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1. Introduction

1.1 The purpose of this document

We built ResFrac to help operatarsake optimal decisions regardihgdraulic fracture desigrwell

placement, andeservoir engineeringnformation is valuable when it: (a) impacts a decision, and (b)

that decision impacts your objectiveBor example, ag@ LIS NJ (i 2 NXiiay b2td reaSirdizedetd S

present valugNPV)jnternal rate of return (IRRr investment efficiency (NPV divided by spending)

BEvery ResFrac project sholdéginby danninga workflow that will help your company maketter-

decisionsand improveits performance measured againiss objectivesFocus ot @ 2 dzNJ O2 YLJ y & Qa ¢
202S8S0GA0Sas y2i yobrpedadhbl? @DR2SONA IS adrA doieckiedd/dzNJ O2 Y LI y ¢
Economic optimization is part &f LIS NJ pib@esslf@ontinuous improvement (McClure, 2021).

Operators evolve their completioand well designsver time.Over years, this has led to dramatic

improvement in production and lower costhis evolutiorhas largely been accomplisheidth trialing

changes, measuring performance, and iteratiRgsFrac 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 suctsmlides

what ResFrac does and how to usa6 02 @SNJ YdzOK Y2NB GKIy 2dzad WwWodzii
successfully requires higavelengineeringskills: 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
Wi Saazya f S| NJHsRiczunterit BhfteBugieks f hardeained 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 expegeapplying 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 issu¢he ResFrac Technical Writeup (McClure et al., 202d)

ourrefOSy i GCNBIljdzSyidfe 1! al SR v dzSavé éxpafthekeylghysidS NJ 6 a O/ £ dzN
embodied in ResFrac ardplainwhy certain choices have been made. ResFrac offers a wide variety of

options and physics, depending on user preference and geologic sé&timgltimately, we do aubest

to lay out for users how we believe the tasfouldbe best applied.

WSACNF OQ& dzyAljdzS Ol LI oAfAGE A& GKIFIG AG FdAte AydsS
multiphase reservoir simulatdas well as including wellboresimulator) 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, thenal drawdown). It is extremely advantageous to describe everything in
a singé integrated package, rather than breaking the problem off into pisobged by separate

simulators In legacy workflows, transfers of information between different simulators involve
inconvenience and loss of informaticioi examplethey typically use different meshes). But more
important, manyrealtlife processes involvall the key physickappeningat the same time. They cannot

be modeled by separate software packages that break off different pieces of the physics. For example,
frac hits involve frattire mechanics (stress shadowing from fracture reopening) simultaneous with
multiphase flow (water displacing oil/gas in the parent frac), proppant remobilization, andftoass
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through the wellboreThis process cannot be modeled with either a pure fracturing simulator, nor a

LJdzZNBE NBASNII2ANI aAYdz [ G2N®» ! f a2 wSACNIXrO Aa I Wi NUz
cracks and solve transport and deformation equations designed for cramketigies, codes perform

continuum based geomechanics simulation and call it a hydraulic fracturing simulator; tioagis

hydraulic fracturing simulatotHydraulic fractures are not bands of high permeability rock.

Since it was first commercialized in 2018, ResFrac has been applied in projects with over 30 campanies
includingmost of the top 10 oil producers in the USesFrac has been appliedlwe shale plays:

Midland Basin DelawareBasin Duvernay Eagle Ford, Bakken, SCOOP/STACK, Montney, Marcellus,
Utica,Powder RivertHaynesvilleand Vaca Muerta; for optimization of EGS resouraes;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 ptysind issues around hydraulic fracture design and
optimization in shale (and EG8&)erything is focused on our overriding goal: to makéimal, 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 whatyou need to know to be a successful ResFrac user
2. The online ResFrdondamentals training courserecorded videos of a threday training
course fittps://www.resfrac.com/resfragftundamentalssimulationtraining)
3. Help content built into the useinterface¢ detailed documentation of every single input
parameter
4. The ResFrac technical writegm@ detailed description of the equations solved by ResFrac, along
with citations to the literature fttps://arxiv.org/abs/1804.0209p
5. d&Nuances and frequently asked questions in fetdle hydraulic fracture modeliag8PE
199726MS¢ covers some of the most commonly asked questions about the ResFrac simulation
approach and results
6. Other ResFrac videost{ps://www.resfrac.com/video}
a. WwSaACNI O (aoseddur imrdzidBoS Q
b. W¢eKS /1FasS TF2NJ tf Igthetechn@dbaddifazNgy weaudepbriad y 3 Q
fracture modeling, rather than complex fracture network modeling
c. W.Sald tNIOGAOSa Ay LYGSNIINBGlFGAZ2Y 2F 5CL¢ ¢
t NB & §alaN&dnmended procedure for interpreting DFIT tests
d WhT¥TFAOS | 2rdNB | MWAdkit (A KT TarQ@eSordings déhddir e@uay NR A Yy 348 Q
A0KSRdzf SR wWSACNI O W2FFAOS K2dzNEQ aSaaizya ¢
7. The ResFrac blagshort 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 recommészatiiang the
fundamentalsThey areHydraulic Fracturingy Smith and MontgomenReservoir Stimulatioedited
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https://arxiv.org/abs/1804.02092
https://www.resfrac.com/blog

by Economides and NoltReservoir Geomechaniog Zoback, anBundamentals of Rock Mechanins
Jaeger, Cooke, and Zimmerman.
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2. Onboarding”rocesgor New ResFrac Users

If youare looking for ajuickoverview, refer to Section 2.1. If you are planning to se@ousResFrac
user, refer to Section 2.Please invest the time to review these materials. It will pay off!

2.1 Timeefficient overview

For a timeefficient, general overview of ResFrac, refefStections 1.{general overview)3
(applications)4 (the workflow),5 (the user interface), and.1 (overview of technical capabilitiesljhis
procedure is intended for someone who wants to be more familiar with ResFrapldmg to be only a
casual user.

2.2 Onboardingrocesdor a ResFrac user

If you are planning to use ResFfaca 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
successfullf you are already an experienced ResFrac user, you will still find it useful to go through this
material.

We recommend &our-week process. You can go faster or slower, depending on your schéagduteu

go through the material, keep a list of questions or topics for discussion. Email us at
support@resfrac.cogrand we will schedulereeklycalls. On the callssk the questions that you wrote
down. Optionally, you could prepare short PowerPoint presentations to review your results. Check out
Sectiors 6.5and 10 for guidelineson making presentations.

Week 1

ReadSections 17 of this document. Whileeviewing Section 5, open the ResFrac user interface and
follow along. Experiment and run a few different simulations and visualize the réaldtshModules
2-4 of the ResFrac Simulation Training lattgs://www.resfrac.com/resfrafundamentalssimulation
training>. Optionally, also watch Module 5.

Week 2

Go through the detailed worked tutorial on setting up a simulatioBéation10 of this documentRead
the material inSection3 and begin the history matching proce$fsyou prefer to watch a video,
optionallywatch Modules €10 from the recorded ResFrac Simulation Training at <
https://www.resfrac.com/resfradfundamentalssimulationtraining>.

Week 3

Complete thehistory matchReadSection9 and plan the design optimization sensitivities.
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Week 4

Perform the design optimization sensitivities and analyze the results.

Week5+

LT &2dz RARytQdiial FX yp aKSEKSZ TRR2Y QUG 3IAGS dzldH YSSLI 324
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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 stare modeling study bgsking what question you want to answer and develop a gplae
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 Physiebased and datariven approaches
Why should you use ResFrac? Why should you use a simulator at all?

The following passagguoted fromMcClure et al.2020) discusses the different ways thaperators
make decisions

iln shale, the main parameters for hydraulic f
perforation cluster spacing, well spacing (vertical and horizontal), perforation cluster
design, proppant mass, fluid volume, injection rate, fluid type, and well/cluster

seqiencing. 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 optimizatioraiet®eg

all of these factors with economic variables related to cost and revenue (Kaufman et al.,
2019; Fowler et al., 2019).

