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Abstract

:

Understanding the two-phase displacement behaviors of oil and water in porous media under different reservoir development modes for enhanced oil recovery is essential. In this paper, the influence of development measures, such as increasing the injection rate, changing the inlet/outlet position, increasing the water viscosity, and reducing the surface tension coefficient, on oil–water dynamic behaviors was studied using a numerical simulation based on the study of the formation of a high-water-cut channel by water flooding at different injection rates. The results show that blockage and restart occur during displacement in the pore–throat channel and during staggered displacement in different pore channels. With an increase in the injection rate, the recovery increases first and then decreases. All the different development measures can increase the swept area and recovery factor. The recovery factor increases significantly by reducing the surface tension coefficient at medium/high injection rates (≥0.01 m/s) and by increasing the viscosity of the water at low injection rates (<0.01 m/s). The numerical simulation study preliminarily revealed the influence of different development measures on displacement behaviors in the pore model. It thus provides theoretical support for understanding the law of oil and water movement in reservoirs.
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1. Introduction


Water flooding is a cost-efficient secondary recovery method in oil and gas resource development. The displacement behaviors of water in rock pores include complex physical processes, such as viscous fingering, capillary fingering, and stable displacement, and they affect the oil recovery factor [1]. Therefore, the study of water flooding behaviors in pores is significant for understanding residual oil occurrence and distribution and the producing mechanism.



For flow behaviors in porous media, different scholars have studied groundwater pollution [2,3], carbon dioxide storage [4], oil and gas resource development [5,6,7], and underground hydrogen storage [8,9] using numerical simulations and experiments. It is difficult to experimentally change the core porosity, pore size, wetting angle, etc. [10,11,12]. At the same time, the numerical simulation method is increasingly used to study pore-scale multiphase flow due to its low resource consumption, controllable physical parameters, etc. [13,14,15,16]. At the pore scale, researchers have developed various methods to model two-phase flow in porous media. These methods primarily include the lattice Boltzmann method (LBM) [17,18,19], Pore Network Models (PNMs) [20,21], the grid-independent Smoothed Particle Hydrodynamics method (SPH) [22], Phase-Field methods [23], the volume-of-fluid (VOF) [5,24] method, and the level-set method [25]. de Castro et al. [26] used different pore morphologies to simulate a set of PNM flows and found that PNM provides accurate predictions of the flow of both Newtonian and shear-thinning fluids provided that the appropriate pore shape is used. Yu and Leung [27] proposed a robust simulation framework based on the level-set method. This model is useful for simulating multiphase multi-component interphase mass transfer in porous media. Liu et al. [28,29,30] used the lattice Boltzmann method to study the immiscible displacement between carbon dioxide and water, and they analyzed the influence of wall wettability, the two-phase viscosity ratio, capillary number (Ca), etc., on the displacement effect. Due to the VOF method’s ability to capture the flow interface by defining a volume function [31], it has yielded good simulation results in the study of immiscible two-phase flow in various fields, including mud flow [32], carbon dioxide storage [33,34], ocean engineering [35,36], and petroleum engineering [13,37,38]. Iyi et al. used the volume-of-fluid (VOF) model to simulate the process of oil–water two-phase transport in two-dimensional porous media, considering the effects of temperature, wetting angle, and surface tension. Their results showed that the displacement behaviors of the oil-wet system and water-wet system are greatly affected by the oil concentration, and oil recovery can be enhanced by changing the wettability from the oil-wet to water-wet states [13]. Based on the experimental measurement of core physical properties, Minakov et al. [37] used the VOF method for the numerical simulation of nanofluid displacement to study the effects of nanoparticle concentration, nanoparticle size, fluid velocity, oil viscosity, and core permeability on nanofluid displacement efficiency. Peng et al. [24] used the coupled volume-of-fluid and level-set method (VOSET) for a water injection simulation in a pore model to analyze the effects of the displacement rate and wettability on oil recovery. Lenormand et al. studied the water flooding process in two-dimensional porous media. They established a phase diagram to distinguish viscous, capillary fingering, and stable displacement modes according to the capillary number and viscosity ratio [15]. Patel et al. [16] simulated multiphase flow in two porous structures (repeated single pores and a random multi-pore arrangement). It was found that the residual oil saturation at different capillary numbers showed an opposite trend. Michels et al. simulated the flow in 2D (two-dimensional) and 3D (three-dimensional) porous rocks. It was found that, in the 2D model, the low-velocity effect of fluid at a low Ca value provided better conditions for fluid redistribution, resulting in a higher non-wetting fluid saturation; in the 3D model, more wetting fluid was captured due to a lower Ca value under the effect of the geometry of porous media [14].



