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Manual for SAGD Proxy Modeling Software with an Example 

Vahid Dehdari and Clayton V. Deutsch 

A program was written for ranking SAGD well pair models. This program is based on approximate simulation of 
entire process using a semi analytical model based on the Butler’s SAGD theory. This tool used this theory as a 
basis, but for better predicting oil and steam production, some calibrations should be done for improving efficiency 
of this method. As a result, this tool can be calibrated automatically for finding better match between results of 
simulator and proxy. Also this tool can be used for short and long term prediction of production. 
 
Introduction 
Butler’s theory is based on the predicting steam chamber location and amount of oil production at different 
locations and different time steps. This method works only for 2𝐷 sections. For considering 3𝐷 sections, the 
interaction between different slices is neglected, and then amount of oil or steam production for different slices 
should be summed together for finding cumulative oil or steam production. This method works based on the 
location of production well. Location of injector is not important in this model, but by considering steam pressure 
the rate of heat penetration to the reservoir can be controlled. Fig. 1 shows how Butler’s model can convert a 3D 
model to different 2𝐷 sections.  

This model assumes two different periods for oil production: 1-Rising period 2-Spreading period. Rising 
period assume steam can migrate to the top of reservoir and after that during spreading period steam moves 
toward the boundary of reservoir. Most of the times, steam chamber in proxy moves faster than reservoir 
simulator. This can cause front reaches to the boundary much faster than simulator and it causes wrong prediction 
for different periods. For controlling front speed, Butler suggested to decrease the steam pressure (Bulter 1987; 
Butler, 2000). In this code, steam pressure can be adjusted automatically for preventing this problem. 
Butler’s theory cannot predict amount of steam production and as a result CSOR. For this reason, Rose’s theory can 
be used for predicting amount of steam production at different time steps. Amount of steam at different time 
steps can be predicted using the following formula (Rose, 1993): 
 

CSOR =
total heat transferred unit volume of oil⁄
enthalpy of steam unit volume of water⁄ =

(𝑇𝑠 − 𝑇𝑟)(𝐶𝑟𝜌𝑟𝑄𝑐∗ + 𝐶𝑟𝜌𝑟𝑄𝑟∗ + 𝐶𝑜𝜌𝑜𝑄𝑜∗)
𝑄𝑐∗∆𝐻𝑤𝜙Δ𝑆𝑜

 

 
In this formula, 𝑄𝑐∗ is cumulative heat to the steam chamber and produced oil from reservoir temperature 𝑇𝑟 to 
steam temperature 𝑇𝑠, 𝑄𝑟∗ is cumulative heat to the reservoir, 𝑄𝑜∗  is cumulative heat loss to over burden above 
steam chamber, 𝐶𝑟 and 𝐶𝑜 are rock and overburden compressibility respectively, 𝜌𝑟 and 𝜌𝑜 are rock and 
overburden density respectively, ∆𝐻𝑤 is difference between enthalpy of injected steam and steam at the 
production line, 𝜙 is porosity and Δ𝑆𝑜  is difference between average oil saturation and residual oil saturation. 

The proxy can be run for different purposes. In below you can see different options that we can select during 
running the proxy: 
 

1- Calibrating proxy parameters using sequential quadratic programming (SQP) 
2- Calibrating proxy parameters using simulated annealing method (Vanegas et. al, 2008) 
3- Running proxy with optimized parameters for predicting oil and steam production 
4- Calibrating proxy parameters using differential evolution optimization method 
5- Calibrating proxy parameters using particle swarm optimization method 
6- Ranking SAGD wellpair models by estimating net present value (NPV)  

 
Between all optimization options you can see for calibrating proxy, SQP is the most robust and efficient method. 
This method is a gradient method based on estimating gradient and Hessian at each iteration and finding decent 
direction in the feasibility region for minimizing objective function which is mismatch between oil and team 
production rates of proxy and simulator. Fig. 2 shows a flowchart for finding the optimal solution using SQP 
optimization algorithm. 
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For solving a nonlinear optimization problem using SQP, it should be converted to the quadratic problem (QP) 
using approximation in Taylor series. First initialize the values of x (initial feasible solution) should be selected. 
Then QP problem should be solved for finding search direction. Step length can be obtained by minimizing merit 
function and after that initial solution can be updated by the following formula: 
 

𝑥𝑘+1 = 𝑥𝑘 + 𝛼𝑘𝛿𝑘 
 
If decreasing in the objective function of two successive iterations is not significant algorithm will stop, otherwise 
procedure with new initial solution which is the updated solution should be continued till we find the optimal 
solution.  

