examples

types

commenced in the UK and

Canada.

A

TP A RE KB wFFIRTERY B o

# F - =% Cumbria ¥% Drigg sn LLW p733 2 4 # K> F RE A (d
EEFREFRETRAPLHEDT 0 EE R F LI A DM
m) po

& 517 - ElCabril LLW v ILW ¥ 3% *6 4 ENRESA §% ©

= B - ANDRA % % ] Centre de 'Aube % Morvilliers °

e - d SKB i# ¥ ¢ Forsmark 7 SFR -

% - Olkiluoto fr Loviisa > ¢ TVO 4r Fortum 5% °

B % 27 - Ozersk » Tomsk > Novouralsk » Sosnovy Bor > ¢ NORAO %

Rag

rg o
§# B - ¢ KORAD X % 7 Wolseong °

Bk P APRE AP ALY ) A M AL R R
¢ oo

2 -7 B LLW mJ23% % : New Castle County i# / *¢i7 ¢ Texas
Compact Waste Facility (CWF) % »¢ > d Waste Control
Specialists 5 4 ; Barnwell » South Carolina; Clive » Oak ridge
Utah state > State of Tennessee - 2 $%d Energy Solution Inc.;f=
Washington 73 Richland » ¢ ECOL-US Ecology, Inc..§ ¥ °

31



362 BAF Y Prr
P S RIRA Aft ® FulR e RS A R TR AR P
Wi UFE AT E AL ER RN T X 2T e G T AR

Fod WpFRosd F * 2 ILW e HLWo ¢ 32 % p F il e %o
®
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3.6.5 % # it B4 (multi-purpose canisters, MPC)

Baten s 3 Akl (MPC) » 4% @ % 4 (DPC) » & B At
KPS E B9 B G FIF MR @ N S g
ot B B R A o MPC g% BBt & Ep -4 fotée g
WIEE 0 D e SERIF NpEg o & B MPC Y 13mm %7 4
R R I S L R AR R & L= Sy SRR
AN F i A5 kW g f 7 o MPC £ 8 eeh v e 4 > — i3 MPC
FET R e Sl B B0 el o § 1 LR B
(double-walled container, DWC) » = & B 4 § o - £ MPC 44 £
Top ’Eﬁ’r;'f]f'ﬂ M2 AL o

Holtec’s s MPC & z — B * ** BWR %4l 68 H ~ el & »
~ B 24 H A R R 0 RS- B ¥ Y PWR %ALen32 B Achmin
Elc g o 5t 25 ¢ 3 e jeg Metamic-HT 2R B o % 4
MR > VAl R G E R B o 2013 E 0Lk s
Holtec’s i 5 Z W{r g s ff Wid 7 £ F 4p b erfR 2 #h 30 2 < e kg

(DWC) -
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% % B MPC it 49 % 4 37 B PWR & 87-89 BWR %t e i o H 3
SAF R E 4 12 B PWR 2 32 5 BWR % e it o — & 3 4 5 PWR /
9 i BWR | A Bkt 4 - 7 rokew B ROR B K M R EEEEHY o
P8 X (Areva)j — < 33E48 AKX ¥ F 4 21 B PWR & 4

Bl ke {E o

4 i BWR

B8] 3 Holtec’s MPC(from:http://www.holtecasia.com/products-nuclear-

waste-management-dry-fuel-systems-mpc.html)
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Holtec HI-STORM 100 & - féifb* ;% 6 F s3> 7 F ) L5
WA R RS P % 4 MPC 2 B3R B chdw o @
o 165 PRenh & HAMEPN G 65 DA RS BT ks
W S EBPT R o ¥ TRk AE A5 HI-STORM 100U » & { 4F
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NUHOMS 3 3 Wiz EE 5 > FREvRI- B ¥ 305w
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+ gk 45 HI-SSTORM FW #_2 4 % it 4 (1.2 Gal)eh -k B
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120,000 ##* %442 > & % 4 15 2§ o HI-STORE CIS 2 ¢ #* 3%+ ¢
He 2017 2 0