The above research focuses on multiphase flow in porous media from heterogeneity, wettability, the wetting angle, etc. We have obtained rich research results on micro-displacement behaviors. However, re-displacement after the formation of a high-water-cut channel following water flooding in micro-pore media is seldom studied. Thus, the hydrodynamic behaviors of water flooding in porous media at different injection rates were studied using a numerical simulation first, and we accordingly discussed the hydrodynamic behaviors of oil in the micro-pore structure during redevelopment by increasing the injection rate and changing the inlet/outlet.




2. Mathematical Model


The mass conservation equation and momentum conservation equation are described by the Navier–Stokes (N-S) equation, while the volume fraction equation was used to track the distribution of oil and water in the grid. The equations are as follows:


  ∇ · u = 0 ,  



(1)






    ∂ ρ u   ∂ t   + ∇ ·   ρ u u   = − ∇ p + ∇ ·   μ   ∇ u + ∇   u   T       + ρ g + F ,  



(2)




where u is the velocity vector,   ρ   is the density, g is the gravity acceleration, t is time, and p is the pressure. The coefficient of kinetic viscosity is   μ  .   F   represents the surface tension force.



In the VOF method, the volume indicator α is used to characterize the distribution of two-phase fluids in the computational region. When the computational cell contains the oil–water mixture, α is distributed between 0 and 1. The advection equation for the volume indicator α is written as follows:


    ∂ α   ∂ t   + ∇ ·   u α   = 0 ,  



(3)







Equation (4) was used to approximate the surface tension force per unit volume in the momentum equation:


  F = σ κ n ,  



(4)




where   κ   represents the curvature of the interface computed using the local gradients of the interface normal, and   n   is the unit normal vector of the interface. The interfacial tension between oil and water is   σ  .



The flow was laminar due to the low injection rate, and the above equations were discretized using the finite volume method. This mathematical model is widely used in the numerical simulation of micro-scale oil–water two-phase flow in pores [13,37,38].




3. Physical Model, Parameter, and Case Settings


3.1. Physical Model


Figure 1 depicts the physical model of the microporous media used in the numerical simulation. It is important to note that the porous medium model was derived from a CT scanning image. By identifying the holes in the CT scanning grayscale, we obtained the microscopic physical model of the porous medium. The microscopic pore physical model measures 0.004 m in length and 0.0033 m in width, and it features multiple micron-scale interconnected pore–throat channels. To investigate the impact of changing the injection inlet position on oil–water two-phase behavior, two injection inlets were positioned on the upper and left sides, and two outlets were positioned on the right and lower sides of the physical model.



A grid independence study was conducted in Table 1 to verify the results’ independence from the mesh resolution. Subsequently, the magnitudes of the observation velocities were compared across varying cell numbers. The simulation encompassed a total of 105,118 cells. Moreover, this paper utilized the interFoam solver from the OpenFOAM open-source fluid mechanics codebase for numerical simulation research. The numerical simulation results obtained using this solver are consistent with the experimental results [5,39].




3.2. Parameter and Boundary Settings


During the numerical simulation, unless otherwise specified, the density of the water was set to 1000 kg/m3, the density of the oil was set to 800 kg/m3, the viscosity ratio of oil to water was 10, the dynamic viscosity of the water was 0.001 m2/s, and the tension coefficient of the oil–water interface was 0.07 kg·m−2.