I n practice, a wide range of -Basatiégard édata
drivend concepts are used to predict outcomes
not mutually exclusive, and nearly all companies incorporate elements of both

Datadriven approaches do not attempt to understand the underlying causal processes that

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

A Odlatiaaend approach coul d be asanisdividupil e as rely
engineer, orascomplexasalagge al e machi ne | earfbraisreg 6pr oj ect .
approach tries to understand why things happen, and use that insight to predict response

to change. Physidsased approaches typically use fundamental phlisies (such as

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

literature. Physicdased approaches can involve varying levels of complexity: a mass

balance calculation in a spreadsheet, the physical intuitiom ioidaszidual engineer, or a

multiphysics numerical simulator. Physioased approaches are calibrated to ensure

consistency with actual data (for example, history matching), but relative tdrilata

models, typically involve less emphasisonthepreasi of t he O6matcho6é to dat e
tension between 6ématching datad and démodel pre
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 datdriven and physicbased 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, dabkaven models are useful becauseghgsics are
complicated and not fully understood. Daltdven models go directly to the inputs and
outputs that matter, integrate information, and provide practical recommendations.
However, datadriven models cannot extrapolate outside the training daaadepredict
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 enougdio toisdscome

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 desigdyjsarally 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. Rbgsics

models can predict response to new approaches hichwrior 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 fiédds) to continuously improve economic
performance. Physidsased approaches are also used to help interpret diagnostic data and
guide future data collection. 0

Physicsbased and datalriven approaches are complementary. Dalt@ven approachekok at past
experience and observe what worked beBhysicdased approaches help identify opportunities for
future improvementc evaluating ideas that have not yet been tried previousiyshale development,
physicshased approaches can usually address more detailed engineering questiordathalriven
approaches, which are better avaluatingoverall trends There is usually insufficient data to use data
driven approahes to answer granular shale fracture design questions.

Physicsbased approaches improve results from ddtéven approaches by identifying the types of
NBflFdGA2yakKALA G2 aSS1U Ay RIEOF&aASGasz ARSyAKRSRIAMYH Q2
conclusions drawn from datdriven models. Similarjydata-driven approaches improve results from
physts6  a SR | LILINRP I OKS& o6& LINPOARAY3I WLINA2N {y2¢6f SR3AS

Weliketosaytha2 dzNJ 32 f A& (G2 WaK2NISy GKS fSFNYyAy3d OdzNID!
an iterative fashion. Perform an analysis to help make decistotest new designs in the field and

gather new data> feed that new information back into the engine®y analysis and iterat&rac

designs keep getting better (Baihly et al., 20Eac designs from 2010 were much less effective than

frac designs in 2015. Frac designs from 2015 were much less effective than they are today. Yery likel

frac designs in 2025 will be a bit improvement over the designs of talay has it takerthe industry

so long to iterate towards the designs of 20217 Bdriaen lookbacks 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. Aphysicssh8 R Y2 RSt | 414&8 WoKeKQ LG OFYy I NNR@GS |
genuine innovation.
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company plans to drill 100 wells next year, tlsue of informatiorfrom discovering an improved

design is high. Testing an alternative design on the next pad could lead to an improvement that can
ddzoaSljdsSyidte 06S NRBftfSR 2dzi 2y Fff FdzidzNBurgStfaod L
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 gdg8 the price of oil
changed%houldyou be tweaking your design to account for these changes?

3.12 The Wead and butter frac design and well placementshale

The #1 most common application of ResFrac is to optimize frac design and well placement in shale. We
optimize: duster spacing, well spacitfgertical and horizontalwell landing depth, proppant mass, fluid
volume,and perforation design (limited entryMcClure 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 griovahd more irregularly shaped fractures. Increasing
perforation pressure drop (limitegntry) helps maintain good cluster efficiency as you tighten cluster
spacing, but increases injection pressure and horsepower requireméuotasters 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 veaticatll as laterad
placement. A key challenge for well spacinisharacterizgpropped 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 leng@ifolla et al., 202®owler et al., 2028 Shdri et al.,

2021).

An accuratgermeability estimate is critical for optimizing cluster and well spacing. Fowler et al. (2019)
give anoptimizationexample from the Utica shal®ptimizing cluster and well spacing leads to
significant increase in NPV, but only if an accurate estimate is used for permeability. Permaadbility
fracture lengthcan be constrained from a combination of RTA, DFIT, and interferencedesiag

others.

With proppant and fluid volume, pumping more results in more production, but more cost. Typically,
there is a point of diminishing return, and geere 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.

A 2 4 A x

¢KSaS LI NIFYSGSNER IINB it O2yySOGSRe® ¢KS w3tz2olfQ
simultaneouslyHowever because of practical constrainise often willoptimize 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/childissues

Child wells tend to underperform relative to parent wells, and in many formations, frac hits cause
substantial loss of production for the parent weldilfer et al., 205). A variety of mitigation strategies
areused in the industry: modifying well spacing or job design, preloading or refracturing the parent well,
YwOdzo S RS @GSt 2LIVSy i Q ar@dubnyrear parest wallg ghéhitcal treatménand R
far-field diverter. These approaches must all be evaluated on the basis of their cost and Beme=fit.

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
hydrocarbonfilled producing fractures, fracture stress shadowing, and fracture asymrda&yo

poroelastic stress changéSowler et al., 2020bAlso, ResFracihaddzRSa I JF NASdie 2F WTN
YSOKIFIyAaYaQ (2 RSaONAOS LINRPOSaasSa &adzOK & G4KS F2N
aSOGA2Y WCNI OlGdzNB 51 YF3aS aBOKlIyAayYa FNBY aO/ t dzNB
These fracture damage mechanisms affect productivity of wells in various Siaysly as a function of
repressurization and increased fracture connections, parent well productivity can increase frong. frac
Depending on whether the child well is within the depletion halo and/or loses frac energy to the parent

well, it may be morer 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 dioraddi

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 affd 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 RPIntdewhereas 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 deliverahiliywell was
unchanged, but water cut increased significantly (hence not slope change). For a more detailed discussion,
see SPR2194MS 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 sh& optimization topics

ResFrac is used to optimize a variety of other decisions regarding shale developmento&onan
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

¢tKS GSNXY WOyKIFIYyOSR DS20KSNXYIf {@2aidisSvyaQ o09D{0 NBTFS
production for geothermal energy productioBonventionally, EGS was performed from vertical wells, in

a single openhole stage, without proppant. But in recent years, therdéeasattention to designs

using multiple stages, horizontal wells, and potentially propg&htiozawa and McClure, 2014)

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

the US Department of Energy, assting these designs in the field.

ResFrac has several features that make it uniquelysuiied for optimization and design of an EGS. An
EGS involves hydraulic fracturing and then ergn circulation of fluid between wells. During leng

term circulation, there will be thermal coolingné 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, sincevitiall
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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 surfaceResFrac seamlessly includes all of these procedses the wellbore to the fractures
and back ug 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, @gptualize flow pathways in natural fractureswesially
occurring at a smaller scale than the hydraulic fractures f&e#ion?), the natural fracture flow

pathways ifmany or mosEGS project appear to be of similar size or often larger than the hydraulic
fractures that form(McClure et al., 2014; Schoenball et al., 2020)

ResFracisnotfuly S I G dzZNB R ¥F 2-NNIi QiizZANE RY & OHNBNIBQ 65ChH 0 Y2RSTE A\
network ofnatural fractures. For example, users can specify preexisting fractures, but cannot give them

dip. Therefore, if the goal is to perform a detailed simulation of thedifics of thiss® | f t SR WYA ESR
YSOKLI y A aYQ RashracYsdubt theibes? ofhidice. However, if the goal is to perform an overall,

hightlevel optimization of an EGS design, rather than a detailed investigation of specificsgesices

ResFrac is very waluited. Section7 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
Syadz2NS GKIG &2dz 0l flyOS LINRPRdAzOUGAZ2Y dzLX AFGO FNRY ON
the job.

ResFrac is also very wesllited for modeling longerm fluid injection. Longerm fluid injection causes
porothermoelastic stress changes from pressurization and cooling. The thermal reduction in stress may
cause crack initiation, and stable growth traakithe 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 propagatidopening of a

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

3.2 Study a specific topic

ResFracan also be sed 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 aiplg S Wa OASY iAFAO YSIK2R®PQ |
hypotheses to explain physical observations. Set up a ResFrac model of the system, and then carefully
investigate the simulation results to test whetha&nd whythe hypothesis wasalidated 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 simuldfbien you run
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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 warkgractice.

3.21 Improve interpretation and understanding of diagnostic data
ResFrac is excellent for designing interpretations to diagnostic Gatiestudy on diagnostic fracture
injection tests (DFITMcClure et al.2019) is ayreatexample.

In a DFIT test, fluid is injected fofl® minutes and then the well is shint and pressure is monitored.

