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The computational simulation of petroleum reservoirs is crucial for understanding the dynamics of multi-
phase flow in geological formations, enabling the development of advanced models and accurate predictions.
These simulations rely heavily on parametric constitutive relationships to represent fundamental reservoir
engineering properties, such as relative permeability (k1) and capillary pressure (p.). These properties are
indispensable for modeling multiphase flow on a continuum scale in heterogeneous porous media. Reliable
oil production estimates, in turn, require the quantification of uncertainties associated with system property
parameters. This quantification establishes upper and lower bounds for the economic feasibility of reservoir
development. However, most models in the literature depend on numerous empirical parameters that must
be determined. Despite their complexity, these parameters often lack a direct connection to the underlying
physics of the problem. Furthermore, preliminary sensitivity and linear dependence analyses of these param-
eters are essential but are frequently overlooked, especially in unsteady-state (USS) core flooding experiments.
Such analyses help determine whether a parameter can be effectively estimated before proceeding to uncer-
tainty quantification. In this context, the present study investigates the sensitivity coefficients and experi-
mental design of relative permeability and capillary pressure parameters, both parameterized using the LET
model, in single-step USS core flooding experiments conducted on real rock samples. In these experiments,
a core plug saturated with oil is subjected to axial water injection at one end, leading to oil production (and,
after breakthrough, water production) at the opposite end. The experimental data include the pressure differ-
ence between the water inlet and the oil (and water) outlet, as well as the cumulative oil volume produced.
Computational simulations were conducted using the open-source Core2RelPerm code to model the flow, in
combination with the heuristic optimization method Particle Swarm Optimization (PSO). This approach was
employed to optimize the relative permeability and capillary pressure parameters, using the two experimental
outputs as boundary conditions. The optimization process enabled the reconstruction of the water saturation
profile along the core—data that are not directly accessible from the experiments. This reconstruction pro-
vided valuable insights into the dynamics of water saturation development in different cores. Subsequently,
sensitivity coefficients for the experimental design of all investigated parameters were determined across var-
ious rock samples, using the experimental outputs and the reconstructed water saturation profiles from the
optimization. The results indicate that only a small subset of the studied parameters exhibit significant sen-
sitivity, highlighting the potential overparameterization of the employed parametric model. Additionally, it
was observed that certain experimental responses are more critical than others, based on the magnitude of
parameter sensitivity associated with those responses. The experimental design also suggests the possibility
of conducting these experiments in a shorter time frame, thereby reducing their execution costs.
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