Other methods such as simulated annealing, differential evolution and particle swarm are based on 
generating a population and finding objective function for each of those cases and then improving the best of 
them in the iterative process. These methods are much slower than SQP, but as an advantage they will not stuck in 
local minimums and trying to find global minimum, but running time may be very large. Considering methodology 
of these methods and comparing them to each other is not objective of this paper. 

Also ranking SAGD realization is a very important option in this tool. Realizations can be ranked based on 
their net present value (NPV). NPV can be obtained using the following formula: 
 

𝑁𝑃𝑉 = �
𝜈𝑜𝑄𝑜𝑖 − 𝜈𝑤𝑄𝑤𝑖

(1 + 𝑟)𝑡𝑖

𝑁𝑡

𝑖=1

 

 
In this formula, 𝑖 is time step index, 𝑁𝑡 is total number of time steps, 𝑟 is discount rate, 𝑡𝑖 is cumulative 
time since start of production, 𝜈𝑜 and 𝜈𝑤 are price of oil and cost of steam production, 𝑄𝑜𝑖  and 𝑄𝑤𝑖 are 
total oil and steam production over the time step ∆𝑡𝑖. Using this formula, all of important factors can be 
considered. 
 
Proxy program 
This program is similar to the Gslib programs. Especially format of input data file is completely the same as Gslib 
format. Origin as all Gslib data files for gridded data is at the bottom left. Parameter file is pretty different from 
Gslib parameter files. There are many parameters in the data file, but the order of them is not important most of 
the time, although it is better to keep the order same as it is. Double star ** in each line of parameter file means 
that line is only comment for users and software will not read that line. 

The last line of parameter file should be the ENDSET keyword and all of keywords after that will be 
skipped by program. In below you can see explanations for different lines of parameter file. 
 

 
 
On Line 1 you can set a name for project. On Line 2 a prefix can be set for debugging file. This can be useful when 
you have a script and you want to generate different files with different names. On Line 3 number of data sets can 
be set. When we like to calibrate proxy using several data sets, like P10, P20, …, P90 we can define number of data 
set in this line. On Line 4 random seed number can be set. This option is useful when we are using calibrating 
algorithms such as simulating annealing, differential evolution or particle swarm, but SQP does not need any 
random number for calibration. 
 

 
 
On Line 5 frequency for reporting results can be defined. This number should be the same as reporting frequency 
for STARS or any other simulator results. Final time step (days) can be set on the Line 6. Also minimum time for 
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producing from well can be defined on Line 7. After that if water cut is greater than 0.95, well will be shut 
automatically and all production or injection rates set to the zero.  
 

 
 
In this case, five different factors have been selected for calibrating proxy. Basic Butler’s theory cannot predict 
rates very well and for predicting oil and steam rates, proxy should be calibrated with simulator results. For this 
reason these factors have been selected for this version of software. These five factors can be set on Lines 8-12. 
AFR and AFS are calibrating parameters for oil production during rising and spreading periods. PERMF is for 
calibrating average of permeability for each time step. Using this factor geomechanical effects as a result of 
changing permeability by changing reservoir temperature can be considered. AFCSOR is a factor for calibrating 
CSOR by changing enthalpy difference between steam inside the reservoir and steam at the production line. Finally 
AFPRESS is a factor for calibrating steam injection pressure. In this proxy, most of the times steam chamber moves 
faster than steam chamber in the reservoir simulator. For this reason Butler (1987) suggested that steam pressure 
should be decrease for preventing quick steam chamber movement. There are three different values in front of 
each of these factors. Second and third ones are the constraints of each factor. For simulated annealing method, 
first value can be cause different values for the second and third columns. First value is option for generating 
population from specific distribution. All of these distributions have two values except uniform distribution 
(constant) which has one value and triangular distribution which has 3 values. In below you can see what the next 
columns are by choosing the first value: 
 
