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Currently, as nuclear power plants in our country gradually enter the
decommissioning phase, the disposal of low-level radioactive waste has
become an issue that requires resolution. The disposal of low-level
radioactive waste can take decades from site selection to closure, and our
country is currently still in the site selection phase. Near-surface disposal
facilities have been developed internationally for many years, with
countries like the United States, France, Japan, and Spain accumulating
extensive experience. Drawing on international disposal technologies is
crucial for understanding trends and formulating domestic strategies.
Research and analysis of international developments can support regulatory
authorities in establishing relevant policies. This project’s research on near-
surface disposal revealed that some countries are experiencing low-level
radioactive waste volumes exceeding the capacity of existing facilities. As
a result, they have planned new facilities or expansions of current ones. The
"ITAEA-TECDOC-2041" compiles the outcomes of the Near-Surface
Disposal Forum, focusing on the application of safety cases, regulatory
experiences, post-closure safety assessments, and communication
strategies. In addition, this study consolidates the findings from the above
analysis and discusses them in expert technical forums, offering regulatory
recommendations as a reference for Taiwan's future low-level waste
disposal.
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Abstract

Nuclear power plants in our country are gradually entering the decommissioning phase. Low-
level radioactive waste (LLW) is an issue that needs to be addressed immediately. However, the
development of low-level radioactive waste disposal technology, from site selection to facility closure,
may take several decades. In Taiwan, low-level radioactive waste disposal is still in the site selection
stage. Therefore, understanding international disposal technologies and site characteristics for final
disposal of low-level radioactive waste can serve as a reference for our own disposal efforts. The
near-surface disposal facility has been used for low-level radioactive waste disposal for many years,
and the International Atomic Energy Agency (IAEA) has issued specific safety guidelines (SSG-29)
regarding near-surface disposal. Taiwan's low-level radioactive waste disposal adopts a tunnel-type
design. In response to international trends and potential domestic changes, a study titled " Analysis
on the issues of safety control for near surface disposal of low-level radioactive waste™ has been
proposed. The study analyzes the current status, regulations, key information, and disposal facilities
related to near-surface disposal internationally. It also facilitates technical discussions through expert
seminars, allowing specialists and scholars in relevant fields to exchange knowledge and provide

guidance.

This study gathers annual reports from various countries and finds that in some nations, the
estimated generation of low-level radioactive waste has exceeded the capacity of existing disposal
sites. As a result, new disposal facilities are being planned, or existing facilities are being expanded.
Another key focus of this study is the review of the "IAEA-TECDOC-2041" technical report. The
main content of the report discusses four themes: the application of safety cases in decision-making
for near-surface disposal, experience and processes in site regulation, safety assessment after closure,
and communication of safety cases. The study gathers insights and opinions on these topics. In
addition, this study has preliminarily compiled the types of near-surface disposal facilities used
internationally. This compilation can serve as a reference for further research on near-surface disposal
facilities in the future. Based on the research findings, this study held two expert technical discussion

seminars, one in July and another in October, inviting experts and scholars to participate in the



discussions. The opinions from the expert technical discussion seminars are compiled in this study,
which also provides recommendations on key regulatory aspects for near-surface disposal

management.

Keywords: Near-surface disposal, Low-level radioactive waste (LLW), concrete disposal vault,

Safety case, Communication.
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1. #F(NDA)

F T A “,ﬁ% % k& (Nuclear Decommissioning Authority, NDA) & & B Fc ik J v iRiZ 47
* LR o L B P fé:%‘%‘iﬁ‘l T o NDA 21552 & #7# 48 5 [ Mission
Progress Report | (NDA, 2023) o 5 ¥ F AL e { #7 0 fa® 307 @~ el H o8 B 2
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ERE R FEF I DAV A OFRT R T ARE  ARERFE L D
PR AT E LR o RN RE RIS B AR Ml SR 02023 ER 21
170 NDA #-3% 38 (7 8- MO0 s B 4 B AJE » 28 KBS K6 e % E 780 1T 44t
SN S SRR - R Rl S R EL I IR RL A
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2. $#5. (SURAO)