The residuals of physical quantities, such as velocity, pressure, and alpha, were set to 10−6 during the calculation process, and the maximum Courant number was set to 0.3. The settings of the numerical boundary conditions are shown in Table 2.




3.3. Case Settings


A microporous physical model was investigated, and its size is shown in Figure 1. To evaluate the influence of different injection velocities on enhanced oil recovery (EOR) and phase behavior in the pore-scale porous model, five cases with varying velocities were investigated. Initially, the porous media were saturated with oil. Next, water was injected from the inlet of the model, and oil flowed out from the outlet until the outlet continuously discharged water for a prolonged period, while the oil–water phase in the porous media remained unchanged. In Table 3, cases 6–25 focused on the numerical simulation of displacement by increasing the injection rate, changing the inlet/outlet positions, reducing the interfacial tension coefficient, reducing the viscosity of the water, etc., based on the water flooding results of cases 1–5. For cases 16–20, it was assumed that the water–oil phase remained immiscible, even when the surface tension was reduced.





4. Results and Discussion


4.1. Instantaneous Oil–Water Dynamic Behaviors


4.1.1. Oil–Water Two-Phase Distribution


Figure 2 shows the distribution of oil and water in various porous regions and the position of the oil–water interface at different times, namely, (a) 0.58 s, (b) 0.685 s, (c) 0.795 s, (d) 0.9 s, (e) 1.085 s, and (f) 1.22 s, with an injection rate of 0.003 m/s. Figure 2a,b indicate that, from 0.58 s to 0.685 s, the oil–water interface moves along the throat from Point a to Point b, and water flooding stops at Point b, which is roughly in the area connecting the throat and pore, due to blockage. Figure 2b,c indicate that displacement starts at Point c and moves along Throats ce and cd at 0.685 s, and the oil–water interface is blocked at Points d and e at 0.795 s. Figure 2c–f show that displacement proceeds in different throats from 0.795 s to 1.22 s, especially in Throats bg and bf at 0.9 s, in Throats fi and fh at 1.085 s, and in Throats ij and ik thereafter. Over time, the swept area increases. The oil–water interface remains at the junction of the throat and pore at the aforementioned times, with staggered displacement in different throats, resulting in blockage and the re-start of the oil–water interface in the throats. To clarify the mechanism of this phenomenon, a theoretical explanation is provided in Figure 3.



The surface tension coefficient can be calculated theoretically using Equation (1). During displacement in the throats, only the pore–throat radius changes and not the interfacial tension coefficient,   σ  , or the wetting angle,   θ  . However, the change in the pore–throat radius is so small that the water–oil interfacial tension changes insignificantly. As shown in Figure 3a, the oil–water interfacial tension is greater than 0 at a wetting angle of 45°, indicating that the capillary force is consistent with the water flooding direction, which accelerates the movement of the oil–water interface towards the pores in the throats. As the oil–water interface moves forward from the throats to the pores, its shape changes abruptly (from a red solid line to a red dotted line), as shown in Figure 3b. With further increasing the driving pressure of the fluid, the oil–water interface moves forward to the pores, as shown in Figure 3c. The interfacial tension was calculated using Equation (2). When   θ + β   is greater than 90°, the interfacial tension is negative, indicating that the water flooding direction is hindered. When the driving force formed by the fluid injection rate fails to overcome this resistance, the oil–water interface is blocked at the junction of the throat and pore. The oil–water interface moves forward when the driving force overcomes this critical surface tension. The increase in the pore channel diameter during the movement process leads to a decreased surface tension. Thus, the oil–water interface continuously moves forward in the pores.


