The Journal of Open Source Software

DOI: 10.xxxxxx/draft

Software
= Review &7 5
= Repository @
= Archive 7 6

Editor: Jayaram Hariharan @@
Reviewers:
= @mgcooper

= @amandersillinois

Submitted: 16 September 2023 14
Published: unpublished 15

License
Authors of papers retain copyright
and release the work under a 18
Creative Commons Attribution 4.0
International License (CC BY 4.0).

19

20
21

22

23
24
25

26

27
28
29
30

31
32
33

34

36

Pywaterflood: Well connectivity analysis through
capacitance-resistance modeling

Frank Male ©®19

1 Pennsylvania State University, University Park, PA, USA 9§ Corresponding author

Summary
Well connectivity analysi---- many applications for subsi*~¥~~2 energy, from wa ods to
CO, floods to geotherm “apacitance Resistance Moc re useful for performing we"

connectivity analysis with mited information about the geoiogy of the reservoirs involve
They are so-c>!lad because the equations describing well influence mimic a network of capacitors
and resistors

Pywaterflood is a Python package that uses Capacitance Resistance Modeling to estimate wel
connectivity. The CRM submodule forms the bulk of this package. It can perform capacitancc
resistance modeling with differing levels of complexity, from assuming that producing and
injecting wells share one universal time constant, to each producer has the same time constant
with all injectors, to each producer-injector pair has an its own time constant. CRM was
developed by Yousef et al. (2006). The MPI submodule uses a geometrical model of well
influence (Valko et al., 2000), extended and applied to reservoirs with both injecting and
producing wells (Kaviani & Valké, 2010).

Statement of need

Interwell connectivity analysis is important for understanding the geology of subsurface systems.
This can be used to improve oil recovery efficiency (Albertoni & Lake, 2003), better sequester
CO, (Tao & Bryant, 2015), and optimize geothermal fields (Akin, 2014).

Pywaterflood uses a reduced-physics model to match connections between injecting and
producing wells. As explained in Holanda et al. (2018), capacitance-resistance modeling
provides a method for connectivity analysis sophisticated than empirical decline analysis,
but more approachable than full reservoir s..vu: ation.

There is another publicly available tool for capacitance resistance modeling reservoirs like

pywaterflood (Sayarpour, 2008). However, that tool comes in the form of an Excel workbook

and no associated license. This python package provides more extensibility and better perfor-

~ance than an Excel file. There are other programs for nerforming waterflood analysis with
in the industry, but they are not open sourced wailable for researchers to use.

The pywaterflood library can perform the following tasks:

1. Estimate connectivity between wells in fluid or pressure communication

2. History-match and forecast the production of wells in waterfloods, CO, floods, or
geothermal fields

3. Provide purely geometric estimates of well connectivity before production data is available
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Matthew Cooper
While I recognize that the purpose of the software is to analyze waterfloods, “waterfloods” is still too specialized for the opening sentence. Users like myself may want to learn about the concept first. Suggest to move the “from waterfloods to C02 floods …” statement to the end of this paragraph and some additional editing to tie it together.

Matthew Cooper
If CRM is used other than to refer to the submodule, please add a parenthetical defintion (CRM). If only used to refer to the submodule, then please ensure the same font is used in all cases (e.g., Courier).


Matthew Cooper
It would be helpful to define what “well connectivity” is right away, e.g., in the opening sentence.

Matthew Cooper
capacitance-resistance modeling is capitalized elsewhere but not here.

Matthew Cooper
Add reference

Matthew Cooper
Add reference

Matthew Cooper
Add reference

Matthew Cooper
General remarks:

- Please define all jargon in the Summary and provide the reader with a broader understanding of the topic. See the JOSS paper guidelines for the Summary: “summary describing the high-level functionality and purpose of the software for a diverse, non-specialist audience.”

- Please add a reference to at least one paper following each sentence in the introduction.

- Please add a section 

Matthew Cooper
suggest “which is more sophisticated”

Matthew Cooper
suggest: “but they are not open source or publicly available.”

Matthew Cooper
Is this CRM the submodule or the broader concept?
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This project relies on the following open-source Python packages: NumPy (Harris et al., 2020;
Walt et al., 2011), SciPy (Virtanen et al., 2020), and pandas (McKinney, 2010). It also uses
the Rust crates ndarray, numpy, and pyo3.
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Matthew Cooper
“modeling” is capitalized elsewhere but not here.

Matthew Cooper
Which “CRM” is this?

Matthew Cooper
Ducan or Duncan?
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