368 &AF R LLW g 5%

P99 ek ERPTENF 100 52> F A LLW > FiX 3
LLWR(Low Level Waste Repository) - # £ 1995 & » ¥~ L g = > ¥
SRR SR A FOE N o R LLW AT LR
i MEFERCHAMA B BERY > B PRSP A% E 2000
MR/ KB RTAARY AR RE A A2 B pitE
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S0 e mA A AZiE 10,000 B & 5 0 LLW &% i i 2
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¥ 4 #® B LLW containers at the Low Level Waste Repository in Cumbria
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FIG. IV-1. Overall process (asterisks indicate activities that necessitate further steps which have
decisions and safcty assessments associaled with them, as shown in Figs IV-2 to IV-6 (sce also

footnote 1 on p. 133)).
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QUESTIONNAIRE ON DECONTAMINATION PROCESSES

Filling Date:

Name of decontamination process:

Description of application
Objective of the application

When
Where

1. Field of application of the decontamination process for that specific application

1.1 Objectives of the decontamination process

Reduction of exposure

Waste recategorisation

1.2 Description of decontaminated material

Metallic

Non metal

Stainless steel
C-steel
Inconel
Zircaloy

Lead

Cu alloys

Brick
Concrete
Coatings
Plastics
Others

Typical values of quantity of material treated, (€.g., m*/batch or m? for a

FSD (give values in m?kg, ...)

Amount: Surface
Volume
Weight
Geometry:

mZ
m3
kg
Answer YES if applicable
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Flat surface/walls
Tank

Pipe

Pump

Valve

Heat exchangers
Others

1.3 Type of equipment to be decontaminated Answer YES if applicable
1.3.1 Origin of equipment

Reactor type PWR
BWR
GCR
FBR
MTR
Candu
Pool reactors
Other s

Reprocessing Plant Indicate nature of fuel.
Indicate the type of process

Fuel Fabrication Answer YES if applicable
U0,
MOX
Metallic U
Others

U process facilities Answer YES if applicable
Mining & milling
Purif. & Conversion
Enrichment
Re-enrichment

Waste treatment facilities Give a short description of the facility

Type of waste treated

Activity level & type

Treatment type
Laboratories Give a short description
Radioisotope production facilities Give a short description
Weapons facilities (maintenance/dismantling) Give a short description

137



1.3.2 Original use of equipment to be decontaminated
Give an indication on the source term, e.g. equipment used for mixed oxide fuel

fabrication.

Give an indication about the nature of the contamination source,
example: the equipment was contaminated by circulation of primary water or by

storage of solid waste

Answer YES if applicable and give an
indication of the contaminant nature
Solid handling
Liquid handling
Gas handling
Transport cask
Others
2. Process description
This chapter describes in detail the decontamination process used.
2.1 Type of decontamination process Answer YES if applicable.
Full System
Components In-situ After dismantling
Pools
Vessels
Pumps
Piping
Heat exchangers
Valves
Tools
Others
2.2 Decontamination principle Answer YES if applicable
Chemical process
Electrochemical process
Physical process
Combined process

Give the combination use

2.3 Description
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2.3.1 Chemical processes

Number of cycles

Number of steps/cycles

For each step, give the values of the following parameters and the nature of
products used

Step

Nature/conc. Chemicals

Temperature

Pressure

pH

Hydrodynamic parameters

Reynolds range

Duration

Volume/area ratio

Method of agitation

Ultrasonic

Others

2.3.2 Electrochemical process

Give the values of the parameters used for the process.
Make a table if there are several steps

Nature/conc. Electrolyte

Temperature

Pressure

pH Current density

Voltage

Polarization

Duration

Hydrodynamic parameters

2.3.3 Physical process

Conductivity

Electrode materials

Others

Principle of operation Describe the operating principle of the process.

Wet/dry

Additive Give the nature and quantity of additive used.
Nature
Quantity

Temperature
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Pressure
Hydrodynamic parameters
Duration
Others
2.3.4 Combined processes
Give the combination used and make the detailed description in the
appropriate part (e.g., physical process followed by chemical

decontamination).

2.4 Material compatibility Which materials are not compatible with the
decontamination process (e.g., gaskets who do not
resist to given chemicals)

Specific for Give a list of materials for which this process was
developed.

Incompatible with Indicate the materials, equipment, gaskets which are
not compatible with the use of the decontamination
products.

Material

Equipment

Gaskets

Others

2.5 Services required for the application of the process
Answer YES if applicable and indicate for which purpose.
Electricity
Water
Steam
Compressed air
Hydraulics
Refrigeration
Preventilation/prefiltration
Ventilation
Gases
Video/audio communication
Others
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2.6 Precautions
Identify what are the precautions to be taken during the use of this process.
A list of safety terms are given - answer YES when applicable and explain
in a few words (e.g., chemicals are acids and oxidants corrosive and

dangerous for the skin).

