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Safety Assessment

- SCT1 (2019)

IMPACT ANALYSIS

out

Radiological impact acceptable?

Dose < 0.1 mSv/a RS
~3 mSv(/a) HIS/PS
safety
indicators Rick <105 3 AES (all)
~ 10 al AES (ind)
approach conservative (no underestimation)

- SC2 (2023)
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PERFORMANCE ANALYSIS

containment

PI1
Mass- PI2

performance A PI3

indicators

a.o. Flux- Pl4  Act/RT flux between comp's
PI5 RT flux out
type Pl6 cumulative RT flux out
approach representative (best estimate)

Safety concept effective (DID)?

% decay
Act/RT in component
Concentration distribution
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Performance Analysis: containment

objectives

1. Quantify the expected containment
performance of the disposal system
and of its components and safety
functions

2. Demonstrate that the disposal system
and its components are robust against
possible threats/perturbations

NNNNNNNNNNNNNNN
geen mogelijke gebeurtenissen waardooralle SSC’s en/o
veiligheidsfuncties zouden falen

3. Demonstrate that the containment
performance is commensurate with i
the risks posed by the waste |

--»> defence-in-depth principle
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Expected evolution: EES

repository
closure

gradual degradation
modules & monoliths

end of assessment
timeframe

modules protected by the cover

concrete structures intact continuous fracture network

no water infiltration start water in max. water infiltration

no RN transport (type | monoliths) ransport in fractures/conductive media
diffusive RN transport (type Il monoliths) RN transport in concrete/mortar matrix
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earth cover

== impervious top slab

T (sand) side

oy i monoliths module embankment
. ll;l;llﬂig EIIDIIHIIH 305

lnspectwn gallery

FE] CUSRAER ‘ "E:?fi'l %dﬂ%}:&'&tfu;wjmh_‘_,;'_”_u."'_._ s t)
Foundattons (mcl. sand-cement embankme
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Performance Analysis model

Tl -initial  THI - initial
. Type |
o mm redistribution layer a
] 1 concrete
3 - mm mortar
5 mm waste form
A
- 1 inspection room backfill
3 b mm embankment
i <2 . .
i mm inter-monolith space
b o B fracture
< -
§ y
¥ :
i 8 Tl - degraded Till - degraded e module base -
3 inter-monolith inter-monolit
= v _ backfill fractures backfill degraded
) 1 < | fractures ackfi e
) = [s—
(ap] o 6]
- (Tp)
‘ 2,
A
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Performance indicators / output

Indicators Activity distribution

* PIT: decayed fraction in component « 100% in Type | monoliths

* PI2: activity/radiotoxicity in component « 100% in Type Il monoliths

 PI3: concentration profiles + Weighted: 76% in Type |
* PI4: flux between components 24% in Type Il
« PI5: flux out of disposal system Sorption classes (on HCP)

* PI6: cumulative flux out of disposal system  * Class I: K, < 102m?®/kg (e.g. Be, |, Cs)

* PI7: residence time in component / * Class II: K; in between
containment factor e Class lll: K, > 1 m?/kg
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(e.g. Ca, Cl, Ni)
(e.g. Nb, Pd, act)
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Limitation of water infiltration in modules (R2a)

control phase

.‘\ precipitation: 850 mm/a

6ééd o
/d evapotranspiration
A & run-off
’ I,"" min. 43.5%
pm==mmmmmm e » cover vegetation
___ grass: 387 mm/a (45,5%) drai lateral
) heather: 480 mm/a (56,5%) rainage -=~, diversion
------------------ 1 S==
- » Infiltration barrier
: o lateral
, ~59 ltrat e
max. i44 mm/a (~ 5 %) l (nfiltration .. du;erszon

S »  Impervious top slab

max. ~ 0,01 mm/a \i« infiltration in modules
(~ 0,001%)
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Diversion of water away from the waste (R2a)
d precipitation: 850 mm/a

6 o
L evapotranspiration

A & run-off
@ I,"" min. 43.5%

l‘% cover vegetation

R2a
IANIAN l heather: 480 mm/a (56,5%) {} (nfiltration in modules

Type | Type Il

- 260 ml/day
(5%)
13
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=

wa | |l

R2a -

1. Preferential flow
between monoliths

4,9%

D
0%

2. Avoid bath-tubbing by
R2a | proper drainage in
| | module base
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Containment inside monoliths (R1/R3/R4a)