0 for constant (cte) 
1 for uniform (xmin,xmax) 
2 for triangular (xmin,xmod,xmax) 
3 for normal (xmean,xst) 
4 for lognormal (xmean,xst) 
 
For example if the first value is 1 (uniform distribution) the second and third values are minimum and maximum 
values. Also if first value is 3 (normal distribution), the second and third values are mean and standard deviation 
for that normal distribution. 
 

 
 
On Line 13 you can set the program mode. If we just want to run the code for predicting the oil and steam 
production, mode 3 should be selected and calibrating values can be set in the second column on the lines 8-12. 
Also options 1, 2, 4 and 5 are for calibrating the parameters using sequential quadratic programming (SQP), 
simulated annealing, differential evolution (DE) and particle swarm (PS) respectively. Option 6 can be used if the 
code should be used for ranking reservoir realizations. Lines 14-15 can be used for SQP calibration method. On Line 
14 perturbation parameter can be selected for computing gradients. This value should not be very small or very 
large because objective function is highly nonlinear and if this value is very small, algorithm will stuck on the local 
minimums. 0.001 is a reasonable assumption for perturbation parameter. On Line 15 we can define which 
parameters should be used for calibration. 1 means that parameter should be in the calibration and 0 shows that 
parameter should not participate in the calibration process. Lines 16-22 can be used for calibration using the 
simulated annealing method. Between all of calibration methods, SQP is the best and most efficient of them. 
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If program mode is 6 (ranking realization) on Lines 23-27 ranking parameters and files can be defined. On Line 23 
the file path of different geological models can be set. Format of this file is the same as Gslib format. In below you 
can see an example for this file: 

 
 

Each of these files has a format such as the below figure: 

 
 

Geological file has 7 different columns and the format is the same as format of Gslib files. Number of data rows 
equal to the number of grids and the reference point is bottom left grid. On Line 24, number of realizations for 
ranking can be defined. Also on Lines 25-27 oil price/m3, steam production price/m3 and discount rate can be 
defined for computing net present value (NPV). Because most of the times ranking should be done based on the 
NPV and it is more reliable parameter compare to the oil production rate. 
 

 
 
If proxy should be used just for calibration, having simulator results is necessary. For this reason, format of 
simulator results should be changed based on the Gslib format. For this reason, time steps, oil rate (SC), 
cumulative oil rate (SC) and cumulative steam oil ratio are necessary. In below you can see an example for this file: 
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Also if we have a single (or multiple) models for calibration or a single model for prediction, the path of files should 
be defined on the Line 29 or after that respectively. Format is the same as geological files format for ranking. 
 

 
 
On Lines 30-35 the number of grids and grid increment in different directions can be set. In proxy we should 
discretize number of grids in the x and y directions. Number of grids in the y direction is always constant and it is 
equal to the number of grids in the simulator, but number of grids in the x direction is pretty sensitive and has 
effect on the final results, for this reason on the Line 36 you can change it as variable and check sensitivity of 
results by changing this value. 0 is a default value for this parameter. As we talked before, this proxy considers a 
box above the wells and center of this box can be the same for all of slices of a 3𝐷 model or it can be defined on 
the Line 41 by defining well trajectory file path. In the case of fix window, boundary of window can be defined on 
the Lines 37-39 and well is at the bottom-center of this box. In the case of variable window size for different slices, 
still boundary is the same as Lines 37-39, but well path is not at the bottom-center of this box and it can be defined 
by well trajectory in the trajectory files and path can be specified on Line 41. Also Line 40 can be used for defining 
well trajectory direction. 
 

 
 
On Line 42 number of facies can be defined. Facies numbers should be started from 1 and facies 1 is sand and the 
last number is shale. On Line 43 we can define that PVT table or correlation should be used for calculating PVT 
properties. 0 means using correlation and one means using PVT table. Also if PVT table should be used, on Lines 
44-45 number of PVT tables and the path of PVT tables should be defined. If there are multiple PVT tables, all of 
them should be stored in the same file after each other. On Line 46 residual oil saturation for different facies can 
be defined. Number of values should be equal to the number of facies. 
 

