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1. Introduction  

1.1 The purpose of this document 
We built ResFrac to help operators make optimal decisions regarding hydraulic fracture design, well 

placement, and reservoir engineering. Information is valuable when it: (a) impacts a decision, and (b) 

that decision impacts your objectives. For example, an ƻǇŜǊŀǘƻǊΩǎ ƻōƧŜŎǘƛǾŜ may be to maximize net 

present value (NPV), internal rate of return (IRR), or investment efficiency (NPV divided by spending). 

Every ResFrac project should begin by planning a workflow that will help your company make better-

decisions and improve its performance measured against its objectives. Focus on άȅƻǳǊ ŎƻƳǇŀƴȅΩǎέ 

ƻōƧŜŎǘƛǾŜǎΣ ƴƻǘ άȅƻǳǊέ ƻōƧŜŎǘƛǾŜǎΤ ŀƭƛƎƴ your personal ƻōƧŜŎǘƛǾŜǎ ǿƛǘƘ ȅƻǳǊ ŎƻƳǇŀƴȅΩǎ objectives! 

Economic optimization is part of ƻǇŜǊŀǘƻǊǎΩ process of continuous improvement (McClure, 2021). 

Operators evolve their completion and well designs over time. Over years, this has led to dramatic 

improvement in production and lower cost. This evolution has largely been accomplished with trialing 

changes, measuring performance, and iterating. ResFrac allows you to trial a design digitally before 

testing it in the field. It can help optimize the design, inspire good ideas, and rule out bad ones.  

This document is designed to give a new ResFrac user the tools that they need to succeed. It describes 

what ResFrac does and how to use it. WŜ ŎƻǾŜǊ ƳǳŎƘ ƳƻǊŜ ǘƘŀƴ Ƨǳǎǘ Ψōǳǘǘƻƴ ǇǊŜǎǎƛƴƎΦΩ ¦ǎƛƴƎ wŜǎCǊŀŎ 

successfully requires high-level engineering skills: how to design and execute a modeling workflow, how 

to think critically about problems, and how to communicate the results.  

Our company philosophy is to constantly stive for improvement. As part of that, we record and update 

ΨƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘΩ ŀƭƻƴƎ ǘƘŜ ǿŀȅΦ This document relates nuggets of hard-earned wisdom.  

The ResFrac simulator embodies a set of physical relations and a conceptual model for what is 

happening in the subsurface and why. This approach is a synthesis of the engineering and scientific 

knowledge available in the literature, as well as our experience applying the tool to practical problems 

and field datasets. Because of the limited information inherent to subsurface engineering, there is not 

always universal consensus on every issue. In the ResFrac Technical Writeup (McClure et al., 2021) and 

our reŎŜƴǘ άCǊŜǉǳŜƴǘƭȅ !ǎƪŜŘ vǳŜǎǘƛƻƴǎέ ǇŀǇŜǊ όaŎ/ƭǳǊŜ Ŝǘ ŀƭΦΣ нлнлύ, we explain the key physics 

embodied in ResFrac and explain why certain choices have been made. ResFrac offers a wide variety of 

options and physics, depending on user preference and geologic setting. But ultimately, we do our best 

to lay out for users how we believe the tool should be best applied.  

wŜǎCǊŀŎΩǎ ǳƴƛǉǳŜ ŎŀǇŀōƛƭƛǘȅ ƛǎ ǘƘŀǘ ƛǘ Ŧǳƭƭȅ ƛƴǘŜƎǊŀǘŜǎ ŀ ΨǘǊǳŜΩ ƘȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎ ǎƛƳǳƭŀǘƻǊ ǿƛǘƘƛƴ ŀ 

multiphase reservoir simulator (as well as including a wellbore simulator). In many applications, such as 

in shale and Enhanced Geothermal Systems (EGS), there is a tight relationship between fracture 

processes (propagation, stress shadowing, proppant transport, and flow) and reservoir processes 

(depletion, multiphase flow, thermal drawdown). It is extremely advantageous to describe everything in 

a single integrated package, rather than breaking the problem off into pieces solved by separate 

simulators. In legacy workflows, transfers of information between different simulators involve 

inconvenience and loss of information (for example, they typically use different meshes). But more 

important, many real-life processes involve all the key physics happening at the same time. They cannot 

be modeled by separate software packages that break off different pieces of the physics. For example, 

frac hits involve fracture mechanics (stress shadowing from fracture reopening) simultaneous with 

multiphase flow (water displacing oil/gas in the parent frac), proppant remobilization, and cross-flow 



 

 9 resfrac.com 555 Bryant St. #185 Palo Alto, CA 94301 

 

through the wellbore. This process cannot be modeled with either a pure fracturing simulator, nor a 

ǇǳǊŜ ǊŜǎŜǊǾƻƛǊ ǎƛƳǳƭŀǘƻǊΦ !ƭǎƻΣ wŜǎCǊŀŎ ƛǎ ŀ ΨǘǊǳŜΩ ƘȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎ ǎƛƳǳƭŀǘƻǊΦ ²Ŝ ƳŜǎƘ ŎǊŀŎƪǎ ŀǎ 

cracks and solve transport and deformation equations designed for cracks. Sometimes, codes perform 

continuum based geomechanics simulation and call it a hydraulic fracturing simulator; that is not a 

hydraulic fracturing simulator! Hydraulic fractures are not bands of high permeability rock. 

Since it was first commercialized in 2018, ResFrac has been applied in projects with over 30 companies ς 

including most of the top 10 oil producers in the US. ResFrac has been applied in the shale plays: 

Midland Basin, Delaware Basin, Duvernay, Eagle Ford, Bakken, SCOOP/STACK, Montney, Marcellus, 

Utica, Powder River, Haynesville, and Vaca Muerta; for optimization of EGS resources; and in projects for 

hydraulic fracturing in conventional reservoirs. 

Even if you are not a ResFrac user, you may still find this document to be a valuable resource. It covers 

material that is broadly applicable for anyone working in subsurface engineering: (a) structuring and 

executing a modeling study and (b) the key physics and issues around hydraulic fracture design and 

optimization in shale (and EGS). Everything is focused on our overriding goal: to make optimal, practical 

design decisions that impact economic performance. 

 

1.2 List of resources 
Here are the resources available to you as a ResFrac user: 

1. This document ς what you need to know to be a successful ResFrac user 

2. The online ResFrac fundamentals training course ς recorded videos of a three-day training 

course (https://www.resfrac.com/resfrac-fundamentals-simulation-training) 

3. Help content built into the user-interface ς detailed documentation of every single input 

parameter 

4. The ResFrac technical writeup ς a detailed description of the equations solved by ResFrac, along 

with citations to the literature (https://arxiv.org/abs/1804.02092) 

5.  άNuances and frequently asked questions in field-scale hydraulic fracture modelingΣέ SPE-

199726-MS ς covers some of the most commonly asked questions about the ResFrac simulation 

approach and results 

6. Other ResFrac videos (https://www.resfrac.com/videos) 

a. ΨwŜǎCǊŀŎ ¦ǎŜǊǎ DǳƛŘŜΩ ς a one-hour intro video 

b. Ψ¢ƘŜ /ŀǎŜ ŦƻǊ tƭŀƴŀǊ CǊŀŎǘǳǊŜ aƻŘŜƭƛƴƎΩ ς the technical basis for why we use planar 

fracture modeling, rather than complex fracture network modeling 

c. Ψ.Ŝǎǘ tǊŀŎǘƛŎŜǎ ƛƴ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ 5CL¢ ¢Ŝǎǘǎ ŦƻǊ {ƘƳƛƴΣ tŜǊƳŜŀōƛƭƛǘȅΣ ŀƴŘ tƻǊŜ 

tǊŜǎǎǳǊŜΩ ς our recommended procedure for interpreting DFIT tests 

d. ΨhŦŦƛŎŜ IƻǳǊ IƛƎƘƭƛƎƘǘǎΩ ŀƴŘ ΨCǳƭƭ hŦŦƛŎŜ IƻǳǊ wŜŎƻǊŘƛƴƎǎΩ ς recordings of our regularly 

ǎŎƘŜŘǳƭŜŘ wŜǎCǊŀŎ ΨƻŦŦƛŎŜ ƘƻǳǊǎΩ ǎŜǎǎƛƻƴǎ ǿƛǘƘ ǳǎŜǊǎ 

7. The ResFrac blog ς short articles on a variety of topics relevant to users 

(https://www.resfrac.com/blog) 

Aside from our ResFrac content, there are several reference books that we recommend for learning the 

fundamentals. They are: Hydraulic Fracturing by Smith and Montgomery, Reservoir Stimulation edited 

https://www.resfrac.com/resfrac-fundamentals-simulation-training
https://arxiv.org/abs/1804.02092
https://www.resfrac.com/blog
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by Economides and Nolte, Reservoir Geomechanics by Zoback, and Fundamentals of Rock Mechanics by 

Jaeger, Cooke, and Zimmerman.  
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2. Onboarding Process for New ResFrac Users 
If you are looking for a quick overview, refer to Section 2.1. If you are planning to be a serious ResFrac 

user, refer to Section 2.2. Please invest the time to review these materials. It will pay off! 

 

2.1 Time-efficient overview 
For a time-efficient, general overview of ResFrac, refer to Sections 1.1 (general overview), 3 

(applications), 4 (the workflow), 5 (the user interface), and 7.1 (overview of technical capabilities). This 

procedure is intended for someone who wants to be more familiar with ResFrac, but plans to be only a 

casual user. 

 

2.2 Onboarding process for a ResFrac user 
If you are planning to use ResFrac for a modeling study, it is strongly recommended that you follow the 

onboarding procedure outlined in this section. We want to equip you with all the tools needed to be 

successful. If you are already an experienced ResFrac user, you will still find it useful to go through this 

material.  

We recommend a four-week process. You can go faster or slower, depending on your schedule. As you 

go through the material, keep a list of questions or topics for discussion. Email us at 

support@resfrac.com, and we will schedule weekly calls. On the calls, ask the questions that you wrote 

down. Optionally, you could prepare short PowerPoint presentations to review your results. Check out 

Sections 6.5 and 10 for guidelines on making presentations. 

 

Week 1  

Read Sections 1-7 of this document. While reviewing Section 5, open the ResFrac user interface and 

follow along. Experiment and run a few different simulations and visualize the results. Watch Modules 

2-4 of the ResFrac Simulation Training at <https://www.resfrac.com/resfrac-fundamentals-simulation-

training>. Optionally, also watch Module 5. 

 

Week 2 

Go through the detailed worked tutorial on setting up a simulation in Section 10 of this document. Read 

the material in Section 8 and begin the history matching process. If you prefer to watch a video, 

optionally watch Modules 6-10 from the recorded ResFrac Simulation Training at < 

https://www.resfrac.com/resfrac-fundamentals-simulation-training>. 

 

Week 3 

Complete the history match. Read Section 9 and plan the design optimization sensitivities. 

mailto:support@resfrac.com
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Week 4 

Perform the design optimization sensitivities and analyze the results.  

 

Week 5+ 

LŦ ȅƻǳ ŘƛŘƴΩǘ ŦƛƴƛǎƘ ǘƘŜ Ŧǳƭƭ tutorial ƛƴ р ǿŜŜƪǎΣ ŘƻƴΩǘ ƎƛǾŜ ǳǇΗ YŜŜǇ ƎƻƛƴƎΣ ŀƴŘ ŀǎƪ ŦƻǊ ǳǎ ƘŜƭǇ ŀǎ ƴŜŜŘŜŘΦ 
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3. Applications of ResFrac 
ResFrac is designed to help companies make critical decisions regarding hydraulic fracture design and 

field development. These decisions drive the overall economic performance of the play. Literally, billions 

of dollars are at stake.  

Always start a modeling study by asking what question you want to answer and develop a game plan. 

The modeling study will be valuable if it impacts a decision, and that decision is important to your 

objectives (typically, economic performance).  

 

3.1 Design optimization 

3.1.1 Physics-based and data-driven approaches 

Why should you use ResFrac? Why should you use a simulator at all? 

The following passage (quoted from McClure et al., 2020) discusses the different ways that operators 

make decisions: 

ñIn shale, the main parameters for hydraulic fracture design and optimization are 

perforation cluster spacing, well spacing (vertical and horizontal), perforation cluster 

design, proppant mass, fluid volume, injection rate, fluid type, and well/cluster 

sequencing. When considering parent/child wells, additional considerations include 

preloading, protection fracs, and modification of frac design and well spacing to account 

for prior depletion. These design decisions interact with complex, tightly coupled 

physical processes, such as fracture propagation, proppant placement, wellbore dynamics, 

geomechanical stress changes, and multiphase fluid flow. These processes are strongly 

impacted by the petrophysical properties of the formation. Design optimization integrates 

all of these factors with economic variables related to cost and revenue (Kaufman et al., 

2019; Fowler et al., 2019). 

In practice, a wide range of strategies exist to optimize design. óPhysics-basedô and ódata-

drivenô concepts are used to predict outcomes and make decisions. These approaches are 

not mutually exclusive, and nearly all companies incorporate elements of both.  

Data-driven approaches do not attempt to understand the underlying causal processes that 

drive behavior. Instead, they review prior data and experience, and identify correlations. 

A ódata-drivenô approach could be as simple as relying on the experience of an individual 

engineer, or as complex as a large-scale machine learning project. A óphysics-basedô 

approach tries to understand why things happen, and use that insight to predict response 

to change. Physics-based approaches typically use fundamental physical laws (such as 

conservation of mass), and constitutive equations drawn from the scientific/engineering 

literature. Physics-based approaches can involve varying levels of complexity: a mass 

balance calculation in a spreadsheet, the physical intuition of an individual engineer, or a 

multiphysics numerical simulator. Physics-based approaches are calibrated to ensure 

consistency with actual data (for example, history matching), but relative to data-driven 

models, typically involve less emphasis on the precision of the ómatchô to data. There is a 

tension between ómatching dataô and ómodel predictivity.ô A simple, physically 

unrealistic model is likely to be flexible and therefore easy to match to data, but this does 
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not necessarily mean that the model will be predictive when applied to problems where 

the answer is not already known.  

The relative value of data-driven and physics-based models depends on the availability of 

data and the degree of understanding of the physics (Starfield and Cundall, 1988). For 

optimizing fracture design in shale, data-driven models are useful because the physics are 

complicated and not fully understood. Data-driven models go directly to the inputs and 

outputs that matter, integrate information, and provide practical recommendations. 