    P   s u r f   =   σ   cos  ⁡  θ     R   ,  



(5)






    P   s u r f   =   σ   cos  ⁡    θ + β       R   ,  



(6)








4.1.2. Fluid Velocity at the Monitoring Point


Figure 4 depicts the change in fluid velocity with time at four different points in the pore–throat model of microporous media. The fluid velocities at the monitoring points in Figure 4a,d are significantly lower than those in Figure 4b,c, indicating an uneven displacement process, different displacement capacities in different pore channels, and the existence of a main water displacement path. In Figure 4a–d, the fluid velocities at different monitoring points change abruptly and are pulse-like, but they do not change significantly after 3.5 s. This is because the capillary pressure at the interface changes as the interface shape changes with the throat section size when the liquid–liquid interface moves forward in the irregular throat channel. That is, the liquid–liquid interface expands and contracts from time to time, resulting in the interface always being in a transient unbalanced state, which causes the fluid velocity to change due to the expansion and contraction of the liquid–liquid interface. Moreover, microscopic observations of seepage in the porous media indicate that the interface always strives to reach a state of minimum energy, leading to sudden jumps in the adjustment of the meniscus shape. This observation demonstrates that fluid does not flow uniformly through porous media but rather progresses in jumps (Haynes jump) [40,41,42]. It is worth mentioning that the occurrence of Haynes jump may be closely related to the fluid velocity, pore structure, and fluid viscosity ratio. The smaller the fluid flow rate, the more homogeneous the pore structure, and the lower the fluid viscosity ratio, the lower the probability of a Haynes jump occurring and the more uniform the fluid flow becomes.





4.2. Oil–Water Dynamic Behaviors in a Steady State


4.2.1. Sweep


Figure 5 displays the oil–water two-phase distribution in the micro-pore model at different injection rates after stable water flow has been established from the outlet over a long period of time. Figure 5a–e illustrate that, with an increasing injection rate, the largest swept area is formed via displacement at a fluid velocity of 0.03 m/s, and the blind side oil is formed above and below the pore model. Moreover, the displacement is complete at low velocity and insignificant at high injection rates in the fine throat located in the middle of the left side of the pore model. Figure 5a,b reveal that, at injection rates of 0.003 m/s and 0.005 m/s, the viscous force is lower than the capillary force, meaning that the flow is mainly controlled by the capillary force, resulting in a capillary fingering feature and a weakened lateral sweep effect. With a continuously increasing flow rate, especially at 0.01 and 0.03 m/s, the capillary phenomenon gradually weakens, and water enters the pore channel first, followed by both the big and small pore–throats simultaneously. The front edge of the oil–water interface advances more uniformly, forming a larger swept area. Figure 5e presents the water–oil two-phase distribution at the highest injection rate. It has a slightly smaller swept area than Figure 5d because, at high injection rates, high-water-cut channels rapidly form in the main flooding direction, reducing the swept area.



The re-displacement process was conducted after reducing the interfacial tension coefficient by a factor of ten, based on the results of the water flooding simulation in the pore model at different injection rates. Figure 6 illustrates the stable oil–water two-phase distribution at an elevated injection rate. In Figure 6a–e, the swept area below the pore model is further increased at an elevated injection rate. A small amount of residual oil is produced in the area above the pore model only in Figure 6e. This is mainly due to the fact that the water and oil phases primarily distribute above and below the pore model at different injection rates, resulting in high and low average viscosities of the fluid in the upper and lower regions, respectively. Consequently, the remaining oil below the pore model is more easily displaced at an elevated injection rate and driving force. Furthermore, with an increasing reinjection rate from 0.03 m/s to 0.5 m/s, the swept area under the pore model increases, as shown in Figure 6a–e. This indicates that an increasing water driving force can generally enhance the degree of residual oil production.



The main path of displacement can be altered by adjusting the inlet/outlet position, which can affect the oil–water two-phase distribution and recovery factor. Re-displacement is carried out at a constant injection rate by changing the inlet/outlet position based on the simulation results of the water flooding in the pore model. Figure 7 shows the oil–water two-phase distribution after adjusting the position of the outlet/inlet at different injection rates. The following was found: (1) Residual oil near the new inlet/outlet, especially the previously blocked residual oil at both sides of the inlet/outlet, was produced; the higher the injection rate, the larger the swept range. (2) Before adjusting the inlet/outlet position, a high-water-cut channel formed from left to right of the pore model, so the water still moved along the formed high-water-cut channels in the middle area of the pore model during injection and production from top to bottom. (3) It is worth mentioning that the residual oil near the inlet was produced through the middle throat, leading to oil-driven water in the middle throat and eventually changing the oil–water two-phase distribution.



