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Background and Motivation

« Modelling of multi-phase fluid flow in fractured rocks is relevant to several
energy-related applications

« Some of these include design of Enhanced Oil Recovery operations,
Enhanced Geothermal Systems and Carbon Sequestration in underground
formations

« Over the last decades several approaches were developed to
simulate/model flow in fractured reservoirs; each with its own advantages
and pitfalls

« Here we present MRST's fracture module which provides a platform for
quick implementation of fractured reservoir simulation models

Energy Conversion Plant -
Production Well

Injection Well

Engineered
Fracture System

Hot Rock

* Figures extracted from Thiel, S. 2017 (DOI:10.1007/s10712-017-9426-2) and from the upcoming MRST book (Advanced Modeling with the MATLAB 2
Reservoir Simulation Toolbox)



https://link.springer.com/article/10.1007/s10712-017-9426-2

Modelling Approaches for Fluid Flow in Fractured
Media: Explicit Fracture Representation
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* Figures extracted from Li et al. 2020 (DOI: 10.1029/2019WR025631), from Rafael March’s and Daniel Wong’s PhD Theses at Heriot-Watt University,
and from the upcoming MRST book (Advanced Modeling with the MATLAB Reservoir Simulation Toolbox) 3
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Modelling Approaches for Fluid Flow in Fractured
Media: Multi-Continuum Methods

Fractured Rock Idealised Sugarcube Model Classical Transfer Functions

‘0" >,
4—
pm pf Shape factor [m?]
K V =vol 4 ( 1 + 1 N 1
0=4 |—S+—+—
T=ompem LS B I G
Karsts/Vugs |x /]y .
(Warren and Root, 1963) (Kazemi 1976)
Dual Porosity Model
X\:’(‘ B Physics-Based Transfer Functions
A g2 -
%%%%@ T “ﬂ Q‘ B - Transfer rate coefficient [s7]
SCEe@pra iz ‘
11> o m
E‘{%i%%ﬁ%ﬁl%ﬂg ff h‘ 5 S (accounts for shape factor and
ﬁ@%ﬁ%{é}p./ ] \ e dynamic influences)
SRAANER m_gm m_gm
l§v/‘l \ T - V B (p [S\:I(1 -Sor-SWI’)-(SW-SWI’)]

(Kazemi et al. 1992)

* Figure extracted from Spooner et al., 2019 (doi.org/10.1144/petge02018-136) 4



Unified Framework in MRST (1/2)
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* Figure extracted from the upcoming MRST book (Advanced Modeling with the MATLAB 5

Reservoir Simulation Toolbox)



Unified Framework in MRST (2/2)

How are different models
implemented in MRST?

Fluxes between the
different domains

[b, pvl = model.getProps(state, 'ShrinkageFactors', 'PoreVolume');

[b0, pv0] = model.getProps(statel, 'ShrinkageFactors', 'PoreVolume');

[phaseFlux, flags] = model.getProps(state, 'PhaseFlux', 'PhaseUpwindFlag');

[pressures, mob, rho] = model.getProps(state, 'PhasePressures', 'Mobility',
'Density');

State functions specify how

[bW, b0l = deal (b{:});
[bWO, b0O] = deal(bO{:}); . .
i, vl Ly porosity, fluxes, density and

others depend on the state

[upcw, upcol = deal(flags{:1});
variables

% Accumilation term for water and oil phase

water = (1/dt).*( pv.*bW.*sW — pv0.*bW0.*sWO );

0il = (1/dt).*( pv.*b0.#s0 - pv0.*b00.*s00 );

eqs = {water, oil};

% Fluxes across faces (comnections)
egqs{1} = eqs{1} + s.Div(s.faceUpstr(upcw, bW).*vW);
eqgs{2} = eqs{2} + s.Div(s.faceUpstr(upco, bd).*v0);

function v = evaluateOnDomain(prop, model, state)

[mob, kgrad] = prop.getEvaluatedDependencies(state, 'FacelMobility',
'PermeabilityPotentialGradient');

Y% Standard flux evaluation

v = cellfun(@(x,y)-x.*y, mob, kgrad, 'UniformOutput', false);

% Compute fluxes between multi-contimmm domains
for j = 1:length(model.G.FracturedDomains.domains)
dom = model.G.FracturedDomains.domains{j};
if (stremp(dom. type, 'multi_contimmm'))
ids = dom.global connection_ids;
vi = dom.transfer model.transfer(model, state, j);
for i = 1:numel(mob)
v{i}(ids) = vi{i};

Fluxes between connections
can be either vanilla Darcy
fluxes or modelled through

transfer functions

* Figure extracted from the upcoming MRST book (Advanced Modeling with the MATLAB