However, data-driven models cannot extrapolate outside the training dataset and predict 

response to actions that have not previously been tested. Operators rarely, if ever, have 

the time and money to perform a systematic program of varying the many relevant 

fracture design parameters, and also, they need to perform enough trials to overcome 

random variance. Further, trials may be confounded by geologic variability, uncontrolled 

changes in operating practice, and parent/child interactions. Thus, training datasets are 

incomplete, do not sample the full range of possible designs, and usually have correlated 

inputs. Because each well is expensive, improvement over time requires careful, targeted 

testing of new concepts. Prior data and physical insight both play a role. Physics-based 

models can predict response to new approaches, for which prior data is not available. 

These insights guide future development strategy, inspire new ideas, and help discard 

ideas that are less promising. This allows operators to shorten the learning curve as they 

test new approaches and iterate (using field trials) to continuously improve economic 

performance. Physics-based approaches are also used to help interpret diagnostic data and 

guide future data collection.ò 

Physics-based and data-driven approaches are complementary. Data-driven approaches look at past 

experience and observe what worked best. Physics-based approaches help identify opportunities for 

future improvement ς evaluating ideas that have not yet been tried previously. In shale development, 

physics based approaches can usually address more detailed engineering questions than data-driven 

approaches, which are better at evaluating overall trends. There is usually insufficient data to use data-

driven approaches to answer granular shale fracture design questions. 

Physics-based approaches improve results from data-driven approaches by identifying the types of 

ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǘƻ ǎŜŜƪ ƛƴ ŘŀǘŀǎŜǘǎΣ ƛŘŜƴǘƛŦȅƛƴƎ ǇƻǘŜƴǘƛŀƭ ŎƻƴŦƻǳƴŘƛƴƎ ŎƻǾŀǊƛŀǘŜǎ ƛƴ ŘŀǘŀΣ ŀƴŘ ΨƎǳǘ-ŎƘŜŎƪƛƴƎΩ 

conclusions drawn from data-driven models. Similarly, data-driven approaches improve results from 

physics-ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ōȅ ǇǊƻǾƛŘƛƴƎ ΨǇǊƛƻǊ ƪƴƻǿƭŜŘƎŜΩ ǘƻ ŎƻƴǎǘǊŀƛƴ ŎŀƭƛōǊŀǘƛƻƴ ŀƴŘ ƘƛǎǘƻǊȅ ƳŀǘŎƘƛƴƎΦ 

We like to say that ƻǳǊ Ǝƻŀƭ ƛǎ ǘƻ ΨǎƘƻǊǘŜƴ ǘƘŜ ƭŜŀǊƴƛƴƎ ŎǳǊǾŜΦΩ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŀƭȅǎƛǎ ǎƘƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ƛƴ 

an iterative fashion. Perform an analysis to help make decisions -> test new designs in the field and 

gather new data -> feed that new information back into the engineering analysis and iterate. Frac 

designs keep getting better (Baihly et al., 2015). Frac designs from 2010 were much less effective than 

frac designs in 2015. Frac designs from 2015 were much less effective than they are today. Very likely, 

frac designs in 2025 will be a bit improvement over the designs of today. Why has it taken the industry 

so long to iterate towards the designs of 2021? Data-driven look-backs on past production will result in 

repeating designs that have already been tried, and they may miss granular engineering details that are 

critical to success. A physics baǎŜŘ ƳƻŘŜƭ ŀǎƪǎ ΨǿƘȅΚΩ Lǘ Ŏŀƴ ŀǊǊƛǾŜ ŀǘ ǳƴŜȄǇŜŎǘŜŘ ǊŜǎǳƭǘǎ ŀƴŘ ƭŜŀŘ ȅƻǳ ǘƻ 

genuine innovation.  



 

 15 resfrac.com 555 Bryant St. #185 Palo Alto, CA 94301 

 

5ŜǇŜƴŘƛƴƎ ƻƴ ȅƻǳǊ ŎƻƳǇŀƴȅΩǎ Ǌƛǎƪ ǇǊŜŦŜǊŜƴŎŜΣ ȅƻǳ ƘŀǾŜ ƳƻǊŜ ƻǊ ƭŜǎǎ ŦǊŜŜŘƻƳ ǘƻ ǘǊȅ ƴŜǿ ǘƘƛƴƎǎΦ LŦ ȅƻǳǊ 

company plans to drill 100 wells next year, the value of information from discovering an improved 

design is high. Testing an alternative design on the next pad could lead to an improvement that can 

ǎǳōǎŜǉǳŜƴǘƭȅ ōŜ ǊƻƭƭŜŘ ƻǳǘ ƻƴ ŀƭƭ ŦǳǘǳǊŜ ǿŜƭƭǎΦ Lǘ ƛǎ ŀ ŎŀƭŎǳƭŀǘŜŘ ΨǊƛǎƪΩ ǿƛǘƘ ŀ ōƛƎ ǇƻǘŜƴǘƛŀƭ ǇŀȅƻǳǘΦ Our 

goal with ResFrac is to maximize the success rate of these calculated risks. Rule out bad ideas, inspire 

new ones, and select which ideas to pursue further.  

Also, ResFrac can help you quantitatively optimize as you progress through field development. Are you 

gradually moving out to lower quality rock with lower permeability or thinner pay? Has the price of oil 

changed? Should you be tweaking your design to account for these changes?  

 

3.1.2 The bread and butter ς frac design and well placement in shale  
The #1 most common application of ResFrac is to optimize frac design and well placement in shale. We 

optimize: cluster spacing, well spacing (vertical and horizontal), well landing depth, proppant mass, fluid 

volume, and perforation design (limited entry). McClure et al. (2020) discusses some of the basic 

considerations in these optimizations.  

Tighter cluster spacing reduces fracture spacing, which helps maximize recovery. However, tighter 

cluster spacing (holding proppant fluid per lateral ft constant) reduces fracture length. It also builds up 

more stress shadow, resulting in more height growth and more irregularly shaped fractures. Increasing 

perforation pressure drop (limited-entry) helps maintain good cluster efficiency as you tighten cluster 

spacing, but increases injection pressure and horsepower requirements. If clusters get too close 

together, then flow behind casing (between the clusters or across the plug back to the previous stage) 

can start to become significant (Cramer et al., 2020), and no amount of limited entry can overcome this 

effect. 

Tightening well spacing increases the total production per acre, but reduces the production per well. 

Because most plays have multiple benches, well spacing decisions relate to vertical ς as well as lateral ς 

placement. A key challenge for well spacing is to characterize propped fracture length. Proppant does 

not reach the actual crack tip, and typically in shale is far behind the actual crack tip. Interference tests 

can help characterize the true propped length (Cipolla et al., 2020; Fowler et al., 2020a; Shahri et al., 

2021). 

An accurate permeability estimate is critical for optimizing cluster and well spacing. Fowler et al. (2019) 

give an optimization example from the Utica shale. Optimizing cluster and well spacing leads to 

significant increase in NPV, but only if an accurate estimate is used for permeability. Permeability and 

fracture length can be constrained from a combination of RTA, DFIT, and interference tests, among 

others.  

With proppant and fluid volume, pumping more results in more production, but more cost. Typically, 

there is a point of diminishing return, and so there is an optimum amount to pump to maximize NPV. 

Depending on the proppant transport mechanisms and localized screenout, fluid volume or proppant 

volume might be the most important driver.  

¢ƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŀƭƭ ŎƻƴƴŜŎǘŜŘΦ ¢ƘŜ ΨƎƭƻōŀƭΩ ƻǇǘƛƳǳƳ ǊŜǉǳƛǊŜǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ŜǾŜǊȅǘƘƛƴƎ 

simultaneously. However, because of practical constraints, we often will optimize one or a few things, 
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while holding the rest constant. For example, hold the basic frac design constant, but optimize limited-

entry and cluster spacing.  

 

3.1.3 Parent/child issues 
Child wells tend to underperform relative to parent wells, and in many formations, frac hits cause 

substantial loss of production for the parent wells (Miller et al., 2016). A variety of mitigation strategies 

are used in the industry: modifying well spacing or job design, preloading or refracturing the parent well, 

ΨŎǳōŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ǎŎƘŜƳŜǎ ŘŜǎƛƎƴŜŘ ǘƻ ŀǾƻƛŘ fracturing near parent wells, chemical treatment, and 

far-field diverter. These approaches must all be evaluated on the basis of their cost and benefit. The 

optimal approach depends on context, such as the geologic setting and the age and frac design of the 

parent well. Once an approach is selected, the approach must be quantitatively optimized. For example, 

how large should the preload be? What chemical formulation? When should the preload be pumped? 

ResFrac captures the key physics of these processes: multiphase flow as injection fluid reinflates 

hydrocarbon-filled producing fractures, fracture stress shadowing, and fracture asymmetry due to 

poroelastic stress changes (Fowler et al., 2020b). Also, ResFrac incƭǳŘŜǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ΨŦǊŀŎǘǳǊŜ ŘŀƳŀƎŜ 

ƳŜŎƘŀƴƛǎƳǎΩ ǘƻ ŘŜǎŎǊƛōŜ ǇǊƻŎŜǎǎŜǎ ǎǳŎƘ ŀǎ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ΨƎǳƳƳȅ ōŜŀǊΩ Ǝǳƴƪ όwŀǎǎŜƴŦƻǎǎΣ нлнлΤ ǘƘŜ 

ǎŜŎǘƛƻƴ ΨCǊŀŎǘǳǊŜ 5ŀƳŀƎŜ aŜŎƘŀƴƛǎƳǎ ŦǊƻƳ aŎ/ƭǳǊŜ Ŝǘ ŀƭΦΣ нлн1). 

These fracture damage mechanisms affect productivity of wells in various ways. Simply as a function of 

repressurization and increased fracture connections, parent well productivity can increase from a frac-hit. 

Depending on whether the child well is within the depletion halo and/or loses frac energy to the parent 

well, it may be more or less effected by the offset depletion. In basins and formations where parent and 

child well underperformance can not be explained solely by pressure interference, so an additional 

process or processes are occurring. There are four damage mechanisms built into ResFrac, we model and 

describe three such damage processes: conductivity damage, skin damage, relative permeability 

reduction, and water block damage.  

Conductivity damage: this is modeled as a conductivity restriction in the proppant pack as a function of a 

reaction rate constant, mass of reactant (specified by user, and usually something like HVFR), and 

optionally, the hydrocarbon saturation.  

Relative permeability damage: similar to the conductivity damage, this processes occurs within the 

fractures but selectively restricts the relative permeability of the hydrocarbon phases (versus conductivity 

damage which would impact all phases equally). 

Skin damage: this is modeled as a skin at the interface between the rock and the fracture and is formed 

as a function of the volume of fluid leaked off and skin permeability multiplier.  

Water block: is similar to skin damage and restricts flow between the matrix and the fracture; however, 

water block only restricts the hydrocarbon phase. 

The image below compares the reciprocal productivity index for the four damage mechanisms and the 

base case. 
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This chart can be helpful in examining your field data and determining what processes you think might be 

in effect. Processes within the fracture network (relative permeability or conductivity damage) manifest 

as a translation (shift upward) of the RPI trend; whereas processes affecting the flow from the matrix into 

the fracture manifest as a steepening of the RPI trend. Note that in this base case, the mobility of the 

water phases was such that when water block was used, the total volumetric deliverability of the well was 

unchanged, but water cut increased significantly (hence not slope change). For a more detailed discussion, 

see SPE-22194-MS by Fowler et al., 2022. 

In field data we have seen conductivity damage (Ratcliff et al., 2022; McClure et al., 2023) and skin damage 

(McClure et al., 2023). 

3.1.4 Other shale optimization topics 
ResFrac is used to optimize a variety of other decisions regarding shale development. Some common 

applications are: design and evaluation of refracturing, diverter placement and timing, and enhanced oil 

recovery in shale. 

ResFrac can model EOR because it includes an option for compositional fluid model. The diverter model 

is described by McClure et al. (2020).  

 

3.1.5 Enhanced Geothermal Systems 
¢ƘŜ ǘŜǊƳ Ψ9ƴƘŀƴŎŜŘ DŜƻǘƘŜǊƳŀƭ {ȅǎǘŜƳǎΩ ό9D{ύ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ƘȅŘǊŀǳƭƛŎ ǎǘƛƳǳƭŀǘƛƻƴ ǘƻ ƛƳǇǊƻǾŜ 

production for geothermal energy production. Conventionally, EGS was performed from vertical wells, in 

a single openhole stage, without proppant. But in recent years, there has been attention to designs 

using multiple stages, horizontal wells, and potentially proppant (Shiozawa and McClure, 2014). 

Companies like Fervo Energy and Deep Earth Energy Production, and the FORGE project sponsored by 

the US Department of Energy, are testing these designs in the field.  

ResFrac has several features that make it uniquely well-suited for optimization and design of an EGS. An 

EGS involves hydraulic fracturing and then long-term circulation of fluid between wells. During long-

term circulation, there will be thermal cooling, and thermoelastically driven reduction in stress. Fracture 

conductivity will evolve over time, and it is possible that fractures could even reopen and propagate due 

to the stress reduction. The problem is tightly coupled with flow in the wellbore, since the overall 
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circulation rate and the distribution of flow between each fracture along the wells will be affected by 

friction in the wellbore. Heat conduction between the wellbore and surrounding rock occurs all the way 

up to the surface. ResFrac seamlessly includes all of these processes ς from the wellbore to the fractures 

and back up ς and can simulate fracturing and circulation in one continuous simulation.  

EGS projects are often strongly affected by flow in preexisting faults. McClure and Horne (2014) review 

observations from historical projects. Often, flow diverts strongly into conductive, large preexisting 

features. Unlike in shale, when we generally, conceptualize flow pathways in natural fractures as usually 

occurring at a smaller scale than the hydraulic fractures (see Section 7), the natural fracture flow 

pathways in many or most EGS project appear to be of similar size or often larger than the hydraulic 

fractures that form (McClure et al., 2014; Schoenball et al., 2020).  