B oo b B @A P e ¥ F 7 & (Radioactive Wastes Repository Authority,
SURAO) 5 # 5L 1 #8274 3097 = efme S e ) 4§ 2 % F 84 0 28 iz it
AHB R E 2R FEAFERRNE L X 2l P W E S (S A D arsh R
AP DB EF (BT w2 )E B2 EEER e 40 M L5k 540 SURAO
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(SURAO,2023)% 5 SURAO i&d (R F it ) 22 2 BATIR2 E RIFL o 0T 4

RS MRRE TR ER B ED2 PR AR .
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ESI | |
Bl 24 & FL7 bR $ Ap B 3% %5 A % B)(2 37§ ENRESA, 2023)
GILT AT 2022 #F 12 % 31 p &4 arcbi a2 A RIpt A 4 ER 4e
# 24 #7571 o B¢ > VLLW 2 LILW kR Z 4phf F3t4cd 25 2 £ 26 #7571 o £ 1

2022 # 12 * 31 p > ElCabril i Hn LILW ¥ F e0ié * 5 5 82.11% > VLLW %

20 AE BT K5 2509% 0 £ 305AE Z R F L 2481%

%24 G319 %HPEDF DD FEEIERE A kA E(ENRESA, 2023)

B ) B BT

%

#£32022%12% 31p @
VLLW 31,300 93,700 125,000 53
LILW 41,100 53,100 94,200 40
SW 200 3,700 3,900 2
SF AND HLW 8,900 2,500 11,400 5

81,500 153,000 234,500 | 100
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%25 FFLT Fa R B E H s %% A 4 9 VLLW(ENRESA, 2023)

VLLWH# (m®)
, T B i B
~ | A DS El Cabril & % 3

Almaraz NPP viEy 1447 981 3 463
Ascd NPP y@Ee 1022 677 14 331
Cofrentes NPP vi&yY 1857 863 1 993
Garofia NPP FiE? 782 152 14 616
FiEY 412 0 0 412
José CabreraNPP £ = 10,905 3,001 9 7,895
Total 11,317 3,001 9 8,307
Trillo NPP FiEY 244 71 19 154
Vandellés | NPP ik 1,163 757 0 406
Vandell6s IINPP ~ F:&¢ 494 299 27 168
Juzbado FAF ¥i&E? 634 220 47 367
$i&¢ 730 37 7 686
CIEMAT ik 7,567 0 2 7,565
Total 8,297 37 9 8,251
El Cabril DC/
radioactive FiE? 4,062 0 743 3,319
facilities/incidents
Total 31,319 7,058 886 23,375

226 FFI B RE H# %% A 4 h LILW (ENRESA, 2023)

LILWEE A (m°)
. ENE #7175 > El Cabril B LR
- | 4 Bk 3 El Cabril &% 3

Almaraz NPP i@ ? 5278 1,032 33 4,213
Ascod NPP FEe 4732 521 21 4,190
Cofrentes NPP viE¢ 8,002 1,485 49 6,468
Garofia NPP $i&E? 5236 64 2 5,170
FiEY 4767 0 2 4,765
José Cabrera NPP  *% i 2,026 0 8 2,018
Total 6,793 0 10 6,783
Trillo NPP FiE? 1660 66 13 1,581
@Y 1968 1,572 0 396
Vandellés INPP  #%& % 1,796 4 0 1,792
Total 3,764 1,576 0 2,188
Vandellos IINPP &8¢ 1594 207 13 1,374
Juzbado FAF i 122 73 7 42
i 329 15 4 310
CIEMAT e 175 0 0 175
Total 504 15 4 485
El Cabril DC/
radioactive FiEY 3431 0 93 3,338
facilities/incidents
Total 41,116 5,039 245 35,832
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Pafrd 3 VLLW 2 3z e &3 % > 2 ¢ 2982 305l 2P w4 W p 2008
#1007 2 2016 & 7 7 BhoyiE o 2 B> e 30 Bl B eh% 2MA R Y

3%
BALE (5 31 5% % 32 %A% 3) o LILW /Al e384 > 1 28 f LILW A
$

BEEFEFRNMFRARA L 2 BH P 3 2028 & F & ATl o MELR R
TR B R o AR F A RS R B R 12 B A
E o BEIS AR A B R TR BT 0 AR E R Tkl F

GRWP chR iz - 2 & BR3Pk & PE 2 2 W > 0 F R & el

% i % 5 o ENRESA #3543 4v 35 23 sd i B R 47 2 A2 Bend 17> ¢ b
WA IT o bldrX B R ECE X Bt R F (volumereduction) ~ A #F % 2 5 HE R
B it 2 #32 o F)pt > Bl Cabril ek B 44 b b RATMR BT (765 ¢