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

DFIT test is ndtself 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 symihetiure transients, wbh

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. Fomgta, ResFrac predicted that if you perform a DFIT

in agasshale(but notoilshaley G KSNB Aa dzadz- tfe& Iy FLLINBYyd WFIfa:
interaction of the viscosity contrast, the changing fracture stiffness over time, and the trarsition
AYLJzZ aS Ft26d ¢KAA AyaAiAdKd Aa adzZzJR2NISR o0& TFTASER
signatures in gas shale DFITs was not known, and there was not agreemenhnututey about

whether to use them to estimate permeability. The new insight came from ResFrac beceursdibed

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

McClure et al. (2019) used ResFrac to develop, test, and tiafampretation methods The
recommended interpretation procedure doest use ResFrabut it could not have been developed
without it.

ResFratas been usetb study all kinds of diagnostic data: fiber optic responses in offset wells (Shahri
et al., 2021), stepate testresults in unconsolidated sandstofi€ellogg and Mercier, 20)ate-
transient analysis techniques (Fowler et 2D208. 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 hypothegesome are confirmed and others are falsified
(Oreskes et al1994).

(5) Systematizéhe results into an interpretation procedure

3.22 Improve understanding of the physics

You can use ResFradmaproveunderstandingdfi KS LK & aA 0ad® ¢KS WTFfaS NIRAL
shales (discussed above) is an example of a phygieabmenorthat arisesfrom the combination of

multiple physics simultaneouslResFrac 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 teduiglity 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 ised4o address a specific question, usually with practical importance. For

example Kellogg and Mercier (2018geded to investigate how to interpret stajte tests in

unconsolidated sandston®e satisfy regulatoryequirements Or, perhapyour companysinterested in

investigating wellbore integrity during fracturing, andyszu want to understand how stress evolves

around the wellbore over time. PointgsR2 y Qi FSSf O2yaidiNIAySR o6& GKS Al

3.3 How often should we optimize, and at what scale?

Most commonly, we are performingesFrac simulations to optimize the nexé &honths of operations.
We typically calibrate to data from a pad or D&glipplementing with general knowledge from the
overall development. The first calibration is the most complex and egreted. Once this
cdibration/optimization cycle has been completed, subsequent recalibration and updates
neighboring wellare much easier.

As you step out spatially (move further from the original calibration)pithelps to periodically update
the calibration and optimization. If layénicknesses are changingermeability is changing, or fluid
saturations are changing, the optimum frac design may vary.

Similarly, the optimum frac design may change over timeauseof changes in price. For example, at
higher oil price, you can justify drilling wells at tighter spadiegent oil price volatility meary®u 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 optimizdkiahis 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 kca

3.4 Why use a model?
t KéeaAroOa o6lFlaSR Y2RSfta INB NraGAz2ylf af23A0 YIOKAYSaA
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 modelimgpgps to construct, tune, and optimize simulation

models to the data set provided by TNO. During phase one, competitors were tasked to optimize NPV
20SN) GKS ySEG wn @SINA 2F (GKS FTAStRQa tAFSod 9l OK
the original, grounetruth model. In phase two of the study, competitors were able taptimize 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 updagmin 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 organizergwaeth 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

L2 2N FLILX AOFGA2Y 2F Y2RSftax NBadzZ GAy3a Ay (GKS dzo A |j
FadadzYLliA2y 2F &3 ND I 3 Smakleling inflts BB unce@ain 2tdzinédelihgd G K1 G A
NE&ddz G§a FNBE dzy OSNIIAYT FyR GKSNBFTF2NBZ Y2RSta OFyQ
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.

| 26 SAGSNE KSNB 6S 02dzy i SNJ gAGK | y23GKSNI L2 Lzt F NJ I LK
9SNE2YyS KIF&a KSINR DS2NHS . 2EQa&a TFlvY2dza 62NR& YR
guote is that Box goes on to use the ideal gas law (RV)=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 physichased, it remains directional, even if slightly imprecise. Of course, for apptisatio

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

more detailed calculation to include thefactor. Starfield and Cundall (1988) expand upon this

Y2RSEtAY3a LIKAf232LIKe Ay UKSBANFZIRNWZTOHNCE2aBOKRYADIaSH

{GFNFASER FYR /dzyRFff AYyUiUNRRdzZOS 1 2ttAy3Qa Ofl aairt¥
diagram separates modeling problems into four quadrants:

Good data and lacking understanding
Lacking data with good understanding
Good data and good understanding
Lacking data and lacking understanding

Hpwbdre
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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 ddté&ven modeling, such as machine learning and data
analytics. Many surface modeling problems fall irfis tcategory 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 higuality science pad), but most subsurface petroleum engineering protigins

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 andINRP 6 f SY&d O2dzy G SNE (GKS a3 NbI 3
objection posed by skeptics.

Ly /F3S32NE H FYyR n LINRBotSYasz RFEGF A& dzy OSNIIFAYy 0
are ilkposed (number of uncertainties exceed the number of constraints). In these categories, data

driven models are inappropriate and can be pronet® g dzOS & 3 Nb I IS 2dzi ®é¢ hy {KS
physicsbased models are slaves to the confines of physics, and all outputs must obey these confines.

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

falsificationof hy)2 t KSa Sasx FyR F2NBOlFada oAGK NBIFaz2ylrofS SN
system of interacting parts often behaves in ways that are surprising to those who specified the rules of
AYGiSNI OlAaz2yé o6{GFNFASER $donevitthResFrad integiating th&physicsA & S E
of fracturing, production, and wellbore often interact in complex and nuanced weyssistently

providing use with new insights. A transparent model (where the causational relationships are clear and
exposed o the user, as they are in ResFrac), allows the user to explain model predictions, thereby

identifying combinations of complex processes that yield unexpected results.

{2 K2g R2 ¢S |LILXeée GKAa (2 wSACNIO Y2RStAy3aK dazR
ySé 1y26ftSR3IS 2NE |G GKS fSFrad>x FTNBAK dzy RSNEGF YRA
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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.

- ldentify 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.

- 52y Q0 20SNFAG o0Se2yR (KS O2yaidNlAyda | @rAtlofsS
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 shoultypicallyfollow this workflow:

1. WY A O Esabli¥h®cope and objectives; plan the workflow
2. WLYAQGAL f-Gatherfaefant data2agdGet @m initialsimulationn communicate back to
stakeholder to check communicatidn LINS &Sy d | tAad 2F WwW{Seé 206aSNV

3. WI A & 2 NP Cafidrate @Kildytaa

4. W{ Sy a A-Run@uméricad eéxgriments on the calibrated model
9FOK 2F G(GKSaS aidtSLlA NBLNBaSyida 2yS teodhey2NE WOKSO
stakeholders. These stakeholdensybe your manager, others on your teamy, the third party that has
hired you to perform the modeling studif youdo notk I @S 2 (i K S NJ télé@dp bpdadeywi R S NA Q
shouldstill go through the procesiaid out bythese checkpoints. DO NOT proceedtsiep until you
havecompleted the checkpoint that proceeds it.

Between checkpoint meetings, you should keep in regular contact with the stakeholders. Naturally,
guestions will come up as you go through the data. For quick, easy questions, email works great. For
more complicated questions, best to wait until yate having a conversation.

The first checkpoint meetinig a kickoff meeting involving all key partielsually in advance of this

meeting, a statement of work has already been drawnlnphe meeting, gu should review th

statement of workg the scope, objectives, and workplan of the proje@nd 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 dahay come in different forms. For example, the

geologic poperties 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 latghady than the full well(s)
(discussed more iBectionl0). The kickoff meeting is a good timeltmk at mapsand decidevhich
wells and stages to include.

At the kickoff meeting, you should review proce@sitlinecheckpoint meetings and the overall
workflow that will be followed.

You start settingug 'y WX g R b fivfattempt to history match yetfocus 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 Fefialtsup

on loose ends. Yado notneed to be a perfectionist keep in mind the project objectives, and if

something is1ot important or can be neglected, K 1§ Qa 21 ® . dzi AF &a2YSGKAYy3 R;
difference to the project objectives, followp 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 antutated data Section5.12).
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a4 @2dz NS o0dZAf RAY3I (GKS AYAGAIFIf Y2RSt>X @2dz aKz2dzZ R
20aSNBIFGA2ya (2 YI (QKiems thatsuminarize the dey ch&dcterRticd okthiell 2 F p
dataset that you will use as calibration (Seot&3.1).