ResFrac is not fully-ŦŜŀǘǳǊŜŘ ŦƻǊ ǘǊǳŜ ΨŘƛǎŎǊŜǘŜ-ŦǊŀŎǘǳǊŜ ƴŜǘǿƻǊƪΩ ό5Cbύ ƳƻŘŜƭƛƴƎ ŦƻǊ Ŧƭƻǿ ǘƘǊƻǳƎƘ a 

network of natural fractures. For example, users can specify preexisting fractures, but cannot give them 

dip. Therefore, if the goal is to perform a detailed simulation of the specifics of this so-ŎŀƭƭŜŘ ΨƳƛȄŜŘ-

ƳŜŎƘŀƴƛǎƳΩ ǎǘƛƳǳƭŀǘƛƻƴΣ ResFrac is not the best choice. However, if the goal is to perform an overall, 

high-level optimization of an EGS design, rather than a detailed investigation of specific processes, 

ResFrac is very well-suited. Section 7 discusses why we do not use the DFN approach for hydraulic 

fracturing in shale. 

 

3.1.6 Conventional reservoirs 
ResFrac can also be used to design frac jobs in conventional (high permeability) formations, such as from 

a vertical well. Key optimization considerations include job size, injection rate, and fluid type. When 

optimizing a single fracture from a vertical well in a conventional reservoir, the job size is optimized to 

ŜƴǎǳǊŜ ǘƘŀǘ ȅƻǳ ōŀƭŀƴŎŜ ǇǊƻŘǳŎǘƛƻƴ ǳǇƭƛŦǘ ŦǊƻƳ ŎǊŜŀǘƛƻƴ ƻŦ ŀ ΨƴŜƎŀǘƛǾŜ ǎƪƛƴΩ ŀƎŀƛƴǎǘ ǘƘŜ Ŏƻǎǘ ƻŦ ǇǳƳǇƛƴƎ 

the job. 

ResFrac is also very well-suited for modeling long-term fluid injection. Long-term fluid injection causes 

porothermoelastic stress changes from pressurization and cooling. The thermal reduction in stress may 

cause crack initiation, and stable growth tracking the cooling front. This crack may cause negative skin in 

the injection well, and the entire process is coupled over time. ResFrac has all the capabilities to model 

this process: full 3D reservoir simulation capabilities, the ability to model propagation and opening of a 

crack, thermoporoelastic stresses, and flow and heat transfer in the wellbore. 

 

3.2 Study a specific topic 
ResFrac can also be used to study topics that are not directly design optimization. This may include 

studies to improve interpretation of diagnostic data, understand underlying physics, or to address a 

specific question.  

For these applications it is especially important to apply ǘƘŜ ΨǎŎƛŜƴǘƛŦƛŎ ƳŜǘƘƻŘΦΩ ¸ƻǳ ǎƘƻǳƭŘ ƭŀȅ ƻǳǘ 

hypotheses to explain physical observations. Set up a ResFrac model of the system, and then carefully 

investigate the simulation results to test whether and why the hypothesis was validated or not. We 

recommend pulling up the 3D visualization of the simulation results, zooming in, looking carefully at 

different properties, and carefully identifying exactly what is happening in the simulation. When you run 
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ŀ wŜǎCǊŀŎ ǎƛƳǳƭŀǘƛƻƴΣ ȅƻǳ ŀǊŜ ǇŜǊŦƻǊƳƛƴƎ ŀ ΨŎƻƳǇǳǘŀǘƛƻƴŀƭ ŜȄǇŜǊƛƳŜƴǘΦΩ ¸ƻǳ ŀǊŜ ŀǎƪƛƴƎ όŀƴŘ ŀƴǎǿŜǊƛƴƎύ 

the question: if we assume XYZ physics and problem setup, then what will be the result? The discussion 

in next section gives an example of how this works in practice.  

 

3.2.1 Improve interpretation and understanding of diagnostic data 
ResFrac is excellent for designing interpretations to diagnostic data. Our study on diagnostic fracture 

injection tests (DFIT) (McClure et al., 2019) is a great example.  

In a DFIT test, fluid is injected for 5-10 minutes and then the well is shut-in and pressure is monitored. 

Trends in pressure over time are interpreted to estimate stress, pore pressure, and permeability. The 

DFIT test is not itself an optimization of frac design. But the interpretation of the DFIT has direct, 

significant consequences for the optimization (Fowler et al., 2019). McClure et al. (2019) set up various 

DFIT scenarios and simulated them. The simulations generated synthetic pressure transients, which 

were compared with: (a) actual data, and (b) existing interpretation procedures, in order to evaluate 

whether the model could represent reality, and whether existing interpretation procedures are 

accurate. The results led to surprising results. For example, ResFrac predicted that if you perform a DFIT 

in a gas shale (but not oil shale)Σ ǘƘŜǊŜ ƛǎ ǳǎǳŀƭƭȅ ŀƴ ŀǇǇŀǊŜƴǘ ΨŦŀƭǎŜ ǊŀŘƛŀƭΩ ǎƛƎƴŀǘǳǊŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ 

interaction of the viscosity contrast, the changing fracture stiffness over time, and the transition to 

ƛƳǇǳƭǎŜ ŦƭƻǿΦ ¢Ƙƛǎ ƛƴǎƛƎƘǘ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ŦƛŜƭŘ ŘŀǘŀΦ .ǳǘ ǇǊŜǾƛƻǳǎƭȅΣ ǘƘŜ ŎŀǳǎŜ ƻŦ ǎǳǊǇǊƛǎƛƴƎ ΨǊŀŘƛŀƭ ŦƭƻǿΩ 

signatures in gas shale DFITs was not known, and there was not agreement in the industry about 

whether to use them to estimate permeability. The new insight came from ResFrac because it combined 

all the key physics in a way that had not been done previously.  

McClure et al. (2019) used ResFrac to develop, test, and refine interpretation methods. The 

recommended interpretation procedure does not use ResFrac, but it could not have been developed 

without it.  

ResFrac has been used to study all kinds of diagnostic data: fiber optic responses in offset wells (Shahri 

et al., 2021), step-rate test results in unconsolidated sandstone (Kellogg and Mercier, 2019), rate-

transient analysis techniques (Fowler et al., 2020b). The process is: 

(1) Lay out a series of hypotheses.  

(2) Simulate these hypotheses.  

(3) Compare the simulation results with real data. 

(4) Draw conclusions regarding the hypotheses ς some are confirmed and others are falsified 

(Oreskes et al., 1994). 

(5) Systematize the results into an interpretation procedure. 

 

3.2.2 Improve understanding of the physics 
You can use ResFrac to improve understanding of ǘƘŜ ǇƘȅǎƛŎǎΦ ¢ƘŜ ΨŦŀƭǎŜ ǊŀŘƛŀƭΩ 5CL¢ ǎƛƎƴŀǘǳǊŜ ƛƴ Ǝŀǎ 

shales (discussed above) is an example of a physical phenomenon that arises from the combination of 

multiple physics simultaneously. ResFrac provides a unique combination of physics, and this provides 

many opportunities to investigate novel questions and learn new things.  
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McClure et al. (2020) discusses several other examples of physical insights drawn from ResFrac 

simulations. These include: fracture symmetry, proppant trapping, and ISIP trends along the well. 

Researchers in academia often do not have access to high-quality datasets. They can nevertheless 

generate useful results from computational modeling tools by investigating the physics and deepening 

our understanding of important physical processes. 

 

3.2.3 Answer a specific question 
Sometimes, ResFrac is used to address a specific question, usually with practical importance. For 

example, Kellogg and Mercier (2019) needed to investigate how to interpret step-rate tests in 

unconsolidated sandstone to satisfy regulatory requirements. Or, perhaps your company is interested in 

investigating wellbore integrity during fracturing, and so you want to understand how stress evolves 

around the wellbore over time. Point is ς ŘƻƴΩǘ ŦŜŜƭ ŎƻƴǎǘǊŀƛƴŜŘ ōȅ ǘƘŜ ƛǘŜƳǎ ƭƛǎǘŜŘ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴΗ  

 

3.3 How often should we optimize, and at what scale? 
Most commonly, we are performing ResFrac simulations to optimize the next 3-6 months of operations. 

We typically calibrate to data from a pad or DSU ς supplementing with general knowledge from the 

overall development. The first calibration is the most complex and open-ended. Once this 

calibration/optimization cycle has been completed, subsequent recalibration and updates in 

neighboring wells are much easier.  

As you step out spatially (move further from the original calibration pad), it helps to periodically update 

the calibration and optimization. If layer thicknesses are changing, permeability is changing, or fluid 

saturations are changing, the optimum frac design may vary.  

Similarly, the optimum frac design may change over time because of changes in price. For example, at 

higher oil price, you can justify drilling wells at tighter spacing. Recent oil price volatility means you may 

find that the optimization you did 6 months ago now needs to be updated. 

Finally, your calibration might change over time as you learn more. As you get production data from 

your most recent designs, update the calibration, and then update the optimization. Has your optimum 

design changed based on these new results? 

Instead of optimizing at the pad scale, should you consider optimizing each well individually, or even 

optimizing each stage? If you have the data to support that kind of optimization, that is great. For 

example, you may have done surface reflection seismic and carefully mapped changes in rock properties 

across the pad. If you have that resolution of data, then it is absolutely a good idea to consider 

modifying the design at the well or stage scale. 

 

3.4 Why use a model? 
tƘȅǎƛŎǎ ōŀǎŜŘ ƳƻŘŜƭǎ ŀǊŜ Ǌŀǘƛƻƴŀƭ άƭƻƎƛŎ ƳŀŎƘƛƴŜǎέ ǘƘŀǘ ŜƭǳŎƛŘŀǘŜ ǘƘŜ ƳŜŎƘŀƴƛŎǎ ƻŦ ŀ ǇǊƻōƭŜƳΣ ŀǎǎƛǎǘ ƛƴ 

identifying dominant parameters/processes, and provide forecasted results.  
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In 2008, TNO launched a modeling competition where they used a model to create a data set including 

the production subjection of 30 wells for the first ten years of production, and required geologic data 

(with uncertainty). TNO then invited nine modeling groups to construct, tune, and optimize simulation 

models to the data set provided by TNO. During phase one, competitors were tasked to optimize NPV 

ƻǾŜǊ ǘƘŜ ƴŜȄǘ нл ȅŜŀǊǎ ƻŦ ǘƘŜ ŦƛŜƭŘΩǎ ƭƛŦŜΦ 9ŀŎƘ ƎǊƻǳǇΩǎ ƻǇǘƛƳƛȊŜŘ ŘŜǾŜƭƻǇƳŜƴǘ Ǉƭŀƴ ǿŀǎ ǘƘŜƴ ǘŜǎǘŜŘ ƛƴ 

the original, ground-truth model. In phase two of the study, competitors were able to re-optimize their 

models after each year of production over that 20 year forecast (i.e. competitors would create a 

optimized plan looking 20 years into the future, then update again with 19 years to go, again with 18 

years to go, etc.). 

There are two findings from the Brugge study that are impressive. From phase one, they found that the 

top competitor (with imperfect information) created a field development plan over the next 20 years 

that achieved only 3% less NPV than the organizers achieved with perfect information, demonstrating in 

light of uncertainty, model optimizations still provide meaningful performance uplift. And from phase 

two, they show that continual optimization (year after year) continues to yield incremental gains each 

year, demonstrating that performance improves with frequency of model use. 

So why do some facets of the industry still struggle to accept and value modeling? It may be the result of 

ǇƻƻǊ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƳƻŘŜƭǎΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ǘƘŜ ǳōƛǉǳƛǘƻǳǎ ǇƘǊŀǎŜ άƎŀǊōŀƎŜ ƛƴΣ ƎŀǊōŀƎŜ ƻǳǘΦέ ¢ƘŜ 

ŀǎǎǳƳǇǘƛƻƴ ƻŦ άƎŀǊōŀƎŜ ƛƴΣ ƎŀǊōŀƎŜ ƻǳǘέ ƛǎ ǘƘŀǘ ƛŦ ǘƘŜ modeling inputs are uncertain, the modeling 

ǊŜǎǳƭǘǎ ŀǊŜ ǳƴŎŜǊǘŀƛƴΤ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ƳƻŘŜƭǎ ŎŀƴΩǘ ŀŘŘ ǾŀƭǳŜΦ !ǎ ƛǘ ŀǇǇƭƛŜǎ ǘƻ ƻƛƭ ŀƴŘ ƎŀǎΣ ƻǳǊ ǊŜǎŜǊǾƻƛǊ 

data is inherently uncertain as our rocks are two miles underground, and so modeling skeptics devalue 

or negate the value of modeling as results are necessarily uncertain.  

IƻǿŜǾŜǊΣ ƘŜǊŜ ǿŜ ŎƻǳƴǘŜǊ ǿƛǘƘ ŀƴƻǘƘŜǊ ǇƻǇǳƭŀǊ ŀǇƘƻǊƛǎƳΣ ά!ƭƭ ƳƻŘŜƭǎ ŀǊŜ ǿǊƻƴƎΣ ōǳǘ ǎƻƳŜ ŀǊŜ ǳǎŜŦǳƭΦέ 

9ǾŜǊȅƻƴŜ Ƙŀǎ ƘŜŀǊŘ DŜƻǊƎŜ .ƻȄΩǎ ŦŀƳƻǳǎ ǿƻǊŘǎ ŀƴŘ ƛǘ ƛǎ ǉǳƻǘŜŘ ǿƛŘŜƭȅΦ ¢ƘŜ ŜȄǇŀƴŘŜŘ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ 

quote is that Box goes on to use the ideal gas law (PV = RT) as an example of a model that is imprecise 

for a real gas; however, he extolls the values and insights provided from the ideal gas law. Because the 

relation is physics-based, it remains directional, even if slightly imprecise. Of course, for applications 

that need precision or where the gas behavior deviates significantly from ideal behavior, we can use a 

more detailed calculation to include the Z-factor. Starfield and Cundall (1988) expand upon this 

ƳƻŘŜƭƛƴƎ ǇƘƛƭƻǎƻǇƘȅ ƛƴ ǘƘŜƛǊ ǿƻǊƪΣ ά¢ƻǿŀǊŘǎ ŀ aŜǘƘƻŘƻƭƻƎȅ ŦƻǊ wƻŎƪ aŜŎƘŀƴƛŎǎ aƻŘŜƭƭƛƴƎΦέ 

{ǘŀǊŦƛŜƭŘ ŀƴŘ /ǳƴŘŀƭƭ ƛƴǘǊƻŘǳŎŜ IƻƭƭƛƴƎΩǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ƳƻŘŜƭƛƴƎ ǇǊƻōƭŜƳǎΣ ŀǎ ƛƴ CƛƎǳǊŜ мΦ IƻƭƭƛƴƎΩǎ 

diagram separates modeling problems into four quadrants:  

1. Good data and lacking understanding 

2. Lacking data with good understanding 

3. Good data and good understanding 

4. Lacking data and lacking understanding 
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The appropriate modeling approach is a function of the quadrant wherein the model problem resides. 

