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(= ) ABSTRACT

Study of evaluation techniques on radioactivity measurement QA of low-
level radioactive waste from decommissioning nuclear power plant.

A decommissioning plan is the last important issue for the operation
of nuclear power plants. The unit one reactor of 1st Nuclear Power Plant
in Taiwan will permanently shut down in December 2018. Taipower
company must put forward decommissioning plan before December 2015.
Decommissioning of nuclear facilities must be performed and completed
in line with regulatory requirements. The main regulatory compliance is
based on "Nuclear Reactor Facility Control Law" and its implementation
rules, together with other relevant laws and regulations to regulate the
reactor decommissioning operations.

For low-level radioactive waste, FCMA have developed "A certain
activity or specific activity radioactive waste management practices rule"
and "A certain activity or specific activity radioactive waste release plan
guidelines". After radiation measurement, the dismantled waste in line with
the release plan's "release criteria" can be regarded as "ordinary waste".
Measurement of radionuclide and radioactivity is an important basis for
classification of low-level radioactive waste. Reliability of radionuclide
activity measurement technology and measurement accuracy of the data
depends on the good functioning of the quality assurance system. Therefore,
the review and verification of low-level radioactive waste measurement
technology is an important topic to be studied.

This project will discuss in-depth on the review and certification



standards of measurement technology of low-level radioactive waste.

Review the status of the domestic operations and the experience of foreign

technology, introduce the ISO 17025 : 2005 quality assurance system to

promote the activity measurement quality assurance of decommissioning
nuclear power plant. Propose the review key points of the measurements
for low-level radioactive waste to improve the accuracy of measurements.
The objectives of the proposed research are as follows:
1. Collection and analysis of activity measuring technical information of
low-level radioactive waste from decommissioning nuclear power plants
of foreign countries.
2. Collect and analyze the activity measurement quality assurance related
technical information of decommissioned nuclear power plants of foreign
countries.
3. Propose the review and regulatory proposal for the activity measurement
and quality assurance of decommissioning nuclear power plant.
4. Set up a localized standard review plan for radioactivity measurement
QA system of decommissioning nuclear power plant.
In this report, first, we collect and analyze the radioactivity
measurement technology information of low-level radioactive waste from

developed countries. Including formulation of the implementation and
clearance plan of low-level radioactive waste are collated. The ISO 17025 :
2005 quality assurance system is proposed to apply in the activity

measurement quality assurance of decommissioning nuclear power plant.

Finally, the standard review plan for radioactivity measurement QA system



of decommissioning nuclear power plant is set out.
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1. BRI HEMz 821 %) 2 - (DA-WG > Working Group on

Techniques and Standards for Destructive Analysis )

2. R M ERIFMTE LB 7] 2 - (NDA-WG » Working Group
on Techniques and Standards for Non Destructive Analysis )
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Radiation Measurements and Standards ) & ¢ ¢ 3& 11 A5 4§ 31 0p) v #0385
2 #8 - @ Los Alamos B 75 &% % 2. F M A& 3 P2 2 (SWO)

2 & 2B Ee ] e (NIS-5) Bl E #2302 dad A0 2 4 3
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FIREA SR EZ AP AR > PGB T A2
POL R o

4, F U E TR HN EE S R RARS R T A - Ahiplz g ik
T2 A6 By XAT AP R kA RRR 0 B % F0

AR 14 RPN UERF AT I G LPEL R o
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% ’m EX AR o T A NE #
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m i

Co-60 Cs-137 Eu-152

I | T#KHPGe | Bpest® | -1.32% | 55.81% | 28.2%
14 B (3w | e | (3.39%)

2 | THAMPGe | mAaarik | -16.66%| 20.94% | 479
184 (7.34%) | (4.90%) | (3.33%)

3 BRRX % | ERE | -8.65% | 12.06% | 17.77%
4 : 34allPGe (L1 | 0.76%) | C0.62%)

ik %

4 TiEAHPGe | & f73tiia | -26.06%] 8. 17% 9. 69%
%

At % R R (NA) (NA) (NA)
(EEIF2IN
o] A HPGe | Bidgst i -1.46% | 12.23% | 4. 34%
At % (L.24%) 1 (1.95%) ] (0.92%)
6 STHE A HPGe | Aidst & 15. 85% | 20.28% 9. 6%
A% (NA) (NA) (NA)
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*+ 1992 # % 4= ENTRAP 3+ 4 (European Network of Testing Facilities
for the Quality Checking of Radioactive Waste Packages » L # @ fiL 5 °
Network’ @ P # fjf ENTRAP ) » A3 F &5 &% 9 BH =&

fogedr o % g A R R AR R PRI SR H kR

ARYHELAREF B Rl FAPM I P R A
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Abstract

The objective of this study were focused on the treatment of
radioactive spent resin, stabilization and spent resin management
techniques. We also investigated the regulation of high integrity
containers for the spent resins storage and disposal. By summarizing
the state-of-the-art of the radioactive waste resin treatment techniques
from Europe, US and other developed countries, and considering the
local environment, some suggestions were draw for the management
technique of radioactive spent resin treatment for nuclear power plant
decommissioning. In this study, following three specific objectives
were achieved completely.
1. Collection and analysis of the treatment techniques for spent

resins.
2. Investigate the secondary waste generated in the process and the

treatment methods.
3. Propose the review and regulatory proposal for treatment of spent

resins in the decommissioning nuclear power plant.
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Country Site Startup | Type of waste | Process
lon-exchange g
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conditioning of surface dewataring spent resins
I 1 1 = Waste water treatment
b
i " Binder storage
Mixer 1 & and feed tank
Catalyst storage
+ and feed tank
‘_
Mixer 2 P
Additives .
L
Racking
station |
Containérs k
In-drum
mixing
Polymerization ]
hardening
celling .
————i Aepository

9 r—g A3 %ﬁfﬂgi?ﬁuﬁirﬂ[ﬂ

Evaporator Chomicals ’ Condenser
nsokebl. o
Spent ion lzation
ar Control before
release
-“i. . 4
xc:::mu:nnr rmnirllnd Powder slorage
ae
spda
T -I "Btﬂhg devica
Tr’lllzltrr;nm_ Liquid
Soda tank mMonNomer
Premixing

Excess soda dralnage Pol izathon
| reagents

to solidification position
T

~{in drum mixing
Hnot used for fikers)

Solidification position
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%26 F & FHDF H[T]

Country Site Startup | Type of waste | Process
lon-exchange | Polyester or
Chooz 1981 resins epoxy resins
Evaporator in-drum
concentrates mixing
France
lon-exchange | Polystyrene
Comete | . .
bil 1982 resins divinylbenzene
(rlnotl € Evaporator in-drum
plant) concentrates mixing
Fama Polystyrene
Germany, (mobile 1976 :g;lirc]esxchange in-drum
plant) mixing
Granular —lon- git\)//irlfnfbenzene
Switzerland | Beznau 1978 exchange ) y
. in-drum
resins .
mixing
Urea
Mobile plant | 1972 Ion_—exchange fprmaldehyde_
resins (in drum, in
line)
. lon-exchange | Modified
USA Mobile plant | 1980 resins vinylester®
Modified
lon-exchange vinylester
Quad Cities | 1982 . g In-container
resins e
mixing

A Protective Packaging Inc. began marketing of its Tigerlock system in
1972. Since then, many firms, such as Borden Chemical Company and
American Cyanamid Company, have developed similar systems using UF
adhesives. However, few experimental results have been published to date
by private industry.
s.  The Dow Chemical process is today used in different US plants such
as Portland General Electric, Trojan Prescott, Commonwealth Edison,
Dresden 1, Quad Cities, Niagara Mohawk, Nine Mile Point 1.
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FOERANRIL - RS WAL A2 g 5
AR RMBA AR METFF ARk > ARG T B 5

232 § A7

§ 0[RS MR T IR B 0 @ HE K B B e
D B A PR G R R SRR R MR ER AR
B REET LR R BWATE R R AT T

TAGIENE AR RNE M EA Ao

FERNF MEAR MR RS LA TG AR o

BT A e AR SR S R L
SR AR S SRR R S A £ L

wEo HAFRE - BB FEE T S BEE,
1. J]L)%rﬁ% s N '-!za—m/}é‘{;i )é‘lﬁ' 9:5t ;
2. B EivimEPEL R

3. A B MBFEE FEFE AR

5. AR X PRig A
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g At it kg R 2 405 FlF 2 R o ForF gt it

%7
UE
1.
2.
3.
4.
S.

FEARTERE R T~ Rk BRRERF R § P
H

SRR T RS P SRR SRR T T ]

WwE L F Y% (excess air incinerator)
¥ #1% # # i Y (controlled air incinerator)
BRI

%’5\& J‘Zé

BIEG AR

i R

VBT F AR E ol p e E AR B 1 S



MREE Z F /0T ARE o
EE O BBHBRE BEE BAR B HEPA-:8  _PBIITyEsE
<1000°C  1200°C < 800C < 250°C 75C b 100°C
ot & 100°C pid
% AR K/ER x & ;
5 , (3

- =SHe-=1

il 2
) EHEE K

o L

— AMEOF PRI T UF XA T NE R F P o
® iiE

— AR AL RELR R 2

- R FERRIZ(FIE G )

— 7 NOx% SO A& 2 ehk *&

C BB AR RAGRIULRE S e A A L f

JJRETRR A o R R R R A e

® % !,z & A Cadatache 7 Atomique Research Center > 7 %

R kg b kA (C BpFe SRR 1[9,10]

(= )4 fZ(Pyrolysis)
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Hfaes 5o 2305 M@ F Pp e A3 bt
Fa,ﬂ&ﬁg)i%éﬂ%a%"“‘%é‘é’i I RO RERY S
500-750°C #-Ht R 25 P2~ e AR - § LA D § RS

EEENE EFS R

® iREL ¥ KIS Fﬁfrl;]:i, e & F i o
® HEL: JiETE G RJT A4 - FZFL
® 7 4 : Studsvik Plant 12 THORsm/@W}%ﬁ”q[ll]

H ¢ d Studsvik #7474 ¢ Thermal Organic Reduction (THOR®™) > 4
AR EBA 50 JRAET AR ORE HA R Y L
1. fuz%ﬁwwﬁaa@’ﬂ&u*@ R A
%h¥ A
2. o TEMFTRE G RS 0 3% K RF R E B
30 ARJEE 0 FF % 99%2 P B AL B AR T A5
4, BBHIE2Z AP FAFE T By TR e
g# TP TSI GRS AL F S 2
ERETEE %”f
5. % %% %2 T 12-30%

x“\

A

Studsvik #7#7 % &1 Thermal Organic Reduction (THOR®™) » ® * &
TAoB] 12 7o > B EEHE KO ARACE] 13
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B 12 Studsvik
& [12]

Inc.en# 7)) f23

FEB A o BRAP A G RTEY > SR
ZE S Lo Y R A 3 800°C L“Eﬁ}\f{b“,}i{%ﬁ’ﬁ*ﬁ
b e A RS BT (LR - F B S F PR EF Ak
A& e ) HF gk & S ARACR] 13 #7o7 o

“\‘QJ‘m
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HELTER HEKE COMOEWZER  PROCESS BLOWER  HEPRA, FILTER CLE&h
W EvAPORATOR SCRUBRER RECYDLE PUMP WENT BLOWER GASES

o o

2T
_

BEE
RAL

SOLIGS FEED

S
|

- - RECEFCLE
¥ ==t =t WA TER
I—‘—%—— 5C o]
K e PR RE |

SLUCEE /DIl ;Fpr
FEED

Sl T
PACK AGE

RESIOUE HIC
PaCKAGE

IER
FEED STAGE A FeROLTIE R STAGE FE FORMER FaLT
PYROLVIER FILTER REFWHEH FILTER DRYER

STUREVIK PROCESSING FACILITY - FLOW DIAGCRAM

05 — ORY SALTS
WF — WASTE FEED: S5 — SAlT SOLuTioN PR — PROCESS (a% S0 — SYM gas PR — PWROLYZED RESIDUE
FR — BREFQRWED RESIDUE 5T - S1EaM AR — AUTQTHERMAL 345 WH — WENTILATIQN  RW — RECWTLE WATER

B 13 Studsvik Plant & #t75 £ 2 22 o 42 B [12]

2.3.2.2 ;RN § 1L 2 (Wet Oxidation)

BAF LEARE T AL

el 1t i3 HaSO04-HNO;
WE L g it g iR

1
2
3. KR -ky vz
4

—\

N

(=) H:SO4-HNO3 & it 72 (Acid Digestion)

Faij 12 2% AUk mpiforl i 0 9 & 250C =+ & £ Ay
B A ¥ ﬁ»ﬁ#ﬁj@z)%&ﬁizﬁﬁgﬁﬁﬂ%%’#%% &P R 5
RBoT -
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S R A o B R e o s
R F AT Bt EREY  Rbe R B B K
e poena & §

® ik BTG WAMTLRAESE PREFEAF
® Ik AL o BTEE Menil Bl mEA 2T
¥ 2,2 S0, § 1+ =2 SO;3 o
BASRRE ¢ R G BRE AR EF TR RR
BVE R RF A 250C 5 0§ R AARE270C ¢ A 2
S RSO F B R B AILREFE > T RABL R HE
CIER SUEUE SEN Sl
i 1“F ez i & F e T 2 AR AT