In the second checkpoint meeting, yptesentthef A a0 2F W{ Seé 20aSNIBWyARAXNAYd G2
Y2RStQ ol O1 G2 Fftf aidl1SK2ftRSNE® 9YLKI&AATS GKIFG @
performed, the simulated results may be quite different from the actual data. Regurgitate back all the
information that as provided to yogthe 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 caatadini
O2NNBOGfed 9yO2dzNI IS Al {SK2f RSNR G2 | ai ljdzSadazy
sorts of questions can uncover miscommunication; you want to get that figured out now, and not have it

come out laterMost of the time, something arises duritigjs meeting that leads to a change in the

initial model.

Also, preview your plan for history matching. Explain whatarewplanning to change in order to get a
match Gection8). 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 théy notwant you to change that as part of calibration. If
so, youneedto know thatnow, prior to starting detailed calibration.

Calibration to field data is the most op@mded and challenging part of doing numerical modeling. In
Section8, 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 intermediaté LINB f A Y A y | NEhedkpoiatimendy duyirg th®story

YFEGOKY T FGUGSNI GKS WAYAGALFT aAYdd I GA2yQ ABSGAY IS 0 dz
intermediate checkpoint meeting, you present the path that you are following as part of the history
YIFGOK®d |, 2dz gyl (G2 3SG aidl{SK2ft RSNAQ | LILINR @Gt o6ST¥
to a final match.

C2NJ SEFYLX ST 6S a2YSGAYSa FTAYR GKI foohighGeusddy &8 Qa A
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., 204 9%eS®0ay come

to the preliminary history matchy 3 YSSGAy3 gAGK GKS 262S00GA0S 2F 3S
a permeability significantly lower than their initial estimate. We lay out the basis for our

recanmendationg¢ DFIT interpretationsyur own experience, publications (Fowler et al., 2019; McClure

et al., 2019), etcThis 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
(Section86 ® hy OS GKS OFftAONIGAZ2Y A& O2YLX SGSsE 6S KI @S
we present the final history match to stakeholders. If ymvedone a good job of communicating, and

done the checkpoint meetingthis meeting shoulshot have any surprises! If it dogs, fix the issue,

youwill havego back ananake changes

G GKAA WIAAG2NE YIFIGOKAY3IQ YSSiAy3ar e2dz FAYIFEATS
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 Ibs/ft or
Ibs/cluster, etc.

b6 LISNF2NY (GKS ydzYSNAOIE SELISNAYSyiGao . SF2NB a0
YFre 6S | 3I22R ARSI (2 NBOASYg GKS NBadzZ 6a Ay 'y WA
with your direct contact with the client company)ften, the results confirm what they were expecting.

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

First, with surprising results, double check to make suredidunotmake a mistake. Your resuftsund

that the optimum cluster spacing was XYZ. Go lgaaale you sure thayou tabulated the cluster spacing

correctly? Onceyou ared dzZNB (G KS NB adzZ G6a NS a2f ARX GKSy (GKS yS|

Surprising results can be a great thingeyoften providean opportunity to help the client improve

performance But ¢ if the client isgoing toactuallyact on surprising results, you need to be prepared to

justify them. As discussed more3®ction6.3.3, zoomin on the 3D visualization adok carefully at

GKIG A& KFELIISYyAy3ad ¢NBE gNAGAY3I R24y aiannitS Wol O]
RSOALIKSNI KS supgpstt@besiracofand dsk odzdpiniod! Weave seerhundreds of

ResFrac simulations and have a strong intuition Wity things happenAskyourselfwhat model inputs
affectthese resultsMaybe try some sensitivities changing model inputs and see if the results hold up.

Very often, onceou dig inyouwill realize that thesurprisingmodel results make perfect sense.

The model surprises our intuitiplut once we understand it, our intuition changes ¢ KS WO2 Y LI A | y (
YSGK2ZRQ 2F LIAOIAYy3I TN OGdzNBE Of 2adz2NB A& |y SEFYLX S
confusing, but subsequently turned out b@ right on targe{(McClure et al., 2019)

You should alsoonsider how the company arrived at their current vieRsrhaps 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 thdmfind a different optimum (Fowler et al., 2019).

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

group. Ifthe modeling showshat 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 afod yourrecommendatios. B ready to assess your overall
confidence in the findingponota S @2 dzNJ FSSf Ay3a Kdz2NI AT (GKS& R2y Qi
recommendatios. Your job is to perform the ResFrac analysis, provide the results, and then expjain

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 tomake decisions based on your analysis alhdf theother 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 predictisrand iterate. The goal with ResFrac ishorten the

learning curve;, iterate towards the best designs soongand to facilitate finetuning of the design over

time in response to new geologic conditions, market conditions, or technology.
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Field trials are best performed asB\testing. As much as possible, operators should change one thing at
a time, and then systematically compare the impact on productactically, thiss notalways
possible. Buit isgood to try!

noH YW KSOJLRAYUWLQ YSSGAy3aa YR WAYTF2NNIFE dzL
G Aa AYLRNIIFIYd 02 RAFFSNBYUGAFIGS 0SG6SSyna?OKSO| L2 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 resultsutGd your way to make sure that

everyone understands thatresultso SG 6 SSy WOKSO]ILRAY(GIQ YSSiAy3a | NB
the process irSection 4.1n order to make sure that model setup and results are caredatied. In

meetings with stakeholders, it can be very tempting to skwrtuit the process and staprematurely

drawing conclusions from the model resuttsforeyou havefinished Do notdo this. As you go through

the process; checking, calibrating, analyzing, and communicating with the gcorgqu will almost

certainly be making changes to the model and your interpretation. Everyone needs tockhgou are

still in the middle of the processhén everything is still subject to chandéis can be communicated by
establishingupF N2y i GKI G @2dz K @S WO KnSerigd ddd\by lat@ling theR WA Yy F 2 N
calendar invites and slides decksaamsVA Y T2 N I f  dzLJRIF 46SQ 2NJ I WOKSO] LRAYI

5SSt AYSEFGAY3 WOKSO|lLRAYyGQ YSSiAy3aa faz2 KStLa YIS
Managers are busy and may not want to be involved in every single meeting or informal communication.

. @ RSEtAYSIGAY3 WOKSO| LR Ay to thehvvdhiShinfesfsshie highéellue foNBE O2 YY
them to attend, and which are lower priorit¥ry toencouragenanagerdo attend all of the checkpoint
meetings(but not necessarily the informal meeting&heckpoinimeetings are an opportunity for

stakeholderto express their priorities, give direction, and raise issues. If a senior mathagenot

attend any of the checkpoint meetings, and then joins for the final project w@pghey might bring

ySé LISNERLISOGADGS ' yR LINR 2 NR (i ATRsicanb&an iinwaldo@eSsyr@ise 6 SSy
and reduce their satisfaction with the proje€@heckpoint meetings structure the interactions so that

stakehotler preferences ar@entifiedas early as possinle @ { SSLIAY 3 AYUSNI OlAz2ya W
are ready to formally present at a checkpoint meeting, you ensure that when that meeting occurs, and

the full group attends, you are prepareal lead a higkquality meeting With meetings, emphasize
quality over quantity!

Supplementing this sectiofectiors 6 and 10 have more recommendations on the nuts and bolts of
how to execute a successful studlease checthem out!
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5. Getting acquainted with ResFrac

The rpose of this section tgetacquained with the software Foratutorial going through the full
workflow, refer toSectionl10.

5.10verview

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 installedteskce. It runs on
Windows and should work fine on any modern PC or laptop. One cqyeair computer needs to have
an adequate graphics card (GPU) to render the 3D vistiains 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 udsterface (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 subsib run on the most recent available versidnhappens
automatically, and you doot have to do anythingdowever, you have the option to submit simulations
using older versiongSection 54). This can be usefbkcause updates can cause minor changes to
simulation results, and so if yaue in the middle of running a set of simulations, you may want to keep
the version number consisten#Vhen you run a simulation, the version number is recorded in the
Wwo2YYSyiaQ FALS Sy SN G§SR & 2dziLidzi 6

When we push out an update to the usieterface, 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

UL. If you click ok, the update goes through ausditally. 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 updateTo check yourusek Y  SNF I OS @OSNEAZ2Y ydzYo SNE NBTFSN
the job manager (described below).

5.3Installationand 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 administrafarivileges to access it. The default locationResFracPro,

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 multilét 3 fine to use an
external hard drive. If you are interested in doing a network installation, please have your IT team
contact us asupport@resfrac.corand we can work with them on how to set this up.

