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= DECOVALEX (Development of COupled models and their VALidation against
Experiments) Task F Structure

= Crystalline Benchmarks
= Crystalline Reference Case
= Salt Reference Case
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Task F Objectives — Comparison of Performance Assessment

Models and Methods

Crystalline

Hydraulic Soil Domain

Hydraulic Rock mass = Capability development
Domains (HRD)

Hydraulic Conductor | | * Software
Domains (HCD) e Workflow
* People

= Influence of modelling choices
Salt water — * Model fidelity

Salt DOH_]_e * Omission/inclusion of processes

_ e Coupling

= Compare to other uncertainties
* Stochastic fracture network

—— * Uncertain inputs

| * Scenario uncertainties
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Task F Structure

= Step O - Reference Case Definition Establish

= Step 1 — Benchmarks/Process Models SRS

measures
* Relatively simple problems that address a subset

Characteristics of
of features and/or processes

Develop conceptual
models

natural and

= Step 2 - Deterministic Reference Case engineered barriers
* Addresses coupling between processes and Develop Process

computational model

results in multiple performance measures :
models comparison

= Step 3 - Uncertainty Propagation Calculate One-to-one

* Uncertainty in performance measures resulting performance system
from propagation of uncertainty measures el ]

* Sensitivity of performance measures to uncertain
model inputs (correlation, regression)
=  Step 4 - Sensitivity Analysis Methods

* Interested teams may also compare methods of
sensitivity analysis (variance decomposition, etc.)

Analyze uncertainty
and sensitivity

Compare full
results
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Task F is Atypical

Typical DECOVALEX Task Task F
Benchmarks
l Benchmarks
Test cases l
Applications

Blind predictions

|

Applications
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Benefit to Program

= [ntegration of features and processes
* Generation and upscaling of discrete fracture networks
* Dual continuum fracture-matrix diffusion
e Salt reconsolidation

= Confidence building
e Software benchmarking
* Comparison of modeling approaches
* Mutual learning
= Next generation of repository scientists
* Reference case development
* Numerical implementation and simulation
* PFLOTRAN software development
* Uncertainty and sensitivity analysis

-
o

energy.gov/ne



Crystalline Benchmarks




Crystalline Benchmarks and Test Cases

Test Cases

Steady-state flow

Transient advection/dispersion

Matrix diffusion J
4-fracture network (deterministicJ

Stochastic fracture network

Radionuclide source term

Buffer and canister processes
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Crystalline Benchmarks and Test Cases

Test Cases

Steady-state flow

Transient advection/dispersion

Matrix diffusion J
4-fracture network (deterministicJ

Stochastic fracture network

* %

Radionuclide source term

Buffer and canister processes
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Transient Advection and Dispersion
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4-Fracture Network

Discrete Fracture

Network (DFN) 1
or

Equivalent ==

Continuous Porous 0.8

Medium (ECPM)

e
N

S
o

NORMALIZED CUMULATIVE MASS
©o ©
2 in

Particle Tracking 0.3
or
Advection- 02
Dispersion Equation 0.1
0
0.1

Mass across the outflow face

TIME (Y)

'yl
.........
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san
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- SNL DFN ADE
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------- SNL ECPM Hexahedral
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—— ECPM Hexahedral
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—— DFN ADE

—— ECPM Hexahedral
— ECPM Voronoi

—— ECPM Particle Tracking

= SNL DFN Particle Tracking
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Crystalline Reference Case




Crystalline Reference Case — Natural Barrier System

= Loosely based on Olkiluoto
* Deterministic fracture zones

. § 1010 | z =1020 No m; P = 101325 Pa
based on Brittle Fracture Zones ¢

(WR-2017-32) ")

* Stochastic discrete fracture
network based on Central
Hydraulic Unit West (WR-2012-
42)

» 3 depth zones each with 3
fracture sets

* Can relate fracture transmissivity
to normal and shear stress (WR-
2016-08)

tion (m)

El

realization 1 w/ CHUW Case A: WR 20.]_.._,_2__42 S s
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Crystalline Reference Case — Engineered Barrier System

= KBS-3V emplacement concept
* Spent nuclear fuel
* Copper canister
* Castiron insert
* Bentonite buffer in boreholes
* Bentonite backfill in drifts

Cladding tube Spent nuclear fuel Bentonite clay Surface portion of final repository

Fuel pellet of Copper canister with Crystalline Underground portion of

\“‘\\‘\a\ S\“T\:\ s‘ea 3 y s\a\e fl uranium dioxide ductile iron insert bedrock final repository

Figure 8-1. The KBS-3 concept for disposal of spent nuclear fuel.
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Later Challenges — Canister Failure Mechanisms & Feedbacks

FAILURE Sorption models in buffer?