CwHy + 1/2 HS04 — n H,0 +1n/2 SO, + m C (1)
C + 2 H,804 — 2 H,0 + 2 SO, + CO; )
3 C +4 HNO; — 4 NO + 2 H,0 + 3 CO; 3)
2 C +2 HNO; — N,O + H,0 + 2 CO; (4)
5C+4 HNO; — 2 N, +2 H,0 + 5 CO, (5)
SRR L ) AL R w3
1. %% ir¥

¢ RBER P DER S A e Aot B g o
2. R

AEEEY RAMMUEBRL IR REN 22 o
3. E§ AU

- kg i% ¥22:C0;:80,~S0;3NO~N; HCI-~Cl~NOCI -
COTkif % -
- kG ELMKEFRSPE-TIORR
—  WRFSEE-F 1 4o fc SO, ~NO, fr HCI; HEPA i % -
4. 7 H T
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— % T@ffﬁ’,’/i‘ 3 "$ H,>SO4

- AN KRPAETE B RILE A KA

] ﬁ’x/ﬂ fL ,2*5 4 1T lﬁ.ﬁl‘b
— RV R CEERMES LHEMTS G T0% -
-?@ﬂgﬁ%@ﬁ:

NOARSZRE G R G HOR B i A E
FREILE & B

— U F B AZE 95%HS0s 2 70%~80%HNO; it Wz £
& *

— M ITR )i‘fr’@ 4 5 ® ol {r",’i g o
- A AL ER ~FRES -

® A iE ehadur
Bt o SRR HEE AT

ﬁ%/}i ity %‘/__r‘],gﬁ}%){n LEF B~ P&
K 70 # Ao 80 & fAw R g P 0 Bt IR T g
TR LI IR sl - O

=T

(= )iF § v & 1 § 1 2 (H202-catalyst oxidation)

WEF IV E BV (i E80 & N B AT AT X He Ry ehie
AR IR R F AR L H M 2 35%:EF 1t d kiR
fo M ABEV AR B R BLTC R > ¥ F RE R & 100°C 0 R4S
100~200 kPa » #-H A 34 - § v ~ k2 Hi § (L 4 o
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B A B L E R F M F R R AN F R

Fe** + H,0, — Fe** + OH + HO - (6)
HO - + H,0, — H,0 + HOO - (7)
HOO - + H,O, — O, + H,O + HO - (8)
HO - + Fe?* — Fe** + OH 9)
Fe** + H,0, — H" + Fe*" + HOO - (10)
Fe3* + HOO - — Fe*" +O, + H' (11)

BERFO)-(1)hF fg? 22 EFH&FF 4 0HO- pd o7
B eng (L Er 5 4e(12)-(16)%7 77

RH+HO - > H,0 +R - (12)
R-C=C" + HO - — R-C-C + OH" (13)
R - +0, >ROO - (14)
ROO - +C — RO - +CO (15)
2R - > R-R (16)

A AR-FTALE B & BT boFe foCuZ 9§ 4ok 50 (17)-(18)

¥ Cu'tha 2 7 & Fel enfiit »c

R - +Fe** — R" + Fe?* (17)
R - +Cu2* —-R" + Cu* (18)
Cu* + Fe¥ —Cu?" + Fe?* (19)

l

RT3 F e R A+ COy+ SO/NH™ + Ha0 (20)
APT B ¥ R L+ HO -

— ] F ”}3 #¥ 3+ CO, + H,O (21)
IR A fRF BT AT S
CgHgSO5 + 20 H,O, — 8 CO;, + 23 H,O + HaSO4 (22)

CioH19NO + 31 H,O, — 12 CO;, + NH4OH + 38 H,O (23)
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CioHio + 25 H, O, — 10 CO, + 30 H,O (24)
CgHg + 20 H,O, — 8 CO, + 24 H,O (25)

ol AR HE S M2 A JET R A e iR R o W

— B3 A Fe?

— K3 A Cu?t

— R & 85 HyOp + Fe?'/ Cu?t

— ¥ i HyO0p+Fe?'/ Cu?t ~ HyO, +Ni*'/ Cu?* ~ HyO, + Mn?'/

Cu*tz H,O, + Cu?"

I?ti \ §‘ L iiﬂﬁ:#g L ﬁ;& , ;El: %#—ﬁ—!\!’—.-&r’—f '5'{'7‘]‘\:
[ .%‘g‘;
— RS & R B R B AT A 0 AR B

LRFHT I DX 5 LA RRCUFS o

bR MR T

® EF R T HRE R AP

® 7 4 ! Savannah River Laboratory (SRL) in the United States and
Karlsruhe Nuclear Research Center in German - Oak Ridge
National Laboratory (ORNL) was supported by Department of
Energy (DOE) to conduct the wet oxidation of spent resins °
Central Electricity Generating Board (CEGB) in England - Japan
Atomic Power Company (JAPC) % JGC Corporation B # £ i

* %% Tsuruga nuclear power station Unit 1 [13-15]

Hed pARFE AT ~PETEREFIRENE L 2HL R F

o WA 2
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W R AT B 35%EF &R E
fgL it A|: 500 ppm 7 Fe?*

R RIR R

F PR 2~5 hr

F B B/ 4 1100 °C/F B

EE o F R 545 LRAE L7

o o K~ w0 D
¥
C}‘%"

F AR e

]
&
(30

> HER

(&8

pn B A i
A RS T CO2, H20, NH3

X AL

& B

BRI,
+ S -
B %8 7% /&
HACE] 4Na+, SO42-, #; 48 ElE

B 1465 &850 F - F e ap A

FIER%:

— ARG P A iR 95%

— B ARRCF A kE S EEBAK
— B F R BRI

- FHAREFFI

% st K ocy
PR RTAR

40



CHEMICALS FEED UNIT _
| Ha0; H, S0, NaOH GATALYST |
I "
| ! !

— A

— R R

—  pH ez 4]

- WLABRE AU

ARFASLT S PHETERRF RN

- | REAGTOR

DEMISTER

i Ko™ B 15 97T

OFF-GAS UNIT

WASTE FEED UNIT

......... A
| |
! |
! |
! .
| waste |
L, JEED AN

CONCENTRATE
RECEIVING TANK

DISTILLATE
TREATMENT
I-—-—‘r-—u—! UNIT

I
o I
- DISTILLATE |
| REGEIVING TANK.

W15 p 2R~ LT~ PIENTEREF VRN E L % 5[6]

FEI ) S RN

FRM BB EF

BT FFE GRS gF
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37 A7 RS 2 g [8]

e ISR - C. i R B
i 2R /C RFERES | REHT
/%
H,0,-Fe?" 100 ~95 CO; ~ H,O £ 4
H>SO4- H,O, 230 ~90 SOy 4e
H>SO4-HNO;3 230~250 ~80 NOy - SOx ad

(2 )R TRR kIR B

ARTER R A k3 IRA R RRAKRENL G &
BB GE D RO GERE: AR ERE ) KB RARA BN
B2k (374°C,22MPa) {6 » BiF 5 RIAN M2 5 B x5 % &

EABN GG F R )4 - 103 R AR ket R F R R
El

T3 WP FREEY 2R £ BB g4F Lo T2 FIL K
BARTEA KRR G R E/HCVEFRE SRS R g
R P RJEE T e B a1 E oo

7N —

HAZRpTar e i o F &

Organic Waste + O,— CO; + H,O
(26)

S/Cl/Petc. In waste — Acid (H;PO4+/H2SO4/HNOs3) + Salt + Oxide
(27)

® gL

—F REEET LEE s WU R > A R
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—i2% NOx % SO 2 & o

—EXFE KRB WP F EEHA
—ZERA M ER A FAIR R
— F AR BEF R TREAERIH -

® 7% FF LosAlamon % %% F - 2% P Jd2ip# > At o iF
T FE A BB AE P A ER ST TS R

F AR REE B 2 H16-18]

RIRh RenF BEFEFRTERF > HF Gk S f]

PMI1
~ :/‘ Z >
J Compressor
Splitting]| - o Flowmeter D2
valve  Titanium inner shell

Water VRI ’*

PM2
Waste Backpressure

regulator

Gaseous effluent
Magnetic stirrer

Gas-liquid separator

Liquid effluent

W 16 &L 7eh k¥ it & f2% % [9]
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()R 5T 2z

TRz A" §F TIEEF M F oo Aot T 2 AR50
Oy+e-—20 - +e- (28)
O - + Organic — CO, + H,O (29)

FREERESE 1500 °C et > fir 5 ﬁjﬁ%ﬁf”qﬁﬁ%’%\ CO,, CO,
NOx, HO 3 SO, % # %8 -

Fuji Electric R % 2 /& 3 42 & (Low Pressure Oxygen Process,
LPOP) - ¥ 3 iif friha 134 /i A # 4ok dis 2 3ty » i & 7 o
BT R F 0 BRRS B E w0 gt S 2 R A
Fvo A F AP E C AR B F RE AR K 400-700°C 0 MR F
:PJ%,’F_' B4 %) 1.3-5.3kPa -

® RELIFNUEDIAMEIFEITONAL > F F I EAEM DR F

® F 4 ! Retech Company F % 7 plasma centrifugal treatment

(PACT™)% 4 %2 & ; IET 2 & plasma enhance melting pot (PEMR)
Bt LR R B Plasma gasifying melting system (PGM) ; P

* FujiEletronic BHRE TR ﬁlﬁj_(LPOP) H s 4ok MR L7

AR & o [2,19,20]

2.3.3 4 $ & f& (Microbial conversion treatment )
RO R AR A B auA AT LG B AR R
ﬁﬁ%taﬂﬁtmﬁﬁﬂ’gﬂ A fEm 22T ke LRRIF A
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it o & F] P 5 e— = Loviisa NPP & R _Risto Jarnstrom #% 111 & »
LF e o AR T o ARG RS ARG P o K
Biptia A RS F S AR A PCORAT TV R PRE R
Ao fEA A R F L HEaYRAY o HRE K S 15.(3 1 Why not feed
the waste microbes before deposition so there will be nothing to eat anymore
and thus avoid production of explosive gases. )

® 74 ! %@ Loviisa 2 7 B [21, 22]

T oAb B B B 0 X R B R e 2 B RR
PEEZ O FIPERABEAF B D N EFATE F SR
BRAPF BT EHAE Y LAF G 7L R > Pacific Nuclear -4 % fa i
AP BEM R R E R w2 AR FR ek 897

Rm P BN 2 BR Rl Hra R 0 Tt o8 R ORBER T LR
#Pg B B3 L E = F 17 B High Integrity Container, ¥ > ¥ & > B 3 47
BAF > Flet 0 HIC g ivgFrnl sl 240 A 2 p o @ p gk it HIC A&
FBRBAE FIL AT BN Ee Se xRS HERERTE 2 H R
EIPIAEE e A R R

£8 % BT H B A LA A 2 B 2[23]

Final waste volume as

Method percentage of initial
waste volume

Cement immobilization 300

Polymer immobilization 160

Bitumen immobilization 70

Incineration and cement immobilization 50

Incineration and Polymer immobilization 60

Incineration and Bitumen immobilization 20
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Incineration and Vitrification

10
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FZd PRTARCOHI RS ARE S 22 H o AR P RN

3.1 s g R 2R

AE ST BT Y TR RS R (T R f 2
FEE PR = A IR E o

FOKTLA P hz 57 B ke KRR B R A R
FETLL g0 BRI R AP AL R PR AT
TR B R B R T R ARG AR
LB E AL S o 4R O SR L F
REG A R HEER Rl BT RFRA 0 BRI

.’ /F’ - lJ_
BT 2%

10 - :

%97 FCHE B2 FIC R 2 5 & i [24, 25]
F i A ik BT F A
=y (% %4 d)
L= Af@w o | L AET L
o SRR |
AP %A (kg/m?) 1500-2000 1000-1500 1000-1300
kLR 3 NA -8
pod K B Ea &b
/% 4555 & (MPa) 0.1-25 - 8-20
o e e % ¢ ¢ -%
R -- i i-¢
e 5 (g/(cm? d)) 10°~10"! 10°~107 10°~10
4 28 B (°C) >400 220~250 300~450
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R REA C N
% £ (Gy)

10®

109

107

15 54 A 2 5 4 Ha, O, H,, CHy, CO, | Ha, CHy4, CO,
CO,, Mpd |CO, ™MeRd it
v &4 &4
IS 2 4 b # #
F] i &
AL L fc £ #i L
prir iR & (C) - 40~50 50 20
Fuiv F
PRk i -3 e e
R ik 4 Ok g0 3 3 47 &3 ¥
§ AR Ve Ve Ve
R R i ¥ &3
T WA e ¥ i
Jik g # L R ¥
73k 4F 1 4F
F A E 0.5-0.9 >2 0.6-0.7
EL R S ¢ #
TRRATFETS 20~40 40~60 30~70
v (%)
wHE R HH FAg S HH 2 fAg e
SRR oy ¢ o5 3
¢ FKEFHRT I . » »
- B s 1%
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£ 10 B HAFH TR 2 5 A R [24, 25]

N A
U 1 leach resistance ik <F A+ <pd
$dg 51+ radiation resistance BAF<REE<KR

%4 & 1% mechanical stability | B F < & F <Kk

[# X% fire resistance BF<H A<

AtE® ki< t<d A

S TR S T T AR AL A B e R [24-27)
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= 2R
— BRI A BYAR AT
- AT N g E
— R Ar v T2 R b
- CEERF FELA R