The capillary force can be directly reduced by decreasing the oil–water interface coefficient, which is conducive to further residual oil production. Figure 8 shows the re-displacement after reducing the interfacial tension coefficient by a factor of ten based on the results of the water flooding simulation in the pore model at different injection rates. In Figure 8a–d, only residual oil at the bottom of the pore channel is produced after reducing the interfacial tension. However, as the injection rate increases, the area of residual oil production at the bottom also increases significantly. Figure 8e shows that residual oil is produced above and below the entire pore structure with a large swept area at the maximum injection rate. A high injection rate generates a large driving force, and a decrease in surface tension can promote the production of more residual oil in the pore channel, especially above the pore channel. According to Equation (1), the interfacial tension of the oil and water interface decreases proportionally after reducing the interfacial tension coefficient, resulting in a decrease in the water–oil interfacial tension formed in the pores and throats. The constant water driving force can overcome this new capillary force so that residual oil can be produced. Additionally, although the water–oil interfacial tension decreases, the final oil–water interfaces at different injection rates still remain at the junctions of the pores and throats on both sides of the leading high-water-cut channels, indicating that the interfacial tension remains the primary controlling force for the movement of oil and water in the pore–throats.



After the displacement process, the oil–water two-phase flow distributes stably in the porous media, forming a high-water-cut channel from left to right. Residual oil cannot be produced at this stage due to the original oil development measures. To enhance oil recovery, various methods can be employed, such as increasing water viscosity by a factor of ten, increasing the injection rate, and reducing interfacial tension. At medium/high injection rates, as shown in Figure 9b,e, increasing the water viscosity increases the average viscosity in the whole pore model. Residual oil is produced below the pore model, forming a displacement path below the pore model due to the high driving force. The viscosity in the original water flooding channel is the same as that in the residual oil pore channel, so the flooding process is influenced only by the surface tension. Residual oil is produced when the driving force is higher than the oil–water interface tension at the junction of the pore and the throat. At a low injection rate, the driving force is small, resulting in a small absolute amount of residual oil produced. Figure 10 provides further explanation of this phenomenon.



In order to investigate the impact of viscosity on the water flooding process, a schematic diagram of water and oil dynamics in ideal throats is shown in Figure 10. When a high-water-cut channel is formed in Throat A, it becomes difficult to further produce residual oil in Throat B due to the viscosity difference between oil and water (oil-to-water viscosity ratio of 10:1), as shown in Figure 10a. At a lower oil-to-water viscosity ratio (1:1), as shown in Figure 10b, the oil–water interface in Throat B moves to the right when the driving force overcomes the interfacial tension, as the residual oil viscosity in Throats A and B is the same. This is why residual oil in Throat B can be produced. The residual oil below the pore model is displaced when the oil-to-water viscosity ratio is reduced based on the formed water flooding path in the middle of the pore model in Figure 9.




4.2.2. Recovery Factor


Figure 11 compares the recovery factor in the pore model at different injection rates under different adjustment measures. It shows that, with an increasing injection rate from 0.003 m/s to 0.03 m/s, the recovery factor gradually increases from 34.78% to 49.92%, and the recovery factor decreases to 44.46% at an injection rate of 0.05 m/s; i.e., there is an optimal injection rate (0.03 m/s) at a maximum recovery factor of 49.92%. This is mainly because, at low injection rates, the capillary effect dominates, and during the injection process, capillary fingering leads to lower oil recovery. At higher injection rates, the viscous effect of the fluid dominates, and viscous fingering can cause a decrease in oil recovery. At the intermediate injection rate, the viscous effect and capillary effect balance each other, promoting the smooth advancement of the oil–water interface and achieving the highest recovery factor.