Quadrant 1 is the quintessential application of data-driven modeling, such as machine learning and data 

analytics. Many surface modeling problems fall into this category - things like optimizing weight on bit or 

predicting component failure due to vibrations. In the subsurface, we occasionally receive data sets in 

Category 3 (a very high-quality science pad), but most subsurface petroleum engineering problems fall 

into Category 2. Recognizing which quadrant your subsurface problem falls into and the questions your 

model is trying to solve are critical for the correct application of modeling workflows. Applying the 

correct modeling framework to Category 2 and 4 ǇǊƻōƭŜƳǎ ŎƻǳƴǘŜǊǎ ǘƘŜ άƎŀǊōŀƎŜ ƛƴΣ ƎŀǊōŀƎŜ ƻǳǘέ 

objection posed by skeptics. 

Lƴ /ŀǘŜƎƻǊȅ н ŀƴŘ п ǇǊƻōƭŜƳǎΣ Řŀǘŀ ƛǎ ǳƴŎŜǊǘŀƛƴ όάƎŀǊōŀƎŜ ƛƴέύ ŀƴŘ Ƴŀƴȅ ǘƛƳŜǎ ǘƘŜ ǇǊƻōƭŜƳǎ ǘƘŜƳǎŜƭǾŜǎ 

are ill-posed (number of uncertainties exceed the number of constraints). In these categories, data-

driven models are inappropriate and can be prone to prƻŘǳŎŜ άƎŀǊōŀƎŜ ƻǳǘΦέ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ 

physics-based models are slaves to the confines of physics, and all outputs must obey these confines. 

Applying physics based models to data-limited problems allows for identification of data gaps, 

falsification of hyǇƻǘƘŜǎŜǎΣ ŀƴŘ ŦƻǊŜŎŀǎǘǎ ǿƛǘƘ ǊŜŀǎƻƴŀōƭŜ ŜǊǊƻǊ ōŀǊǎΦ vǳƻǘƛƴƎ {ǘŀǊŦƛŜƭŘ ŀƴŘ /ǳƴŘŀƭƭΣ άŀ 

system of interacting parts often behaves in ways that are surprising to those who specified the rules of 

ƛƴǘŜǊŀŎǘƛƻƴέ ό{ǘŀǊŦƛŜƭŘ Ŝǘ ŀƭΦΣ мфууύΦ ¢Ƙƛǎ ƛǎ ŜȄŀŎǘƭȅ ǿƘŀǘ ǿŜΩǾe done with ResFrac. Integrating the physics 

of fracturing, production, and wellbore often interact in complex and nuanced ways - consistently 

providing use with new insights. A transparent model (where the causational relationships are clear and 

exposed to the user, as they are in ResFrac), allows the user to explain model predictions, thereby 

identifying combinations of complex processes that yield unexpected results. 

{ƻ Ƙƻǿ Řƻ ǿŜ ŀǇǇƭȅ ǘƘƛǎ ǘƻ wŜǎCǊŀŎ ƳƻŘŜƭƛƴƎΚ άaƻŘŜƭƭƛƴƎ ƛƴ ŀ Ŏŀǳǘƛƻǳǎ ŀƴŘ ŎƻƴǎƛŘŜǊŜŘ ǿŀȅ ƭŜŀŘǎ ǘƻ 

ƴŜǿ ƪƴƻǿƭŜŘƎŜ ƻǊΣ ŀǘ ǘƘŜ ƭŜŀǎǘΣ ŦǊŜǎƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ό{ǘŀǊŦƛŜƭŘ Ŝǘ ŀƭΦΣ мфууύΦ  
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- ResFrac is an interdisciplinary model, requiring input and reconciliation of geologic, 

petrophysical, geomechanical, and production data.  

- Embrace differences/uncertainties in input data. Form hypotheses for the inferences supported 

by each data. Test these in the model. You will quickly find some hypotheses are not supported.  

- Identify gaps in the data (sources of major uncertainty). If you were to collect more data, where 

would be most valuable to do so?  

- Remain focused on the questions being asked of the model. 

- 5ƻƴΩǘ ƻǾŜǊŦƛǘ ōŜȅƻƴŘ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ŀǾŀƛƭŀōƭŜΦ /ŀǘŜƎƻǊȅ о ƳƻŘŜƭǎ ŀƭƭƻǿ ŦƻǊ ƘƛƎƘŜǊ ǊŜǎƻƭǳǘƛƻƴ ƻŦ 

parameter fitting then Category 2 models.  

- The greater the uncertainty, the greater the focus should be on global parameters to match the 

calibration data. 
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4. The workflow 

4.1 Structuring a project 
Modeling studies should typically follow this workflow: 

1. ΨYƛŎƪƻŦŦΩ - Establish scope and objectives; plan the workflow 

2. ΨLƴƛǘƛŀƭ ǎƛƳǳƭŀǘƛƻƴΩ - Gather relevant data and set up an initial simulation; communicate back to 

stakeholder to check communicationΤ ǇǊŜǎŜƴǘ ŀ ƭƛǎǘ ƻŦ ΨƪŜȅ ƻōǎŜǊǾŀǘƛƻƴǎ ǘƻ ƳŀǘŎƘΩ 

3. ΨIƛǎǘƻǊȅ ƳŀǘŎƘƛƴƎ - Calibrate to field data 

4. Ψ{ŜƴǎƛǘƛǾƛǘƛŜǎΩ - Run numerical experiments on the calibrated model 

9ŀŎƘ ƻŦ ǘƘŜǎŜ ǎǘŜǇǎ ǊŜǇǊŜǎŜƴǘǎ ƻƴŜ ƻǊ ƳƻǊŜ ΨŎƘŜŎƪǇƻƛƴǘΩ ƳŜŜǘƛƴƎǎ ōŜǘǿŜŜƴ ȅƻǳ ŀƴŘ the other 

stakeholders. These stakeholders may be your manager, others on your team, or the third party that has 

hired you to perform the modeling study. If you do not ƘŀǾŜ ƻǘƘŜǊ ΨǎǘŀƪŜƘƻƭŘŜǊǎΩ to keep updated, you 

should still go through the process laid out by these checkpoints. DO NOT proceed to a step until you 

have completed the checkpoint that proceeds it. 

Between checkpoint meetings, you should keep in regular contact with the stakeholders. Naturally, 

questions will come up as you go through the data. For quick, easy questions, email works great. For 

more complicated questions, best to wait until you are having a conversation.  

The first checkpoint meeting is a kickoff meeting involving all key parties. Usually, in advance of this 

meeting, a statement of work has already been drawn up. In the meeting, you should review the 

statement of work ς the scope, objectives, and workplan of the project ς and resolve any questions or 

ambiguities. The modeling study will need data, and you should lay out exactly what data you need and 

determine who is going to gather it. Often, the data may come in different forms. For example, the 

geologic properties may be a table of properties versus depth, a geocellular model, or just a well log. 

This kickoff meeting is an opportunity to talk through these kinds of issues and make a concrete plan for 

data collection.  

In a ResFrac modeling study, we usually model sections of the lateral, rather than the full well(s) 

(discussed more in Section 10). The kickoff meeting is a good time to look at maps and decide which 

wells and stages to include. 

At the kickoff meeting, you should review process. Outline checkpoint meetings and the overall 

workflow that will be followed.  

You start setting up ŀƴ Ψƛƴƛǘƛŀƭ ƳƻŘŜƭΦΩ Do not attempt to history match yet ςfocus on ingesting all the 

information provided to you by the other stakeholders. As you get data, if you see any discrepancies or 

have any questions or doubts, pull on that thread! The base case model is critically important. If you 

make mistakes in the setup of the base case model, this compromises all subsequent results. Follow up 

on loose ends. You do not need to be a perfectionist ς keep in mind the project objectives, and if 

something is not important or can be neglected, ǘƘŀǘΩǎ ƻƪΦ .ǳǘ ƛŦ ǎƻƳŜǘƘƛƴƎ ŘƻŜǎ ƳŀƪŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 

difference to the project objectives, follow-up and make sure everything is pinned down. You should not 

yet start calibrating to data, but you should get the calibration process set up. For example, if history 

matching to production data, load the production data into the visualization tool and prepare a 

template that allows easy comparison between actual and simulated data (Section 5.12). 
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!ǎ ȅƻǳ ŀǊŜ ōǳƛƭŘƛƴƎ ǘƘŜ ƛƴƛǘƛŀƭ ƳƻŘŜƭΣ ȅƻǳ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ŜȄŀƳƛƴƛƴƎ ǘƘŜ Řŀǘŀ ǘƻ ŎƻƳǇƛƭŜ ŀ ƭƛǎǘ ƻŦ ΨƪŜȅ 

ƻōǎŜǊǾŀǘƛƻƴǎ ǘƻ ƳŀǘŎƘΦΩ ¢Ƙƛǎ ŀ ōǳƭƭŜǘŜŘ ƭƛǎǘ ƻŦ р-15 items that summarize the key characteristics of the 

dataset that you will use as calibration (Section 6.3.1). 

In the second checkpoint meeting, you present the ƭƛǎǘ ƻŦ ΨƪŜȅ ƻōǎŜǊǾŀǘƛƻƴǎ ǘƻ ƳŀǘŎƘΩ ŀƴŘ ǘƘŜ Ψƛƴƛǘƛŀƭ 

ƳƻŘŜƭΩ ōŀŎƪ ǘƻ ŀƭƭ ǎǘŀƪŜƘƻƭŘŜǊǎΦ 9ƳǇƘŀǎƛȊŜ ǘƘŀǘ ȅƻǳ ƘŀǾŜ ƴƻǘ ŎŀƭƛōǊŀǘŜŘ ǘƻ Řŀǘŀ ȅŜǘΦ ¦ƴǘƛƭ ŎŀƭƛōǊŀǘƛƻƴ ƛǎ 

performed, the simulated results may be quite different from the actual data. Regurgitate back all the 

information that as provided to you ς the geologic properties, the well landing depth, the frac schedule, 

etc. The main purpose of this meeting is to check and confirm that everything has been communicated 

ŎƻǊǊŜŎǘƭȅΦ 9ƴŎƻǳǊŀƎŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŀǎƪ ǉǳŜǎǘƛƻƴǎ ŀƴŘ ŀǎƪ ŦƻǊ ŎƭŀǊƛŦƛŎŀǘƛƻƴΥ ΨǇǳƭƭ ƻƴ ǘƘŜ ǘƘǊŜŀŘΦΩ ¢ƘŜǎŜ 

sorts of questions can uncover miscommunication; you want to get that figured out now, and not have it 

come out later! Most of the time, something arises during this meeting that leads to a change in the 

initial model.  

Also, preview your plan for history matching. Explain what you are planning to change in order to get a 

match (Section 8). This may nudge stakeholders to remember additional helpful data that they could 

provide. Or, they may reveal constraints. For example, perhaps a company is very confident in their 

stress profile or permeability estimate, and they do not want you to change that as part of calibration. If 

so, you need to know that now, prior to starting detailed calibration. 

Calibration to field data is the most open-ended and challenging part of doing numerical modeling. In 

Section 8, we lay out our procedures for history matching. For most projects, following these procedures 

will get you to a good match.  

You may want to do an intermediate ΨǇǊŜƭƛƳƛƴŀǊȅ ƘƛǎǘƻǊȅ ƳŀǘŎƘΩ checkpoint meeting during the history 

ƳŀǘŎƘΥ ŀŦǘŜǊ ǘƘŜ Ψƛƴƛǘƛŀƭ ǎƛƳǳƭŀǘƛƻƴΩ ƳŜŜǘƛƴƎΣ ōǳǘ ōŜŦƻǊŜ ǘƘŜ Ŧƛƴŀƭ ΨƘƛǎǘƻǊȅ ƳŀǘŎƘƛƴƎΩ ƳŜŜǘƛƴƎΦ At the 

intermediate checkpoint meeting, you present the path that you are following as part of the history 

ƳŀǘŎƘΦ ¸ƻǳ ǿŀƴǘ ǘƻ ƎŜǘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŀǇǇǊƻǾŀƭ ōŜŦƻǊŜ ȅƻǳ ǎǇŜƴŘ ǘƛƳŜ ǇƻƭƛǎƘƛƴƎ ǘƘŜ ƘƛǎǘƻǊȅ ƳŀǘŎƘ Řƻǿƴ 

to a final match.  

CƻǊ ŜȄŀƳǇƭŜΣ ǿŜ ǎƻƳŜǘƛƳŜǎ ŦƛƴŘ ǘƘŀǘ ŀ ŎƻƳǇŀƴȅΩǎ ƛƴƛǘƛŀƭ ǇŜǊƳŜŀōƛƭƛǘȅ ŜǎǘƛƳŀǘŜǎ ŀǊŜ too high. If we used 

these permeability estimates, this would imply that the effective producing fracture length is too low, 

and they may be inconsistent with the DFIT pressure transients (Fowler et al., 2019). So ς we may come 

to the preliminary history matchƛƴƎ ƳŜŜǘƛƴƎ ǿƛǘƘ ǘƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ƎŜǘǘƛƴƎ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŀǇǇǊƻǾŀƭ ǘƻ ǳǎŜ 

a permeability significantly lower than their initial estimate. We lay out the basis for our 

recommendation ς DFIT interpretations, our own experience, publications (Fowler et al., 2019; McClure 

et al., 2019), etc. This preliminary history matching meeting is also one last chance for stakeholders to 

raise any issues, or identify miscommunication, before we move forward.  

Once we have confidence in the planned approach, we move on to performing calibration to data 

(Section 8ύΦ hƴŎŜ ǘƘŜ ŎŀƭƛōǊŀǘƛƻƴ ƛǎ ŎƻƳǇƭŜǘŜΣ ǿŜ ƘŀǾŜ ŀ ΨƘƛǎǘƻǊȅ ƳŀǘŎƘƛƴƎΩ ŎƘŜŎƪǇƻƛƴǘ ƳŜŜǘƛƴƎ ƛƴ ǿƘƛŎƘ 

we present the final history match to stakeholders. If you have done a good job of communicating, and 

done the checkpoint meetings, this meeting should not have any surprises! If it does, to fix the issue, 

you will have go back and make changes. 