Reservoir Simulation Toolbox)

end
end
end
function v = transfer(obj, model, state, domain id)
[p, s, flag, mob, rho]l = ... Y Get state variables

model . getProps(state, 'PhasePressures', ...
'Saturation', 'PhaseUpwindFlag', 'Mobility', 'Density');
% Get domain cbject
dom = model.G.FracturedDomains . domains{domain_id};
% Calculate shape factor
sigma = obj.shape_factor_model.calculate_shape_factor(dom.rock) ;
vb = model.G.cells.volumes(dom.region) ;
% Compute fluxes (transfer)
pf ={} pn = {}; % fracture and matrix pressures
for i = 1:length(p)
Y% Pressures in fracture and matrix
pf{i} = p{i}(dom.connections(:,1));
po{i} = p{i}(dom.connections(:,2));
% Fluxes
fmob = model.operators.faceUpstr(flag{i}, mob{i});
fmob = fmob(dom.global connection_ids) ;
v{i} = vb.*fmob.*sigma.*(pf{i}-pm{i});
end

Transfer Function
(“Kazemi”)




Example: DFM and Dual-Porosity in the
Same Model

DEM Producer
Region
Dual . 1
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X X X
Injector 105
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200 900 80 04
= B00 800 800 L
Wh Dual-porosity cells, fault core cells and DFM edges 2 790, o~ i 103
xc=G.cells.cemtroida(:,1); xf=G.faces.centroids(:,1); yf = G.faces.centroids(:,2)); b= 5 ﬂ' )
dual_porosity_cells = find(((xc >= 400) & (xc <=500)) | ... -g i o0 o
((xc >= 580) & (xc <= 650))); - > 500 > 500 > 500 0.2
fault_core_cells = find(xc>=500 & xc<=5E0); = 400 400 400
dfm_edges = find((xf >= 490) & (xf <= 570) & (yf < y_size) & (yf > 0)); & %0 565 it 0.1
q
" 200 i 200 200
. ) 100 100 100 0
Wi Fractured domain manager and transfer model v )
manager = FracturedDomainManager(); % 20 40 60 00 1000 % 20 0 600 00 1000 % 20 40 600 800 1000
t_model = KazemiMultiphaseTransferFinction(KazemiShapeFactor ([10, 10, 101)); x x X
% Dual-porosity domain Water saturation profiles after 1500 days, 2500 days and 6000 days of simulation. Top row shows
model = manager . addFracturedomain(model, 'multi contimmm', the water saturation at the flowing domain, which consists of the matrix of the single-porosity
Tl ey ek, Gl e S I R T e region, the fractures of the dual-porosity region and the DFM fractures. Bottom row shows the
dual _porosity_matrix fluid, . . . . . . .
‘transfer model', t model): water saturation at the stagnant domain, which consists of the matrix of the dual-porosity region.
% DFM domain
model = manager .addFracturedDomain(model, 'DFM', dfm_edges,
dfm fracture rock, dfm fracture fluid);

* Figures extracted from the upcoming MRST book (Advanced Modeling with the MATLAB Reservoir Simulation Toolbox)



Example: Multi-rate Transfer in Multi-
Continuum Models

Model Definition Results
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" Setting pore volume miltiplier to account for subdomain volume fractioms
sub_domains fraction = [0.2; 0.35; 0.3; 0.1; 0.08]; 1
for i=1:length(sub_domains_fractiom) E
mrer_matrix_fluid{i}.pvMultR = @(p) p*0 + sub_domains fraction(i); =
end % nef
W Fractured domain manager I
manager = FracturedDomainManager() ; E 0El
=
"k Transfer models =
t_rates = [1e-8, 1e-9, 1e-10, le-11, 1e-12]; =04t
t_model = cell(length(sub_domains_fractiom),1); =
for i = 1:length(transfer_rates) [}
t_model{i} = SaturationDifferenceTransferPunction(t_rates(i)); E
end 302}
E
for i=1:length(sub_domains_fractiom) L]
model = manager.addFracturediomain(model, 'milti_contimmm', mrtr_cells, I:I
DTt matrix_rock, mrtr_matrix_flwia{i}, 1.0e-8 1.0e-9 1.0e-10 1.0e-11 1.0e-12
"transfer model', t_model{i}); ¥
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* Figures extracted from the upcoming MRST book (Advanced Modeling with the MATLAB Reservoir Simulation Toolbox) 8



Great Models that are not implemented yet
(give it a go!)
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* Figures extracted from Al-Rudaini et al. 2018 (THE LIMITATIONS OF USING DUAL POROSITY MODELS WHEN SIMULATING CHEMICALLY ENHANCED OIL RECOVERY PROCESSES,
Poster Presented at Heriot Watt’s Energi Simulation Workshop) and Li et al. 2020 (DOI: 10.1029/2019WR025631)



http://dx.doi.org/10.1029/2019WR025631
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