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Geometry & Hydraulic/Transport properties

Y

» The model considers a generic nuclear Backfill
waste vault imbedded in the centre of a
Discrete fracture network formed by
7,200 fractures.

» The domain is a cube of 400 meters
length.
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» The waste vault is formed by two
materials: An homogenised waste
surrounded by a low permeable
backfill.

Z
« The FEM used in the simulations is ¢ X BHA vault

formed by 1,801,850 triangular
elements and 1,963,025 tetrahedra. LS B E S E I N AR A TR RN NEEETES

EEECENETT Homogenized 1.0-107 3.5-10° 0.30 (SKB 2014)
L EWEN RS Bentonite  1.0-103 1.4-101° 0.43 (SKB 2010)
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Geometry & Hydraulic/Transport properties

* The discrete fracture network (DFN) form part of a regional
characterization of the host-rock that was generated using
Connectflow (Hartley L and Holton D, 2003).

* The fracture network generated is characterized by
heterogeneous hydraulic and transport properties such as
transmissivity, storativity and aperture.

o

* The DFN is imported in Comsol using a custom utility app.

Untitled.mph - My application E=TEOR —x

Bl A o
Save Build | Upscalin
As DFN

3—2

Select file: I M:\Drive\DS_modelos\Heterog | Browse...

] Set up selections for Sets

[¥] Set up variables for properties

MNumber of Fractures: 3531
Number of Sets: 1
Number of Properties: 3

Instructions
1. Select a fab file
2. Click Build to parse the file and generate a model

3. Click Save 35 to save the model
4. Click Reset before selecting a new fab file

a

| Creating variabies for fracture 3531 of 3531 |
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Governing equations

Groundwater flow

dp k
pSa—;” +Vp ~ (Vom + ngZ)] = Onm

Porous media -

k
= u = —;(me +pgVz)

d
dr == (#rpr) + Vr(par) = drQm
Fracture media =

k
T qr = —~Lds(Vrpy + pgVr2)

* The coupling between both equations is carried out by a source/sink term with the following form:

Qm = —a(pm — pf)

1
Qr = —a(pr — Pm) 1l

where a =

==

° ais a parameter that evaluates the connection between the two domains (matrix and fracture).

* Groundwater flow is solved in steady state by imposing the fluid pressure coming from a regional
hydro model in the external boundaries .




Governing equations

Conservative transport

The coupling between both domains is analogous to the flow coupling.
* Two transport equations:

ac; 0
M Porous media (¢ + ppky;) a_tl + (¢ — ppcp,;) a—(f +uVe; = V[(Dg + De)Vei] + R;

0pPpCp,i N dprc;
ot ot

* The coupling between both equations is carried out by a source/sink term with
the following form:

%) Fracture media dfy < + Vt(De,inCi) + thCi> = dgR; + 1,

- —

sz_ﬁ(cm_cf) where ﬁZDe.l N\ ><
Qf = _ﬁ(Cf — Cin) ! "}ecf
* The transport is solved in a transient simulation of Q -
500 k years.
* The simulation considers an initial release of >
1 mol/m3in the waste domain.




Governing equations

First order decay

The simulation considers one conservative tracer and three different radionuclides that are affected by first

order decay and linear sorption
Exponential decay equation:

c(t) = c,e™

Partial derivative form of the decay term:
dc
a = —Ac

First order decay and transport parameters

Three radionuclide are considered:

* CI?: Small decay and no-sorption.

* Mo?3: Quick decay and no-sorption.
* Cs!3>: Small decay and high sorption.

Kd m3/kg .
Isotope Backfill Bedrock AR 57 Vg
CI36 0 0 3.01E+05
Mo93 0 0 4.00E+03
Cs135 1.10E-01 0 2.30E+06
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Groundwater flow

Water pressure field coming from a regional
hydrogeological model is imposed over the edges
of the boundaries. The groundwater flow field is
solved in steady state. Regional groundwater
flow streams from West to East.

esidual pressure(Pa)
B

1.85 1.9 1.85 2 2.05 x10°

Residual pressure (Pa)

1.72 1.74




Groundwater flow

Regional groundwater flow streams from West to East. However, the groundwater through the vault is from South to
North due to the local connectivity of the fractures.

Residual Eressure ‘Pa‘ §

1.72 1.74 1.76 1.78 1.8 1.82 1.84 1.86 1.88 1.9

10°
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Tracer evolution in the fractures.

Time=0 s




Tracer evolution in the vault.

Time=0 s
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Mass flow at fracture/backfill interface. /ﬁ”
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Breakthrough curves at the facture/backfill interface
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* Maximum release of tracer is observed at 8,000 years of simulation.

* The decay has an important effect in the release of Mollydenum whereas it is not important in the case of the
Chloride.

* The higher Cesium sorption capacity produces a delay in the release of around 7000 years




Temporal evolution of the dissolved tracer in the different domains

* Temporal evolution of the dissolved mass in the different domains

Tracer
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Outlet

0.00E+00
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* The tracer spends around 1000 years to cross the backfill.
* The residence time in the fractures in very small due to the high velocities of the groundwater.

* All the tracer released leaves the modelled domain after 500,000 years.

A2'I




Temporal evolution of the dissolved Molybdenum in the different domains

Temporal evolution of the dissolved mass in the different domains
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The tracer spends around 1000 years to cross the backfill.