You can always use the ResFracPro Ul 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
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your company. Please contastpport@resfrac.corand 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 Googhalite for its accounts, we can setip

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 systentaw/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 curvebdl®, some companies explicitly require
WSACNI O (2 0SS WogKAOGSEtAAGSRO Ay GKSANIL¢ aeaidSvya o
have any trouble logging in or downloading results, please contactaigiabrt@resfrac.comand

include an IT security or general IT contact if possible. We will ask you for a description of the behavior
€2dzQNBE 20aSNBAY3IS YR F2N) é2dz 2 aSyR dza GKS wSac
turn on detailed logging to produdais file.

5.4 The job manager

2 KSy @2dz FANRG 2Ly wSEACNI OX GKS LINRPINIY 2LSya G2
GNJF O1 2F @2dzNJ aAYdzZ F GA2yad | 2dzN) & Abesiz@ljjust foldleysa || NB 2
that you can use to keep your simulations organized.

You will be prompted to lo@n. Note that even if your email address is not a Microsoft or Google email
I RRNBaazx e2dz Oy adGAftf WNBIAAGSND AG 6AGK GKSY |y

Login

Your login credentials have expired. In order to submit
and download simulations, you need to log in again. If
you do not log in, you can still set up and visualize
simulations.

Click "Ok" to log in now.

555 Bryant St. #185 Palo Alto, CA 94301 resfrac.com 29


mailto:support@resfrac.com
mailto:support@resfrac.com

dick on the ? button in the upper left corner of the window. It pulls up help contdrdth written and
GARS2d LT @&2dz Of A BdreeW{ K2 ¢

ResFracPro  ResFrac Corporation-Test

Home

Projects (2) @

> PROJECT NAME # OF WORKFLOWS
> test_project 2
» general 2

You have reached the end of the list

/£ A01 W/ NBI

7 A

us

RUNNING CALCULATIONS LAST MODIFIED &

Choose an authorization service

Please choose an authorization provider to log in with.

You can choose between Google and Microsoft. Google is

recommended.

Before you can log in, you need to sign up with the authorization
provider. You can use any e-mail address, including your
company e-mail. Make sure to provide your e-mail address to
ResFrac Corporation.

To register an email with Google, go to:
https:#accounts google.com/SignUpWithoutGmail

@ Google O Microsoft

“ el

Q

Q Show

Active Projects

0 Dec 29, 2020 at 4:22 pm

9 Feb 26, 2020 at 7:49 pm e

Owi

Th

Running Calculations  Log out e A

Create Projec |op manager S

Welcome to ResFrac!

0:00/5:35

erview

e ResFrac user-interface consists of three parts: (1) the job manager, (2)

the simulation builder, and (3) the tion tool. The job manager is

used to keep track of your simulations; the simulation builder is

an

ally set up a simulation; and the visualization tool is used
d analyze the results.

When you first open ResFrac, you are prompted to log in:

t NP2SOGzQ (2 YIS @2dzNJ FANAGDG

Y2NBZQ Al 3283 7Fdf ¢

LN 2SO
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Create Project

Project Name *
[ demo_project

Description

Create Cancel

2 AGKAY SFEOK LINR2SO0z WAIKNE YyABI 2 2a8NTR2F5 VHRING T Qlg
WaSyaraArAgarie tylfearaQed Ly GKS 7Fdzi dzNBAsami®xig At f 085
just a folder full of simulationg. f A 01 G KS odzidz2y ¥F2NJ W NBWithiSthe{ I y Ro 2 E .

YVROZ2ESZ LINB&aa GKS odu’zy F2NJ W/ NBFGS {AYDPQ wS&aCN
6Stt GgAGK GKNBS FNIO aidl3asSae 2KSy e2dz Ot A0l W/ NBI

ResFrac Pro ResFrac Corporation-Test Q Running Calculations  Log out o A

Home > test project > demo_sandbox

Sandbox Details @ Edit Workflow Activity
Workflow name Simulations Creation Timestamp HIGHLIGHTS  ACTIVITY LOG
demo_sandbox 0 Dec 29, 2020 at 4:27 pm

Description

The sandbox ‘demo_sandbox' was created.
Dec 29, 2020 at 4:27 pm

This sandbox is for a demo - Dec 29 2020

. i Q Show = " All trashed items were successfully deleted.
Simulations (0) Active Simulations e impokt Sim m Dec 28, 2020 at 9:12 pm

> SIMULATION NAME STATUS DATE CREATED 4 LAST MODIFIED
All trashed items were successfully deleted.

Nov 20, 2020 at 8:26 am
You have reached the end of the list

All trashed items were successfully deleted.
Nov 19, 2020 at 7:06 pm

All trashed items were successfully deleted.
Oct 24, 2020 at 9:50 pm

All trashed items were successfully deleted.
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Create Simulation

Simulation Name *

testsim

Template

3 stages with 8 clusters each

Description

— Units *

Create Cancel

ST2NB 6S RAA
details{ 2 32 | KS

o

Odzaa GKS aAvydzZ FGA2y o0dzAf RSNE tSGQa 3
I I

9 9 - - , ~ 7 ~ A , 7 _
R yR OfAO] &G9EAU . dzAf RSNE a2 3I2 ol
ResFracPro  ResFrac Corporation-Test - o X
testsim m Start Builder Save Changes Exit Builder
L : . .
Welcome to the Simulation Builder n
M Welcome
OVERVIEW  INDEX  UPDATES (26)
Startup
Static Model and Initial Conditions 3-Minute Tutorial
Cuesets —
[— [ ] - |
Wells and Perforations . = .

Meshing Options

Fluid Model Options

Fracture Options

Proppants
Water Solutes

Well Controls

If you click on the simulation name, it pulls up a menu with a list of actions. You can edit the simulation
RSGFAfAa ONBYIlIYS GKS aAvydZ FdA2y 2N Y2RATe (GKS WRSa
For the purposes of thisdemo, goahday R a4 St SO0 WNHzy aAYdzZ F GA2ydQ 2 KS)
loaded a reasonable default simulation, so if you submit this simulatirill run.
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ResFrac Prc Q Running Calculations  Log out o A (=] X
Simulation Details

Home > fesl
Edit Simulation in Builder

Run Simulation Workflow Activity
Copy Simulation

Workflow Check for New Results in Next Sync Creation Timestamp HIGHLIGHTS  ACTIVITY LOG
demo_sandg Dec 29, 2020 at 4:27 pm

Export Simulation Folder
Descriptionjils pen Simulation Folder in File Explorer The simulation 'testsim’ was created.
This sandbd] Dec 29, 2020 at 4:38 pm

Open Comments File

Open Text Input and Settings Files

" . . y Q Show The sandbox 'demo_sandbox' was created.
SIIWNEND  Download Restart Files Active Simulations Dec 29, 2020 at 4:27 pm

Import Restart Files

- ci ey ~ DATE CREATED LAST MODIFIED
Visualize Simulation Results

= > d All trashed items were successfully deleted.
Visualize Results with Layout Dec 28, 2020 at 9:12 pm

itted Dec 29, 2020 at 4:38 pm Dec 29, 2020 at 4:38 pm R
Move to Trash ec 29, 2020 at 4:38 pi ec 29, 2020 at 4:38 p
All trashed items were successfully deleted.
You have reached the end of the list

Nov 20, 2020 at B:26 am

All trashed items were successfully deleted.
Nov 18, 2020 at 7:06 pm

All trashed items were successfully deleted.
Ak 20 AN 24 QBN A

2 KSy @&2dz &St SO ifou Willhdey thd optidrdd deléchsinyilata® version. It defaults to use

GKS ySgSaid I @drAtrotS @SNERAZ2Y Asthe 8imuhgon lurks 8ritiek | Yy R Of A

cloud, the results automatically download/e willbe 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

dzL) 2y GKS Of 2dzRX | Yy R &sbmethg sinmiukatdn biiléryCiickorigioes S Qa f

aAYdzZ FGA2Y yR Of A0 W/ 2L® {AYdAZ I iA2yPQ ¢KS t
dzA £t RSN Q

Run Simulation

Description

Simulater Version

{ 2020-12-28 14:44:32 -0500 f1b1017

Job Priarity
Normal

Run Simulation
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5.5 The simulation builder
The simulation builder is organized into a series of panels, as shown along thiededif the screen. To
set up a simulation, you generally will progress from the top panel downwards.

The welcome screen provides arinute tutorial video to go through the builder. Also, every screen in
the builder has detailed help content built. To access the help content, click on the orange ? button in
the top right cornerlf you click on the index button in the welcome panel, it pulls up a search capability
that allows you to search all available parameters.