Hydraulic precautions

Hazards
Chemical
Corrosive
Toxic
Liquids
Gases
Aerosols

Inert atmosphere (N2 and CO»)

Fire hazards

Flammability

Explosion

Electric shock

Personnel protection equipment Indicate type of clothing

Physical precautions
(e.g., abrasive water jet)
Dust/aerosols
Drowning

Others

2.7 Operation

Indications on the decontamination operation: number and qualification of
personnel used.

Normal day operation or continuous operation.

Personnel
Indicate the number of personnel used with the respective qualifications;
The personnel is subdivided only in 3 categories defined in the footnote.
Personnel
Number

Qualification Technical Industrial worker General worker
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Key safety aspects Give a list of the main safety aspects of the process.

Key parameters

Give a list of the key parameters of the process (e.g., temperature and

chemical concentration).

Summary of the operating procedure

Note Technical

Professional, e.g. engineer, supervisor.

Industrial worker  Qualified trade man, e.g. welder, fitter,

electrician, lab. technician, plant

operator, radiation control, ...

General worker No specific qualification.

3. Description of the application

3.1 Preparatory work

Radiological inventory

Mock-up demonstration

Plant modifications

Predecontamination operations

Dismantling

Cutting

Entrance facility (air lock)
Ventilation

Off gases filtration

Others

How is the radiological inventory performed?

Describe the nature of the cold tests and of the
training. Cold testing

Training

Give a list of the modification necessary for the
use of the process.

Give a list of operations needed before starting

the decontamination operation itself. Example:

cutting of vessel by plasma arc torch in

pieces 50 x 50 cm. Describe the nature of the

operations.

3.2 Description of the decontamination system/equipment
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(Add a schematic diagram if appropriate)
3.3 Consumables
Indicate the type of consumables and the quantity used.
Are the consumables recycled or used once?
Additive

Pieces of equipment
Filters

Ion exchangers
Others

3.4 Consumption of services specific for the process
Quantify the consumption of services directly connected to the
decontamination equipment (example: x kWh for an electrochemical

process).

Electricity
Water
Steam
Compressed air
N2
Refrigeration
Gases
Others
4. Expected results/recorded results
Measurement methods ~ Indicate the method used to characterize the contamination.
Sampling
Direct measurement
Instruments used Indicate the instruments used for the radiochemical
characterization.
Nature of Describe the nature of the contamination in detail.
contamination layer
Nuclide composition
Indicate the radiochemical nature of the contamination/give a list of the main
contaminants
Indicate the relative importance of the different type of isotopes taking gamma =
100.
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For example beta = 100 means activity level of beta emitters is equivalent to the

gamma.
List of isotopes Relative activity

Gamma 100

Beta

Alpha

Measurement of the decontamination efficiency

For each type of measurement, indicate the number of measurements/the area
measured/the method used.

Type of measurement Sampling  Direct measurement

Number of measurements

Area measured

Method used

(e.g. smear test)

Values measured Before After Dose reduction
Dose rate mSv/h

Range

Average

Specify the nature of the emitters (gamma, beta, alpha) measured.

Contamination levels cps/cm? Before After Decontamination factor
Range
Average
Contamination levels Bq /cm? Before After Decontamination factor
Range
Average
Contamination levels Bq /g Before After Decontamination factor
Range
Average
Surface thickness removed pum or mg/cm?
Surface roughness
Removal rate (um/h or mg/cm?/h)
Radiation dose exposure
Give when available the radiation dose for the operators during the different

phases of the operation.
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The dose should be given for the different phases of the operation.
Give also when available the number of operators.
And the individual dose exposure for the critical group of operators (max. dose

mSv/man).

