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Goal

* Tightly coupled, explicit flow and transport scheme
* Two phases
» Suited for ACTI and GPUs

Method

» Hyperbolic system based on Euler equations
* Time integration with adapted Riemann solver

Vision
» Adaptive in space and time

* For complex problems in 3D
 Suited for GPUs
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Classical System for Two-Phase Flow and Transport
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New: Hyperbolic System for Flow and Transport
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New: Hyperbolic System for Flow and Transport
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Numerical Scheme: Approximate Riemann Solver
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Numerical Scheme: Approximate Riemann Solver
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Numerical Scheme: Approximate Riemann Solver
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Case 1: 2D Plume
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Case 1: 2D Plume
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Hyperbolic vs Standard Simulator
* Very good agreement
* Sharper shocks with hyperbolic simulator
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Case 2: 2D Plume with Shale
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Artifacts at shale surface

* Hypothesis: Due to source terms
* Fix: Adapt Riemann solver
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Rankine-Hugoniot-Riemann (RHR) solver
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Rankine-Hugoniot-Riemann (RHR) solver

5
£ p=cp
T”+l
A p pu \ 0
| d | pu +i pu* + p _ | Ry
J | ot | pv ox| puv B R,
RN i pY FY 0
% w"\,' "\‘\;‘" i “L_ — —— ——
S P G T S v F, 0
>
< Ax . X
R Ax p(u* +c?)
X
Stanf oo I : , , :
oan grsculstlm??bﬁg ETH-Z(rich AminRiess, Rasim Hasanzade, Hamdi Tchelepi, Patrick Jenny ~ 9/16



Rankine-Hugoniot-Riemann

(RHR) solver

t
$ p=cp
IIH']
) X . ﬁ pu +i pu2+p _ Rx
ot |pv| Ox| puy L
e NG '-?;‘ pY F}c] 0
\\‘ L w\x' )\\." ) “L S—— — —
@ ®® .[@ v - ¢
>
< Ax > X
Rubx p(u* +c?)
A
R Ax  pr(uk +c?) Y
A
\ 4
PL(uf + c?) >
%
R, Ax
gcthigfgrsculstlaegbﬁg E'HZUfiCh Armin Riess, Rasim Hasanzade, Hamdi Tchelepi, Patrick Jenny ~ 9/16
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Case 3: Meander
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Rankine-Hugoniot-Riemann

(RHR) solver
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Case 3: Meander
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Case 4: SPE10 Top Layer

Permeability k of SPE10 data atiz=12
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Case 4: SPE10 Top Layer
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Case 5: SPE10 Bottom Layer

Permeability k of SPE10 data at iz=56
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Conclusions

System of hyperbolic conservation laws describe coupled flow and transport

Shale layers can be included thanks to RHR solver

Two-dimensional effects with additional source term

Proposed solution algorithm is well-suited for GPUs
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