!ǘ ǘƘƛǎ ΨIƛǎǘƻǊȅ ƳŀǘŎƘƛƴƎΩ ƳŜŜǘƛƴƎΣ ȅƻǳ ŦƛƴŀƭƛȊŜ ǘƘŜ Ǉƭŀƴǎ ŦƻǊ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ŜȄǇŜǊƛƳŜƴǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ 

you may intend to optimize cluster spacing and stage length. You and the stakeholders concretely 
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decide the range of cluster spacing values to be considered, whether to hold constant lbs/ft or 

lbs/cluster, etc.  

bƻǿΣ ǇŜǊŦƻǊƳ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ŜȄǇŜǊƛƳŜƴǘǎΦ .ŜŦƻǊŜ ǎŎƘŜŘǳƭƛƴƎ ǘƘŜ Ψ{ŜƴǎƛǘƛǾƛǘƛŜǎΩ ŎƘŜŎƪǇƻƛƴǘ ƳŜŜǘƛƴƎΣ ƛǘ 

Ƴŀȅ ōŜ ŀ ƎƻƻŘ ƛŘŜŀ ǘƻ ǊŜǾƛŜǿ ǘƘŜ ǊŜǎǳƭǘǎ ƛƴ ŀƴ ΨƛƴŦƻǊƳŀƭ ǳǇŘŀǘŜΩ ƳŜŜǘƛƴƎ ǿƛǘƘ ŀ ǎƳŀƭƭŜǊ ƎǊƻǳǇ όǎǳŎƘ ŀǎ 

with your direct contact with the client company). Often, the results confirm what they were expecting. 

But maybe not! If results are surprising ς it is good to know that prior to presenting to the full group. 

First, with surprising results, double check to make sure you did not make a mistake. Your results found 

that the optimum cluster spacing was XYZ. Go back ς are you sure that you tabulated the cluster spacing 

correctly? Once you are ǎǳǊŜ ǘƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ǎƻƭƛŘΣ ǘƘŜƴ ǘƘŜ ƴŜȄǘ ǎǘŜǇ ƛǎ ǘƻ ŀǎƪ ΨǿƘȅΚΩ  

Surprising results can be a great thing. They often provide an opportunity to help the client improve 

performance. But ς if the client is going to actually act on surprising results, you need to be prepared to 

justify them. As discussed more in Section 6.3.3, zoom-in on the 3D visualization and look carefully at 

ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎΦ ¢Ǌȅ ǿǊƛǘƛƴƎ Řƻǿƴ ǎƛƳǇƭŜ ΨōŀŎƪ ƻŦ ǘƘŜ ŜƴǾŜƭƻǇŜΩ ŎŀƭŎǳƭŀǘƛƻƴǎΦ LŦ ȅƻǳ ǊŜŀƭƭȅ can not 

ŘŜŎƛǇƘŜǊ ǘƘŜ ΨǿƘȅΣΩ ŜƳŀƛƭ ǳǎ ŀǘ support@resfrac.com and ask our opinion! We have seen hundreds of 

ResFrac simulations and have a strong intuition into why things happen. Ask yourself what model inputs 

affect these results. Maybe try some sensitivities changing model inputs and see if the results hold up. 

Very often, once you dig in, you will realize that the surprising model results make perfect sense.  

The model surprises our intuition, but once we understand it, our intuition changesΦ ¢ƘŜ ΨŎƻƳǇƭƛŀƴŎŜ 

ƳŜǘƘƻŘΩ ƻŦ ǇƛŎƪƛƴƎ ŦǊŀŎǘǳǊŜ ŎƭƻǎǳǊŜ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ƳƻŘŜƭ ǊŜǎǳƭǘ ǘƘŀǘ ǿŀǎ ǎǳǊǇǊƛǎƛƴƎ ŀƴŘ ƛƴƛǘƛŀƭƭȅ 

confusing, but subsequently turned out to be right on target (McClure et al., 2019). 

You should also consider how the company arrived at their current views. Perhaps the company 

previously did this optimization with a different method (RTA? Comparison with offset wells?). For 

example, maybe they did an optimization using RTA calculations and a higher permeability than you 

used. If so, this could have led them to find a different optimum (Fowler et al., 2019).  

Once you have done this legwork, you will be much more prepared to present the results to the full 

group. If the modeling shows that their current design is already optimal, great! That will make for an 

easy meeting. If you advise changes, be prepared for (understandable) skepticism, and be ready to 

explain the reason for the model results and for your recommendations. Be ready to assess your overall 

confidence in the finding. Do not ƎŜǘ ȅƻǳǊ ŦŜŜƭƛƴƎǎ ƘǳǊǘ ƛŦ ǘƘŜȅ ŘƻƴΩǘ ŎƻƳǇƭŜǘŜƭȅ ŀŘƻǇǘ ȅƻǳǊ 

recommendations. Your job is to perform the ResFrac analysis, provide the results, and then explain why 

those were the results. Critically analyze the problem to pinpoint (as much as possible) the root cause of 

differences with their current practice. You give that information to stakeholders, and then it is their 

responsibility to make decisions based on your analysis and all of the other information available to 

them. 

ResFrac should be used in an iterative cycle with field data. Perform an analysis to suggest an improved 

design or to identify key uncertainties that could be reduced with data collection. Test the new design 

and/or gather new data, compare with predictions, and iterate. The goal with ResFrac is to shorten the 

learning curve ς iterate towards the best designs sooner ς and to facilitate fine-tuning of the design over 

time in response to new geologic conditions, market conditions, or technology. 
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Field trials are best performed as A/B testing. As much as possible, operators should change one thing at 

a time, and then systematically compare the impact on production. Practically, this is not always 

possible. But it is good to try! 

 

пΦн Ψ/ƘŜŎƪǇƻƛƴǘΩ ƳŜŜǘƛƴƎǎ ŀƴŘ ΨƛƴŦƻǊƳŀƭ ǳǇŘŀǘŜΩ ƳŜŜǘƛƴƎǎ 
Iǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ōŜǘǿŜŜƴ ΨŎƘŜŎƪǇƻƛƴǘΩ ƳŜŜǘƛƴƎǎ ŀƴŘ ΨƛƴŦƻǊƳŀƭ ǳǇŘŀǘŜΩ ƳŜŜǘƛƴƎǎΦ In a 

checkpoint meeting, you are presenting results that have been vetted and are ready to be 

communicated across the full group. Between these checkpoint meetings, you communicate regularly 

with stakeholders, and may be sharing and discussing results. Go out of your way to make sure that 

everyone understands that results in-ōŜǘǿŜŜƴ ΨŎƘŜŎƪǇƻƛƴǘΩ ƳŜŜǘƛƴƎǎ ŀǊŜ ƻƴƭȅ ǇǊŜƭƛƳƛƴŀǊȅΦ ²Ŝ Ŧƻƭƭƻǿ 

the process in Section 4.1 in order to make sure that model setup and results are carefully vetted. In 

meetings with stakeholders, it can be very tempting to short-circuit the process and start prematurely 

drawing conclusions from the model results before you have finished. Do not do this. As you go through 

the process ς checking, calibrating, analyzing, and communicating with the group ς you will almost 

certainly be making changes to the model and your interpretation. Everyone needs to know ς if you are 

still in the middle of the process, then everything is still subject to change. This can be communicated by 

establishing up-ŦǊƻƴǘ ǘƘŀǘ ȅƻǳ ƘŀǾŜ ΨŎƘŜŎƪǇƻƛƴǘΩ ŀƴŘ ΨƛƴŦƻǊƳŀƭ ǳǇŘŀǘŜΩ meetings, and by labeling the 

calendar invites and slides decks as an ΨƛƴŦƻǊƳŀƭ ǳǇŘŀǘŜΩ ƻǊ ŀ ΨŎƘŜŎƪǇƻƛƴǘ ƳŜŜǘƛƴƎΦΩ 

5ŜƭƛƴŜŀǘƛƴƎ ΨŎƘŜŎƪǇƻƛƴǘΩ ƳŜŜǘƛƴƎǎ ŀƭǎƻ ƘŜƭǇǎ ƳŀƪŜ ǎǳǊŜ ǘƘŀǘ ǘƘŜ ǊƛƎƘǘ ǇŜƻǇƭŜ ŀǘǘŜƴŘ ǘƘŜ ƳŜŜǘƛƴƎǎΦ 

Managers are busy and may not want to be involved in every single meeting or informal communication. 

.ȅ ŘŜƭƛƴŜŀǘƛƴƎ ΨŎƘŜŎƪǇƻƛƴǘ ΨƳŜŜǘƛƴƎǎΣ ǿŜ ŀǊŜ ŎƻƳƳǳƴƛŎŀǘƛƴg to them which meets are highest value for 

them to attend, and which are lower priority. Try to encourage managers to attend all of the checkpoint 

meetings (but not necessarily the informal meetings). Checkpoint meetings are an opportunity for 

stakeholder to express their priorities, give direction, and raise issues. If a senior manager does not 

attend any of the checkpoint meetings, and then joins for the final project wrap-up, they might bring 

ƴŜǿ ǇŜǊǎǇŜŎǘƛǾŜ ŀƴŘ ǇǊƛƻǊƛǘƛŜǎ ǘƘŀǘ ƘŀǾŜƴΩǘ ōŜŜƴ ǊŀƛǎŜŘ ǇǊŜǾƛƻǳǎƭȅΦ This can be an unwelcome surprise 

and reduce their satisfaction with the project. Checkpoint meetings structure the interactions so that 

stakeholder preferences are identified as early as possible. .ȅ ƪŜŜǇƛƴƎ ƛƴǘŜǊŀŎǘƛƻƴǎ ΨƛƴŦƻǊƳŀƭΩ ǳƴǘƛƭ ȅƻǳ 

are ready to formally present at a checkpoint meeting, you ensure that when that meeting occurs, and 

the full group attends, you are prepared to lead a high-quality meeting. With meetings, emphasize 

quality over quantity! 

Supplementing this section, Sections 6 and 10 have more recommendations on the nuts and bolts of 

how to execute a successful study. Please check them out! 
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5. Getting acquainted with ResFrac 
The purpose of this section to get acquainted with the software. For a tutorial going through the full 

workflow, refer to Section 10. 

 

5.1 Overview 
ResFrac simulations are run on the Microsoft Azure cloud computing server. This allows you to run a 

large number of simulations simultaneously, without needing to bog down your own personal 

computer.  

Simulations are set up, organized, and visualized using a locally installed user-interface. It runs on 

Windows and should work fine on any modern PC or laptop. One caveat ς your computer needs to have 

an adequate graphics card (GPU) to render the 3D visualizations of the results. In order to submit and 

download simulations, you need access to the internet. 

 

5.2 Versions and updating  
We push out updates regularly. The user-interface (locally installed) and the simulator (on the cloud) are 

two different pieces of software and are updated separately and have different version numbers. When 

you submit a simulation, it automatically submits to run on the most recent available version. It happens 

automatically, and you do not have to do anything. However, you have the option to submit simulations 

using older versions (Section 5.4). This can be useful because updates can cause minor changes to 

simulation results, and so if you are in the middle of running a set of simulations, you may want to keep 

the version number consistent. When you run a simulation, the version number is recorded in the 

ΨŎƻƳƳŜƴǘǎΩ ŦƛƭŜ ƎŜƴŜǊŀǘŜŘ ŀǎ ƻǳǘǇǳǘ όSection 5.6). 

When we push out an update to the user-interface, this requires an update to the software installed on 

your computer. If an update is available, you will be automatically prompted to update from within the 

UI. If you click ok, the update goes through automatically. On some corporate IT systems, autoupdate 

capabilities are disabled. In those environments, we email your IT person when the update is ready, and 

they put out the update. To check your user-ƛƴǘŜǊŦŀŎŜ ǾŜǊǎƛƻƴ ƴǳƳōŜǊΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ΨǎŜǘǘƛƴƎǎΩ ǎŎǊŜŜƴ in 

the job manager (described below). 

 

5.3 Installation and setup 
We will provide you with a link to download an installer for the ResFrac user interface. When you run 
the installer, it will ask you for the location to make the installation. Make sure to install it in a place 
where you will not need special administrator privileges to access it. The default location, C:\ResFracPro, 
is usually fine. We recommend installing it on a drive with at least 50 GB of free space, as simulations 
are stored locally, by default in the installation directory, and can each be multiple GB. It is fine to use an 
external hard drive. If you are interested in doing a network installation, please have your IT team 
contact us at support@resfrac.com and we can work with them on how to set this up.  

You can always use the ResFracPro UI to set up simulations and view results. But to submit simulations 
and download results, you need to be able to log in. To do that, we need to add you to the user list for 

mailto:support@resfrac.com
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your company. Please contact support@resfrac.com and we will work with you to set this up. If you are 
the first user at your company, we may need to work with your IT team to get things configured on your 
end. If your company uses Microsoft Active Directory or Google G-Suite for its accounts, we can set it up 
so that you use your company account to log in to ResFrac. Alternatively, we can provide you with a 
separate account managed within our system.  

On initial setup, we may encounter a variety of issues with corporate IT systems. We have seen 
practically everything at this point and have done everything possible to make ResFrac robust to work 
on many different systems. Still, companies throw us curveballs. Also, some companies explicitly require 
wŜǎCǊŀŎ ǘƻ ōŜ ΨǿƘƛǘŜƭƛǎǘŜŘΩ ƛƴ ǘƘŜƛǊ L¢ ǎȅǎǘŜƳǎ ōŜŦƻǊŜ ŀƭƭƻǿƛƴƎ ƛǘ ǘƻ ŀŎŎŜǎǎ ǘƘŜ ƛƴǘŜǊƴŜǘΦ ¢ƘŜǊŜŦƻǊŜΣ ƛŦ ȅƻǳ 
have any trouble logging in or downloading results, please contact us at support@resfrac.com, and 
include an IT security or general IT contact if possible. We will ask you for a description of the behavior 
ȅƻǳΩǊŜ ƻōǎŜǊǾƛƴƎΣ ŀƴŘ ŦƻǊ ȅƻǳ ǘƻ ǎŜƴŘ ǳǎ ǘƘŜ wŜǎCǊŀŎtǊƻ ŘŜǘŀƛƭŜŘ ƭƻƎ ŦƛƭŜΦ {ŜŎǘƛƻƴ рΦоΦм ŘŜǎŎǊƛōŜǎ Ƙƻǿ ǘƻ 
turn on detailed logging to produce this file. 

