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Completion and well spacing optimization are not 
new issues. In the past, vertical well completions 

and well spacing were decided through reservoir charac-
terization, reservoir engineering and economics. These 
methods were effective in predicting the future produc-
tion and the drainage area of each well. Today, in uncon-
ventional horizontal multistage completion wells, the 
industry has turned to using a statistical approach to eval-
uating past completions and production using Big Data. 
This approach requires hundreds of wells to determine 
the completion parameters necessary to improve eco-
nomics. Large companies can afford to gather Big Data 

on wells completed with suboptimal designs because they 
have thousands of remaining locations. Small companies 
cannot afford this methodology, the value of each well is 
too important. They are left looking over the fence, not 
knowing whether the large company is still conducting 
“experiments” or has identified an optimal design. 

The oil and gas industry is tasked with providing the 
fuel that runs the world’s economy but must also make 
a profit doing so. The profit made compared to the 
money spent determines the investor’s willingness to 
provide capital and the value of publicly traded com-
panies. Even before the recent collapse in oil price, 
the investment community had been critical about the 
return on investment (ROI) the industry was delivering. 
This was primarily due to focusing on production, with 
minimal focus on the capital being spent. 

It is time to get back to reservoir engineering, charac-
terization and economics. The first critical step is mod-
eling (predicting) the future production for various 
completion designs and the associated costs for each 
of those designs. Knowing how a change in design and 
costs affect future production enables optimizing the 
completion for economics, improving each well’s ROI. 
Reservoir and completion characterization reveal the 
drainage areas of each well and allow improved eco-
nomic well spacing, further increasing ROI. 

The process
The production decline of unconventional horizontal 
multistage wells behave similarly. There are three pri-
mary flow periods that these wells experience: early-time 
linear flow, transitional flow and late-time linear flow. 
Any of these periods may be interrupted by interference 
between wells. A detailed description of these flow peri-
ods is provided in the URTeC 2019-1142 paper. Each 
one of these flow periods tells producers something 
about the formation permeability (the system of matrix 
and natural fracturing) and the completion effective-
ness (number of dominant fractures and the average 
effective fracture half-lengths).

Using the production history of an existing well 
and reservoir modeling software, either analytical or 

Back to the basics in 
determining well spacing
Reservoir characterization through production history matching can lead 
to significant increases in economic return.

FIGURE 1. In this heat map from a case study, the past 

performance of the wells is shown at point A. Stage design 

changes were made to widen the stage spacing and increase the 

stage size. Point B is where the actual performance of the newest 

well resulted. There was a total well cost reduction of 9% and an 

increase in NPV of 67%. The knowledge gained from studying six 

wells made this improvement possible. (Source: Schubarth Inc.)
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numerical, that history is matched to 
determine the formation permeability, 
number of producing dominant frac-
tures and the average effective fracture 
half-length. If only the first flow period 
is present, there is no unique solution 
to these parameters. If only the first two 
flow periods are present, there becomes 
a few possible solutions to these values. 
If all three flow periods are present, the 
solution becomes unique. 

Individual well optimization
Once multiple wells are matched, a 
range for formation permeability and 
the effective fracture half-lengths can 
be bracketed. If different stage sizes had 
been used during the completion of 
these wells, a determination can be made between frac-
ture treatment design and effective fracture half-length 
achieved. This leads to projecting what may be possible 
from larger or smaller treatments. The cost of perform-
ing these different size treatments varies and can then be 
used to optimize stage treatment size and design.

Knowing the formation permeability and effective 
fracture half-length versus various treatment sizes, the 
reservoir model is used to forward model the produc-
tion for a wide variety of stage spacing options and 
stage treatments sizes. Utilizing the cost for each of 
these scenarios, economics can be performed to deter-
mine the profit, net present value (NPV) and ROI 
from each completion scenario, and a heat map can be 
constructed to determine in which direction economic 
improvement may be obtained (Figure 1). 

Early time production, initial potential (IP), has been 
used by the industry to guide completion design changes 
over the past decade. The magnitude of a well’s IP is 
determined by the product of the surface area of the 
producing fractures and the square-root of the permea-
bility. However, the EUR is a function of the stimulated 
reservoir volume, determined primarily by the lateral 
length and the effective fracture half-length. So IP can 
be increased by increasing the number of stages (increas-
ing the cost of the well); however, if effective fracture 
half-length is not increased, the EUR will be virtually 
unchanged. This leads to rate acceleration (over a short 
period of time) and destroying economic value.

Well spacing optimization
Optimizing well spacing begins with the same critical 
tools, reservoir characterization, reservoir engineering 
and economics. The results from the production history 
matching process are used to describe the completions 
and reservoir in the model. Well spacing is varied in 
the model, and scenarios are generated showing how 
a well bounded on both sides produces compared to a 
well in an infinite acting reservoir. The recovery for the 
bounded well is then used to generate the economics 
for wells completed at each well spacing scenario. 

Figure 2 summarizes the NPV (8%) results for differ-
ent well spacing to develop 6,400 acres using the reser-
voir parameters shown. A case is shown for an effective 
half-length (Lf) of 150 ft and 200 ft. By increasing the Lf

by only 50 ft, the optimum capital investment reduces by 
$12 million and NPV increases by $30 million.

Summary
Reservoir/completion characterization through pro-
duction history matching can lead to significant 
increases in economic return. The well count necessary 
to gain meaningful knowledge is far less than that 
needed by Big Data solutions. Understanding uncon-
ventional reservoir production decline behavior cou-
pled with the ability to forward model completion and 
well spacing changes, enables operators to optimize 
their capital investment and achieve the optimal eco-
nomic performance.  
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Well Spacing, feet

Well Cost (Lf=150 ft) = $6.4mm
Well Cost (Lf=200 ft) = $6.6mm
Net Pay = 60 feet
Porosity = 12%
Sw = 38%
Bo = 1.5 rb/stb
Oil Viscosity = 0.5 cps
Pi = 6000 psi
Pwf = 750 psi
Lateral Length = 10,000 feet
Area of Development = 6,400 acres
Net Oil Price = $35/bo
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NET PRESENT VALUE DEVELOPING 6,400 ACRESFIGURE 2. This graph demonstrates that 

increasing effective Lf can lead to large gains 

in profitability. (Source: Schubarth Inc.)