 
 
On Line 47 initial reservoir temperature can be set. On Line 48 number of thermal rock types can be defined. 
Thermal rock type number can be defined based on the volume of the shale (Computer Modeling Group manual). 
For this reason, volume of shale can be computed for each block based on the value of effective porosity, then 
using shale threshold thermal rock type number can be defined. For example, in this case there are 7 different 
thermal rock types. For this reason, 6 thresholds have been defined on Line 50. As an example if shale volume is 
less than 5%, that cell has thermal rock type number 1 and if shale volume is between 5%-20%, thermal rock type 
number is 2. On Line 50 thermal conductivity for each of these thermal rock types can be defined. Also on lines 51-
53 water, oil and overburden thermal conductivities can be defined respectively. On Line 54 heat capacity of 
different thermal rock types should be defined. Finally oil fluid heat capacity and overburden heat capacity should 
be set on Lines 55-56. 
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On Lines 57-59 oil API density, oil formation volume factor and fraction of water oil ratio to steam oil ratio can be 
set. WRS value is usually equal to 1 and does not have too much effect on this version of program. 
 

 
 
On Line 60 steam chamber pressure should be set. Also steam quality should be set on Line 61. Temperature of 
production fluid should be set on Line 62. This value can be used for computing enthalpy of fluid at production line. 
If there is any startup period for steam injection, startup time can be defined on Line 63. All keywords after 
ENDSET on line 64 will be ignored. 
 
Example 
For case study, 100 synthetic 3𝐷 SAGD models (based on a realistic model) have been selected. These models have 
grid dimension of 26 × 32 × 83. Grid size in 𝑥, 𝑦 and 𝑧 directions are 25 𝑚, 2.5 𝑚 and 1 𝑚. There is pinchout at 
the bottom of the reservoir and also top water and top gas existed above the oil zone for all of them. 21 PVT 
regions existed for each of these models. Also 2 different facies existed in this reservoir with 7 different thermal 
rock types. Each facies has a separate relative permeability curve. Grids of the simulator model are corner point 
grids, but in this model we assumed grids are orthogonal and because in the corner point model all of grids (except 
grids at the pinchout) have pretty the same size, orthogonal model is a good assumption. Fig. 3 shows one of these 
models from top and also size of grids for one slice in the 𝑧 direction. As you can see, grid size for all of grids in the 
𝑧 direction is 1. 

Also Fig. 4 shows 2𝐷 facies model and well locations for one slice of one of these models along well 
direction. As you can see, well location is pretty at the center in the horizontal direction. 
In this example, different sections have been considered separately. Then results of different sections added 
together for finding cumulative oil and cumulative steam rate.  
In this study, proxy has been used for ranking reason. Most of the parameters and data files have been shown in 
the previous section. As we said before, thermal rock types can be defined based on the values of effective 
porosity for different cells. Fig. 5 shows a 2𝐷 map of thermal rock type numbers for one of these realizations. This 
computation can be done internally in the software and user does not need to enter thermal rock types to the 
model. 

As a result, you can see all ranking results in a separate file with the name similar to the debug file name. 
Fig. 6 shows a sample of result file for ranking realizations. As you can see, you have different information about oil 
and steam production and computed NPV for each realization. 
Running time for running proxy is about 40 seconds which is much smaller than the simulator running time which 
is about than 12 hours. 
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Figure 1: Butler’s model assumes no interaction between different slices in a 3𝐷 model 

 

 
 

Figure 2: Flowchart for finding the optimal solution using SQP optimization algorithm 
 

 
 

Figure 3: Model from top and also grid thickness for one slice in the 𝑧 direction 
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Figure 4: 2𝐷 facies model and well locations for one slice of model along well direction 
 

 

 
Figure 5: 2D map of thermal rock type numbers for one of the realizations 

 
 

 

 
 

Figure 6: Sample of result file for ranking realizations 
 

 