Corrosion 3 4

Shear 2 2 4 -

Anything w/ glacial 3 1 -

Pinhole 2 1 2 2

Interested Teams Priority
Buffer erosion 6 1
Canister corrosion 4 1
Glacial on hydrologic boundary condition* 8 2
Glacial on Stress/Transmissivity 6 2 (optional)
Seismic on Stress/Transmissivity 4 -skip-
5 1.5? (optional)

*and/or sea level change ~ Thermal overpressure on transmissivity

SFWST 16 energy.gov/ne




Domal Salt Reference Case




Salt Reference Case — Natural Barrier System

= Salt dome
* Low porosity (¢ < 0.1 vol-%)
e Low permeability (k < 10722 m?)
* No flowing groundwater (~0.1 vol-% brine)
* High thermal conductivity (= 5 W/m - K)
e Openings creep closed (> 10° — 10% yr)
* Crushed salt heals to intact salt

01
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Salt Reference Case — Engineered Barrier System

= Features borrowed from Germany,

Netherlands, United States
* (Glass waste form

* Spent nuclear fuel

e (Cast iron canister

* Crushed salt backfill in drifts
* Gravel in infrastructure area
* Drift seals

* Shaft seals

Emplacement Drifts

POLLUX-10, Spent Fuel

Drift Spacing = 35m (center-to-center)
WP Spacing (end-to-end) = 3m

Drift Dimensions = 7m x 4m

Emplacement Drifts

Vitrified Waste

Vertical Boreholes (2 WP)

Drift Spacing = 35m (center-to-center)

Vet

Borehole Spacing = 4.5 m (center-to-center)

Drift Dimensions =7 m x4 m

yd
I VX K
Any space within
emplacement drifts
will be filled with
dry, run-of-mine e
salt. 19 [Access Shaft 7 x 7m
[ap]
Infrastructure Area
250 m Used during
construction and
e E operation.
o I
3 NTotaI Volume LJS%‘UI for fluid and gas
= 240000 m* [ PUEUP
€
o |Access Shaft 7 x 7Tm
8
Access Drifts = 7m x 4m
_> 4—
o 90 m | 50m | 500 m
|‘ I I Drift Seal |
Waste Package Dimensions (POLLUX10) 300 m Run
Length=5.5m of mine .
Nominal Diameter* = 1.56 m salt Rick Jayne
*may be adjusted for modeling needs
100 m
Cement

Abutments
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Staged Model Development for Shaft Seal Failure Scenario

= What if the shaft seals fail at 1000 y?
* Modeled as permeability increase

= Staged model development

hONE

o1

Flow + radionuclide transport
+ multiphase flow
+ drift convergence

+ heat flow and temperature-dependence
of drift convergence

+ model uncertainty in backfill
consolidation model

(+ gas generation)

Failure scenario?

Density-driven groundwater flow

. J\t—._.__j¢ +—+ v .
; Subrosion
— Human Intrusion s 47
sl -“--_‘_'"'\.\_. cap rock
o -
Dissolution SRRV
L repos,. 4y level

Boudinage

Source: BGR

Jens Wolf, Salt Scenario Online Workshop 11-13 August 2020
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Diverse Modeling Approaches

COVRA.

U.S. DEPARTMENT OF

ENERGY

'\S global research for safety

Modeling Tool

COMSOL

PFLOTRAN

LOPOS

Modeling Approach

Detailed representation of repository
Neglect impermeable host rock?

Geologic meshing
Include all volumes/materials

“Looped structures in repositories”
Segmented model
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Summary

= Comparison of performance assessment models and methods
* Crystalline and salt reference cases

= Build confidence

* Address uncertainty introduced by modeling approach

* Incorporate features, events, and processes identified in international programs
= Develop

* Simulation and analysis capability
* Next generation of repository scientists
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