A BIEATTRE TR A VLLW 2 LILW ek £ &t o
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Bl 25 & ¥17 ElCabril f ¥ 3 % B B(ENRESA, 2023)

[

B 26 @317 LILW ¥ % (ENRESA, 2023)

B 27 & 517 VLLW g% % * (ENRESA, 2023)

18



4.

i# M (ANDRA)

ANDRA 2R3 2 FF 27 > L& § F97F WP F oL P
Foedb 484 o ANDRA = 7 # ¢ 5 % 3Tikch> B 2cbifd e [ 2 xR 45 8 3247
Zenp G T LATE RS R 21 (Fem BAT- HpendR 2§ 2023 £ 2
B> F 4 ¢ 2. T National Inventory of radioactive materials and waste | 3F 2 (ANDRA,
2023a)#F & ¢ L AT W AR GFE LG R ZRA L anTs P T2 KR S E
hiE RARE o p R L TR L AT BB P SRS R P R AT T 2021
#1277 31 p - ANDRA & & ¢ % CSM 2 CSA & &2 ff HinE R L > Fliz
A BHFREERTAAIRN ) uE RS o RE R T L F P
KAt 2P - EGHPEEHRBERELEES 6 PR - 30 FF- REEEP
A »ANDRA + % # Cires % - :1# & 4F 2" Rapport d'information - SUR LA SURETE
NUCLEAIRE ET LA RADIOPROTECTION | 4 4 (ANDRA, 2023b) © & ¢ Cires 4%
PIGFAT 2 TR Filik % 0 37 £ AR R F 42 PR F AL £ HEA £

SRS NS
SR S Y.

B S S TiE F PR TR R T R B2
*) o BBl e ) AP H 2 FoR R MM ER P 2 R
B ENR L (T e R L4 s A ALE) 0 RYRAR R P ana A s s
BA G280 4ok 2.6 977 o iR B A AEZ BN T E L R KOst
# ¥ (FA-VL) ~ ‘&2 % 8 1422 ¥ 24 B ) 4+ (FMA-VC) ~ & % 2 it {4 B ) 4= (TFA) %

EL R AN (VIC) T eHer AR P EFTRP

>

A EE R 2 R R 4 (FASVL) 2 SR R 4 ¢ 62 BN - i Tk
FIEE TR AL PR F AL EERGleff2 SRR FEARF
R

m>

B. ‘B 2 s ¢ Wk AR (FMA-VO): » 8D ¥ 1 & % p il T

BT S ERRR P TR R p iR S ) (R
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PR E LB ERER) PROGITR TR S - WAL FRE

C. M st R F(TFA): AR P 2 & K p P @ PR ARR e 2
Fge ¥l akeive s o VLLW @ F 2R ~B7 ~ 2 259
P EBEERRAP

D. Be*%HAAF(VIO): FHAAPFLE L) FREFLIF - FRAEAR
PRGNS R AR R RBP4 s G

4027 2 RRsA R F2 A5 E AL 2 5 (ANDRA, 2023a)

Y 1
(A s pETE R AR h1 £
=

& S SRkl

4 oL

e E T AL RS el R
(CSA 2 CSM Jae ‘ B Rk
BKE) BOF LY K

(Cigeo 3+ %)

@ cepsamEks faias

(Cigeo % %)

(2) MR R B F

RSl S RS R A P
LEPERPH  AHELIREY B RYY > THAREFFEL o MO AR P
Rl R4 B B S F S R A el K% bl4ep 2003 # 12 k> ANDRA & CSA
BB B G A BN ALE VLLW a7k > p 1992 & 0k » * stk L R )
(LILW-SL)2_ X3z % ¢ 3zbf{d B 3 4 5 CSM ik 330 1969 # 3 1994 &5 » & #* >
Pt E PR o ¥ ob o FRP DT AFE* Rl &L R MO ER

(LLW-LL) 5% 3 4 e Hro 22 F 9 AR (VSLW)2 st . S B2 p > 3 1 4
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TRB R FEN T SRR RIT ARSI EIRRI AL E 2
R CARERTYFLESFE VB2 A S PT R AE  ERF A .