Type Il

1.0E+07
=\yaste form
A cisson Actw;t;y u; g)znoltth
arter a

=
w
Q
5 <0.01% | <0.01% <001% <0.01% | <0.01%
§ LOE+04 BE <001% | 29%  11%  03% | 42%
c
S m 1.8% 74.0%  12.0%  25% | 90.3%
o . +
- m 5.6% 929%  1.4% 01% | ~100%
1.0E+02
1.0E+01

0 250 500 750 1000 1250 1500 1750 2000
Time from t, (a)
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Containment outside monoliths (R3/R4Db)

 Radionuclides that end up in fractures or the
inter-monolith space (IMS) are further
transported by advection

* Releases from the disposal system are still
spread in time by dispersion in
Conductive Sorbing Media (CSM):

1. Grout backfill in inspection room

b/ 1 2. Sand-cement in embankment, inspection gallery and
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Containment outside monoliths (R3/R4b)

Role of conductive sorbing media

Type |
1.0E+07 . .
* Non-sorbed radionuclides shortly

1.0E+06 \ accumulate in CSM and are soon
3 1oeis released again
r= e \waste form
g om0t | . .
. inspection raom backfi * Moderately sorbed radionuclides are
g LOE03 ] = ~sendcement embenkment delayed, but reach a plateau (supply =
- .
2 o002 discharge)

1.0E+01

2 * Well-sorbed radionuclides accumulate in

0 250 500 750 100-0 1250 1500 1750 2000 the inspeCtion room

Time from t, (a)

1.0E+00
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Expected containment performance

Pu- py-240 Nb-94 1.0E+08

241 49, ypu-239
Sr-90 1%
y \
3% 3% e

1% REST

1.0E+06

ity [Sv]

1.0E+05

IC

2% 1.0E+07

'_\l
o
m
+
)
B

BCF-based radiptox

1.0E+02

1.0E+01

RT-BCF Cs-137
83%

1.0E+00
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IV

\'/

=—source term

cumulative release EES

500

1000
Time from t, [a]

contained
radiotoxicity

released
radiotoxicity
0.0068% of initial
0.48% of residual

1500 2000

17
ISC: Restricted



000000000000000000000 ©

® 0000000 00000OOCGOOCOOOOO
0000000000000000 000OCGOCOCO O©O O o
000000000000 0000000COCOCCOO
::ooooooo 0000000000000 0

LY

LY

:: Robustness

o0

Se

0000000000000

0000000 00000

00000000000 00000OCCGOCOCOO ® o

SCK CEN/53059029

sclkcen

ISC: Restric?e%




Robustness against threats

1

Threats directly
compromising the
protective role of the earth
cover

Erosion (AES3-1, AES3-2)

Crash of small aircraft
(AES2-1)
Earthquake (AES1-1)

Early gradual degradation

Threats causing a direct
and abrupt degradation of
cementitious SSCs

Crash of a large aircraft
(AES2-2)
Heavy earthquake (AES1-2)

Large scale excavation
(HIS excav)

Early abrupt degradation
50% water flow in monolith
fractures

Extra fracture in Type | monoliths

Threats causing a bypass of
SSCs that normally
contribute to the
containment capacity

Borehole drilling (His drill)

Bypass of CSM (all monoliths in

affected module)
Same as 2 (pierced stack)

Threats causing internal
perturbations

undetected complexants
in the waste form (AEs4)

1% of the waste with zero sorption

sclkcen
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Impairment of the cover

]
1.0E+08

1.0E+05

1.0E+04

1.0E+03

BCF-based radiotoxicity [Sv

1.0E+02
1.0E+01

1.0E+00
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1.0E+07
= 1.0E+06 \

v

s source term

cumulative release EES
= = «cumulative release AES1-1/AES3-2
== =cumulative release AES2-1
e cumulative release AES3-1

1000
Time from t, [a]

contained
radiotoxicity

1500

2000

% of initial RT 0.0068 0.0102 0.0093 0.0084
% residual RT 0.48 0.72 0.65 0.59

Cumulative
released RT

Performance loss of the cover is
compensated by:

- Efficient water diversion away from the waste
(R2a)

* Slow release from the waste form (R1/R3)

* Dispersion in conductive sorbing media
(R4b/R3)
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Abrupt and extreme degradations

Cumulative
released RT

]
1.0E+08

1.0E+05

1.0E+04

1.0E+03

BCF-based radiotoxicity [Sv

1.0E+02
1.0E+01

1.0E+00
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v

e source term

cumulative release EES

e cumulative release AES1-2/HIS excav

= == «cumulative release AES2-2

1.0E+07
< 1.0E+06 k

contained
radiotoxicity

1

500

1000
Time from t, [a]

1500

r ----—----------
2

---

P

2000

oz |

% of initial RT 0.0068 0.0302 0.0193 0.0302
% residual RT 0.48 2.13 1.36 2.13

Performance loss of cementitious barriers
Is compensated by:

* Slow release from the waste form (R1/R3)

* Dispersion in conductive sorbing media
(R4b/R3)
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Role of conductive sorbing media (bis)

Sorption class Ill nuclides in Type | monoliths
1.0E-02

EES - inspection room

= EES - embankment

o AES1-2 - inspection room

& —=—— -2 -embankmen . .

g 1003 aiia - Theoretical transport time [a]

a &=

£ "’

8 45T Inspection room | Embankment

I’ 3

2 14t KaIm/kgl | 6o cm thick | 2 m thick

E 1.0E-04 /’ <1a <1a

- V4

= ’,’ 17 a 37 a

5 i 84 a 185 a

S 1.0E-05 /

g . 167 a 370 a

& '
: 1 668 a > 2000 a
'l

1.0E-06 a

0 250 500 750 1000 1250 1500 1750 2000

Time from t, [a]
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Bypass of conductive sorbing media (CSM)

]
1.0E+08

1.0E+07
1.0E+06 k

v

= source term

cumulative release EES

- cumulative release HIS drill

1.0E+05

1.0E+04

1.0E+03

BCF-based radiotoxicity [Sv]

1.0E+02
1.0E+01

1.0E+00
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500

1000
Time from t, [a]

contained
radiotoxicity

1500

2000

Cumulative
released RT

% of initial RT 0.0068 0.0084
% residual RT 048 0.59

Performance loss through bypass of CSM
Is compensated by:

- Efficient water diversion away from the waste
(except for the pierced monolith stack) (R2a)

* Slow release from the waste form (R1/R3)
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Internal disturbances (complexants)

]
1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04

1.0E+03

BCF-based radiotoxicity [Sv]

1.0E+02
1.0E+01

1.0E+00
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e=source term

cumulative release EES

= mulative release AES4

500

contained
radiotoxicity

1000 1500 2000
Time from t, [a]

Cumulative
released RT

% of initial RT 0.0068 0.0252
% residual RT 0.48 1.77

Local loss of sorption capacity due to
undetected presence of complexants
Is compensated by:

* Protection by the cover (no early degradation)
- Efficient water diversion away from the waste (R2a)

* Slow release from the waste form and slow
diffusion in the concrete/mortar matrix (R1/R4a)
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Conclusions of FANC / Bel-V
R-SER-22-043-0-n

ONDRAF/NIRAS has performed a detailed performance analysis in which
* The complementarity of barriers and/or safety functions is demonstrated

« The disposal system shows an adequate level of robustness against
reasonably foreseeable threats

* The performance of the disposal system is commensurate with the risks
posed by the waste
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Conclusions of FANC / Bel-V
R-SER-22-043-0-n

The safety authority further asks to
« Update the impact analysis using the PA-model (one model for all)

* Evaluate the bypass potential for well-sorbed (class Ill) radionuclides in
HEterogenously Cemented waste (HEC)
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A potential “bypass” in HEC waste?

"CILVA”
conditioning

mortar 29% HCP

"CILVA"
“puck” mortar
compacted
waste drum 0% HCP

fractures

 To which degree can the sorption capacity in the conditioning mortar be
bypassed by well-sorbed radionuclides that require some time to dissolve?

 Dedicated, representative model(s) in development...
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The PA team

SCI{ cen Joan Govaerts

Janez Perko
Eef Weetjens

Diederik Jacques

% Elise Vermarién
NIRAS
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