3.2

% R B AR
WA WAL BRI A A T SRR TR

AR AT B AIL 0 AR R gAY 0 4

BFeAasd » SFRF R Lavgit 2 kR s B AR

_g oy ﬂ}\/z—}»‘gc \m’& ;z‘hﬁ"gbm;%iﬁ»/a:IL ,:l‘i,,%fb’ é’ i ﬂ'\x,f

¥k ® - HEPA B B % -

S-SR I RN RIS :’z}gajjv’agﬁ.]g{%‘r,wuﬁggw%?_
LB AR e NAE DS R AT o L AR - BERT > - X ARR
REE R AT S SRS SR S 3l

AT @wiéﬁéﬁ{z?&mﬁﬁﬁﬁwzﬁ%°ﬁ?%

S ET UEFRLEAMA R TS o FFOEAEA Y T E R A
fmﬁﬁ*”°ﬂ$4¢ﬁﬁﬁﬁ:ﬁaﬂé;ﬁﬁﬁﬁﬁ?%
AFFREABNALE L F AL

HFr e RATHFORTIKE BT OREF OHEAT
PHARER EF > AR EFRT > RB IR L c BB A FhES 5 F
Mok T ol ERBIHIE @ % L anE HHITA L 2 R AR AL
FRIL ™ 344 bldeT
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w3 %g,ﬁg % &%é’%‘ﬁr’; Lo ad® 2 N g 3 0 & Bt ag

BRI EN s A it B F P epr 3 Ae/R R A 8 A R
T AT AT b

BER o Ao BEFBHFIRT > AL AKIE R

P ey f o
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- B RJZEALY o BRI F 1 E 0 B S
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Frd BREREFAAMGLE"

3 OB - BORREZ B TE R0 3 R EFEF B (High Integrity
Container, HIC) 3 #7R it 5 2 #4224 > & i TR 311 o B 5
A B ZERN RES BEREHEAT HIC, #E AR
WAH P RES PRI T E o HORL AL S A G
G REE - Bl - S Sl e S ;ﬁ B - ARy BiE(T
Bt AR Blded HEAET XA T 3 R H 4 0 EPRIE
F[28] i Eiep B+ £ HIC { ek

e HIC it > 2 FARTFWARFEEPFRITT 7 i
EIMAPEL A AL 3P Aigd GHAIRE FF A
4 e e F o4 W40 1983 2 1984 # Millstone Nuclear Station(MNS)
% Fitzpatrick Nuclear Power Plant(FNPP)% 1983 & Arkansas Nuclear

One(ANO)#+4 # 13, #F[29] -

ALY o HIC £2F 2 §at A 12300 £)he X5 E
- P MR P 300 E R R YT EIE 2R o H

R R A RAMT BT LR e S B iR A RE T S A
ok EEFAMR BiSE KT HIC? » 2 W2 - 24 * HICHE
kA LA F A Bk TR S RFTE L
MR

41 R REF ZRW
$%§ﬁ§$ﬁ#*&%ﬁm&ﬁ£%ﬁﬁ,ﬁﬁ&z,iﬁ

HIC nip # g A3 AL FH* nPFlF 2 - > fREF Faofd > &

2 Al ;‘é"ﬁ ek eip B 1E[30-35] 0 BB LA etk & 5

W ST N
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ERATA A HIC # F 4
(- ) # | Energy Solution %% % & PE (HDPE) ;
80 # M WBhnA A o od A BRI 2 S B S i 5
EFPEFTRAL Py ALENRCHE X FIL v R
S K EantiE s PPHREZ XS R I 0 T
ﬁ%ﬁf/T%# hE R * [30]
B R HMEAL R RIFPER 1% T 37 5
3 KA
B L EREARE 13x10°Bg/L(F AL £ 45 &)
PEFEDNT WP O RRFERSAFEF FRLELO

R IR IR S 3 A i
BeRde & R it 170°F T RiE et ¥ o R

B 7L RERTRE- £ o

RCFAnE R EELF BERF Y 0T AP
oK TR B s b AT E P RS

VRHEE FV REGOREER
ERE A2 AR
B A S R J‘K R
R A~ AR

B AT L RTE THE LR

GFFRARC GEES A BB TS HAB R
FEaUd] 5 B % blde 7 AR LFE R fﬁ % HIC #

CHAERFIARC G R AL R IR GO
M 752 g 0 50 B 4% Dukovany NPP -k ik F it 2 Temelin
NPP & # F] f* Beeq cnfg . 12ie 747 7 > 1 * Differential

® 6 6 00
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Scanning Calorimetry (DSC) 4 17 % ¢ % % E{f 8 4~ 243 >
o] 17 #7750 g % B g e sPiiae B 3 2T S0kGy BF 0 e
R HIC TR o0 3 H ¢ f5fav st eni 2 425540 72 50
(25)-(34)#71 -

RH — R-+H- (25)
R-R — 2 R- (26)
R-+R- — R-R 27)
R-+ O, — ROy (28)
RO;' + -RH — ROH + R- (29)
ROOH — -RO: + HO- (30)
RO-+RH — ROH + R- (31)
HO- + RH — HOH + R- (32)
RO, + ROy» > R’-CO-R’+ ROH+ 0,  (33)
R-CO-R — RCO +R- (34)

=
°| 7Ll @
5 e
r/ / Sample
™~ 40 Thickness
Direction of Irradiation 0.5mm

FIG. 1. Scheme of samples preparation. Before DSC measurements,
the foils of 0.5 mm thickness were cut from the middle part
of irradiated samples and from them the discs of 4.75.
All dimensions on the picture are in mm.

B 17 Differential Scanning Calorimetry 4 7 HDPE £ T }+ 2 %5 ¥ . [31]
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(=)

% B KLM Technology Inc. ™ 342 i i 0 HIC ;

GoP A T REFEFEREADPREIT AL et BB

)

WA TE AR HA > 3 BHAE S 55 4k T 2244 4o b

(B00ft) ek 2 0 5 1 B A Mk Eb B B e chpF g 2 iF ¥ o

(=)

wies & & & ¢ £ B Nuclear Packaging = & # * 9

Ferralium 225 & % ; Hastelly C-22316L 7 4&4%
hIRK R A 1.07Tm 3 2.57mo pRRR 8 0.914 m

1)

)

(3)

(4)

7 241 m o ErkinE KRBT

A= & & E (lifting fixture) ¢ & # & DOE 42 €& % 2L % »
GIRE L FEIIME%RS R REELD S A& 2
Tl R OHRERSEA R3] B & >Rk

K 3R 4 (design pressure) : KR4 F 7 & ASME

& 4 % BAR 4 (Boiler and Pressure Vessel Code

Section III, Division 3)e& & » & & fup F 8B4 &

250 psi > B IFR S L 211 psio Bk PR A L

14.7 psi ©

Ha e p i f ' (stacking and storage loads) : o

i3 g o

[k 7% 4 47 (drop analysis) : ¢ 35 ¢ Hp7 s 73 B

EHH G AIBE oS BE AT R

B ¢ Hpr F B T(FSFdrop) @ # F 2.4 Bf“"’fai
o FRRE RO EBEOBER AL 30
ft» ZIH B 2 #4218 0.051in -

B ¥ ¥ oo 41 [ % (repository surface facility,
RSF drop) : 4§ F % &3 ahg § §25 > 1530

PRk THE FRFELZAEG ER AR -
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W OH KT WE'J%TFT”/H\WﬂrE Kk F
TN - 44 A (5 0.5in~ 3 3in) 5 U E ES G Bk
HIC #_30in 8 R &2 B &> ¥ - B HIC ¢
f25 4 HIC 43 €.301in % B 530 - 44
4 (% 05in > % 0.5in) o
(5) HIC # & i FR G HF > 7 B4y B#
;¥ Cring 3% ° M 4% 7 5 Hastelloy & & K42
WILEL P PPFF ETLL 50 £ 0 U AB K ALY
% 300 & o
(6) HIC %t 25/ 3# (envelope testing) : P38 K 3R 4 T
1.5 B4 -K& » %k F T 3 10 cm’/sec ©

(z) # B LN Technology #%F & 4 [32]
M 2 PE 3 p AR SS3I6L chf e Bt i (de Bl 18)
HeY pHLPE Ry g Aty R £ HPBEMETALA
Ghdm H R RIEE G RO 0 e L atad
o Fpta e s 2 f e

B 18 LN Technology 7 PE N #» *t K 7 &4k e 58 c4F & S HE
HIC - [32]
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() P AFER KR & F B i it 8 & F 4 4 (Steel
Fiber Polymer Impregnated Concrete, SFPIC) ;
L
oh R H dddm ¢ ’E g b AR S R R G
R R SRR S LN TR A
10CFR 61.56 A 3] Efpw ¢ g fo

(=) = B Sogefibre = & 4y & &5 it B 5 3 (Fiber
Reinforced Concrete, FRC)

2 /Z‘W AREVA = "JMT"' f?m’gé« 3.4‘1530@/}{_ ,6 gg”ﬁ ]?]

W22 Ha A% s 18 eJd2 fu(La Hague site) ¥
e HIC % B4cB] 19 #17 o

W 19 4 w5 CBF-C2(F14i)% CBF-K(> i) [33]

(=) % B GNS 2 7 MOSAIK ¥ 2 B 1 &

B GNS 2 @ #74 & 7 MOSAIK £ 7 2 B 484 7 &

IR RERRE AR FEIS o PG A EARE
BoRCRAEIRGF DKL R B RS ko N
LR S

SRR O R E SRR o W%
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4B 20 -

OELET & Sy E
C IO v
AR AP E R S B R H Yk
s A SR B BRI A W S 7.1:1:3.3:1.1 >
EAer 2 et o bR R g o

Closure lid

Lid
Lead shielding

(optional)

Seals

Cask body

Lead shielding
(optional)

W20 MOSAIK % F i Bl [34]

(1) Mt B APr 3 2 BEERRT d 8
P d Pras BT g TR 2 MR R R P B
LRt FE o FIRP ¥k
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AR 2 M Bt R R b F R
ﬁ&ﬁ“@ijﬁﬁﬂ%Kfﬁdf%ﬁ@i%h“@ﬁ@
#4

W7 AR R R AR B A
PN R R R L RBRATRY o

TN FEET 5(2)(5)% A S 5 NRC#73F 7 > i & Barnwell
% Hanford 42 % ¢ * #J£% NRC 2% ¥ < HDPE HIC - = HDPE ¢h
HIC & Jf #-f % B at?n ¢ HDPE HIC #30-kia @ » ¥ ¥ 3% o 4
11 o4 12 A% % p % 7 % i 57 HDPE 4 NRC #7337 ¢ HIC f®

Wi o

&5+ it 7 e HIC nﬁa,i BEIE {7 4 iAo [30-35]
1. #f4 & & > Envirally, Ferralium 225
O B
o ihirik
® Bl BiEa RS
® AR Ak

(2)

® Hitd
2. BBga

(1) B
® wfakltit
® hftGiEaRILE
® = A

() s

® it i
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3.

® R FLirB M o Fulp s R 2 AR AL

% % i % % (HDPE)

(1)

(2)

(2)

Rk
® A%
® ¥R
® i

i
® w4l iL

® ARHLEIE - F 3 FIL R EIARES R
® FRETFC Xl FATFAREIM

L

G ¢ BAaH
B
® s id
& EEix
3% Bk
® ‘c1& 3
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o S R LU P
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J

® FURER A

® Witttk WERMER

® ip EAiEPERBEFGE LF R



62



%11 p %% %1 HDPE ¢hd 2 1% B [35]
Internal Port Disposal Gross
Container Volume | Diameter Height Opening Volume Weight
Supplier Designation (ft3) (inches) | (inches) (inches) (ft3) (pounds)
DURATEK 60G-Cver B4 255 345 18.3 10.2 1.200
DURATEK Small Over 250 340 565 2.0 28.0 2,500
DURATEK 146G COver 335 34.0 743 26.0 36.5 2.500
DURATEK Medium Over 350 340 TB.O 26.0 38.3 2,500
DURATEK 680 733 570 565 225 B34 5,000
DURATEK 8120 107 6 61.5 a5 225 120.3 10,000
DURATEK 10-160C 1298 655 T6.3 225 145.8 16,000
DURATEK 10-160N 1254 645 T6.3 225 141.0 9.500
DURATEK 14-170 150.3 745 Fa k- 225 170.8 10,800
DURATEK 14-195 1715 75.0 7895 225 194.1 12,200
DURATEK 14-215 1892 76.0 795 225 205.8 13,000
DURATEK 21-300 2851 B1.0 108.5 225 314.1 18.750
AWE.MUKEM EL-50 41.0 47.0 51.0 19.8 51.2 4200
AWE.NUKEM EL-142 113.6 64.5 700 19.8 132.4 8,250
RAWE.NUKEM EL-130 150.6 735 71.0 9.8 174.3 11.950
AWE.MUKEM EL-210 176.7 75.5 78.0 19.8 2021 13.000
RWE.NUKEM Radlok-55 6.0 235 353 225/8.3 8.9 1,000
AWE.MUKEM Radlok-200 575 51.9 6.4 16.0/8.3 73.4 5.500
RWE.NUKEM Radlok-500 111.0 64.5 9 16.0/8.3 135.8 9,500
RAWE.NUKEM Radlok-100 1257 711 71.0 16.0/8.3 163.3 10.500
AWE.MUKEM Radlok-179 156.8 73.5 729 24.310.2 179.4 18.500
AWE.NUKEM Radlok-185 1728 735 79.5 24.3M10.2 1957 18,500
AWE.NUKEM NUHIC-55 14.8 315 436 27.5 18.8 1,800
AWE.NUKEM™™ | NUHIC-808 68.4 55.0 54.6 225 74.9 6,600
AWE.NUKEM NUHIC-808 66.7 55.0 53.3 19.8 73.2 6,600
AWE.NUKEM™ | NUHIC-20 80.0 69.8 40.5 16.0 89.5 4,800
FWE.NUKEM NUHIC-20 78.3 69.8 38.5 19.8 B4, 7 4,800
AWE.NUKEM NUHIC-120 105.8 60.0 73.0 19.8 122.5 11,865
AWE.NUKEMT | NUHIC-136 127.0 65.0 71.0 225 136.3 8,500
AWE.NUKEM NUHIC-136 12563 65.0 689.5 9.8 133.6 B.500
AWE.NUKEM™ | NUHIC-158 140.0 €9.8 2.3 225 1581 B8.500
AWE.NUKEM NUHIC-158 138.3 69.8 70.5 9.8 155.9 B.500
AWE.NUKEM NUHIC-205 181.0 753 78.0 19.8 204.8 20.000