 

5.4 The job manager 
²ƘŜƴ ȅƻǳ ŦƛǊǎǘ ƻǇŜƴ wŜǎCǊŀŎΣ ǘƘŜ ǇǊƻƎǊŀƳ ƻǇŜƴǎ ǘƻ ǘƘŜ ΨƧƻō ƳŀƴŀƎŜǊΦΩ ¢ƘŜ Ƨƻō ƳŀƴŀƎŜǊ ƛǎ ǳǎŜŘ ǘƻ ƪŜŜǇ 

ǘǊŀŎƪ ƻŦ ȅƻǳǊ ǎƛƳǳƭŀǘƛƻƴǎΦ ¸ƻǳǊ ǎƛƳǳƭŀǘƛƻƴǎ ŀǊŜ ƻǊƎŀƴƛȊŜŘ ƛƴǘƻ ΨtǊƻƧŜŎǘǎΣΩ ǿƘƛŎƘ ŀǊŜ basically just folders 

that you can use to keep your simulations organized.  

You will be prompted to log-in. Note that even if your email address is not a Microsoft or Google email 

ŀŘŘǊŜǎǎΣ ȅƻǳ Ŏŀƴ ǎǘƛƭƭ ΨǊŜƎƛǎǘŜǊΩ ƛǘ ǿƛǘƘ ǘƘŜƳ ŀƴŘ ǳǎŜ ƛǘ ŦƻǊ ƭƻƎƎƛƴƎ ƛƴǘƻ wŜǎCǊŀŎΦ 

 

mailto:support@resfrac.com
mailto:support@resfrac.com
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Click on the ? button in the upper left corner of the window. It pulls up help content ς both written and 

ǾƛŘŜƻΦ LŦ ȅƻǳ ŎƭƛŎƪ Ψ{Ƙƻǿ ƳƻǊŜΣΩ ƛǘ ƎƻŜǎ Ŧǳƭƭ-screen. 

 

 

/ƭƛŎƪ Ψ/ǊŜŀǘŜ tǊƻƧŜŎǘΣΩ ǘƻ ƳŀƪŜ ȅƻǳǊ ŦƛǊǎǘ ǇǊƻƧŜŎǘΦ 
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²ƛǘƘƛƴ ŜŀŎƘ ǇǊƻƧŜŎǘΣ ǘƘŜǊŜ ŀǊŜ ŀ ǎŜǘ ƻŦ ΨǿƻǊƪŦƭƻǿǎΦΩ wƛƎƘǘ ƴƻǿΣ ²ƻǊƪŦƭƻǿ ǘȅǇŜǎ Ŏŀƴ ōŜ ŀ ΨǎŀƴŘōƻȄΩ ƻǊ 

ΨǎŜƴǎƛǘƛǾƛǘȅ ŀƴŀƭȅǎƛǎΩΦ Lƴ ǘƘŜ ŦǳǘǳǊŜΣ ǿŜ ǿƛƭƭ ōŜ ŎƻƴǘƛƴǳƛƴƎ ǘƻ ŀŘŘ ŀŘŘƛǘƛƻƴŀƭ ǿƻǊƪŦƭƻǿ ǘȅǇŜǎΦ A sandbox is 

just a folder full of simulations. /ƭƛŎƪ ǘƘŜ ōǳǘǘƻƴ ŦƻǊ Ψ/ǊŜŀǘŜ {ŀƴŘōƻȄΣΩ ŀƴŘ ŎǊŜŀǘŜ ŀ ƴŜǿ ƻƴŜΦ Within the 

ǎŀƴŘōƻȄΣ ǇǊŜǎǎ ǘƘŜ ōǳǘǘƻƴ ŦƻǊ Ψ/ǊŜŀǘŜ {ƛƳΦΩ wŜǎCǊŀŎ ŎƻƳŜǎ ǇǊŜƭƻŀŘŜŘ ǿƛǘƘ ŀ ŘŜŦŀǳƭǘ ǎƛƳǳƭŀǘƛƻƴ ƻŦ ŀ ǎƘŀƭŜ 

ǿŜƭƭ ǿƛǘƘ ǘƘǊŜŜ ŦǊŀŎ ǎǘŀƎŜǎΦ ²ƘŜƴ ȅƻǳ ŎƭƛŎƪ Ψ/ǊŜŀǘŜΣΩ ǘƘŜ ǇǊƻƎǊŀƳ ƻǇŜƴǎ ǳǇ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ōǳƛƭŘŜǊΦ  
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.ŜŦƻǊŜ ǿŜ ŘƛǎŎǳǎǎ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ōǳƛƭŘŜǊΣ ƭŜǘΩǎ Ǝƻ ōŀŎƪ ǘƻ ǘƘŜ Ƨƻō ƳŀƴŀƎŜǊ ŀƴŘ ŘƛǎŎǳǎǎ ŀ ŦŜǿ ƻǘƘŜǊ 

details. {ƻΣ Ǝƻ ŀƘŜŀŘ ŀƴŘ ŎƭƛŎƪ ά9Ȅƛǘ .ǳƛƭŘŜǊέ ǘƻ Ǝƻ ōŀŎƪ ǘƻ ǘƘŜ Ƨƻō ƳŀƴŀƎŜǊΦ 

 

If you click on the simulation name, it pulls up a menu with a list of actions. You can edit the simulation 

ŘŜǘŀƛƭǎ όǊŜƴŀƳŜ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ƻǊ ƳƻŘƛŦȅ ǘƘŜ ΨŘŜǎŎǊƛǇǘƛƻƴΩύΣ ŜŘƛǘ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ǎŜǘǳǇ ƛƴ ǘƘŜ ōǳƛƭŘŜǊΣ ŜǘŎΦ 

For the purposes of this demo, go ahead ŀƴŘ ǎŜƭŜŎǘ ΨǊǳƴ ǎƛƳǳƭŀǘƛƻƴΦΩ ²ƘŜƴ ȅƻǳ ŎƭƛŎƪŜŘ Ψ/ǊŜŀǘŜ {ƛƳΩ ƛǘ 

loaded a reasonable default simulation, so if you submit this simulation, it will run. 
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²ƘŜƴ ȅƻǳ ǎŜƭŜŎǘ Ψwǳƴ {ƛƳǳƭŀǘƛƻƴΣΩ you will have the option to select simulator version. It defaults to use 

ǘƘŜ ƴŜǿŜǎǘ ŀǾŀƛƭŀōƭŜ ǾŜǊǎƛƻƴΣ ǎƻ Ǝƻ ŀƘŜŀŘ ŀƴŘ ŎƭƛŎƪ Ψwǳƴ {ƛƳǳƭŀǘƛƻƴΦΩ As the simulation runs on the 

cloud, the results automatically download. We will be able to track the simulation progress and view the 

results as the simulation progresses. However, it will take about 15 minutes for the simulation to start 

ǳǇ ƻƴ ǘƘŜ ŎƭƻǳŘΣ ŀƴŘ ǎƻ ƛƴ ǘƘŜ ƳŜŀƴǘƛƳŜΣ ƭŜǘΩǎ ƭƻƻƪ ŀǘ some the simulation builder. Click on your 

ǎƛƳǳƭŀǘƛƻƴ ŀƴŘ ŎƭƛŎƪ Ψ/ƻǇȅ {ƛƳǳƭŀǘƛƻƴΦΩ ¢ƘŜƴΣ ŎƭƛŎƪ ƻƴ ǘƘŀǘ ǎƛƳǳƭŀǘƛƻƴΣ ŀƴŘ ǎŜƭŜŎǘ Ψ9Řƛǘ {ƛƳǳƭŀǘƛƻƴ ƛƴ ǘƘŜ 

.ǳƛƭŘŜǊΦΩ  
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5.5 The simulation builder 
The simulation builder is organized into a series of panels, as shown along the left-side of the screen. To 

set up a simulation, you generally will progress from the top panel downwards.  

The welcome screen provides a 3-minute tutorial video to go through the builder. Also, every screen in 

the builder has detailed help content built-in. To access the help content, click on the orange ? button in 

the top right corner. If you click on the index button in the welcome panel, it pulls up a search capability 

that allows you to search all available parameters.  
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aƻǾŜ ƻƴ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ά{ǘŀǊǘǳǇέ ǇŀƴŜƭΦ Lƴ ǘƘŜ ǎǘŀǊǘǳǇ ǇŀƴŜƭΣ ȅƻǳ ǎŜƭŜŎǘ ǘƘŜ ƎƻǾŜǊƴƛƴƎ ǇƘȅǎƛŎǎ ŦƻǊ 

your simulation. Do you want to run a thermal or isothermal simulation? Compositional or black oil? For 

more detail about these selections, do not forget that you can click on the question button! For 

ŜȄŀƳǇƭŜΣ ƛŦ ȅƻǳ ŎƭƛŎƪ ƻƴ ǘƘŜ Κ ōǳǘǘƻƴ ŦƻǊ άCƭǳƛŘ ƳƻŘŜƭέΣ ƛǘ Ǉǳƭƭǎ ǳǇ ŀƴ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ ǘƘŜ ōƭŀŎƪ ƻƛƭ ŀƴŘ 

compositional fluid models: 

 

Depending on your selections in this panel (and other panels), the visibility of different inputs changes 

throughout the simulation builder. For example, if you ǎŜƭŜŎǘ Ψ¢ƘŜǊƳŀƭΣΩ ǘƘŜƴ ƛƴ ǎǳōǎŜǉǳŜƴǘ ǇŀƴŜƭǎΣ ȅƻǳ 

will be prompted to specify information such as the thermal conductivity of the rock, the initial 
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ǘŜƳǇŜǊŀǘǳǊŜ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ƛƴƧŜŎǘƛƻƴ ŦƭǳƛŘΦ LŦ ȅƻǳ ǎŜƭŜŎǘ ΨLǎƻǘƘŜǊƳŀƭΣΩ ǘƘŜƴ ȅƻǳ ǿƛƭƭ 

ƴƻǘ ǎŜŜ ŜƴǘǊȅ ōƻȄŜǎ ŦƻǊ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴΦ {ƛƳƛƭŀǊƭȅΣ ƛŦ ȅƻǳ ǎŜƭŜŎǘ Ψ.ƭŀŎƪ ƻƛƭΩΣ ǘƘŜƴ ǘƘŜ ΨCƭǳƛŘ aƻŘŜƭ hǇǘƛƻƴǎΩ 

panel will request black oil model inŦƻǊƳŀǘƛƻƴΦ LŦ ȅƻǳ ǎŜƭŜŎǘ Ψ/ƻƳǇƻǎƛǘƛƻƴŀƭΣΩ ǘƘŜƴ ǘƘŜ ǇŀƴŜƭ ǿƛƭƭ ǊŜǉǳŜǎǘ 

information to specify a compositional fluid model ς a completely different set of inputs.  

Ψ±ŀƭƛŘŀǘƛƻƴ ŦǳƴŎǘƛƻƴǎΩ ǇǊƻǾƛŘŜ ŜȄǘǊŜƳŜƭȅ ǳǎŜŦǳƭ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ǘƻ ŀǎǎƛǎǘ ƛƴ ǎŜǘǘƛƴƎ ǳǇ ǎƛƳǳƭŀǘƛƻƴǎΦ 9ǾŜǊȅ 

single entry in every single box in the builder is checked by a validation function. The validation function 

returns an error if the input is impossible, and returns a warning if the input is acceptable, but possibly 

problematic. You will see visual clues for these validation functions ς red X in the panel list on the left, 

and next to the name of the parameter. Also, when you save, window pops up with a list of all validation 

ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ǎƛƳǳƭŀǘƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜΣ ǎŎǊƻƭƭ Řƻǿƴ ǘƻ ΨƳŀȄƛƳǳƳ ǿŀƭƭŎƭƻŎƪ ǘƛƳŜΩ ƛƴ ǘƘŜ Ψ{ǘŀǊǘǳǇΩ 

ǇŀƴŜƭ ŀƴŘ ǎŜǘ ƛǘ ǘƻ ά-мέΦ ¢Ƙƛǎ ǿƛƭƭ ǘǊƛƎƎŜǊ ŀ ǾŀƭƛŘŀǘƛƻƴ ŜǊǊƻǊΦ ¢ƘŜ ǎŎǊŜŜƴǎƘƻǘ ōŜƭƻǿ ǎƘƻǿǎ ǘƘŜ ŜǊǊƻǊ ōŜƛƴƎ 

printed after I clicƪ Ψ{ŀǾŜ /ƘŀƴƎŜǎΦΩ  

 

Every time you leave a panel and go to a different panel, ResFrac autosaves. If you exit the builder, you 

will be prompted to save. But even if you do not save, you will still be prompted to load from autosave 

the next time you open the simulation. ResFrac ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀ ƎŜƴŜǊŀƭƛȊŜŘ ΨǳƴŘƻΩ ŎŀǇŀōƛƭƛǘȅΣ ōǳǘ ȅƻǳ 

Řƻ ƘŀǾŜ ǎƻƳŜ ŀōƛƭƛǘȅ ǘƻ ΨǳƴŘƻΩ ōȅ ŎƭƛŎƪƛƴƎ Ψ5ƛǎŎŀǊŘ ŎǳǊǊŜƴǘ ŎƘŀƴƎŜǎΦΩ ¢Ƙƛǎ ōǳǘǘƻƴ ƎƻŜǎ ōŀŎƪ ǘƻ ǘƘŜ ƭŀǎǘ 

ŀǳǘƻǎŀǾŜΦ LŦ ȅƻǳ Ǝƻ ŀƘŜŀŘ ŀƴŘ ǇǊŜǎǎ ǘƘŀǘ ōǳǘǘƻƴΣ ǘƘŜƴ ΨaŀȄƛƳǳƳ ǿŀƭƭŎƭƻŎƪ ǘƛƳŜΩ ǿƛƭƭ ǊŜǾŜǊǘ ǘƻ ƛǘs 

previous value of 120 hours. 

!ǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ Ψ{ǘŀǊǘǳǇΩ ǇŀƴŜƭΣ ǘƘŜǊŜ ƛǎ ŀ ƭŀǊƎŜ ƎǊŜŜƴ ōǳǘǘƻƴ ŎŀƭƭŜŘ ΨwŜŎƻƳƳŜƴŘŜŘ ǎŜǘǘƛƴƎǎ ǿƛȊŀǊŘΦΩ 

Wizards like this are scattered throughout the simulation builder. Wizards are designed to automate or 

simplify a certain aspect of setting up simulations.  

Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ ΨwŜŎƻƳƳŜƴŘŜŘ ǎŜǘǘƛƴƎǎ ǿƛȊŀǊŘΩ has a rather unique, but quite useful, role. We 

frequently roll out new updates. Often, these updates impact the behavior of the simulator in some 

way. In order to maintain back-compatibility, we strive to avoid rolling out changes that modify 
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simulator behavior by default. Instead, we implement new keywords, and give the user a validation 

warning if the new keywords are not activated, and suggest that they update when convenient. If an 

update may impact simulation behavior somewhat, it may not be convenient to make the change right 

away because history matched simulation models may need to be tweaked to regain the history match. 

If quite a few of these keywords accumulate over time, and a user decides to update, the search 

capability in the welcome screen is very useful in finding the keywords in the builder. To save that 

ƛƴŎƻƴǾŜƴƛŜƴŎŜΣ ǘƘŜ ΨwŜŎƻƳƳŜƴŘŜŘ ǎŜǘǘƛƴƎǎ ǿƛȊŀǊŘΩ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǇǇƭƛŜǎ ŀƭƭ ΨǊŜŎƻƳƳŜƴŘŜŘΩ ǎƛƳǳƭŀǘƛƻƴ 

settings. 

 

The purpose of this section is to give an overview of the code, not to provide a detailed description of 

every panel. For that, you can refer to the help content built into the builder, and refer to Section 10 for 

step-by-step tutorials on history matching and optimizing frac design.  

.ŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴΣ ƭŜǘΩǎ ǎƪƛǇ ŀƘŜŀŘ ǘƻ ǘƘŜ ΨCƭǳƛŘ aƻŘŜƭ hǇǘƛƻƴǎΦΩ /ƭƛŎƪ ƻƴ ǘƘŜ Ψ.ƭŀŎƪ ƻƛƭ ǿƛȊŀǊŘΩ ŦƻǊ ŀƴ 

example of a more detailed wizard. This wizard asks you to input information such as initial producing 

GOR, and will generate an entire black oil fluid model. Note that the wizards also have built-in help 

content and validations. No need to actually run this wizard ς the simulation comes preloaded with a 

black oil model ς so click the X in the upper right corner to exit the wizard. 
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Scroll down to the Ψ.ƭŀŎƪ ƻƛƭ ƳƻŘŜƭ ǇǊƻǇŜǊǘȅ ǘŀōƭŜΩ ŀƴŘ ŎƭƛŎƪ ƻƴ ǘƘŜ ǘƘǊŜŜ-bar icon next to the help icon. 

This brings up a preview line plot of the properties inputted into the table. These three-bar icons are 

scattered throughout the builder to provide preview line plots.  

 

Note that if you change the values in the black oil table, this will not automatically update the preview 

ǇƭƻǘΦ ¸ƻǳ ƘŀǾŜ ǘƻ ŎƭƛŎƪ ǘƘŜ ǊŜŘ ΨwŜŦǊŜǎƘΩ ōǳǘǘƻƴ ƛƴ ǘƘŜ ǳǇǇŜǊ ǊƛƎƘǘ ŎƻǊƴŜǊΦ ¸ƻǳ Ŏŀƴ ƳƻŘƛŦȅ ǿƘŀǘ ƛǎ ǾƛǎƛōƭŜ 

on the plot, view other properties, and otherwise customize the plot by clicking the gear icon in the 

upper right corner.  
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Close the preview plot and return on the simulation builder. From any panel, you can click on the green 

cube along the top of the screen to pull up a 3D preview plot. This 3D preview plot is a simplified version 

of the 3D visualization tool that you use to view simulation results. In the builder context, you can view 

the simulation region, the mesh, the well, the formation properties, and other simulation inputs. Left 

and right click, along with pressing shift and control with the clicks to manipulate the camera controls. 

You can toggle visibility of things like the matrix region, stretch the axis, change the color scale, etc. 

 

 

The preview plots will not show things that fail validation. For example, go to the Wells and Perforations 

ǇŀƴŜƭ ŀƴŘ ǎŎǊƻƭƭ Řƻǿƴ ǘƻ ǘƘŜ Ǌƛōōƻƴ ŦƻǊ Ψ²Ŝƭƭψ5ŜƳƻΩΣ ŀƴŘ ŎƭƛŎƪ ƻƴ ƛǘ ǘƻ ǎƘƻǿ ǘƘŜ ǾŜǊǘƛŎŜǎ ŘŜŦƛƴƛƴƎ ǘƘŜ 
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ǿŜƭƭ ƭƻŎŀǘƛƻƴΦ 5ŜƭŜǘŜ ŀ ŦŜǿ ƻŦ ǘƘŜƳΦ bƻǿΣ ǘƘŜ Ψ²Ŝƭƭ ǾŜǊǘƛŎŜǎΩ ŀǊŜ ŦŀƛƭƛƴƎ ǾŀƭƛŘŀǘƛƻƴΣ ǎƛƴŎŜ ƻƴŜ ƻŦ ǘƘŜ 

vertices is undefined. LŦ ȅƻǳ ǊŜƻǇŜƴ ǘƘŜ о5 ǇǊŜǾƛŜǿ όƳŀȅ ƴŜŜŘ ǘƻ ŎƭƛŎƪ ΨwŜŦǊŜǎƘΩύΣ ǘƘŜ ǿŜƭƭ ǿƛƭƭ ƴƻ ƭƻƴƎŜǊ 

be visible, and a ribbon notification will pop up in the upper right corner to explain that the wells cannot 

be shown due to a validation problem. 

 

 

If you scroll down to the bottom of the panel, you will ǎŜŜ ŀ Ǌƛōōƻƴ ǘƻ ǳƴŦƻƭŘ Ψ!ŘǾŀƴŎŜŘ ƻǇǘƛƻƴǎΦΩ aƻǎǘ 

of the time, users do not need to modify advanced options. Therefore, we have hidden them from your 

view to avoid them being distracting! 
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Hopefully, this section has given you a good overview of the simulation builder. For more detailed step-

by-step tutorials on setting up simulations, history matching, and optimizing design, refer to Sections 6-

10. Exit the builder and return to the job manager. 

 

5.6 Tracking simulations in progress, file formats, and other job manager details 
By now, the simulation that you submitted has probably started running on the cloud. Before we look at 

ǘƘŜ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ǘƻƻƭΣ ƭŜǘΩǎ ŜȄǇƭƻǊŜ more capabilities in the job manager.  

In the Sandbox view, you can see a list of your simulations. The simulation that you submitted earlier 

ǎƘƻǳƭŘ ƴƻǿ ǎƘƻǿ ŀ ǎǘŀǘǳǎ ƻŦ ΨwǳƴƴƛƴƎΦΩ LŦ ȅƻǳ ŎƭƛŎƪ ƻƴ ǘƘŜ ŎŀǊǊƻǘ ƛŎƻƴ ƻƴ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ ǊƻǿΣ ƛŦ Ǉǳƭƭ ǳǇ ŀ 

ΨǎƘƻǊǘ ǎǘŀǘǳǎΩ ŘŜǎŎǊƛǇǘƛƻƴ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ǘƛƳŜstep number, simulation duration, and other information.  
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bƻǿΣ ƭŜǘΩǎ ǘŀƭƪ ǘƘǊƻǳƎƘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ƻǇǘƛƻƴǎ ƛƴ ǘƘŜ ƳŜƴǳ ǘƘŀǘ Ǉǳƭƭǎ ǳǇ ǿƘŜƴ ȅƻǳ ŎƭƛŎƪ ƻƴ ǘƘŜ ƴŀƳŜ ƻŦ 

the simulation. 

 

LŦ ȅƻǳ ŎƭƛŎƪ Ψ/ŀƴŎŜƭ {ƛƳǳƭŀǘƛƻƴ wǳƴ ƻƴ {ŜǊǾŜǊΣΩ then obviously, the simulation is stopped. However, the 

results that have already been generated will not be deleted from your computer.  

Simulations run on the server are stored there for about 30 days, and then they are deleted. You are 

expected to keep track of your own simulations using your own local hard drive. We do not store 

simulation results on the cloud long-term.  
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If there are multiple simulations running at the same time, then there may be some delay as the 

computer downloads all the results at the same time. If you want to prioritize the downloading of a 

particular simulation (or multiple simulations) click on eacƘ ŀƴŘ ǎŜƭŜŎǘ Ψ5ƻǿƴƭƻŀŘ wŜǎǳƭǘǎ bŜȄǘΦΩ ¢ƘŜ ƴŜȄǘ 

the download cycle, the simulation(s) that you select will be prioritized and downloaded first.  

¢ƘŜ ōǳǘǘƻƴ Ψ/ƘŜŎƪ ŦƻǊ bŜǿ wŜǎǳƭǘǎ ƛƴ bŜȄǘ {ȅƴŎΩ ǎƘƻǳƭŘ ǘȅǇƛŎŀƭƭȅ ƴƻǘ ƘŀǾŜ ŀƴȅ ŜŦŦŜŎǘΦ Lǘ ƛǎ ŀ ōŀŎƪǎǘƻǇ. If 

there is an error in the refresh cycle and results from a simulation are not fully downloading, then the 

Ψ/ƘŜŎƪ ŦƻǊ bŜǿ wŜǎǳƭǘǎ ƛƴ bŜȄǘ {ȅƴŎΩ ōǳǘǘƻƴ ŦƻǊŎŜǎ ǘƘŜ ¦L ǘƻ ǘǊȅ ŀƎŀƛƴ ŀƴŘ ŎƘŜŎƪ ŦƻǊ ƴŜǿ ǊŜǎǳƭǘǎ ǘƘŀǘ 

need to be downloaded. 

bŜȄǘ ŎƭƛŎƪ Ψ5ƻǿƴƭƻŀŘ wŜǎǘŀǊǘ CƛƭŜǎΦΩ ! ǊŜǎǘŀǊǘ ŦƛƭŜ ŀƭƭƻǿǎ ȅƻǳ ǘƻ ŎǊŜŀǘŜ ŀ ƴŜǿ ǎƛƳǳƭŀǘƛƻƴ ǘƘŀǘ ǇƛŎƪǎ ǳǇ ŀƴŘ 

runs from a certain point in time from another simulation. In the restart, you can change things like the 

permeability or relative permeability. This makes restart files convenient for history matching. We also 

ǳǎŜ ǊŜǎǘŀǊǘ ŦƛƭŜǎ ŦƻǊ ǊŜǇǊƻŘǳŎƛƴƎ ŀƴŘ ŦƛȄƛƴƎ ǎƛƳǳƭŀǘƻǊ ǇǊƻōƭŜƳǎΦ wŜǎǘŀǊǘ ŦƛƭŜǎ ŀǊŜ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ΨǇŜǊŦŜŎǘΣΩ 

such that they reproduce the previous simulation identically, to machine precision. However, code 

changes over time occasionally introduce small flaws in the restarts. If you notice that a restart is not 

perfectly reproducing results, please report this to us (see Section 5.10 on reporting simulation 

problems) so that we can track it down!  

The restart files are generated automatically by the simulator at timestep intervals (controlled by 

ΨwŜǎǘŀǊǘ ǘƛƳŜ ǎǘŜǇ ƛƴǘŜǊǾŀƭΩ ƛƴ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ōǳƛƭŘŜǊύΦ ¢ƘŜ ŦƛƭŜǎ ŀǊŜ ǎǘƻǊŜŘ ƻƴ ǘƘŜ ǎŜǊǾŜǊ ŦƻǊ ŀōƻǳǘ ол Řŀȅǎ 

and then deleted. If you want to access a restart file, you need to download it to your hard drive within 

30 days of running the simulation. If more than 30 days have passed, you can rerun the simulation to 

make new ones (and to ensure consistency with an old simulation, make sure that you run with the 

same version number as the original simulation).  

 

 

Go ahead and download a restart file by clicking one of the rows, and then clicking OK. The restart files 

ŀǊŜ ƭƛǎǘŜŘ ōȅ ΨǘƛƳŜǎǘŜǇ ƴǳƳōŜǊΦΩ aƻǊŜ ǊŜŎŜƴǘ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ ŎƻŘŜ Ƴŀȅ ŀƭǎƻ ƭƛǎǘ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ǘƛƳŜ 
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corresponding to each restart file. If you do not see simulation time, you can refer to the comments file 

to determine which timestep number corresponds to the point in time that you are interested in. 

After the restart file has downloaded, click on the simulation and copy it. You will be prompted to ask if 

ȅƻǳ ǿŀƴǘ ǘƻ ŀƭǎƻ ŎƻǇȅ ǘƘŜ ǊŜǎǘŀǊǘ ŦƛƭŜΦ LŦ ȅƻǳ ŎƭƛŎƪ ΨȅŜǎΣΩ ǘƘŜƴ ǘƘŜ ǊŜǎǘŀǊǘ ŦƛƭŜ ǿƛƭƭ ōŜ ŎƻǇƛŜŘ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ 

simulation files themselves, and when you run the new simulation, you will have the option to run a new 

simulation from scratch or a restart using the restart file. If a restart file is available, the program will 

default to use it when you submit the simulation. In the example below, I downloaded the restart file 

corresponding to timestep 100. So if I run a restart, the first timestep in the new simulation will be 

timestep 101 of the simulation. 
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5.7 Simulation folders 
bŜȄǘΣ ŎƭƛŎƪ ΨhǇŜƴ {ƛƳǳƭŀǘƛƻƴ CƻƭŘŜǊ ƛƴ CƛƭŜ 9ȄǇƭƻǊŜǊΦΩ ¢Ƙƛǎ Ǉǳƭƭǎ ǳǇ ŀƴ ŀŎǘǳŀƭ ŦƻƭŘŜǊ ƻƴ ȅƻǳǊ ŎƻƳǇǳǘŜǊ ƛƴ 

the Windows File Explorer. Every simulation in the sandbox has its own self-contained folder.  