<= ResFracPro  ResFrac Corporation-Test - O X
testsim Copy 1 m Start Builder Save Changes Exit Builder
I« . i .

Welcome to the Simulation Builder
M Welcome

OVERVIEW INDEX UPDATES (28)

Static Model and Initial Condition: 3-Minute Tutorial

0:00/2:38

Controls
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& ResFrac Pro ResFrac Corporation-Test = a X

©

I
Welcome to the Simulation Builder

M Welcome

Q

Startup

Recommending settings wizard Jump to Input

Use field units Jump to Input

Thermal option Jump to Input

az2@dS 2y o0eé OfAOlAy3d 2y GKS a{dGFNIHdzX LI ySted Ly GK
your simulation. Do you want to run a thermal or isothermal simulation? Compositional or black oil? For

more detail about these selectiondp notforget that you can click on the question button! For

SEIFIYLX S AT é&2dz Ot A0] 2y (GKS K odziG2zy F2NJ aCf dzA R
compositional fluid models:

== ResFracPro  ResFrac Corporation-Test — o x
testsim Copy 1 m Next Panel | Validate | | Discard current changes ‘ Save Changes Exit Builder
I«

Startup Builder Assistant Show more
M Welcome ) ) AllPanels > Startup » Fluid model
@ Startup EToR

Set to "blackoil' if the simulation should be blackoil. Set to ‘compositional’ if
the simulation should be compositional.

gecomme R At eI In the black oil model, the reservoir fluid as being ‘water; 'oil, or 'gas’ The

S %0 simulation is isothermal, and phase behavior is calculated using a 'black oil
Use field units table' that is derived by clever combination of laboratory experiments
(differential vaporization, separator test, and constant compaosition

Thermal option @ expansion). The black oil model is appropriate for 'black oils' (initial GOR <
© sothermal 2000 scf/STB), or reservoirs with only a gas phase and no liquid phase ('dry
i o " I gas' or 'wet gas’). In a ‘wet gas, liquid hydrocarbon drops out at the surface,
erma but the fluid remains gaseous at the surface. Water production is unrelated
" to the categorization between 'wet gas' and 'dry gas.
o Fluid model @
© Blackoil In a volatile oil (initial GOR > 2000 and < 3000 scf/STB), you can use the
> Options black oil model, but you will want to check the 'modified black oil model’ in
O Compositional the fluid options panel. The ‘'modified’ model considers that some 'surface
. liquid' can volatilize up into the gas phase in the reservoir. The standard
Adsorption option @ (not modified) black oil model assumes that gas in the reservoir becomes
. @ None 100% gas at the surface.
o Langmuir If you have a retrograde condensate reservoir (initial GOR between about

Controls 3000 and 50,000 scf/STB), then you may want to consider a compositional

Depending on your selections in this panel (and other panels), the visibility of different inputs changes
throughout the simulation builder. For exampleyifud St SO0 W¢KSNX It 3Q GKSy Ay &
will be prompted to specify information such as the thermal conductivity of the rock, the initial
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GSYLISNI §dzNBE RA&GNROdzGA2Y T YR GKS GSYLISNI GdzNB 2F
y2i 4SS Sy(iNR o02ESa&a FT2NJ GKA& AYF2NNIGAZ2Yy D {AYAL | N
panel will request black oil modedni2 NY I A2y ® LF &2dz aSt SO0 W/ 2YLRaAilA
information to specify a compositional fluid modgh completely different set ahputs.

Wt f ARFGAZ2Y FdzyOliA2yaQ LINPOGARS SEGNBYSte& dzaS¥dzA ¥F
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 impossihland returns a warning if the input is acceptable, but possibly
problematic. You will see visual clues for these validation functigrd X in the panel list on the left,

and next to the name of the parameter. Also, when you save, window pops up Vstio&all validation

NBadzZ Ga F2NJ 6KS SyGiANB aAavYdZlFdAaz2yd C2NJ SEF YL ST &
LI ySt ymRéeémSEKAE BGAfd GNAIISNI I St ARFGAZ2Y SNNEBNY
printed after Iclig W{ I @S [/ KIy3SaoQ

Error(s):

The parameter ‘maximum wallclock time' must be a positive number.

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. ResFR2 S&a y 204 KIF @S | ISYySNrfAl SR Wwd
R2 KI @S a2YS FoAfAGe G2 WdzyR2Q o6& OfAO1Ay3a W5Aa0l
Fdzi2&l @S LT @2dz 32 | KSIFIR yR LINBaa GKIFgi odzidz2yz
previous value of 120 hours.

g GKS (2L 27 GIKKSNBW{ARF NI dzZlINBLSF yANSSSy odzi G2y OF £ £ SF
Wizards like this are scattered throughout the simulation builder. Wizards are designed to automate or

simplify a certain aspect of setting up simulations.

Ly GKAa OFaSz (KS wwhHoraheripiqRes But giite (séfil,yoRaWes A T I NRQ
frequently roll out new updateOften, these updates impact the behavior of the simulator in some
way. In order to maintain baetompatibility, we strive to avoid rolling out changes that modify
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simulator behavioby default Instead, we implement new keywords, and give the usaligation

warningif the new keywords are not activated, and suggest that they updéten convenientlf 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 ovendj and a user decides to update, the search

capability in the welome screen is very useful in finding the keywords in the builder. To save that
AyO2y@SyASyO0Sz: GKS wwSO2YYSYRSR aSidday3aa Al NRQ
settings.

Recommending settings wizard

Sets numerical settings to their recommended’ values. Often, when we roll out changes, we don't apply them automatically in order to maintain back-compatibility. Instead, we give
users warnings to recommend making a change. Qver time, these options have become rather numerous, and it is inconvenient to have to modify all of them manually. To avoid this
inconvenience, you can avoid this wizard to automatically apply all of them. Note that you may still get ‘warnings' after running this wizard. It focuses on setting recommended
numerical parameters, not addressing all possible simulation warnings.

Apply Reset to default values

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 reféettion10 for
step-by-step tutorials on history matching and optimizing frac design.

S¥F2NB Y2@QAy3 2ys fSiQa A1ALIADKSER GRKSGWSt WOl dRRT
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 modete that the wizards also have buiitt help
content and validations. No need to actually run this wizatde simulation comes preloaded with a
black oil modet; so click the X in the upper right corner to exit the wizard.
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Black oil wizard

This wizard uses correlations to set up a black oil table. Please enter the information requested below. If the well is a dry gas well, leave the boxes for ‘initial GOR' and ‘oil API
gravity' blank. If you do not know the oil API gravity or gas specific gravity, then leave those boxes blank. The only required field is the reservoir temperature.

Correlations are used from the following papers: SPE 172833 by Al-Marhoun et al. {2015), SPE 102240 by El-Banbi et al. (2006), SPE 75686 by Marruffo et al. (2002), 'Viscosity of
Natural Gases' by Lee et al. (1966) from JPT, and 'An efficient correlation for calculating compressibility factor of natural gases' by Azizi et al. (2010) in Journal of Natural Gas
Chemistry. Please remember that these carrelations are only approximations. It is always better to build the fluid model from laboratory analysis of fluid samples.

Reservoir temperature must be
‘ Reservoir temperature [F] |0 A i
specified.

| Initial producing GOR [scf/STB] I 7]

| 0il API | » O

| (Gas specific gravity | * 0

ScrolldowntothaV. £ 01 2Af Y2RSft LINR LIS-Ndiigon ekt mth&ilpicoiR Of A O]
This brings up a preview line plot of the properties inputted into the table. These-trae&ons are
scattered throughout the builder to provide preview line plots.