T These RWE.Nukem HICs do not have a recessed lid.
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% 12 B % NRC #7237 $nHIC [35]
Internal Port Gross
Container | Volume | Diameter | Height | Opening | Dispos | Weight
Supplier Designation (ft3) (inches) | (inches) | (inches) | al (ft3) | (pounds)
CARBON STEEL AND POLY-IMPREGNATED CEMENT
CHICHIBU PIC-HIC™ 56 204 35.3 204 75 500
CHICHIBU PIC-HIC 7.5 226 29.5 226 10 680
CHICHIBU PIC-HIC 10.9 252 324 252 25.2 1000
CHICHIBU PIC-HIC 148 281 411 28.1 20 1350
HIGH-CHROMIUM STAINLESS STEEL (FERRALIUM)
RWE.NUKEM EA-50-A 449 46.5 50.8 240 49.9 4,200
RWE.NUKEM EA-50-C 424 46.5 50.8 441 499 4,200
RWE.NUKEM EA-142-A 120.9 64.0 70.3 240 130.8 10,000
RWE .NUKEM EA-142-C 109.2 64.0 70.3 61.1 130.8 10,000
RWE.NUKEM EA-140-A 122.6 64.0 71.3 240 132.7 15,000
RWE.NUKEM EA-140-C 111.1 64.0 71.3 61.6 132.7 15,000
RWE.NUKEM EA-190-A 163.2 735 71.6 240 175.9 20,000
RWE.NUKEM EA-190-C 147.9 735 716 1333 175.9 20,000
RWE.NUKEM EA-210-A 188.5 75.3 78.5 240 202.0 20,000
RWE.NUKEM EA-210-C 175.0 753 78.5 729 202.0 20,000
POLYETHYLENE-LINED STAINLESS STEEL
RWE.NUKEM C-96 72.5 745 39.0 22.6/16.5 98.1 12,000
RWE.NUKEM C-118 100.4 60.0 74.0 22.6/16.5 121.2 14,000
RWE.NUKEM C-131 114.3 64.5 71.0 22.6/16.5 134.6 10,000
RWE.NUKEM C-179 158.2 745 725 22.6/16.5 182.4 14,000
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4.2 Beitra 2w IRz
B FES HICF ¥ 38 pT3BE 2 uqlie
HIC 3 e pr2_ ik h:
- A EFEAP
—  E# HIC /47 ;
- Bk FR ALK
— &2 HIC eh+ /| 2 £

— G R

LERARS Gl 20l DipeRo AR B REER R JR L PR
VTR F gk o S B - £ & R F T o
Fi et ",% 'k (Dewatering) &_{x € & e— B 3¢ > > HIC p & 7
iﬂﬁ%%l%ﬁ%ﬁ%inﬂ&%«%ﬁ%mlﬁ,@é%%ﬁ
AR Ei%r“f Fiﬁﬁ'bf ko HER A ul4eR] 21 2 B 22 47T
[36] -
pinREiEAEY CFIEAHF P kB RS DEHBET > ZF
Energy Solution “T & HIC ®ig F 23 5% > $#ER tﬁi;}f# s
p# g “f -k x %u(Self-Engaging Dewatering System) > &1 iF4¢ B
it P EREFBELE LM TR AR AR R E 0 R
VR KESET 0 BHAcB 23[37]47T o
Bt JIRE s B SN R 7 B OR R d M el R Y R
# ek #Fw| & 4o Tractebel Engineering 4 & 42 % /& 9 it Tihange
NPP 2 3g#-pt ;2 # 3 PWR s g ad o S 87 387 % 207
Ayt z F BAE L o [38]
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Slurry Water Return

_Resin S Feed i} Moisture
1. Resin Slurry Fee . e « % |Detection

2. Pressurized Air

3 Peripheral Lift
/ Points at 120° Arc
Separation

3 Concrete
4 Shield Wall
(or Cask)

| —— Dewatering
Liner

38006055.12

Bl 21 Actit?a 2 4575 -k K B [36]

Drum Capper
and Storage

(I » Tank
Quick Quick Return
¢ Centrifuge uic
Conveyor Disconnect  Lid ™\ Disconnect
e .
Centrifuge Waste Water Waste Water
td Drum Drum
Centrifuge Centrifuge

IO0E055.3
W 22 Botha it o ok 2 [36]
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Media from Plant
Storage

Y
Water @
Return to Plant

Removal
AOD Pump

. Fillhead

Container with

/ dewatering filters

(a)

Fillhead Assembly

Waste Conrrol
Valve

(b)
B 23 p # i ﬁE -k Jk 5u Self-Engaging Dewatering System (SEDS)
(a) SEDS x suin 4208 5 (b)SEDS & %Lk & e i£[37] -
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o 4.

— P # Fukushima Daiichi 7 ALPS Water Treatment System

— Calvert Cliffs Nuclear Power Plant Unit 3

— % i Barnwell

— 4t B Philippsburg Nuclear Power Plant (NPP)

— 4| Tihange NPP

— PRARHIZP O LLEBER L L P T RE
PR M R (S 2 BT L HIC > # ¥
ATTZ PR SR -

199 % B4 HIC eh& £ > % F % & 10 CFR 61 h& &

b B R PE 0 J 14 & 10CFR 61 %2 low-level waste

disposal sites licenses;
HIC eig * #p 13 > 7 & 300 & o
HIC FEFPFL gREF 2 REOFEZ L F i

HIC X3P 2 &3 4% P FR AR % -84+ HICRZF
& i 18 B3 )38 (Creep Test)

R g b AE B ERFEETE S RO X RS

ASTM B553 |28 18
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R RSP T  F AR AR M 1 x 10° Rads i 5
a
1

pd -k (free liquid) 2 £ & HIC ¢ 2 ¥ 23> 1% (ANS
55.1 )

HIC # 7% 107 ¥ i 4 % Bochho 4o A48 1 4 e
B

FE R > hodziB 1% 4 ok (free liquid) > & % BN i
L h (2 B £ 10 CFR 61.56(a))

Frove B BagE CHORED P
(1) 3 7 %3 0.5% e

(2) HE R ehd s A F A
) HICFE L7 UVARLRE

B RA A R 4L > JF 3B ASTM G21 2 ASTMG22 -
£ §_7 Bartha-Pramer Method P& 24 F & f£:# 5 > 300 & &

G g T 10% o

A SEehe KF 5 & 49 CFR 173411 2 10 CFR 71.71 &1
B

HIC #77f s i % ok & Bk el o ILl A1 5
2N LTOR Y S

HIC 3 & % & 3tendrdt > sl ¥ & 3 4SR50 b K3
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6. BB B L5 0 RiR iR
WAk EERE F?\:%‘pﬁ/bpi“% % F 5 Fifﬂ#‘%
?€§:$°

1. BRFELELRR BEFR BRARR S J 73%
i A M

Tk

. 7 BT R VRJIL AR

® B R B R R (API000) * B2 B = & B (HIC)
¥ s B B T RIE R Bl AR Ao T [39]:

1. EHE A > HIC ¢ |

2. RRERREE B KT Ae L HIC R FRKARR - R 25
Bk g R 1%

3. RHICH#HE Ttk d FL@&FF BE 145 L45,
4, EiEANT EATGH T el TR R S E B Rl H

2 W J’F‘u%i P TRERE R JAEA s 2 974 2 2 fd
FRERSE 2T EF R T AT SRR ERES
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FIF B#C PETIoRE

%%@w%ﬁﬁ%

el TR

BHTE %A B oo

IR e S B e S EUE R R A

WAL BT RS BRMT T TR A R Y BicE s B KD
PR ¢ Sl o Tt s R AR RSB TP 3 16 & 0 1Y

R T o IR

h > FIB L EHRF RE R EE

LRI BT AR o AT A € F] SR fER-B A F By
LEM R RS

:Tﬁl IAEA 343

EEk

l

e

l

3-12 month
BrF

%ﬁﬁﬁﬁﬁﬁﬁﬁgéi%i@%

B 0 RS A4

Y
[

TSRS e

s B VESE he ) 24 47T

BEfEifs ‘

A 4

EHE(FRK) ‘

L

l

3-5 yearf7{F

3 year
BHETEE

ElEE

|

W 24 TAEA $5 47 L s [41]
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Water Volume
treatment : Resin type

process Activity level

Other waste

Physical

forms

immobilization

characteristics

Encapsulation

Ultimate
disposal

Transport

W 25 B 5 el s & [41]

P RE% [41]

P ARTE AR STE B e Bkt § R P T R e

PERE A AR JREREREY RS E A T - BRRAIA
TRORHEBEY Pprs o> EIERG h Ry OFE 2 R R

—_

e o 20T 5B A B AR AT ik
- iR

Conditioning

Interim storage

3ﬁ

B4 O RATT IR R SR - R B aR

PR Z R B EIT 0 F L P E o e By B ¥ L
Fatk o AR BIMA R M- o 3F S &




B BT A R R R HETT AR S R R LA
IR e d TR R G ORE A ILEL R PR R A
S T S

¥ - B ERh% b) 3 BehE Bu(BWR) A Bt 4 A
T P RT R o AR RN Y S & B MR B TR
FEitis o ERR S

B @Y P R R T 2 R E B R
WE BTN RS E R ¥ BWR F BRETAL 2B K
Bibi - LR EFECUIIE FF LIRS B H R RT & RS
B R YRR A E RN ] (DOW) T B e

RV

50 B R A (deep bed resins) > & AR p VIR R BB H AT

*%ww’*awwﬁ%w%*ﬂw@ﬁ%ﬁ%ﬁﬁ@ﬁ¢,m

BB o AW R HTRg € AT ET F B M 4P H ] (1000-2000
gmmﬁﬁﬁﬁﬂ’&@i%? R R R FRM FE o

e poav AT Y Frhb & R A T R & LR S e iE
TAE B a RESRLS fer T TR A 0 RS R o g
¢k > % 3 West Valley, New York, Morehead, Kentucky, and Sheffield,
[linois % % K 5@ F-nk B 5F > WH T BT & RFEiFHI
AOREIT AT MARSEERAF T REFHU RS -

& IAEA ehd] ¥ > Bl 5 R B4 B I > A R T R %
BAPE ARG HE 2 S RLED(Z 1T )RS FH AL
A 0 B R D RS

g ERE|
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PFF 0 2 ARB BTG 0T 2 Sk o BF T Tm B 225 mP REAE
2R SR RRE R H KR R AR R AR L
S %

. ¢ R[39]

s HIC efg Tk » # 7 1R e % e HIC g7 5t
LABPTRPIFEII TR GORE -

Fla HIC ¥ B e s Hat g 2 F R F § < st £ 4
y ARG R F A AL R RE L A B e T A
B A R A Y B AL A e R § e PR A B0
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4 1T &35 [35]

B QA E R RIS LA R
Bt Bt 2.5 M 36 § 1 A4 Cly, Bry, Cr,02%, MnOy
2 HNO; » 4ot F i i3 & = 4ede LT 12

H ¢ %4 Arkansas Nuclear One (ANO, @ ¥ ¢ — 42 7
RODRE R o F L 30 A ¢ 5 A RS
95 4 0 FIRA R EFRLE L > P H R Y iy B
Ao ERFE B -

2. pEEIMER

%%ﬁﬁﬁﬁiﬂﬁﬁﬁm%ﬂmi$$“’éiﬁ

dAF s MM F G AR E RCF ¢ (polystyrene, PS)
O FFEIEF A, ¥ A LB 5 L e

3. o M E R TR
HPa § Pl 5 dR R 1 F R R AR g
B A a2 2 SO, SO 5 #-55 sk 1A 3T 2 Hefen A
FL 5 F D AR End Y 2 MR
FE A AEHE o
3 3
AT gAY TG L6 R g
TARHET 0 §F LSRRG A F o R
£ g AF e BRI S SR

Fpt oo EORTg 2 Wik & A (binder) 2. B ¥ Bb¥ 15 14248
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() AZLERAH

B 23 ER P FR

53 B ERA HIC chi 7t § ¢

o S s B PRHR e HIC 3 E > T i € TS 20 eh
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£ 13 = 4e g Rty HIC 7 ¢ A 45 572 [29]