The residence time in the fractures in very small due to the high velocities of the groundwater.
All the tracer released leaves the modelled domain or has been decayed after 500,000 years.

The higher half-life of the Molybdenum almost decay all the mass before leaving the domain.



Temporal evolution of the dissolved Cesium in the different domains

Temporal evolution of the dissolved mass in the different domains
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The tracer spends around 1000 years to cross the backfill.

The residence time in the fractures in very small due to the high velocities of the groundwater.

After 500,000 years there is still Cesium sorbed in the backfill.

The sorption retards around 30,000 years the first arrival of cesium to the model boundaries.



Concluding remarks

Local groundwater flow crossing the repository is controlled by the connectivity of the fractures.

The transport of radionuclides in the vault is governed by diffusion and convection whereas the transport in fractures is
governed mainly by convection.

The isolated fractures in contact with the repository doesn’t have effect over the groundwater flow system whereas
they have an storage effect over the release of radionuclides from the waste through the biosphere.

The main effective barrier to the movement of the radionuclides is the bentonite backfill. The conservative tracer
spends 1,000 years in begin to leave the backfill.

The residence time of the radionuclides in the fracture domain is very small compared with the one in the backfill.

The decay of radionuclides decreases the amount of dissolved radionuclides leaving the domain and also decrease the
maximum mass flow release in the breakthrough curves evaluated at the fracture/interface.

The sorption of Cesium retards the first release of Cesium from the vault 30,000 years.



AMPHOS* )

Groundwater flow in the f_ractured system surraund ng a nuclear waste repository

Diepa Sarpintr™, A cia, lena Abare, Jag
ams L % S8, Sl Wuchscur Fust orf

v Schenck™

8 Cann

s duap gealugical
Tractured resck. Trad®onal approachie for medel g grousdwiter ofen cosidar both,
Famirsar, thure dre caies mhere radisnuciide rasport n grousdweae i contralld by
risek s has Merw and ransssset of radinnaed B sursundngi.

L th inerTace betwsen S lorgge W and the
geclogical and esginesred Sructures, @ panus medie demans (1]
sute Brnet res. This wark svalusnes o s of Fractares

This modal cousl i the groandwaser Ao this host-rock, which i dmulined as @ dscrie i i is the vaul lated

n eomiders the slfect of advition, dfusion, sorption and radioactive diciry. The fom essaring the

Model concepts

Guwaring squantions

. Groundwaber flaw Adwiction-diffusion -
e [

P B v.-[ L .vWSd] =
- %[V.v-- + Pl

(84 Ak o o = g 13 s = P 80T o

Than tion

ol high sarmuabiity that seneenbeates mest of the greundwater Tom & dsevte Tresur

yeradie prepirli basid on geslngical data and & pravioes Hydre-OFN modal (2] mas imperted s Comsol wing an utlity app.
A ganerie sterage vaul fermed by @ wasle domais surssunded by basseni
surroand ingi.

eonsidurnd The seolation of the grid i refined 2t tha wauh intalace asd

o i parforrmd wiing hydrogeaigicsl bomndiry conditioe. fos o regional sodel (20 Winer dinsity and wicosty ire 2000 k=" ind

The stiady st Som fedd 5 used &5 ingut fora b
wa radinsel dins (1%, Mo™ asd (o 0). 1n add

r sarption of semius,

transpert sisulition of SO0k
= 5o S Irarvipeset peocess the i

4 chemical sowcies dre rabracid Trom The waus: & coms rative Tracer
latin inthadies the radinactvg dacsy of tha three sidienuelidis asd the

Results
re Gruundwater few 7 Transport cemsider urdar daay and i stion
f domain Tomperoi weclation ot a rovssnori s frace I the madsl
10 pears 000 . 00,000 wan.

i rerianeitel

[t <~
threugh the top and
il B Triam wars) 1o iast.
Heawsrwir, mithin, 15 wailt
st 2 rerth du b fract

matar S lam
 conmtivity,

vl Irachorss inbaraictiog Thie visalt dis ot
bt Lo rasdwintin Tow ald, Howarr, thisy

e i wemporsl bullers for the rediosucde
H transgor.

s

Brealougn cunve o the ey foctes o e
o thas o the negional grozndmater N &

s Rime of thie radionecide s in the Treciures b smaler than in the ved

oDwad-grnd Trseiuses interiating the wiult <an B o signifeas sfost is the slese of
H ey iecs she Tew.

+The lenw hall-lik of the ko™ seduces sigsificantly the m

vhay

P

THREws, I, Comiatre, 15, Wit W, T Told sl o T rar ~ Explaing 1ha i L 3/t reck cha e BB it it propsrien - Ragas ba: (e
L2kt ek L i Ty B STV . vk P e e . e e edaboeed

kel
13 o e T ey L mm-ﬁ"“r""ﬁs’-m:m.r D Gofieg B Marie B Rk 2005, by asrsman 2]
RT3 TSR Wbt

hat ans tha il

= nd discay redhacn signiFeassly ha amount of
enE

that lerves thi et

forators - Lagerar. S0 RO




Any question?
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Additional info

1,000 years

Log,p(tracer) (mol/m3)

-2 1 0