 

¢ƘŜ ΨƛƴǇǳǘΩ ŀƴŘ ΨǎŜǘǘƛƴƎǎΩ ŦƛƭŜǎ Ŏƻƴǘŀƛƴ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ-specific input parameters. These are human-

readable text files in a ResFrac-specific, simple format. You never need to modify these files because 

they are generated by the simulation builder. However, you may find it convenient to directly modify 

the text files once you become a more advanced user. Go ahead and open the settings file, for example. 

¢ƘŜ ŦƛƭŜ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǎŜǊƛŜǎ ƻŦ ƪŜȅǿƻǊŘǎΦ 9ŀŎƘ Ƙŀǎ ǘƘŜ ŦƻǊƳŀǘ ƻŦ Ψ±ŀǊƛŀōƭŜ ƴŀƳŜΥέΣ Ψ[ŜƴƎǘƘΥΩ ŀƴŘ 

Ψ±ŀƭǳŜόǎύΥέΦ hǇǘƛƻƴŀƭƭȅΣ ȅƻǳ Ŏŀƴ ŀōōǊŜǾƛŀǘŜ ǘƘŜǎŜ ŀǎ ΨƴŀƳŜΩΣ ΨƭŜƴƎǘƘΩΣ ŀƴŘ ΨǾŀƭΩΦ [ƛƴŜǎ ǎǘŀǊǘƛƴƎ ǿƛǘƘ ǘǿƻ 

ǎƭŀǎƘŜǎ άκκέ ŀǊŜ ΨŎƻƳƳŜƴǘΩ ƭƛƴŜǎ ǘƘŀǘ ŀǊŜ ƛƎƴƻǊŜŘ ōȅ wŜǎCǊŀŎ ŀǎ ƛǘ ǇŀǊǎŜǎ ǘƘŜ ŦƛƭŜΦ ¢ƘŜ wŜǎCǊŀŎ ¦L 

automatically inserts comments above each variable that explain what it is. Some keywords require 

ǎŜǾŜǊŀƭ Ψǘŀō-ŘŜƭƛƴŜŀǘŜŘΩ ǾŀƭǳŜǎ ǘƻ ōŜ ŜƴǘŜǊŜŘ ƛƴ ŜŀŎƘ ƭƛƴŜΦ wŜǎCǊŀŎ ŀƭǿŀȅǎ ǳǎŜǎ ǘƘŜ ΨǘŀōΩ ǘƻ ǎŜǇŀǊŀǘŜ 

entries in a settings file. ¢Ƙƛǎ Ƙŀǎ ǘƻ ōŜ ŀ ΨǘŀōΩΣ ƴƻǘ ŦƻǳǊ ǎǇŀŎŜǎ. We agree with Richard Hendricks ς tabs 

are better than four spaces! 
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Returning to the simǳƭŀǘƛƻƴ ŦƻƭŘŜǊΣ ȅƻǳ ƻƴƭȅ ǊŜŀƭƭȅ ǘƻ ǿƻǊǊȅ ŀōƻǳǘ ǘƘŜ Ψ!ŘŘƛǘƛƻƴŀƭψCƛƭŜǎΩ ŦƻƭŘŜǊ ŀƴŘ ǘƘŜ 

ΨwŜǎǳƭǘǎΩ ŦƻƭŘŜǊΦ !ŘŘƛǘƛƻƴŀƭψCƛƭŜǎ ƛǎ ǳǎŜŘ ŦƻǊ ΨŜȄǘǊŀΩ ǎƛƳǳƭŀǘƛƻƴ ŦƛƭŜǎΣ ǎǳŎƘ ŀǎ ǳǎŜŘ ǿƛǘƘ corner point 

ǎƛƳǳƭŀǘƛƻƴǎΦ ¢ƘŜ wŜǎǳƭǘǎ ŦƻƭŘŜǊ Ŏƻƴǘŀƛƴǎ ŀƭƭ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ǊŜǎǳƭǘǎΤ ƭŜǘΩǎ ƻǇŜƴ ǘƘŀǘ ŦƻƭŘŜǊΦ 

 

Some of the files and folders in the Results folder are for internal use by the UI, but some of them are 

useful for you to be aware of.  

The comments file is very important and useful and discussed in Section 5.9 ōŜƭƻǿΦ ¢ƘŜ ΨǎƛƳψǘǊŀŎƪΩ ŦƛƭŜ 

outputs an Excel-readable format (csv) ǿƛǘƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ΨƭƛƴŜ-ǎŜǊƛŜǎΩ ŘŀǘŀΥ ²ItΣ .ItΣ ƛƴƧŜŎǘƛƻƴ ǊŀǘŜǎΣ 

ǇǊƻŘǳŎǘƛƻƴ ǊŀǘŜǎΣ ŜǘŎΦΣ ŦƻǊ ŜǾŜǊȅ ǘƛƳŜǎǘŜǇΦ CƻǊ ŎƻƴǾŜƴƛŜƴŎŜΣ ǘƘŜ ΨолψŘŀȅψǇǊƻŘΩ ŀƴŘ ΨŘŀƛƭȅψǇǊƻŘΩ ŦƛƭŜǎ 
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output production rates per well on regularly spaced increments. This is useful because the sim_track 

files can have thousands of rows and many columns with a lot of different output properties. Users find 

it useful to have the basic daily and monthly production data outputted in small, convenient files. 

¢ƘŜ ΨwŀǿψwŜǎΩ ŦƻƭŘŜǊ Ŏƻƴǘŀƛƴǎ ǾŀǊƛƻǳǎ ƘǳƳŀƴ-readable summary files. They provide information about 

production and frac length by layer, a gun barrel view of proppant placement, and element-by-element 

ǇǊƻǇŜǊǘƛŜǎΦ ¢ƘŜ Ψ!-w9!5a9Ω ŦƛƭŜ ƛƴ ǘƘŀǘ ŦƻƭŘŜǊ ƎƛǾŜǎ ƳƻǊŜ ŘŜǘŀƛƭΦ 

 

 

5.8 Sharing and importing simulations 
¸ƻǳ Ƴŀȅ ǿŀƴǘ ǘƻ ǎƘŀǊŜ ŀ ǎƛƳǳƭŀǘƛƻƴ ǿƛǘƘ ǎƻƳŜƻƴŜ ŜƭǎŜΦ /ƭƛŎƪ ƻƴ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ŀƴŘ ǎŜƭŜŎǘ Ψ9ȄǇƻǊǘ 

ǎƛƳǳƭŀǘƛƻƴΦΩ ¸ƻǳ ǿƛƭƭ ōŜ ǇǊƻƳǇǘŜŘ ǘƻ ǎŜƭŜŎǘ ŀ ƭƻŎŀǘƛƻƴΦ ¢ƘŜ ŜƴǘƛǊŜ ŦƻƭŘŜǊΣ ŀƭƻƴƎ ǿƛǘƘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ 

ƳŜǘŀŘŀǘŀ ŦƛƭŜ ǿƛǘƘ ƛƴŦƻǊƳŀǘƛƻƴ ǎǳŎƘ ŀǎ ǘƘŜ ΨǎƛƳǳƭŀǘƛƻƴ ŘŜǎŎǊƛǇǘƛƻƴΣΩ ǿƛƭƭ ōŜ ŎƻǇƛŜŘ ǘƻ ǘƘŀǘ ƭƻŎŀǘƛƻƴΦ  

¢ƻ ƛƳǇƻǊǘ ŀ ǎƛƳǳƭŀǘƛƻƴ ŦƻƭŘŜǊΣ ŎƭƛŎƪ ƻƴ ΨLƳǇƻǊǘ ǎƛƳǳƭŀǘƛƻƴΩ ŦǊƻƳ ǘƘŜ Ƨƻō ƳŀƴŀƎŜǊ ǎŎǊŜŜƴΦ ¸ƻǳ ƘŀǾŜ ǘƘǊŜŜ 

options for importing a simulation. First, you can navigate directly to an input and settings file. Those 

two files, alone, contain all the information required to set up and run a simulation. If you are running a 

corner point simulation or a simulation that otherwise has additional data files as part of the setup, they 

Ƴǳǎǘ ōŜ ǇƭŀŎŜŘ ƛƴ ŀ ǎŜǇŀǊŀǘŜ ŦƻƭŘŜǊ ŦƻǊ Ψ!ŘŘƛǘƛƻƴŀƭψCƛƭŜǎΩΣ ŀƴŘ ǎƻ ȅƻǳ ŀǊŜ ŀǎƪŜŘ ǘƻ ƻǇtionally specify the 

location of that folder for the import. The second option is to select an entire self-contained simulation 

ŦƻƭŘŜǊΣ ǎǳŎƘ ŀǎ ǘƘŜ ŦƻƭŘŜǊ ǘƘŀǘ ȅƻǳ ŎǊŜŀǘŜŘ ǿƛǘƘ ǘƘŜ Ψ9ȄǇƻǊǘ ǎƛƳǳƭŀǘƛƻƴΩ ŦƻƭŘŜǊΦ bƻǘŜ ǘƘŀǘ ȅƻǳ ŎƻǳƭŘ ŀƭǎƻ 

simply copy the simulaǘƛƻƴ ŦƻƭŘŜǊ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ²ƛƴŘƻǿǎ CƛƭŜ 9ȄǇƭƻǊŜǊ όǿƛǘƘƻǳǘ ǳǎƛƴƎ Ψ9ȄǇƻǊǘ 

ǎƛƳǳƭŀǘƛƻƴΩύ ŀƴŘ ǘƘŀǘ ǿƻǳƭŘ ǿƻǊƪ ŦƛƴŜΣ ŜȄŎŜǇǘ ǘƘŀǘ ƛǘ would not copy some of the supplementary data, 

ǎǳŎƘ ŀǎ ǘƘŜ Ψ{ƛƳǳƭŀǘƛƻƴ 5ŜǎŎǊƛǇǘƛƻƴΩ ǎǘƻǊŜŘ ƛƴ ǘƘŜ Ƨƻō ƳŀƴŀƎŜǊΦ CƛƴŀƭƭȅΣ ȅƻǳ Ŏŀƴ ƛƳǇƻǊǘ ŀ ΨŦƻƭŘŜǊ ƻŦ 

ŦƻƭŘŜǊǎΦΩ CƻǊ ǘƘƛǎΣ ȅƻǳ ŎƻǳƭŘ ƘŀǾŜ ŎƻǇƛŜŘ ǎŜǾŜǊŀƭ ΨǎƛƳǳƭŀǘƛƻƴ ŦƻƭŘŜǊǎΩ ŀƭƭ ƻǾŜǊ ŦǊƻƳ ŀƴƻǘƘŜǊ ŎƻƳǇǳǘŜǊΣ ŀƴŘ 

ǇƭŀŎŜŘ ǘƘŜƳ ŀƭƭ ƛƴ ǘƘŜ ǎŀƳŜ ŦƻƭŘŜǊΦ ¸ƻǳ ŎƻǳƭŘ ƛƳǇƻǊǘ ŀƭƭ ƻŦ ǘƘŜ ŦƻƭŘŜǊǎ ŀǘ ƻƴŎŜ ǳǎƛƴƎ ǘƘŜ ΨŦƻƭŘŜǊ ƻŦ 

ŦƻƭŘŜǊǎΩ ƻǇǘƛƻƴΦ 
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{ŜƭŜŎǘ ΨLƳǇƻǊǘ ŦǊƻƳ ŀ ǎƛƳǳƭŀǘƛƻƴ ŦƻƭŘŜǊΩ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ŦƻƭŘŜǊ ŎǊŜŀǘŜŘ ǿƘŜƴ ȅƻǳ ǇǊŜǾƛƻǳǎƭȅ ŘƛŘ Ψ9ȄǇƻǊǘ 

ǎƛƳǳƭŀǘƛƻƴΦΩ bƻǘŜ ǘƘŀǘ ȅƻǳ Ŏŀƴ Řƻ ŜƛǘƘŜǊ Ψ/ǳǘκǇŀǎǘŜΩ ƻǊ Ψ/ƻǇȅΦΩ ¢ƘŜ ŦƻǊƳŜǊ ƻǇǘƛƻƴ ǿƛƭƭ ǊŜƳƻǾŜ ǘƘŜ ŦƻƭŘŜǊ 

from its current location when the import is performed. The copy option copies the folder so that it 

remains in its current location when the import is performed.  

When I attempted the import, it gave me an error that the simulation name was already being used 

(since it has the same name as the simulation we exported from), and so I had to change the name as 

part of the import.  
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5.9 The comments file  
The comments file is a text file with a detailed log of everything the simulator is doing. It can be useful if 

ȅƻǳ ǿŀƴǘ ǘƻ ƎŜǘ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ƭƻƻƪ ŀǘ ȅƻǳǊ ǎƛƳǳƭŀǘƛƻƴΩǎ ǇǊƻƎǊŜǎǎΦ Lǘ ƛǎ ǇƭŀŎŜŘ ƛƴ ǘƘŜ ΨwŜǎǳƭǘǎΩ ŦƻƭŘŜǊΦ hǊ 

you can access it directly from the options accessed by clicking on the name of a simulation. 
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The comments file starts by providing the date/time of the simulation. The version number is given as 

Ψ/ƻŘŜ ǊŜǾƛǎƛƻƴ ІмумΩΦ IƻǿŜǾŜǊΣ ǘƘŜ true version number is given with the hexadecimal pattern below 

that ς 1fca983 in the example above.  

For each layer defined in the simulation, the comments file prints a table of fracture conductivity versus 

effective normal stress for different values of proppant mass/area. The far-left column is for an 

unpropped fracture, and the subsequent columns are for increasing amounts of proppant. 
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Scroll down to the bottom of the file to get the latest update on what the simulation is doing. In the 

screenshot below, we can see that it is beginning timestep #1992. The previous timestep had a duration 

of 0.0027 hours (about 10 seconds), and the cumulative time elapsed is 3.3 hours. There is a line printing 

the wellbore behavior ς WHP, BHP, and injection rate. There is also a line printing the number of 

unsuccessful, discarded timesteps. This summary information allows you to get a quick look at where 

the simulation is, and what is happening. 

 

Despite our best efforts, sometimes simulations crash or run slowly due to numerical problems. The 

comments file can help you identify whether this is happening. If the simulation is running slowly 














































































































































































































































































































































































































































