ANO MNS FNPP
Incident Type Exothermic Pressure build-up | Pressure build-
reaction up
Where Detected | At plant At disposal site At disposal site
Waste Involved | lon-exchange Filter medium | Filter medium
resin beads (powdered resins | (powdered
and cellulosics) resins and
cellulosics)
Apparent Cause | Autoxidation Chemical Biological
contamination activity
Dewatering Longer than | Normal Normal
Characteristics | normal time
Age Of Wastes | Uncertain, some | ~6 months Uncertain,
Involved as much as 3~4 some as much
years as 3~4 years
Evidence Of | Oder gas during | Gas analysis | Gas  analysis
Biological dewatering, (CO2, CHa) (COy)
Activity microscopic
examination

ANO: Arkansas Nuclear One

MNS: Millstone Nuclear Station

FNPP: Fitzpatrick Nuclear Power Plant
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® b A3+ (High level radioactive waste,

B st 3 4+ (High level radioactive waste, HLW)

HLW)
¢ Akt g3 4+ (Intermediate level waste, ILW) 42 C45 (GTCC) i 2 s 1+ s 3 47 (LLW)
% S A 3 4 (Low level waste » LLW) A, B, Cig i bt A 3 47 (LLW)
& s A A 3 (Very Low Level Waste, VLLW) AR s B 5 (LLW)
&EL % 8 A 3 4~ (Very Short Lived Waste, VSLW) SEPRLS S ML RS 3 0
e 7 1 R x2ERV RN AW PR ISR
.4, B 3  (Exempt Waste, EW) _— q§ )

it £ R B EEE R D F AT B B S e bt AN g B

BREEL(FRER) F* T mE  BikypB 9 g2 22 )%@_%‘f«

F MR AR RFLMEP S LE BRTIIM FLE o f
i S R A Bl A LE -

o

T R PR RE L2 6 0 £ W2R Y 10CFR Part 61
BRI/ OHRE R e fip R
(= ) Protection of the General Public (0.25 mSv/yr) 3£ & B ik & &
MERR L D
(= ) Protection of the Intruder (based on 5 mSv/yr) %% » n,%iff S
( = ) Protection of the Worker (standard worker limits) % 3£ JL 31 1%
AR A EPUEARE
(= ) Site Stability 3% *& ¥-#7% > & Ji
b R R SR B E Y 10 CFR 61.55 3R 7 2 b4 fg 3
PogRERNERLER 2R A PRF 2B/ ERAENE S
ALARA(As low as reasonably achievable, & e & 2 45 &+ 8 )P & o
oA - BT RCR T R - R, # 5 GE Aok BWR-4 £
e ® Mark-1 BIIEAE o 1245 B P47 RS % - BWR '% (i) 797 2 2 4l
PR IR FE RIS AR R T L
ISIZE

W RPN R R R P RIEART RS FHIEAR S F



47312 HpeiE 2

(<) FRSESHERAF G2 FHR

ﬁ?&a&%¢#&a~M?£%%mKV~ﬁ%%%\%ﬁﬁ
B RE Mo R E 2 TR S 16 2 17 ER T Pio
TR %%%ﬁ%7"ﬁéﬁ’i*%@n§%%ﬁ%
1ym?w@25&mm¢fm A KB A SR E F -0 L 2L
T%“*i*%ﬁ"fﬁf].’:é%"‘ﬁ EH R G E R BT FRD

[ A2

F

BEx
= i '
- - l HSA |> &8 —

| | ‘g;aij;Jéﬂhﬁl
LLWfLH = SiEsRE % < S
| AEREH || [ mem

B2z | somm T mm | ==t |
b R
= BE
o =1

3E  HSA -->FF 2 {8 78] &3P A4&5 (83T 2K B2 R

Bl = RS RER SRR 2R BRI AL R

(2) &R ROF A P K

i—g;

%25 50,000 4§ (3 ET R R

S?ﬁﬂﬁl%@ %% £
% 6 T)2 RraE MBI R R P T oo
I

=) g TR 0 2 5 K R BRR
S p o BT 2RER 3K > R % e 445 6,000m (£ 100 mx %



—swwas
i 27 e s

A i@ R BB IR

EimAARtREARETR)
BAHER XHRICERITR)
HERZR(ATE)

22— MBI

/ T T
M X B / HFZBELSHEAMHIEEETHFTFIE

B MRS FR
BRI - TRNN
( —ga’:\i;» ’ B —REEE

Bl w ~ 37 M b M AR R B2 T 28 B

(=) Mxbid R (LLW)2 £ 3§
M s B R b (LLW) ik H st B P fa fa g 2 kB A 8 2R o

LAS PRER=Ze ER2 1/I0Z2 =47 %- F2kR ;&
BERA P P A A 2 AT X o

2B PAER>ET Y- FERY =% FER -

3.C £ PiAAER>A e kR 1102 4 w2 bR A>4 T §
S FZERES RZ2F2kRE -

A& CH PRER>R e 2 kR &>42T 5= F2 kA °

)

2 or ~H- EX IRk R E(Bgmd)



¥ = REEE

e 0.30 TBg/m3
“C (iEhEBA) 3.0 TBq/m3
PNi (GELE BRI 8.1 TBq/m3
HNL (TELEERD 0.0074 TBg/m3
“Te 0.11 TBg/m3
1291 0.0030 TBqg/m3
TRUPALHAASY 5 2 a8 gl (R (%78) (3.7 kBa/g
*py 130 kBa/g
*2cm 740kBq/e

2 I H-wXitPPAERE

BE{E (TBg/m3)
BE — —
17 BT B=17
VLA R S Z BT 1 .
26 s o :

LRkl
"H 1.5 P
“Co 26 A i
N1 0.13 26 26
PN GE L2 1.3 26 260
IFosr 0.0015 5.6 260
70 0.037 16 170

(m) ' ML B R 5 KRR

[P R

¥ 3 & 1t (activation) % ;f;]%j;,u PREEXY TR Bt K
—"fﬁv%#—%’ﬁ Wbt AR pAfEY FREF €2 TR RS 0
por FRELIITAECAL TR FCAL DI KA
EIJ&-LE o8¢ FEAS D Co-60 0 Fe-55 > C-14 » Ni-59 » Ni-
63 % Nb-943€:

HBERF KR 7 F BEERS H(RPV)RPV i%F 4 ~RPV

PR E EE- X FILEAES L w}fﬁ HRIT WL G s IR A o

dAtipt s R s A F BA N2 ¢ 3 R e B RS
8



2. REE AR
KiRi& 2T A
(DEFAAEF(Crud 4Bl #rr) 2 F RERZEZ R FRELY
Mgk Ea s F R FRPM LR HE LG gs o X IR
SH{ A A B o SIS RE T RAAY BT BF REA
@2 ki A EPfAE Co-60 -
Qg 2 A A AP PRI BEFA AR R RIS
BB f s e 1R PifE S Cs-137 4o Sr-90 -
WEE LR P TS m#;}é a R L %f;fé £ L
PPREEEKE - SIBIFEHL A RIS

3. #

V3 23 B “«’4’»%&75
#E 2. (Dry Active Waste,
DAW) -

BRI ALE KRS "ﬁ? 5 (k ?fbx/ﬁg 5 el 1k Mf ,;_5)3{ Y ol
RiEARA 4 20 LLW o % ‘m"ﬁ:‘pjﬁ 42 B P P AT KFL"T S RN
7 e ”&rﬁ?@?’é%ffﬁ7 Kﬁ; =50, -‘—'—"}ﬁ“’fﬁ}%;ﬁ : _E;}%ul/fg%ﬁﬁj_pavlgﬁ
AN IELY S-SR i

SRR RFOLE KRS BAPEER ke R EE
S I 1 E R T F R RE o

‘;\Hi
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% LLW 4% 82493k 7 &

N

s gk o AL 23 BAEELA o drd

=3

%n
AT ek P MEFRFORFEE G EH TR T AT LK A

B % M
L R
Bk

Wty
ks
i R U
*

THATHM

T Nt
TR
WE %

RN SRR T EEN AR A i SR N
BRSSP

Rk

BRI E
1A KR 32 4a
A RKRIEE K
H AR et
A FE
REETR
P AR AR AR SR A& 22

ﬁﬁ@ﬁﬁgﬁéﬂ\ﬁﬁéﬁﬁhﬁgﬁﬂ Q
P“ [P ?bé_i—i

’Ler'/T‘O-ﬁ

Mob B R P REL
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LLW#3 % HMCHE CHE BHE A% @t
RE %R 71 4% 0 | 0 0 878 878
RE 5 193 48 4 72 | 37 0 236 345
kG 0 | o 32 510 542
HRIBE 0 | 53 78 3.395 3.526
% 0o | 0 1 475 476
ki 0 | 0 163 344 507
H A AR RS kAt 0 0 0 34 34
HRERATRe Bt 0 | 66 399 2,009 2,474
AL 0 | 1 123 97 221
N ARSAAR SRS R 0 | 323 0 788 1,111
i@ 8 A 0o 1 32 9 42
At 0 | 0 0 2,685 2.685
MR EY 0O | o | o 242 242
BB EY 0o 0 131 321 452
1% 8 0 0 0 30 30
43 72 | 481 | 959 12,053 13,565

I AAEIALUMAREENI8FI2ASBEIHFBLER

B B MT -

E RN fw%}élﬁ#é\ FERIE T %

LLW# 3 BCH CH B A# a3t
RESRE /1% 0 0 0 6.56x10° | 6.56x10"
REZR ek 228x10% | 1.80 x 10 0 455x10% | 246x10'

B 0 0 228x10% | 195x10% | 423x10

E & 0 563x108 | 171x108 | 121x10% | 7.46x10"

% 0 0 710x10° | 1.08x10“ | 1.08 x 10"

ki 0 0 1.88x10° | 652x10% | 1.94x10%

Rl AMBE et +iamsa 0 0 0 1.10x10° | 1.10 x 10%
ARETRETRERM 0 8.03x10" 8.89x10" 521x10% | 1.74x10™
RALE AN 0 4.26x10" 231x10% | 6.18x10" | 2.41x10"
NI AR 0 8.04x10" 0 1.74x10% | 8.21x10"

AR 0 1.03 x 10" 1.09x10"3 343 10° | 1.10x10°

REL 0 0 0 6.98x10° | 6.98x10"
HERESD 0 0 0 0 0
BRBEM 0 0 9.52x10" 476x 107 | 1.00x10™

) 0 0 0 1.63x 10°° | 1.63x 10%

a3t 22810 | 2.74x10% 256x101 | 2.14x10% | 2.60x10'

B AAEEALHAREENBEASE 2 RAELSE B i Bg-

1

11

< P- ROR AR R ()

L J.
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LLW#a %] #CH C#m B#E A &=k

RESE R 1% 0 0 0 3,834 3,834
RFE 25 P93 4a 1 314 162 0 1031 1,507
B A 0 0 140 | 2,227 2.367
PRIEH 0 231 | 341 | 14,825 15,397
% 0 0 4 2,074 2,078
e 0 0 712 | 1,502 2,214
H b AR arhak s 0 0 0 148 148
HEEHRATHRBENS 0 289 | 1,742 | 8,773 10,804
FIBHEENt 0 4 537 | 424 965
P AR 48 AR L JR RS- 2R 0 1,410 0 3,442 4,852
3B R U 0 4 140 39 183
ey 3 0 0 0 13,422 13,422
M EY 0 0 0 2.420 2,420
BIEEEY 0 0 290 | 713 1,003
18 A 0 0 0 597 597
43 314 | 2100 | 3906 | 55471 61791

I AERET S AL EERE EI0I8F12H5B BB R T B S5hudrAB o

~~
sl

) R LA R RILE

MocHH R AP (58S § AL b ) Lk BE L2 4
33’@5%%\%?‘ﬂﬂﬁaﬂﬁ’iﬁﬁﬁﬁﬁﬁx=%W 7
GRS e SR SR

%i@ﬁ%ﬁ%@%&@@ﬁ%ﬁﬁaﬁgﬁ%ﬁﬁ—%%%i
BEFEXGT AL IHPEN 52 2L EBRRS - Fh RS ;'?‘;

I'd?g\ N iF F K *6 0 % K Rancho Seco 1% it & iy ~ 16 B Greifswald % it

& 17 Vandellos % it & B i {#&—'ﬁf AT A 4 M AT R R i}L" E—r S
”‘S?fr& MET IR R o
ER PR E R L HEDTA 2 s B s R

= i‘ﬁ’.

7T RA L Aﬂ,gaﬁﬁﬁﬁﬁ#‘ﬁﬁ%ﬁhﬂ&“%ﬁﬁ kL
:-‘ﬁ?ﬂ”“%?/%@/:‘?i*@w:—’”’“/f&%ﬁ!%~ mobe R AR R
BB SAGEE EE TR I S A R o

R SRLBER T PR RALA A L e TR0 R 5 B
fo/® g T g 0 RN S Akal o TR s B P
R R E IR RT > 0 2~6%F 1 TR R F K R

HBHEFI AR PRILE R kS 6 R A
PO AR R LR R P B MR P A
2H S U o P 3 F BB A A (B R (S * WP Rl
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FREBEMHI VRS P 28 E#3 T @3 2R i e R
0 W R g r*ﬁwwaﬁhaaaﬁﬁJmmaaﬁo
(UL 4 Tl B LR D 4 1 T R R
B P B M Rl 2 H KX ?l‘a—lﬁﬂl ¥ 3 0% Lﬁa{’lﬁﬁ"I-&/‘T

My fakR 85 A B ~C3g~42 CH# -

BB TR R R A B R AL TR AR
AR S s BRI B AT g_{)’é,}‘n e b4 GBEITEA
A -BREI)mH T B g Rikyy e RAFEDI B HEPS FHL -
BEFENEL7G 97 o DM g H b 2l sE ol i
BIF A cE R R > FIU o dete i w & BOR iR (Waste Stream) srid i 7
(Source Term) » 2 §_drimi& * 1t ] F]#c(Scaling Factor) (¥ iz & » A% it
;F’fim”ﬁ; P N R

HpF e

1 s FM AR P RNl 2 £ 5 > Rigss!