EgE

\“‘b

A B3R

Sy

ANDRA 45/  # 4 S Hf eenfan » #4120 31 p #2 R 2 W%
HEBAPREFERTE BEARNPF GEAIL > TRAER S G L T
FEY ARG FE (e L R)NF ALY o & 28 5 ANDRA © Ak A

FRAERPFNEE - 2295 R 12021 #EMEEEAF FEZ B o
B. Cires ¥ # TFA %3] 2 B 5 4

% B Cires Bk Bk A #2557 5 TFA $2 M stB kA b > 2 R
BERY AU SRR 27 SRR LR S PR0F SO AT 2 X 3
Bt MR ERE BT 2021 & R kR He EFIHFT AR w4 (650,000 m)
11 66%(ANDRA, 2023a) » 5 2021 & &3 3 72.2%(ANDRA, 2023b) - 4 P8 p
efie B o Cires fie® 373 XL EJE A i@}ﬁﬁi%ﬂ,éf@ﬁv‘ A4 M RN o
Flpt o pm it ARy B g IR E o P B 23t A% Cires ik Hro i ©

i 4 H 403 900,000 m? 2 b R TR R P BB G A 0 T R p

DRE Aok EEFT ol FE T Ao B-é Cires el By @A uf
ELE2 4 Ttk T 2040 £ =L o p o Cires Aol ALl 2 B P KR b

4@ 2.8 #77 o

4 2.8 ANDRA @ & F B P $ehis £ (m’) (ANDRA, 2023a)
#E | £ 3 2021 £ &
HLW 4,320
ILW-LL 39,500
LLW-LL 103,000
LILW-SL 981,000
VLLW 633,000
DSF 304
Total ~ 1,760,000
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%29 #32021 & {4} R4 5 E B v (m’) (ANDRA, 2023a)

HLW 4,320 4,320 - -
ILW-LL 39,500 39,500 - -
LLW-LL 103,000 103,000 - -
LILW-SL 981,000 91,000 890,000 1,530,000

VLLW 633,000 203,000 430,000 650,000
DSF 304 304 - -
Total ~ 1,760,000 ~ 441,000 ~ 1,320,000 2,180,000

25% 75%

=% NON-NUCLEAR

0' POWER INDUSTRY

" 3.3%
/e DEFENCE
A B.7%

B12.8 2021 i & ANDRA /ik %3 19 4 £ '* (ANDRA, 2023a)

NUCLEAR POWER _\
GENERATION 0

60.9%
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2.1.2 IAEA-TECDOC-2041 ¢ 4

BTG BIRGEF R R el MORSTIA R o — B RN R el KO8 PR
PR EE BYE FE - HPEER a R ENG%K V- 26 0 PRk TY
FORFo 2 TR BMEE A P BOREEEDP E ARG o Tl RdoP el < £
LLW > ¥ i 5 P {6 el i3 2 02 (Pl GE R AT » " F 57 7 FREE B O R R Pl 2 3
e ko A R FRAI LS BRI R 2R 2 0 P B ROE 0w 2

2HEARE 0 L FRIBATIIE G LS K b 2 AL AR (FE B

LU R RS 6% (AFA) A S0 st 1 i 8 4 R EVRT S RE € R0

ITREEFPEHERIF LB #N3F 3756 7 P XF A NHERI P IR L 2
= 1% (Safety Assessment of Near Surface Radioactive Waste Disposal Facilities, NSARS)(IAEA,
1995) ~ & ¥+ 4 Jm B K % % > a0 j# (Safety Assessment Methodologies for Near Surface
Disposal Facilities, ISAM)(IAEA, 2004) ~ % > =it = ;% e * (Application of Safety Assessment
Methods, ASAM)( IAEA and OECD/NEA, 2005) » 12 % %3 % e} 32 ¢ # % % 2hBEME D
7 "% % b (PRactical Illustration of the use of the Safety case concept in the Management of near
surface disposal, PRISM) % J& * (PRactical Illustration of the use of the Safety case concept in the
Management of near surface disposal - Application, PRISMA) (IAEA, 2017a) - } it TAEA &-¥fi<