ResFracPro  ResFrac Corporation-Test = O X

testsim Copy 1 m Next Panel | Validate | | Discard current changes ‘ Save Changes Exit Builder

1€
Fluid Model Options
~ s Specify parameters related to fluid model (black oil or compositional)
@ Startup EDITOR
0.825073 | * @
@ Static Model and Initial Conditions
Curve Sets BLACK OIL MODEL PROPERTY TABLE @ 4y
Wells and Perforations = - .
Oil formation volume factor Solution gas-oil ratio [scf / Gas formation volume factor
AETTOER L [RB/STH] L ~sH) L) Tres cf / scf] o
Meshing Options
9000 232 2750 0.00281081
@ Fluid Model Options
8500 2.24853 2502.92 0.00287
Fracture Options
8000 2.15306 2299.48 0.00293809
Proppants 4 7500 2.05994 2101.04 0.0030171
. colut 7000 1.96926 19078 0.00310973
Water Solutes
6500 1.88113 1719.99 0.0032197

Well Controls

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

L 20 , 2dz KI @S G2 Of AO0] GKS NBR WwSTNBaAaKQ odzidzy
on the plot, view other properties, and otghwise customize the plot by clicking the gear icon in the

upper right corner.
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ResFrac Pro - 2D Visualization ResFrac Corporation-Test testsim Copy 1

L 400
1.254
= L300
F 1.2
w
~
o
x - 200
B1.154
L 100
1.1
4]
T T T T T T
0.2e+4 0.4e+4 0.6e+4 0.8e+4 le+4 1.2e+4

Pressure (psi)

Rs (scf/STB)

Bg (res ft~3/scf)
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Plot Settings

TITLE

Add a Title

PLOT DATA

PLOT TYPE 0
@ Regular Series

AXIS 1 Clear axis AXIS2 Remove

Data to Plot © Pasition, Data to Plot % Paosition

|-ED(RBISTEJ, Preview 1 - ‘0 ’-Left - |0 |-Rs (scf/STB), Preview 2 - |9 [Right

AXIS3 Remove

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 flbts 3D preview plot is a simplified version

of the 3D visualization tool that you useview 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 manipulateathera controls.

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

& ResFrac Pro - 3D Visualization ResFrac Corporation-Test testsim Copy 1

Initial permeability (Shmin dir) (md) Linear Log

L
5.000e-5

0.0003000

retct Color Scheme
Rainbow BGYOR

Rotated st Visibility (All Panels ! Ru
1,125,1 Matrix e Q Fracture o Matrix Slices Nofa

The preview plots will not show things that fail validation. For example, go to the Wells and Perforations
LI ySt IyR aONRff R2gy (G2 (GKS NRoozy F2N) w2Sffyes5Sy
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gStt t20LGA2yd 58StSGS | FS¢ 2F (GKSYDP b2gT GKS w2
vertices isundefined. ¥ &2dz NB2LJSYy GKS 05 LINBOASg oYl & ySSR
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.

(kN (s

& ResFracPro  ResFrac Corporation-Test - O \

testsim Copy 1 m Next Panel | Validate || Discard current changes ‘ Save Changes

&
Wells and Perforations

M Welcome L e '
® Start EDITOR
@ Static Mod d Initial ditio _

v Well_Demo Measured depth at toe: 19500 ft Total stages Duplicate W

ts
@ Wells and Perforations Well names
[ Well_Dema (2]

@ Fluid Model Options WELL VERTICES [FT] @

Measured depth [ft] 0 x-location [ft] 0 y-location [ft] z-location [ft]

9500 -8800 o] 9500

& ResFrac Pro - 3D Visualization ResFrac Corporation-Test  testsim Copy 1

At least one of the well inputs (well x

names, well vertices, perforation
o clusters, clusters per stage) are not
passing validations, and so the wells
cannot be included in the plot.

Initial permeability (Shmin dir) (md) Linear Log

I ]
0.0003000

5.000e-5
1,125,1 t c c t e MatiixSlkes None Rainbow BGYOR

If you scroll down to the bottom of the panglouwild SS  NAR o662y G2 dzyF2f R WI RO
of the time, users do not need to modify advanced options. Therefeeehavehidden them from your
view to avoid them being distracting!
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<= ResFracPro  ResFrac Corporation-Test = O X

testsim Copy 1 m Next Panel | Validate | | Discard current changes ‘ Save Changes Exit Builder
e )
Wells and Perforations
A W ' ‘
@ sta EDITOR
@ Static |
© Wells and Perforations
:
@ Flu c ti enl r G Center z-coordinate [ft] @) Total valume [bbi] (7] l
Fracture Options

New Row Resize Table
| Advanced options v

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, refercimnss-
10. Exit the builder and return to the job manager.

5.6 Tracking simulations in progreéi$e formats, and other job manager details
By now, the simulation that you submittéths probablstarted running on the cloud. Before we look at
GKS NBadz & Ay (KS Oniotedapabilltiéslinihe plymadagez. f = f SG Q& SELJX

In the Sandbox view, you can see a list of your simulations. The simulation that you submitted earlier
AK2dz R y2¢ akKz2g | adGlFiGdza 2F WwdzyyAyaoeQ LF &2dz Of A
WAK2NI adl Gddza Q RS aseNhubiber gnyllatiaNdi@tioR dng dnheriinfo@natiorh Y S
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= ResFrac Pro ResFrac Corporation-Test Running Calculations  Log out o A

Home » test project > demo_sandbox

Sandbox Details @ Edit Workflow Activity

Workflow name Simulations Creation Timestamp HIGHLIGHTS ACTIVITY LOG

demo_sandbox 2 Dec 29, 2020 at 4:27 pm

Description The simulation 'testsim Copy 2’ was submitted
This sandbox is for a dema - Dec 29 2020 Dec 30, 2020 at

. . Q . The simulation ‘testsim Copy 2' was created
Simulations (2) Active Simulations |k Jec 30, 2020 at 8:53 am

b4 SIMULATION NAME STATUS DATE CREATED LAST MODIFIED
The simulation 'testsim’ was copied to testsim Cop
Dec 30, 2020 at 8:53 am
v testsim Copy 2 Running Dec 30, 2020 at 8:53 am Dec 30, 2020 at 9:10 am e
The simulation ‘testsim Copy 1' was updated.
Running. Timestep 177, dt = 0.0003052 hours, cumulative time = 0.424749 hours. Simulation wallclock time is: 4.68798 min. Memory usage Jec 29, 2020 at 6:05 prr

of 5.1 percent.

> testsimCopy1 Not Yet Submitted Dec 29, 2020 at 4:47 pm Dec 29, 2020 at 6:05 pm

z

b2¢gx tSGQa GFf1 GKNRIZAK GKS NBYFAYAYy3d 2LIiA2ya Ay
the simulation.

o 4

== ResFrac Prc Running Calculations  Log out

Simulation Details

Home > tesl
Edit Simulation in Builder

CEQLGIY  Run Simulation Workflow Activity

Cancel Simulation Run on Server
Workflow REETETEG S fons Creation Timestamp HIGHLIGHTS ~ ACTIVITY LOG
demo_san Dec 29, 2020 at 4:27 pm

Check for New Results in Next Sync

PEERIBEER  0ownload Results Next The simulation ‘testsim Copy 2' was submitted

This sandbd

Export Simulation Folder

Open Simulation Folder in File Explorer

Open Comments File Active Simulations Create Sim Dec 30, 2020 at 8:53 an

Open Text Input and Settings Files

Download Restart Files DATE CREATED LAST MODIFIED ) - ;
The simulation 'testsim’ was copied to 'testsim Cop

Dec 30,

at 8:53 am

Visualize Simulation Results

. Dec 30, 2020 at 8:53 am Dec 20, 2020 at 9:10 am e
Visualize Results with Layout

The simulation 'testsim Copy 1' was updated.

Move to Trash
" y »cumulative time = 0.424743 hours. Simulation wallclock time is: 4.68798 min. Memory usage Jec 29, 2

20 at 6:05 pm

of 5.1 percent.

The simulation "testsim Copy 1' was updated.

> testsim Copy 1 Not Yet Submitted Dec 29, 2020 at 4:47 pm Dec 29, 2020 at 6:05 pm e Dec 2
ec 23,

5:03 pm

The simulation ‘testsim’ was copied to ‘testsim Cop

LT &2dz Of A 01 W/ Iy O Shen ¢bwiotslyf the Gi@ayion is diypped. HowpverNieS NI
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 lorigrm.
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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) clickongacl y R 4SSt SO0 WwW52¢yf 2 R wS3
the download cycle, the simulation(s) that you select will be prioritened downloaded first

¢KS odzidizy W/ KSO1l F2NIbSg wSadzZ Ga Ay bSEGIF{eyOQ a
there is an error in the refresh cycle and results from a simulation are not fully downloading, then the

W/ KSO1l F2NI bSs wSadzZ Ga Ay bSEG {eyO0Q odzitizy F2NDOS
need to be downloaded.

bSEG Of A0l WwW526yf2FR wS&adlINI CAftSaodQ ! NBAGINI FA
runs from a certain point in time from another simulation. In the restart, you can change things like the
permeability or relative permeability. T9makes restart files convenient for history matching. We also

dzaS NB &G NI FAESa F2N NBLINRRdAzOAYy3 |yR FTAEAY3I &AYdz
such that they reproduce the previous simulation identicallynchineprecision. 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 (Seetion5.10 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
YPwSAaGFENI GAYS aidSLI AYiSNBIHEQ Ay GKS aAaydzZ FGA2Y 0 dz
and then deleted. If you want to access a egtfile, 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 runewith th

same version number as the original simulation).