Collective personnel radiation dose
man.mSv ~ Number of Individual dose
operators ~ Range Max

mSv/man mSv/man

Preparation
Decontamination process
Post decontamination operations

Other operations

5. Waste treatment aspects
Waste treatment policy
Give a description of the waste treatment policy followed for this particular case,

including the conditioning and the disposal options

Waste quantities produced
The waste produced must be related to a given quantity treated. Specify the amoun
treated, e.g., m* decontaminated or weight of material treated.
For each type of waste produced, indicate the volume produced and the total activity.
Indicate also the conditioning method followed and the encapsulation method.
Encapsulation means production of the final waste form suitable for final disposal. A
list of conditioning and encapsulation methods are given in footnote. For solids, 4
main types were selected.
For liquids, the dry residue content is an important parameter to mention. For airborne
waste, give the treatment system used (see footnote) for the trapping of the activity.
The volume to indicate is the volume of secondary waste produced, e.g., the volume
of filters used ...
Type  Nature Volume Activity Condition. Encapsulation Waste
(m3) (Bq) Method Method Volume
(m?)
Solid  Resins
Filters
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Sludge
Protective
clothing
Others
Liquid Dry
residue

Airborne Nature Treatment Volume Condition

System Method
Gas
Liquid
Aerosols
Footnotes Examples

Conditioning methods
Concrete embedding
Storage in cast iron containers
Incineration
Embedding in polymers
Compaction
Embedding in bitumen
Drying
Vitrification
Others
Encapsulation = final waste form
400 1 drum
200 1 drum
1 m? concrete
metal canister
Others
Treatment systems for airborne Examples
Charcoal for liquids
HEPA for aerosols
Bag filters for dust
Wash column for noxious gases
Others
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6. Advantages/disadvantages/limitations
For this application, identify the advantages and disadvantages of this
process. Consider the aspects not only dealing with the decontamination
operation itself, but also the preparatory work and the post decontamination
operations. A list of aspects is given to guide you.
Aspects Advantages Disadvantages
Preparatory work

Decontamination operation Safety
aspects
Chemicals
Others

Post decontamination operations Waste
Others

7. Costs
Recommendation: use the ECU currency.
Cost estimation at the date of filling in.
Otherwise note the reference date, e.g. the date of the operation.
All the costs are related to the particular application described.

Operating costs (man hours)

Consumables

Licensees’ costs

Services costs

Specific equipment

Products/reagents

Waste treatment

Waste disposal

Cost savings Savings due to the recategorisation of the waste for example.
Others

8. Experiences to date
Give a list of other applications of this process and specify at which scale they
were performed.

Lab scale

Pilot scale
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Industrial scale

9. Recommendation for areas requiring R & D

10. Availability
Suppliers of equipment/products

Manufacturers of equipment

11. References

Name and company of the author

List of publications

List of customers having used this process
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Abstract

The main purposes of this sub-project are fourfold:

. Collect information on techniques, safety regarding regulatory and reviewing
guidelines on the structural safety for onsite storage and treatment facilities of
low-level radioactive waste generated during plant decommissioning from

domestic and foreign resources.

. Collect information on techniques, safety regarding regulatory and reviewing
guidelines on the radiological safety for onsite storage and treatment facilities
of low-level radioactive waste generated during plant decommissioning from

domestic and foreign resources.

. Collect information on techniques, safety regarding regulatory and reviewing
guidelines on the important systems, equipment and components safety for
onsite storage and treatment facilities of low-level radioactive waste generated

during plant decommissioning from domestic and foreign resources.

. Make recommendations of safety regarding regulatory and reviewing
guidelines on storage and treatment facilities of low-level radioactive waste

generated during plant decommissioning to Taiwan regulatory sectors.

As along-term sensitive and subtle complex deeply rooted in the public’s mind,

seeking ultimate disposal facilities for radioactive waste has become remotely

predictable for Taiwan government and TaiPower Company. An interim and

compromising proposal for an in-plant storage and treatment of the low-level

waste generated during plant decommissioning, including greater-than-class-C

(GTCC) waste, has been acknowledged by both government and utility. As a result,

this study will target on in-plant storage and treatment of low-level waste



generated during plant decommissioning including a consideration of arranging
GTCC waste located inside the same site to achieve an optimization in terms of
safety. In order for a safety operation during its 20 to 40 years lifetime, three key
issues will be focused on regarding evaluation schemes: (1) structural safety, (2)

radiological safety, and (3) important systems, equipment and components safety.

This study will focus on the proposal and safety analysis of additional onsite
treatment and storage facilities for the decommissioning low-level waste before
being transferred to the final disposal site. The key safety considerations of the
facilities include structural safety assessment, radiological safety assessment and
important systems, equipment and components safety assessment. Collect
information on techniques, safety regarding regulatory and reviewing guidelines
from domestic and foreign resources and propose the regulatory suggestions for

reviewing guidelines.

Keywords: Nuclear power plant, Decommission, Greater-than-class-C (GTCC)

waste
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