A BRI ABER 208 2 3 (1) AL 2EGHAIZRERFRE Q) FE

p 2
W

A HOREF TR SRS T E S NS EL RS9t
RRP EFEEFA @) % HA S ARLR ST DHEATLIR 12 (5) FHE 2hEL

AP ARERGFRY PR FE? S F BB E 20 AP ARERELE 276
BR B RS E 2HEFE N2 R RRY ERAE T HG LRGSR IR 22 S
Bk E- BT 5o JAEA % 2016 £ % & TPRISMA J 3+ % (IAEA, 2017a) 5 » % = & (% 2017
=

E)R X 2B 2% 2% TR B IE) e 4oB 2.9 #77 o
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IAEA K28y /i 2 X 2%A D k- B g A My 4/l € 29
YA SE() BEFRER 2221 25 BaE A E T A M(BAr F 2 HE
TRERAPNR); Z(Q) HARFAT 2ABREAL N FARBRES e g f AR
AR B A Rl 2% 2o AFT Y A & F745 2 $pkedR £ 1T Experiences of the Development, Review
and Communication of Safety Cases and Safety Assessments for Near Surface Disposal of
Radioactive Waste (IAEA-TECDOC-2041) | (IAEA, 2024) > T 5 p#mg So a1 v/ 2 i 2
G Ak Rk R E R BT MK A RE KSR 2 H R A

FROMAREXRY I RELHT 2HEERS ETNLHTR -

24



22 BP AR AR R~ FPI2 HdEd

* & &35 TTAEA-TECDOC-2041 | (IAEA, 2024) B fisdf 2 2. f % > H %3 2 4p W P2 H

~

WEAR LR E R E > TAE e HR 2 IR L L £ 8 -

221 1B $F 2482 #p

1. T Fundamental Safety Principles ; (SF-1)

" Fundamental Safety Principles ; (SF-1)(IAEA, 2006) P this= = A A% > p &~ & >
RPIZPELE 2 HR] 5 IAEA % 282 B4 2l F R B A#H > TR AP M
B kendpil c ZERRHEAAL 2P R AP T 2R FHERHEL PP 2 H

BUSE * 307 slACR St "G Pt 5 SRR 5 R R BB B A RIS h e M X SlAzdg
SPR AR B NE 2 RGOS B R SRR T SR i gy 2 i
BRI OISR f50 6 AH -

(1) %=2p14

" Fundamental Safety Principles ; (SF-1)(IAEA, 2006) & & ¢ > p 1§ %3 £ 47
BRBELLFREH DR AFALT 2P R A R UFIRE AP EL A4

SR G R e R T R o AR Y EA
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ﬁ
)
N

EIF U ERRGFERG X 2RE > SR
A AR R itk & 2 S T e TR o e

B. 4|7 i ¥R F B Y S(core) ~ ¥z 4F F & (nuclear chain reaction)

15 5 (radioactive source) & i e H & §5 4ik 4 4 gl ¥ 207
C. whHAVHFITE » VEEERLSE -

BRE 2 PR T RS RE  E JOS R FSHRT] FR ¢ R
A ER R Wi R TR RE HP o ¢ dacsHLE et BB R

[
PR A PRI ERY AL 2R A AA S T 2R RIR X
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2. T Specific Safety Requirements ; (SSR-5)

" Specific Safety Requirements ; (SSR-5) (IAEA, 2011)ihp 8 2R e ® #7F #F 4%
R Foend 2 P HRE R > I kg IAEA J14x 2. T Fundamental Safety Principles(SF-
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(1) mFE L a2k 8 A~ R %3 IAEA 213z " Fundamental Safety Principles(SF-
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Level 1 - The ESC
Presents the safety arguments

Arguments

Level 2 — ESC reports
Presents the evidence, evaluations etc

Evidence

Detailed basis

B 4.1 2011 ESC 4% # % (IAEA, 2024)

—

~
New cut-off wall
Low permeability barrier
Site map
Secant
Partition wall pile wall

8 Final Interim -

2 5HI GHI [7HI [8HI Cap |Cap Existing cut-off wall

34

3 |

Trench3 Trench2 Trench1 Trench4 Trench5 Trench6 Trench7

Bl 42 LLWR A 334007 507 3L BI(IAEA, 2024)
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Bl Brenin B R AR BRemi i BHT 5 F 1 ARHLES § S end el & o IABA %k hil