IRE TR SO RE Sy SW AL
BEIEG > AFF BRRAFEFT ORPANE 3
2. B FRBER P AL @4ﬁ¢ﬁ~ﬁ*gﬁ‘¢ﬁ?
BAFEILEE S > $ 4 2 L0 p RO R R P
E 0 RER 0 EAIL  F L RALTS B 2 A S
3. HEHEFMAR PG EF IS A e AL AR PR
BB R R e & E'-i‘*f' Z_w o AR
4. F F bt B AT e B
i TE O ORGLAGR ) > TR TR
5. MU EAFDREIF o AR
BE 7o RA LA

o
é.\.
Am
&
)
o
hat
;}E

&f R g5 T s A P AR T 2 B A 2R A
? ﬁﬁ%ﬂ%ﬁ#&“ﬁﬁﬁ,ﬁﬁi\ﬁg%ﬂj P C 4
%ii SRR P R O MO ) BB B KO I 1T R
E BICEH P ERAT L ® e B T o BRI RS G RF
FERERE SO VR R EDF IR 2P B R
TR A C AN DE I F O VRS B Ml (T

-‘A;-

X
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E2di]
sr M

S SN IAEA
(VSLW) Gy ¥
P

------

DI S K S %A )

LA ey TSR R P AT 2 AR v }‘%g%ﬂh @
F%’*J AT B 3 P B B Rl B H R _7;;‘3:%
2 %

BRAPF AL 2o ARJAP /P EST FE % ‘~f',¥i%"¢;°B$E1%}§J
FECHEBAP R | BF & CHAR FRE T o CEEAR

P REFE R ﬁ)%wiwf SRR
% 2. 1 ARkt iR é\_‘%;_? ;5'.)\-%!7\
%LWFQﬁNBJ%$#£C§@%%ﬁ
FRF BEREFRE -
p&&##wﬁ#ﬂﬁﬂgﬁﬁnﬁ?i’%iwamﬁ (Code
of Federal Regulations, CFR) % 40 # j 2535 % A ) 4 e JZ LR 4o &
it -
bt R F T B i (L & B g NRC)E Ao
1. 10CFR20 : Standards For Protection Against Radiation @ 3% {7 & #
PRILI EREATE 2 4 R B IR AN U] E A5 STk ente B
Ao AR FRG M L 2R
2. 10CFR50 : Domestic Licensing Of Production And Utilization
Facilities : #4 (7 e $ BOT® 2 22 § 15 % 2396 ~ (790 %
ZARME R o SR RSB R RT 2 AR 2L
HR e

7_@&!*‘]“. ‘iuli‘]xL.

¥ 2
F o IR R e 58 ek

E o

NEAEWHPEL g R
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(%) ' B RS R P AIL B
HOREP 2 R MRS R ) b R A B A T

1. 18+ A2 # #F(Mechanical treatment technologies)* &
(1) & = &g] (Size reduction) 3 4=

B AR a‘fr"f (Dismantling)®+ 17 : #2% & # I 4783 5K %

b /w\&\;l a‘ﬁ“‘ﬁfi wE B L4 I!i‘g BT o R F kit e

- 51]74;,5}? :

A. £ &% 3] (Metal Cutting) @ * >N FE R w4740 1 SRR
KENE (After dismantling) » & > 7 ¥ & chy Fib* F 1 ¥ :
FnE o GlArB e BEL Y E G 50%~70% Nz HEE > &
SEOVRAT R R RN B3 2 e T RAYT - F B/
BE7IL RSB TE TR THE

B. &% & 3z "% (Wood cutting and Planing) » 3% 1 T3 91 %
%k ¥ HEPA filter (High efficiency particulate air filter, & T3}
S L FERE):

a. *r 3“_;,1] :
| €55 % AR
1 ﬁ@QWAm4m%1w¢&ﬂ
1. 7 5 R EF LIS P~ BT
b. & “,f:
Lo el AT enis 4oa (% 6 )
I ®%3%a%E :01cm
III. 32 (Clean)if 4 =MW PlaE g is & i » I 1B
IV. 5 % (Contaminated)3R 4 = /f 5 fic i& — # g
C. # #(Shredding)
. TR 18 ‘%“z)é‘ A AL B fr {7 a4~ # Size reduction
Il APR~ s Wk~ &4 > 333,
. %45 /PVC 5: € vk Eg@_,qﬁ v ¥R T G2 b
V. et # e 5 AR A2 B

(2) & %7(Low Force Compaction)$t ##+

A B A

sk B o
£

(AR A E S -

A
F AL R o

15



a. 3,000~60,000 psi (210 kg/cm? to 4,200 kg/cm?)
b. 4r& v 3B % ¥ (anti-spring back devices) » % & &5 30
1b/ft3 (480 kg-m/m?)
dog v KR > %A T i 60 b/ (960 kgm/m?)
FRAFEBERALEAZHLIFR L RGH(am)e Y
=T e R ‘Jrﬁ“ﬁﬂm' B oMLY IRGFAE A o
o AT P2
# R 45 (Drum compactors)
. RN 2 gt
Il R %5 % & 1 40 to 60 Ib/f° (640 to 960 kg-m/m?)
. % 24 to 6:1
IV. BERAPFHPF 5SS EERE HEPA
b. 457k %"ﬁ(Box compactors)

I & %15 % B 40 to 60 Ib/f® (640 to 960 kgm/m?) -

. % %4l to6:1 o

. & %A 14m’to2.7m’ o

IV, s 1 &2 miawilEs o

V. @253 23514mto2m) 7 FEL A BRAP o

VIC R G AT AR 2 e T

=5)> S IE A0-C e el A

c. #7# (Balers)

. pde dF)hito

Il. i ¥ % i box compaction 2_ {5 k2425 - 2 &_ super-

compaction = EJI2 2 5 o
I 3 A% 204t 2 enir TR > 2 B0 7 R i 3 9 e
W g

o o

il

o

B. 42 % &R 45(Super-compaction)#t i+

a. “Bulk” or “Drum”

| AHBulk) : #H A K2 BRF T 55 BRRY -

Il %45 (Drum) @ £4 % K 2 B 775 5 BB -
b. 400,000~1,500,000 psi (28,000 kg/ecm? to 100,000 kg/cm?)
C. R % & 60 b/t (960 kgm/m?) to 70 Ib/ft’ (1120 kgm/m?)
d. EE@F: §3 7
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C. # 2 (Overfill)$ 4+
a. M2 %ﬁ#ﬁﬁ xR o
b. AT ¥ * A T REEE AT A L HAILEER o
c. Mgk 5$mﬁ<;ﬁ=% 5 o
d. AR
l. 'J‘3“Fﬁ13ﬁ’fi (Small void spaces): B4R 0 & B g

JRE S R RERY £ F ) BB E - L
15 (Large void spacesy: % « £ 475« K
B~

2. “4c# IR $F(Thermal treatment technologies)
(1) & %At v 2 (Incineration/Combustion) H j#F » 44 - #1571
A BF RLaEEIE LR o
B. %A% WA(FHBEANERF) DB FHENF ~FL ~ & F
SRRV TS A % T ﬁwﬁéiwﬁ%%i—
7

C. F%

o

:A\

ﬂ?]’

a. -4 L%z (Typical): 50:1 ~ 100:1
b. R $: lower than 7:1
C. PVC(Polymel Chloride, % % ¢ TF ), FRF A, A
15 5+ & 5 (Dose rates) * F # # ¥ * # it i I o
ES ~ B SRAE I
Facility/site Start of operations Capacity Notes
Ontano Power Generation, E§2-2 /8.
Western Waste 2002 s g4- 45 /0] 8F
Management Facility
Consolidated Incineration 1997 B £ 4004 Fr /o> 0F Designed for PUREX reprocessing
Facility, Savannah River i g#- 450 4 /6% | solvents, low level and mixed waste
Duratek, Oak Ridge B AIEE. BB | Commercial low level waste
1989 EEERY treatment facility
2004 /o)~ 6%
TOSCA Incinerator, Oak 700 4> /8%, T F] | Designed for mixed chemical/
Ridge BHEIFEME )‘«;* radicactive waste
1991 g
P A
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Fob o Ak

> #AuyE & A H#2 (OPG incinerator, Canada)

=
N f: Monitoring .

systems

Emergency

bypass stack Lime/carbon

injection

| Secondary chamber
=3 o - Spray

Ram feeder dryer x i | Stack
_.=l | Primary chamber % : 5
- Ash ram . ' 3 5 - -~
m o N N
' k. JJ'\ R

- -
e ame
Discharge \_ At
ram /—\.-.41
s— sy R =
Ash bin - Al b
Ash bin Inducad
draft fan

IAEA Technical Report, 2004. Predisposal management of organic radioactive waste.

(2) #3312 (Glassification/Vitrification)
A -tz Ao & T 1,000 ~ 1,500°C F 8 %3 ik £ (propane,
electric, microwave) > H /s A2 4o B = #7F o

B. A ¢ AP ERABI R 2 FH -

C. = % %33t 4 (HLW) o

D. T EEBEEMPFHEM(EBT B)F B4 HFEHFLF+
i) S ’j]% v E) o

a. 100:1 for DAW(Dry active waste, §z4 B 2 47)

b. 30:1 for resin(#f7"3)

WoF AL g F EABNARHE AR AR o

G. BRf = p it T RIS NH A 3 e iE
FAARE C F A AL MRam R -

L

Glass-making
Material

URW | 8§ 8| . Filtered gases
Input 1 ’ Flers " (mostly CO, and H,0}

Gases

=
%.‘.

airied st

Vitrification Chamber

» ~_ - Glass Bead Output (LLRW)

IAEA Technical Report, 1992. Design and Operation of High Level Waste Vitrification
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B - ~@BLEIAR

(B) #Z it & /% B 22 (Steam reforming/Pyrolysis)
A. Two stage process(= Fg £ aJdZ):
a Sl rEMDEEAREATFETRABE &
b. P;}}q))fnmﬁ W o R g COy,CO,HO 5 5 & %
PHRT R F RN o
AR ‘z_i‘ *20:1 & 100:1 z fF -
BYRAY ERFCFEIAEBSR
LA AP R REF BETEF -
Tk RIT R SR AR F(SOR/Mr) & RURME AR P o0 bl 4okt
et AR MR E it -
M HE 21 fide Cs-137 ¢ H-3 » #-3 4oil § A 5 5
S 4 -
G. AR FH#A T R S S AT A A > B okl
™~ A o
(4) igiv Z B2 (Catalytic Extraction (Q-CEP))
A. 4 F Wit RI%Z% 22 Molten Metal Technology, Inc. iz s & 4%
F APy
B. #* BRGYMEDE BT Bt B ERH > R EHERDP
B BRA-THRABELEESF IS B2 2R
FE AT 3001
D. ¥ * krJZiest 4 & 4% %R KR+ (10R/Mhr)

moow

AL

O

(5) £ &% 25 (Metal Melt)
A &R T/ AR
a. WS > B & L E X7 B (Recycle)
b. ¢} #(Release)
BEARTAL S 100% F (AR T35 & BB i) s 75
< % B kR RIS ehERAR S R R RS ERRY
wa < tgE L R Y 1 TRE g S E
C. #fciLi® @ i$+ 25mR/hr

(6) #4%% *5(Thermal Desorption)
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A. ‘fl]?%c%@%—'«\jz_/\’ﬁj‘){p%ﬁ’/—g@ fate T L
BRI E s BT A A o 2 BB R8I R (pore) ¥
25 TP FIFE S F AL AR RIE 0 B AR B
AN t"T’/:I‘ °
B. #WMMiFrEoigEHs T2 CICEER
C. %&ﬁj?#?%%ﬁwﬁ%ﬁﬁ@ﬁﬁ%k@@,
G XA chP fE gk (T ARY BT dE AR P A
D. & @ﬁﬂgf
a.  MUE #5300 F~600 °F)
b. B EEMYHYE 600 F)
a. QW@miﬂwLﬁ”ﬁ%% R EH D PBE LS
1% - F F LTk
b, &% 4 :
| a2 il o3 &
I s impgped e By 4 it aL L age
I #5 RI AR Y > 3R A BE2 TR P e R 4% ¢
AAFLIARET KRR P
BRRALERASHRI A FRELFRIZE S AT
TTRIE kS E Z BF ks
o rr*
e I‘“mx"
(I
e,
s |—>;:§§gi.5m
¥ A# : American Ecology Recycle Center
B N~ BRI
3. ‘,ﬁi 73 #F(Decontamination technologies)
1) pPi%
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A

4505 4t o R

B. " (0% 4 r iK1l HAEARA 1 17 4 R 4% 2 45 SR

2) © EFEREF £ BRPFERRS

(3) HiFL &AL
A. ¥ %7 JE(Grit Blasting)
B. 3z 7/k# = (CO, Blasting and Ice Pellet Blasting)
C. B /& -k 41 (Water Jetting)
D.i- & % 73 (Chemical Decontamination)

4. #& % _iv E 2 ¥ e(Stabilization/immobilization treatment technologies)

BATET M A A R S MR RN WA M2 MR Rk el
R TR FII N BAA AW AL > RS TR
Jo o HAFL R A A

1)