Figure 12a–d compare the total recovery factor under different measures, including increasing the injection rate, changing the inlet/outlet position, reducing the interfacial tension coefficient, increasing the water viscosity, etc. Different measures can further enhance the recovery factor to different extents. Different measures at low injection rates (0.003 m/s) increase the total recovery factor limitedly, with a maximum recovery factor of 41.96%, by only 4.06%. At a high injection rate (0.05 m/s), the maximum recovery factor of 66.82% can be obtained by reducing the interfacial tension coefficient, and different measures can achieve a higher total recovery factor. It should be noted that the absolute recovery factor was still low at a low injection rate and large at a high injection rate after adjusting the development measures; i.e., the injection rate used in the initial recovery influences the total recovery factor under the subsequent measures.



Figure 12e shows the relative enhanced recovery factor under different measures (injection rate, surface coefficient, viscosity, etc.). Although the injection rate, surface coefficient, and viscosity are increased by a factor of ten, the production of residual oil is not increased by the same factor. The recovery factor is increased relatively significantly by reducing the surface tension coefficient at a medium/high injection rate (≥0.01 m/s) and by increasing the viscosity of water at a low injection rate (<0.01 m/s).






5. Conclusions


In this paper, the VOF method was used for a numerical simulation of the oil–water two-phase dynamic behaviors of microporous media. The different development measures after water flooding were analyzed, and the influences of four measures, namely, increasing the injection rate, reducing the interfacial tension coefficient, increasing the water viscosity, changing the inlet/outlet position, on the oil–water two-phase distribution and recovery factor were investigated. The micro-mechanism was explained, and the following conclusions were drawn:




	(1)

	
In the process of micro-pore media displacement, the forward movement of the oil–water interface in the throat and pores can lead to changes in the magnitude and direction of interfacial tension. This is the direct reason for the step migration of the oil–water interface or the change in displacement channels at different times.




	(2)

	
A difference in the injection rate will lead to variations in the dominant effect of water flooding (the viscous effect or capillary effect) in porous media. This is also the direct reason why the recovery rate increases initially and then decreases as the injection rate increases.




	(3)

	
Different measures can increase the swept area and recovery factor by increasing the fluid driving force in the pores, reducing the oil–water interfacial tension, changing the oil–water path, increasing the oil–water viscosity uniformity, etc. The recovery factor can be significantly relatively greatly increased by reducing the surface tension coefficient at medium and high injection rates (≥0.01 m/s) and by increasing the viscosity of water at a low injection rate (<0.01 m/s).
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Figure 1. Physical model of the microporous media. 
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Figure 2. Oil–water two-phase distribution in the pores at injection rate of 0.003 m/s at different times. (a) 0.58 s. (b) 0.685 s. (c) 0.795 s. (d) 0.9 s. (e) 1.085 s. (f) 1.22 s. 
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Figure 3. Conceptual model of oil–water interface movement in pores and throats. (a) step 1. (b) step 2. (c) step 3. The red line in the figure represents the position of the oil-water interface. 
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Figure 4. Change in fluid velocity with time at the monitoring points. (a) point 1. (b) point 2. (c) point 3. (d) point 4. 
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Figure 5. Oil–water two-phase distribution in the pores at different injection rates. 
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Figure 6. Oil–water two-phase distribution of fluid in pores after increasing different velocities. 
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Figure 7. Oil–water two-phase distribution in the pores after changing the positions of inlet and outlet. 
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Figure 8. Oil–water two-phase distribution in the pores after reducing surface tension (0.007 kg/m−2). 
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Figure 9. Oil–water two-phase distribution in the pores after reducing oil-to-water viscosity ratio (1:1). 
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Figure 10. Schematic diagram of oil–water two-phase distribution at lower viscosity. 
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Figure 11. Change in recovery factor at different injection rates. 
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Figure 12. Comparison of recovery factor. (a) Comparison of recovery factor after increasing different velocities. (b) Comparison of recovery factor after changing the position of inlet and outlet. (c) Comparison of recovery factor after reducing surface tension. (d) Comparison of recovery factor after reducing oil-to-water viscosity ratio. (e) Change in relative recovery factor at different factors. 
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Table 1. Velocity at the monitoring points with different numbers of elements.
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	Element Number
	Point 1 Velocity

