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Homework #7
In this homework the end effect is added to the Case 2 of Homework # 3 (Buckley-Leverett explicit solution).
Figure 1, shows a plot of water saturation profile as a function of distance along path of flow at every five time steps for the two cases, HW#7 with the end effect and HW#3 without the end effect. The results for both cases are exactly the same, until the water front arrive to the last node and water begins to accumulate for case HW#7 (t = 3 days). The end effect prevents the water to move in the last node, increasing the water saturation, and the curve for each case separates. When the water saturation is greater than Swx, water begins to flow out of the last node and water saturation decrease. There is a point when the two solutions coincide after the end effect. A detailed plot showing the differences between the two cases is shown in Figure 2. 
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Figure 1. Water saturation profile along the path of flow at every five time steps
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Figure 2. Water saturation profile along the path of flow, showing differences between end effect (HW#7) and no end effect cases (HW#3)
The oil recover factor was calculated for both cases as the cumulative oil production divided by the original oil in place. The cumulative oil production is obtained from oil production rate, which is calculated using the following expression,
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and, 
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; the oil fractional flow
The original oil in place is calculated as,
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Then the cumulative oil production is calculated for each time step, adding the product of oil production rate by time step of all the previous time steps.
Figure 3 shows a plot of oil recovery factor as a function of time, for both cases. A linear behavior of the oil recovery factor versus time is observed at the beginning of the process, indicating a constant oil production rate, until the water front arrived to the last node. The time interval between 3 and 4 days show a separation of the two curves. The case with end effect (HW#7) shows a greater recovery, because the water is retained in the last node allowing more production of oil (extending the linear behavior). The following release of water (when Sw,IMAX > Swx) reduce the production of oil, and the solution for both cases becomes equal.
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Figure 3. Oil recover factor as a function of time, HW#7 with end effect, HW#3 without end effect
MATLAB script 

%===== PEGN513_HW7.m

%

% 1D Buckley-Leverett solution using Explicit Upstream Weighted Formulation

%

% a condition is added to the last node, so it does not produce until is Sw

% is greater than Swx

%

% by Luis Zerpa

% October 26th 2009

%
clc,close all,clear all

% INPUT

krw_ast = 0.10; krow_ast = 0.70; nw = 1.5; no = 2.5; Sorw = 0.30;

Swr = 0.25; Swx = 0.5;

viscosity_water = 0.6; % cp

viscosity_oil = 2.4; % cp

% 1D core

area = 100; % ft^2

porosity = 0.2;

inj_rate = 200; % ft^3/day

IMAX = 20;

delta_x = 5; % ft

timeStep = 0.1; % days

MAXtimeSteps = 100;

% Initialization

Sw = Swr*ones(1,IMAX);

So = (1-Swr)*ones(1,IMAX);

% Calculations

% Total interstitial velocity

ut = inj_rate/(area*porosity); % ft^3/day

% 1D Buckley-Leverett solution using Explicit Upstream Weighted Formulation

Fw(1,:) = FractionalFlow1D(Sw(1,:),Swr,Sorw,krw_ast,krow_ast,nw,no,...

    viscosity_water,viscosity_oil);

for n = 2:MAXtimeSteps+1

    Fw_half = 1;

    Sw(n,1) = Sw(n-1,1) - timeStep*ut*(Fw(n-1,1) - Fw_half)/(delta_x/2);

    Sw(n,2:IMAX) = Sw(n-1,2:IMAX) - timeStep*ut*(Fw(n-1,2:IMAX) - Fw(n-1,1:IMAX-1))/(delta_x);

    Fw(n,:) = FractionalFlow1D(Sw(n,:),Swr,Sorw,krw_ast,krow_ast,nw,no,...

    viscosity_water,viscosity_oil);

end

% Oil Recovery Factor

qt = ut*area*porosity; % ft^3/d

qo = qt*(1-Fw(:,IMAX)); 

cum_o = 0;

for i = 2:MAXtimeSteps+1

    cum_o(i) = cum_o(i-1) + qo(i)*timeStep;

end

RFo_2 = cum_o/OOIP*100;

%==========================================================================

% Case with End Effect

% 1D Buckley-Leverett solution using Emplicit Upstream Weighted Formulation

Sw_HW7 = Swr*ones(1,IMAX);

Fw_HW7(1,:) = FractionalFlow1D(Sw_HW7(1,:),Swr,Sorw,krw_ast,krow_ast,nw,no,...

    viscosity_water,viscosity_oil);

for n = 2:MAXtimeSteps+1

    Fw_half = 1;

    Sw_HW7(n,1) = Sw_HW7(n-1,1) - timeStep*ut*(Fw_HW7(n-1,1) - Fw_half)/(delta_x/2);

    Sw_HW7(n,2:IMAX) = Sw_HW7(n-1,2:IMAX) - timeStep*ut*(Fw_HW7(n-1,2:IMAX) - Fw_HW7(n-1,1:IMAX-1))/(delta_x);

    Fw_HW7(n,:) = FractionalFlow1D(Sw_HW7(n,:),Swr,Sorw,krw_ast,krow_ast,nw,no,...

    viscosity_water,viscosity_oil);

    % New condition: End Effects

    if Sw_HW7(n,IMAX) < Swx & Fw_HW7(n,IMAX) > 0

        Fw_HW7(n,IMAX) = 0;

    end

end

% Plot Water Saturation as a function of time

figure, hold on, grid on

for i =1:5:MAXtimeSteps+1

    plot([delta_x/2:delta_x:delta_x*(IMAX-1/2)],Sw_HW7(i,:),'r-')

    plot([delta_x/2:delta_x:delta_x*(IMAX-1/2)],Sw(i,:),':')

end

axis([0,IMAX*delta_x,0,1])

axis square

xlabel('Distance along path of flow (ft)')

ylabel('Water Saturation (fraction)')

legend('HW#7','HW#3')

figure, hold on, grid on

for i =30:45

    plot([delta_x/2:delta_x:delta_x*(IMAX-1/2)],Sw_HW7(i,:),'r-')

    plot([delta_x/2:delta_x:delta_x*(IMAX-1/2)],Sw(i,:),'-.')

end

axis([0,IMAX*delta_x,0,1])

axis square

xlabel('Distance along path of flow (ft)')

ylabel('Water Saturation (fraction)')

legend('HW#7','HW#3')

% Comparison of Oil Recovery Factors

qo_HW7 = qt*(1-Fw_HW7(:,IMAX));

cum_o_HW7 = 0;

for i = 2:MAXtimeSteps+1

    cum_o_HW7(i) = cum_o_HW7(i-1) + qo_HW7(i)*timeStep;

end

RFo_HW7 = cum_o_HW7/OOIP*100;

figure, hold on

plot([0:timeStep:timeStep*MAXtimeSteps],RFo_HW7,'r-')

plot([0:timeStep:timeStep*MAXtimeSteps],RFo_2,':')

xlabel('Time (d)')

ylabel('Oil Recovery Factor (%)')

grid on

legend('HW#7','HW#3',0)
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