(2)

3)

7 it (Solidification)

A HER R FRR G B AR H T R T k2 F]
1) i
CRARFEBAG BRI

C. ik#rig * chFi AT Pug %A &

b. #%

c. KikJk

o

E @ *(Macroencapsulation)

A AT SRR PR © AT LR F I R R e
22 3R E (Bl * fi e @)

B. " MEAFHAI kG EFR AR ZFT

C. % * %% R# : cement, polyethylene

He ™ *I(Microencapsulation)

A @ %ﬁi%j:}f&&jﬁ:hé}ujﬂjg\l%ﬁfﬁé T * o

B. ZE® i Ujpit > ®m RSB 5 B ARILSE PR

C. b >vigh R 2EIoig k3L 2 RAHERDF
D. % k¥ : cement, polyethylene, F % % /4
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(4) % Z(Immobilization)
A g St P TR B S N F R AR 45

oot MH R 2 B

3 R HE R c;afffjja*j .
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(M) o ABRLFHWETFRRWZ 2R
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BoREHE R RSSO KR E TR

‘47‘; z}‘mﬁ'—wbiﬁgii‘ﬁ»”—”ﬂﬁ\# 2 T2z g4
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Lﬁ%a’“¢ﬁx%H%@#% HE AR FHR
HRF - BERS LATE 2444 o 130 M 3
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PR R (S z‘%‘l"éfﬁ%‘?” B~ AR Sd s 2R
VIR CFAERT O FEARF) F AT RGLG L 2TR(S
G AEIRRE2Z X 2T ~ LM FTLLX2TRE) S FHHE
ﬁ%@%ﬁﬁ%iﬂ%%ﬁzﬁ%ﬁé“i‘% SRR R F)

FLREEVE PP EVEA R E R R R PV ENT
DU RED ) S - FRFEEFTE(FEAR S BS SR
A L R LI R L
PRARZ ISR T E s SRR R F) B S R RARIGRP
ﬁf&ﬁ%i&%&ﬁﬁiy

ATE MM B AA PR E L HFREAS oMRN S LR AR
PR BRTE R R L TR AR R R AP L R R

(1) $FERM T LLWZ RS

1. ¥ R LLW £J274 2.2 g 7%

£ B LLW 22 2 RF % 0 f 74T

(1) % FWFFAANRC)$> LLW 2 & & - » 1w & % el 3070 £
Rfes LLW B ¥ B 8 VR F R E B V2B o
7= % B yc fiyri @ Low Level Radioactive Waste Policy Act
aimmwwﬂ1%6ﬁéﬂﬁL4&%*” B M B

A ERPEFF] ) LR DL 1993 £4= 2 V2 FFEET Y
poa JFF’W—’F—!W "‘\‘ibﬂirfr_@ ;R RS e
BT 1996 mop AR A2 FiE o gt L Ttake title”
T o

(2) 1992 & % W& B % I~ % & LLRWPA 2 take title” % 2_> 335
PR N E AR R W RAP T EiE s
iz o M F A% LLRWPA 2z B % 3 Flde 4 -

() st i m ARl F LY EF KB A P BT 3 “interim storage
FI G 25k i%#l: GRZZH A2 AP o & T0%2. 7 R R
B-p f"r F °

@ ﬁ?%ﬂ?*@%ﬂ%‘%Q%%W’“’ﬁ%%“*?ﬁ”
FRERHL Ny WA AR 0 SIS T Fz LLW 3
AT HN 2 LLW storage buildings °

2
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2. TRREEFE S RSP RERF RIZER

% B NRC z /%3 10CFR part 50.34 Appendix A 2 criterion 60
"Control of Releases of Radioactive Materials to the Environment" & &%
BLKF AR AR F B R E AN R T2 BN A2
BN o O $EE PR 2 2 B R P g2 4 o NRC 1 g
ANS(F Rfiac b5 € )= = 1 18] o 22 2 { o3 R D 7 1Y 2 b
BB P P IL 2 gt ANSI/ANS 55.1-1979, "Solid Radioactive Waste
Processing System for Light-Water Reactor Plants" -

Ho 0 pr bt MU R 2 RS g s RA 2 2 B blde

R s % 2 3REHE 5 F i (response spectra for radwaste systems) @ 2 3
2 EHE & F WRH I B e(American Concrete Institute) ACI 318-77
§8 21

WREIRA A R AR LERGEEAE Ffm(Amerlcan Institute of Steel
Construction) AISC #2 > L3 5+ 2 F bk X BRPFE FER T 2
A4 FE o

3. B LLW B33
GRS FIEE

HR 2Lt
ik 2 W BT IR R o MR s T2 ip
)| EL

(2) %&%@éi*?@%i TRTHH AT ERTT R FE G

(3) E*T#i%(*éﬁ)%@—% FORL RSN 2 RRIE 0 R R AR
AR o EFMRBRENA AR E LR EFR
B o RPIBERTPFFRRE PRt B (L2 B
FRBA) AV R BERFTFFZREFFRE - F R 5 8Y

E B (540 COy) v B e * i 4 (Interlock) X B 2 3F & 2578 7 B
#a GPE RN AR £ G (bHe TR ) -

(4) Hp R b K s 2 R BRI AT & Ak ok
(Radwaste) & $opd® o R R AR mRFEZBFITFHHA.
iR 1 Rk S I WL 2 QR el Bh’#*”iﬁé 4 (i’vl |4oB K R e
B AR E A A 2 R FEEE  RAEE
TP PR o

(5) ARPBE B )t Bgr s F L KX SAR(Safety analysis
report, % > & $73F 2 )7 design basis events(K 3t AL B F £)2_ i
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P o BARESBerm)FT 3 AL gR kR BRAF BRI
B oy s B ERP L FIR g 22 Fa o ,Q%E)%}#J#ﬂ
(resin - filters) & ok % X 5ok o Ry 2 7 B2 K% FHRED
ARFEE ST A

(6) A HF LA MARY ¢ EFERT LA A 0 WL GAH K

(7) PP R SR BARFEANFAFE T2 BAL AT Ko

(B) P A BRBHREFFRERA 2 /%&(,I}I'QE'{Q%JEE}_)O

(9) & é‘t; ?f;f%’ﬁ EETRINT < QNS T I v < ) & 3 O e A
¥k h o

(10) s 5 4 5538 § ek 2

(11) = X% w%”ﬁ #Fﬂ&ﬁ%?ﬁf%“ BRI

(12) & A& VLR] ~ BoR B EER Jo s & 2 B4R LR R R T2
RliF B #Fu WS E odk o

4. GTCC 2z B3 ‘iiﬁﬂ
EWI 4 E 5% GTCC 283 5 & & T Fo# GTCC 7 3c3t
Rl 22001 # NRC i & part72 o3 GTCC B35 >t 3~ 2 interim spent
fuel storage installation (ISFSI) » p* i3 & $}3% 1}%», oy j} 2 B A
(1) GTCC 2 £ 8 p¥vs 38 #-87 part 50 2 EHAE RN - % 15
A PF part 50 H B TR o
(2) Fric B E AR E RO QER S LR GTCC A4 0 7 F]p
mEEIZE

5. i BT GTCC 2 .4
TR EH B GTCC priz> ISFSI bz 2. LLW pFiz& & o
(1) % # ISFSI- RI3f4oT
A 5 B LLW BTk i 2 e m g * o
B. R R FAr® P ZeBip's, ¢ 3ZBL ~ K3~ F vt
3 ECEEEMT LR L4 SAR ¢
C. SAR ® &% » 4§50/ fiube 5 82 % B 0422 ISFSI 7 it A 4
ENCN X
D. # i % p7 5 >t ISFSI 2 & i%(Quality assurance) 3] 7 if *
% GTCC -
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B RH T F BT AR KRR EEL D 20
KEEFD -

FOISFSIZ ¢ (k¥ A kEd @y a2 €378 % -

G. % fi GTCC # ¥ @ * ISFSI # # o

(2) GTCC FEHRTH > H P 2 LLW K &, PIRF 4T
A 51 B LLW P73 & 2 R ag * o
B. GTCC pr3* LLW X # 25 ¢ X7 BEH 2 FA P EH
PURBEE YR A N R A BRI AL R BT
C. GTCC #2te ZE* ISFSI &3 B PIEE I %5 w &
S =

D. %i-kz. GTCC B # # R(ER)EF > F PN LLW % & o

() FREN LW pr B2 A2 R
AN Bz AxbbM A P2 P Ao kB 1 2 (SSC), NRC

t REGULATORY GUIDE 1.143 (2001) p 4 » 7 { 3EMmendlis > Gl4e
4 SSC & 4 % K2 j# .27 8 B (Code) » 4rd - = #77% o
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# Lz~ oxsbM g $ 2. SSC & R R K 2% e B P (Code)

i WP g i Ep S iR 5
®H kR ACL-318 or ACI 3494 AC318 0 ACI349 | ACI318 or ACI 349 | ACI-318 or ACI 349
Rt (2 g) | AISCASDorAISCLERD or AISC | ASTM-A36 AWS-DL| AISC Standards and AWS
N-690(8327) Standards
CRER-SHCEE | AS8G6n ASTM-A300 AWS-DL3 D91 | AISC Standards and AWS
D Standards
B RLR P ANSUASME B31 3% ASME-Sec. II ASME, Sec. IX ANSUASME B31.3
¥R A APJ-6530 ASME Sec. 11 ASME, Sec. IX API-620
5 (<15psig) AP1-620 ASME Sec. 11 ASME, Sec. IX APL-630
R4 R ASME BPVC Div. | or Div. 2 ASME Sec. Il ASME, Sec. [X ASME Section VIIL, Div. |
| &5t (Clbpsig) or2
8 API610; APL-674: APL-675: ASTM AS71- ASME, Sec. IX ASME BPVC Code Section
ASME BPVC Section VIIL Div. 1| 84(1997) or ASME [11, Class 3*
orDiv. 2 Sec. I
T TEMA STD, $th Edition; ASME [ ASTM B339-98 or | ASME. Sec. IX ASME Section VIII, Div. |
BPVC Section VIII Div, Lor Div.2 | ASME Sec. Il or2
BF CHR BT SMACNA Sids., ASTMFS5697 | AWSDLL DI, | SMACNA Stds
B R U ASTMCI29000 | D9.l
EEAT A% NEMA TC2-1998 ASTMB633-98,  [AWS-DLL DL, | NEMA TC2-1998,
NEMA VEI-1998 AIYAIMAOL [ D9.1 NEMA VEI-1998
NEMA TC2, VEI
Bk s NFPA-13%""; NFPA-14 ASTM-AT95 AWS-DLLDL3, | NFPA-I3
D9.1, D109
BF fobd R ANSIANS-40.37 ANSUANS-4037 [ ANSUANS4037 | ANSUANS-40.37
(MRWP)

R

WAL X 2R A RE A S FF 0 SSC TR R e
_i’:‘ “J—J—E“?g ‘&F%\'L‘t'ﬁo

N



+ 1 - . - 2 N 2)s v 1 A N
F LZSENMAAXIRERZIARBEALTFEZ > SSC rE LK
>3 =1 &5
v ?’
z 5,;_‘/ 1% I}] A i‘;'—( Classification )
b
B £ c 2t
A dfF | RW-a(# 5 %) RW-IIb(% %) | RW-IIe(2-% )
w2 OBE or 1/2 SSE ASCE 7-95, Category I11' ASCE 7-95, Category I1'
=~ or UBC 97, Category 2? UBC-97, Category 4°
% R ASCE 7-95, Category I1I' ASCE 7-95, Category 111! ASCE 7-95, Category II'
TR ANS 2.3 at a Probability of 1 x Not Required Not Required
) 107 /yr or three-fifths of Criteria
in Regulatory Guide 1.76.
l'able 1.
e A. 75 Ibs, 3 in. nominal Not Required Not Required
87 #h & FE diameter sch. 40 pipe.
o Maximum velocity 0.4 x
max. wind speed horizontal
and 0.28 times max. wind
speed vertical direction.?
B. Automobile wt. 4000 Ibs
with frontal area of 20.0 sq.
ft. traveling horizontally at
0.2 times maximum wind
speed horizontally and 0.14
times maximum wind speed
up to a height of 35 ft above
grade.*
ok e Regulatory Guide 1.59, one-halt | ASCE 7-95 ASCE 7-95
of the PMF.’
. - ANS 2.8 at probability of 1 x ASCE 7-95. Category I1I' | ASCE 7-95, Category II'
ok Mz 107/yr or Regulatory Guide
1.59. one-half precipitation
specific for the PME.”
§ T'o be evaluated on a case-by- Not Required Not Required
] > 2 2 2} > s ’
‘:;] P EL R case basis. plant-specific
R definition.
@‘ﬁl 234 BF See Regulatory Guide 1.91. Not Required Not Required
LR ifﬁ Regulatory Guide 5.68 or plant- | Not Required Not Required
= specific definition.
ERa Plant-specific definition Not Required Not Required
¥ x> = g
FHTA RR & L P FEZ RN BT s b