(0.00057, 0.00199)
	Point 2 Velocity

(0.00207, 0.00164)
	Point 3 Velocity

(0.00324, 0.00157)





	57233
	0.089 m/s
	0.0135 m/s
	0.0367 m/s



	105118
	0.091 m/s
	0.0152 m/s
	0.0495 m/s



	203422
	0.091 m/s
	0.0152 m/s
	0.0494 m/s
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Table 2. Boundary condition settings.
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	Physical Boundary
	Physical Quantity
	Numerical Boundary





	Inlet
	Velocity
	fixedValue



	
	Pressure
	zeroGradient



	
	Alpha
	fixedValue



	Outlet
	Velocity
	zeroGradient



	
	Pressure
	fixedValue



	
	Alpha
	zeroGradient



	Walls
	Velocity
	fixedValue



	
	Pressure
	fixedFluxPressure



	
	Alpha
	alphaContantAngle
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Table 3. Parameter settings of the investigated cases.
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	No.
	Injection Rate (m/s)
	Increase Injection Rate (m/s)
	Changing the Inlet/Outlet Position
	Decrease Interfacial Tension Coefficient (kg/m−2)
	Decrease the Viscosity Ratio of Oil to Water
	Ca





	1
	0.003
	No
	No
	No change (0.07)
	No change (10:1)
	4.2 × 10−5



	2
	0.005
	No
	No
	No change (0.07)
	No change (10:1)
	7.1 × 10−5



	3
	0.01
	No
	No
	No change (0.07)
	No change (10:1)
	1.4 × 10−4



	4
	0.03
	No
	No
	No change (0.07)
	No change (10:1)
	4.2 × 10−4



	5
	0.05
	No
	No
	No change (0.07)
	No change (10:1)
	7.1 × 10−4



	6
	0.003
	0.03
	No
	No change (0.07)
	No change (10:1)
	4.2 × 10−4



	7
	0.005
	0.05
	No
	No change (0.07)
	No change (10:1)
	7.1 × 10−4



	8
	0.01
	0.1
	No
	No change (0.07)
	No change (10:1)
	1.4 × 10−3



	9
	0.03
	0.3
	No
	No change (0.07)
	No change (10:1)
	4.2 × 10−3



	10
	0.05
	0.5
	No
	No change (0.07)
	No change (10:1)
	7.1 × 10−3



	11
	0.003
	No
	Yes
	No change (0.07)
	No change (10:1)
	4.2 × 10−5



	12
	0.005
	No
	Yes
	No change (0.07)
	No change (10:1)
	7.1 × 10−5



	13
	0.01
	No
	Yes
	No change (0.07)
	No change (10:1)
	1.4 × 10−4



	14
	0.03
	No
	Yes
	No change (0.07)
	No change (10:1)
	4.2 × 10−4



	15
	0.05
	No
	Yes
	No change (0.07)
	No change (10:1)
	7.1 × 10−4



	16
	0.003
	No
	No
	0.007
	No change (10:1)
	4.2 × 10−4



	17
	0.005
	No
	No
	0.007
	No change (10:1)
	7.1 × 10−4



	18
	0.01
	No
	No
	0.007
	No change (10:1)
	1.4 × 10−3



	19
	0.03
	No
	No
	0.007
	No change (10:1)
	4.2 × 10−3



	20
	0.05
	No
	No
	0.007
	No change (10:1)
	7.1 × 10−3



	21
	0.003
	No
	No
	No change (0.07)
	1:1
	4.2 × 10−5



	22
	0.005
	No
	No
	No change (0.07)
	1:1
	7.1 × 10−5



	23
	0.01
	No
	No
	No change (0.07)
	1:1
	1.4 × 10−4



	24
	0.03
	No
	No
	No change (0.07)
	1:1
	4.2 × 10−4



	25
	0.05
	No
	No
	No change (0.07)
	1:1
	7.1 × 10−4
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