% fi® P24 78 (IAEA, 1992, TAEA, 2001) & 7 7 & F & ch¥if (covered trench) 5 34 B 5% e B

fmf

% (closed vault) ; w? % (domed vault) ; 2 B 2z3% e % (open vault)e f8 - i F i&

\\“‘

Fok SRS PEE 2 B A A TR R AR EA PR OTE o - HRG wicE
FiEiEET T TBRRA Y E2 0k 2 2 &Rl BE % $(Crossland, 2012) 0 @ 1S kB
FRFFEN Y 25 57 aBEPF 2T 3RS EIREELE L (Top System of
Protective Layers, TSPL) ¢ %3 & 4 ¥i(Bottom System of Protective Layers, BSPL) ° PR

B RFRCSEPEE B RS F (LR AN FROS P

ME ¢ R (LILW) e 24 5 S BA > 3 B8 4 BR G E (e b
T) 2y Tokand & B R R HF AN PR T IRDEE R o MR
GFFor A PR AT L RIRAR AP 0 A HLER F T A S S o Akl
FHBPLRETIRYE > A W 5 A7 chbust i BB (advection-resistant barrier) ~ & cR R A 5N e
#7713 EE(conductive barrier) ~ #/(infiltration control) % {&A4% 3 3 % # (vegetated soil cover)

(Veinovi¢ et al., 2023) -
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ARl RFGE Y 5 100 1 300 £)p sy s BRI A R E b G RP
TR KRR P2 RE R

1

B P8R RE R TR 2 PP TR R R E R
WHoBRAE R et BT o 2

Hh A URR A kiR BREAREL
W F WL RRKET W
ENHRERFE NG BRI ARREE S iAok AL REP RN S K R EA X

oo RTEE IR K BT B A bldei2 M ] f (Morvilliers)'tiT i Cires fie
BRG(B43) %% % p 2003 EFAYE > ¢ § - G A aRE R E A0 5 B

HAEE 124m> £26m > #85m- 2 £+ & 25000m® p #3F7 X %ehf 3 & 5
650,000 m? - £ % 2016 # & » Cires Bk H° Ak 9 330,000 m® g i 225t |4 Bk ) 4+
(VLLW)e #f 7 ev3k 34 % %@ 3179 e El Cabril #ak * 3t & i3 s B 3 7 (VLLW) i/ B o

Shaft
Shelter building

ﬂ_\\\\l
\

with containment
envelope

Geological
medium

Bl 4.3 = B Morvilliers *#17 ¢ Cires k¥ % % 1 R, B(Garamszeghy, 2021)

B E R FREAT SR MO R R P 0 bldes + Bk 3 Barnwell Frak > 5 14
A Clive Hrak ~ 48 s [FE&TV % 40 & 2754 2 & % ' Hanford e97 ¥ e K > o £ R B F7e0

P OE TS R R e K AN R [T & AL & #7841 Waste Control Specialists

(WCS) Rk 3% » 50 2012 # % B4 » § 38 o 343 % 23040 % ¥ F 0 * 150m B 07 5K
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SRR P AR (Bl4e 0 £ BB # Y Clive Aok 3~ 5 8 Fernald Bk 3 2 B CSM
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Protective layer

Drainage layer

Drainage material §= 'C‘, Infiltration bed

Bentonite and Drai
plastic liner h | ';:;g'aigle
. % e~ @ -

@™ ~ '

Bentonite liner
B 4.5 Oskarshamn 1% ¥ b 0 VLLW % 3% %6 (Garamszeghy, 2021)
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ELEVATION (feet)

B 4.6 = K CSM ik & ¥ e 3 $ ek (Garamszeghy, 2021)

E W~ 3 S BHFRY I E R 4o ® G B 0 Fernald - % % Wit RN Feed
Material 2 & ¢ «& =% 8% 88 Fernald » %3 63 1951 # 1 1989 2 F i » T 5 &

fod fee 1990 & 2 2000 4 A HP 0 SRR TR R TREARAR > BIRBEK T B

)

SRR EE RS c B B AR E- BAE P 32082 D
B AR B o B PP 85% 5 2 R I H AL 0 T N 15% 5 RATR R %
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PR 18 M) f IR B kR R HFRE o B 47 T c BRI REEE AN

Smo B P w IR SRR E EE 2006 £ 1 TR P A 5 R B E R A
FINAL COVER SYSTEM
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