1A 2
(Guideline)
EPRI z_##

Hf o ST
ER RS o f
1%@‘%?@@?‘ X5 7_
9

*ﬁ@?ﬁm&é"f}r}% A
l. W FEH TG & 50

analysis report) & o
2. VK 7

)% -

5 #4 EPRI & & T

LR G

Wiz T p Ldk ¢ 3

T#:,?;H:F\:B%E ’ ﬁt”"
FHi"ﬂL%':‘ NRC ¥ £ 3%
45 < EPRI $¢ ig

g 2%

I =Rl

He ifj’s\giﬁaf‘"
P SR L

> & 73R £ (Safety

e

-3‘»1;,



3. BRAS 2B N (40)2 & Ko 35 & ALARA 12 fg 5L,
L ERER

DG ZEIFAN s RPLVY, BiHAEELE o

5. K2 T cRRE-pFERR 2T, 46 ALARA 112

6. AZ CHEAALRTH: ML F AKR D EFE GTCC > P A5 ¥ i

Sl ol A A S iﬁ- (ISFSI, interim spent fuel storage

installation), * ¥ GTCC = ;% 4% 3 i @:];3 Bdr* o

FARARGEE2Z YR s - 2R

=

E‘Fﬁwﬁmﬁ“%&ﬁ%ﬁ%ﬁﬁéﬂﬁﬁﬂﬁiﬂ?ﬂﬁﬁi
rER

(<) EHFRAAF ¢ EFELAR

H A 2 PR “$ T A 4 2 3 et 4 Bk e GTCC 32 7F
WCE B SE AR B EIES o AR AT 50 &P P pt B
A A AvlHo R 3RS AR EEY T o A2 C AR
FGTCO)FIH 5ot B B > P w3 f B % G- A2qzVpvr « 2 |
SR 2R RR AL 39 GTCC AR 47 525 417 B 2 a0 K B vp
»ETI‘}%}\?’LLLV;HNACH”‘QE R E R A E
BiF ot BT AR NEE B F ORI ERE BEE R
DA F LRI UETFE Y PG R TR ERHZERE WL
k,ﬂv;){,,gr PR h B A RN E o Rt B RS E R
ER ST A o p ROV AP L BB T S Rt R SRR B4
DR OKBE R TR 8L L R A
ARG RS T KMORRT E BRI P EE gL
i BIMMOE)f T/ &7 Bersefc R > iz 3 B KF X
GTCC AL 3] & Rl w e 58 p7 7 (Monltored Retrlevable Storage, MRS)3k *&
2 ISFSI B3 GTCC Ag#t-DOE ¢ # E 3 BV it * 2 % chy B>
i x Ba-w # 3 ISFSI RT3 0 B 0 ’LE‘”T“T# e B AR H Bl & Are Feanw
fe o B AP ’gig?jfifds f{/ﬁ&“é@ﬁ_ GTCC Bt pE s GTCC B
FLEFTE Kehv o B EF7F KT B 4 A ISFSI & & % Ak 3o




2

b

ATARE Y P i F E ot oh NRC 30 GTCC B #7775 3 &
BPARE G - F E”T“T#&E’ ."15@*91%;\1 2 g LI R T -
wE R ._ﬂf:r»p: GTCC Agif P 5 BB ¥ U JF dde (e #F 4L T i@ GTCC
%H BT VoA A R % )t’.& B o~ & }_In\ﬁ 3F £ (Safety Analysis
Report, SAR)v‘ SAR % F & 2% K 3 A2 %~ RyEivzfrit 2
RPN TN 35 AN fwama A GTCC@#&%HE&*% . é_:@ ES
PATARL ¢ it GTCC Rt ey 2 8% 2 M sl hoes =

iio+NM3MGRPMJ2&%&%%@}H;wﬂWﬁGmC%
1' % ~ ISFSI(# 4%k f75) 2 1 ;% %8 GTCC A 75 ~ ISESIo Tt o

SHEPNTRAIF TR C e R AR A0S h g
R A E?Tac%%éﬁ%%#ﬁ}%%f&i FERPTE o FEER NRC &
IAEA “f > B },%rEHirz\—L\z: TSR o

D

J

ﬂufﬁ =

-:x_
‘“\

2 tr R EERNRCKIAEA S A+ ¢ A7 B2 AR

A4 7% R 7] )5 HHEE

ACEL %3 « | 4 Co-60(5.3 ) ~ Cs-137(30 ) ~ Sr-90(28.1 & ) 46

KARAR) | Bda KBRS - i
ey

B(®L ## + | # Co-60(5.3 #) + Cs-137(30 &) ~ Sr-90(28.1 #)p: 1. BAHTE 2

BRSA) | B he AR AR - B E

# Co-60(5.3 #) - Cs-137(30 #) ~ Ni-59(8.% &) ~

eE X yH . N ,
CORE = =W | Nb-94 + Pu-241 « Cm-242 < Ni-63 1 i 4 48 4ok & & | # “chsit

BT B R

CEREA) |y BHEE
., AU P AE® - 53 % £ Ni-59 - Nb-94 + Co-60 75 B AR e
Ecgrgc)) i £ > # Co-60(5.3 &)~ Cs-137(30 &) ~ Sr-90(28.1 | & »cssfd | % %z ik fal
. EVP RS LG MRS [
(FFF48 0" PR TRGRIARMEZHFH > SR 7102 &5 53654
P.45)

(=) % B bbb R RIL S ik —BY
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A NS FES IR 1

1 'f RS R 4 I 5 B —# R Rancho Seco

The B

Rancho Seco T By * 4Bl 4 71 > #%&7 —"F’f frig ¥ —‘ﬁ ®_Sacramento
Municipal Utility District (SMUD) » ®€_— Ji ¢ Babcock and Wilcox (B&W)
“72% 3 P9 13MWe 21 BLPWR 3819752 B 4o7s £ 388 > 41989267 5
d 2RI B B 0 SE T e ~ SAFSTORG f 5 1 % ff e
A& RAFERRATF o 22 B DT FUR R Rancho Seco R A it
R AAG 7 U T R R E P I BB R R SIS -
R A o W TP LR R P IREE P LERE o

Rancho Seco ?I@i"ff o AoB At 0 R R RPVp i 47
% @ ZEECRE A “$ (one piece removal) > Class A% b4 B 3 47 38 1% 7|
Clive(Utah$ 3 BB 3) > u P 22 2 ISFSIEF % * i 5 %2 12 2 GTCC A 4
P&+ 10Fw) > Bz 2 ¢ 8 E7 5 > (Interim Onsite Storage
Building, IOSB) » % ¥ ",f i~ A dtenClass B ~ Cc 4 x5 47 o

Rancho Seco

Ov-dm-m‘u
mum%m._...q}.auun_ —
e e

_—

B 1 ~ Rancho Seco # &1



CRE PR FE RELR
FeggiE ATk T E

SREFRF BB

) L t
R e A

SRS BB R
F A2 BHrgITE

B -+ - Rancho Seco *‘?J&“,ﬁ% [P A

Rancho Seco # L&Kﬁ; mER D fehod LT A
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% - 7 ~ Rancho Seco %Fi/d?i“f e &2 AR

198946 A 1% .k 1¥ 82 38 ASAFSTOR
19914 HOEARIA B A BT F 0 3R ILSAFSTORK &

1997~1999 4 KRR R (FFRAREE & BB 1)

1999-2007 AR AR
2002 4 5% kA 3Bk g R T - (ISFSI)
£A2MAH F A E
2004-2007 BN G RESESE RBMREEE LA KA1 8

3|4 # M (Utah) Clive & & 55

® JiiE P EZ B WETE RS

FRHEB 2 2 “f 2 Frie RRORBRALPN F 3 @R
(ISFSI only) » = Rancho Seco® fi iy & M & = ¢ ¥ p7 73 B 5 (Interim
Onsite Storage Building, [OSB) » #* 12 % 3 ,f i~ A& 21 enClass B ~ CHc bt
BRAY o BERYE € F > 1 > Rancho Seco“?,)&“{f oI A 3L
Rancho Seco has a low-level waste storage facility in addition to its ISFSI >
e im EP: R TS "T 2. & K (5 % B Fact Sheet on Decommissioning
Nuclear Power Plants » http://www.nrc.gov/ readlng-rm/doc-collectlons/fact-
sheets/decommissioning.html) o B 4 FF 3Tbb (4 B 3 3 X A Bl 33K
FIELE €0 Bk - BB AE RHE 0 MR X A el 7 pE R *%
A2 BAP ARENIEARD P BEIFFRE T AT R T A ERA
B e B o P03 BB R 4 48 £ 7 75 (extended storage) 2o LA £
Ta 2 B2 p M EIRA o2 MR L B F IR E £
PP E R RE O MR ARPFY -

% R R AR RS R 0

R T ARG R MR AR R T A
(heBl -+ - T ARR) IZ\"‘Iﬁ/j"]%L SR REFTAL S & E NPT~ L F
@] I 5%l ¥ o 4L R Wuergassen %"*I‘Q"ﬁé “*;&T@x@ $o i PR
280 SRR AL B AR LR L 1.8% 4o
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L= e HanstA R #2 MOSAIK 2 Konrad 7 pris 3 Bigi7 ¢
o BB L 596 B el L= D PR MDA PR BT R K
PR EE Z R arg]i woAT o B R T B el
2ol
SRR A FR iR R
1 1 r i e — |
B AT b B R 4 gﬂ:g:lsparts Imglﬁ&?nm Pl:%?@ Oil Sludge {ésg:g:rﬁge ' gﬁ%’en&ate g’:q'hange
iLa. 1.a. extles, 1.a. resin
’ 1 et g e e ot
Fed® S 5\ Combustion Desncc&tggn %"399
- '
compression
——
JI%}%“ %j i Solid waste Pellet Salt rock, granulate, powder,

I 1

e. g. container

cement block

1

e. g. container,
castron packaging

B - - REP R ACE R PR AR F T AL

\
*
(\x

Fs
[N
[k
ETIS
:5;:

&

420,000 t (conventional + control area)

Conventional
area Building
165,000 t structures
control areas
255,000 Mg

conv. dismantled:
24,500 Mg

Controlled

Release recycling

q 97 % R TR

. 1.8% 4
rad. waste §

~

Already di tled To be di: tled
until end of 2012: until 2014:
26,000 Mg 1,500 Mg J

GRS - Decommissioning and Dismanting in Gemmany 19.02.2013

B - =~ 46 B Wuergassen % TR 'f 2

. 27,500 Mg components from
control areas (total)

s R i

=4
Sk
ﬁ\
L
(w.
=
e
4
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R F BN i S

MOSAIK Container 245 — -
Konrad-Container Typ Il 17 ﬁ ﬂ -"_"-

Konrad-Container Typ IV
Konrad-Container Typ V

Sum

Konrad container type IV (sheet steel) Konrad container type IV (concrete) and
s ol type Il (sheet steel + concrete shielding)

(£)1aEA

) 1AEA

MOSAIK-Containe  Konrad-Container

B -+ = -~ 4% B Wuergassen % ?Jf&“f AT R ST ig‘g’:i% A

E RIS 0 @ FNA T BRI
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B -~ 46 B Wuergassen 1% % B f R3S R 47 R IR

3. ' RASLAR R kIR ek —F FLT7 Zorita %7

e

R

Zorita ¥5 % B » * & José Cabrera +: % B > =*% Almonacid de
Zorita> Guadalajara® ¥ - & ¥ — %% 160 MWe B kN T 0 p 1968
ERALEE FAG 38 EiEH 2T 2006 4 7 30 poRA R TR
R g L iee %’aﬁa“?‘ﬁ?l Fav > § BB £ & nIER 1 iF > H P oA

TR A A S s S LI S LN NE S G MR L 3 gk o S R R
Zorita %% B b ECRI 2 1 & K% /Najarg]—tj z2 Bt AT oo

B

1 Reactor Building

2 Turbine Building

3 Audliary Building

4 & ¢ Offices and Workshops
5 & € Transformer and Diesel
7 Liquid Effluent Treatment
Buildng

8. 11 & 16 Radioactive Waste
Stores

10. 12 & 17 Conventional
Stores

13 Ekectric Park

14 Lijuid Release Line

15 Cooling Towers

18 Radiological Control

19 ISFSI
Bl - ~Zorita %7 Bl & &K%
Zorita +% % R * P T PR TR v = BE & MR A AL



(1) 2006 # 7 B ¥ 2 Unidn Fenosa Generacion = @ {8 & 717 1 ¥ ~
Bk 2 % 3% (Ministry of Industry, Tourism and Trade ) +% /8 231 #
izh s ’«’H FoNPT 3R o

(2) ENRESA 2 @ cngzpr 3 EF T 51T 2 F % 3: 4 B ¢ (Nuclear
Safety CouncilLNSC) %+ 18 » Bipiz 3 icpviE 8 2 B2+ FH 3+ 2
EEE RO ar@;w-: o

(3)2009 & » * it SR B x FE N PF K o A 0 Zorita 4
e R 15%3‘%‘f5 F&\ﬁl«f"ﬁ‘ff Boo

B - = ~Zorita ¥2it T R * B B aug N T 5

FFLT R RITHME AR S S0 0 B £ F 0 2 201984 5 L
i ¢ 7 SEPI (National Industrial Holding) 4-CIEMAT(Centre for Energy-
Related , Environmental and Technological Research) ¥ s -8 = » § § @
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“Waste Management” defined in the Reactor Regulation Act

The Reactor Regulation Act stipulates “Waste Management”, regulations conceming the disposal of radioactive waste through the burial
method, categorizing these as “Category 1 Waste Disposal” and “Category 2 Waste Disposal” according to the radioactive concentration
of waste to be disposed of.

In addition, said act defines the storing radioactive waste outside of plants or processing radioactive waste into forms suitable for storage or
final disposal until the commencement of final disposal through the burial method or other methods as “Waste Interim Storage/Treatment” .
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