Download restart files

Choose which restart files to download from server for simulation "No prop 55 k 500 md
no_rr_sh"
Files marked with a check mark will be downloaded.

restart_No prop 55 k 500 md no_rr_sh_6400, 2005.78 days
restart_No prop 55 k 500 md no_rr_sh_6425, 2011.47 days
restart_No prop 55 k 500 md no_rr_sh_6450, 2011.76 days
restart_No prop 55 k 500 md no_rr_sh_6475, 2014.63 days

restart_No prop 55 k 500 md no_rr_sh_6500, 2018.12 days

restart_No prop 55 k 500 md no_rr_sh_6525, 2019.22 days
restart_No prop 55 k 500 md no_rr_sh_6550, 2021.87 days
restart_No prop 55 k 500 md no_rr_sh_6575, 2043.38 days
restart_No prop 55 k 500 md no_rr_sh_6600, 2043.45 days
restart_No prop 55 k 500 md no_rr_sh_6625, 2049.17 days
restart_No prop 55 k 500 md no_rr_sh_6650, 2054.93 days
restart_No prop 55 k 500 md no_rr_sh_6675, 2057.09 days
restart_No prop 55 k 500 md no_rr_sh_6700, 2057.38 days

ljooOooooooooooo

cactart Ml aran 6 L EAA md na re ch G798 INEG 40 dawie

“ Cancel Select All  Deselect All

Go ahead and download a restart file by clicking one of the rows, and then clicking OK. The restart files
FNBE fAaGSR o0& WiAYSAGSL) ydzroSN®»®Q a2NB NBOSyild @SNE
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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
g2dz ¢l yid G2 Ffaz2z O2LkR (GKS NBadGlFKNILI FA{So® LF¥ &2dz Of
simulation files themselves, and whgau 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, | dmadddthe restart file

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

timestep 101 of the simulation.

Copy restart files?

The simulation you selected to copy, testsim_res, has 1
completed restart file(s) ready to use.

Would you like to copy the restart files to use in the new
simulation?

EE -

Run Simulation

Created as a copy of simulation testsim at 08:53:46 2020-12-30

Restart files
’- restart_testsim Copy 2_100

Simulator Version

’- 2020-12-29 22:09:09 -0500 1fca983

Job Priority
’- Normal
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5.7 Simulation folders
bSEGE Ot A0l WhLISYy {AYdzZ | GA2Y C2t RSNJAYy CAfS O9ELJX 2
the Windows File Explorer. Every simulatiorthe sandbox has own selfcontained folder.

Running Calculations  Log out o A

= ResFrac Pro ResFrac Corporation-Test

Home > test project > degag

v testsim Copy 2

" Home  Share  View
Sandbox Details @ N o
t TH New item = Open = HH Selectall
] X . v '
W Copy pat 1 ] Easy access ~ it Select none

B PintoQuick Copy Past A py  Delete Rena New Properties |
Workflow name — [f ¢ U - 5 . folder . I History Invert selection
demao_sandbox

Clipboard Organize New Open Select
Description T “ test_project > workflows > demo_sandbox » simulations » testsim Copy 2 » v D { 2" was copied to ‘tests

This sandbox is for a demo -

test_project A [ Name Date modified Size
workflows Additional_Files File
Default Sandbox Input_Files File ! was created.
Simulations (3) demo_sandbox Restart Files File
simulations Results File
testsim Copy 1 Settings_Files File

v SIMULATION NAME , )
testsim Copy 2 & cpuinfo.xt XT File y 2' was submitted.

o .
Additions,Files &/ input_testsim Copy 2.txt

»  testsim_res i & settings_testsim Copy 2.txt
Input_Files

Restart_Files .
i copied to 'testsim Cop
v testsim Copy 2 Results

Settings_Files
>

tactcim rac ¥l i
e 8
Running. Timestep 1 _8 items — = :,.12' was created
usage of 5.6 percent. - S
> testsim Copy 1 Not Yet Submitted Dec 29, 2020 at 4:47 pm Dec 29, 2020 at 6:05 pm

¢CKS WAYLMziQ |yR WwWasSid ispesific dpufparanteters. Qleseiarte huhani KS & A Y dz
readable text files in a ResFrspecific, simple format. You never need to modify these files because

they are generated by the simulation builder. Howewen) may find ittonvenient to directly modify

the text filesonce youbecomea more advanced user. Go ahead and open the settings file, for example.

¢tKS FTAES O2yaraida 2F I aSNARSa 2F {Seg2NRad® 9 OK K
Wt eSS aba hLIGA2y Fffeé&x @2dz Oy FT0O0NBGAIFIGS GKS&AS | a v
af FaKSa dkké |NB WwO2YYSyidQ fAySa GKIFEGO FNB A3Iy2NBR
automatically inserts comments above eadriable that explain what it iSome keywords require

ASOSNREBt WyBEBUSRQ @I ftdzSa G2 6S SYyGadSNBR Ay SIOK fAy
entries in a settings filsk KA & Kl & (02 0S5 |'WeWHdrde avith Richard Hendficgketdé & LI OS a
are beter than four spaces!
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& CAResFracPro\data\projectstest_projectworkflows\demo_sandbox\simulations\testsim Copy 2\settings testsim Copy 2.txt - Notepad++ - u X
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? X
) YUY =] g ®%|EEZ1TEZEA ®|[E 2
=l settings_testsim Copy 2.t E3 |

wvalidation passed ~

memory usage large
using field units

Variable name:
usefieldunits

Length:
1

Value(s):
true

o Begin entry

//

// Name in builder interface: "Use field units"

e

// Description:

// Set to true to use field units in output files. Otherwise,
//

// ResFrac internal variable name

End entry
—————————————————— Begin entry
Name in builder interface:

Description:

// ResFrac internal variable name

Waviahla namas

<

metric units will be used. When files are read, such as the settings file or input file, u

"Curve sets for matrix relative permeability and pressure dependent permeability"

Defines curve sets for matrix relative permeability and pressure dependent permeability curves. These curve sets are applied in the geological units

>

Normal text file

Returningtothesimzf | GA2y F2f RSNE

WwSadzZ GaQ F2f RSN

= ResFrac Pro ResFrac Corporation-Test

Home > test project > degaa

= | Results

Sandbox Details @ jlmel Shere  View

T2, New item ~ Open ~
#* O X ; i
pa 1) Easyaccess ~
Wi Pin to Quick aste Delete New Properties
Workflow name SR 7] Past 2 folder - @ History
demo_sandbox = =
Clipboard Organize New Open
Description « v 1 workflows > demo_sandbox > simulations > testsim Copy 2 > Results » v
This sandbox is for a demo -
test_project A [ Name odified
workflows
newviz
) ' Default Sandbox Raw,Res 127t
Simulations (3) demo_sandbox Stress.Obs
simulations @) 30_day_prod_testsim Copy 2.csv
e s 12/3C
~  SIMULATION NAME testsim Copy 1 = comments_testsim Copy 2.txt 2
testsim Copy 2 i comments_testsim Copy 2.txtzip
v 12/3(
Additional Files & current status.txt :
> testsim_res B daily_prod_testsim Copy 2.csv 12/3(
Input_Files ;
& matrix_prop_names.txt 12/3(
Restart_Files " :
& misc_visualization_data.txt
v testsim Copy 2 Results B sim_track_testsim Copy 2.csv 12/3(
Settings_Files &/ SimulationDescriptor_testsim Copy 2.txt
testsim _res static_matrix.bin
Running. Timestepd Figurs static_wellfrac.bin 12/30/2020 9:1
usage of 5.7 percent
locales
logs o I
¥ testsim Copy 1
14 items

lenath : 215,624  lines : 6.975 Ln:1 Col:1 Sel:0l0

g2dz 2yf
|l RRAGAZ2Y I f WCAE S

AAYdzZ  GA2yad ¢KS wSadzZ G6a T2t RSNJ O2yidl Aya

Running Calculations

Windows (CR LF) UTF-8 INS

NEI & 2
4 carder pdi -

a

i
S a i SR
I £

T
t

o 4

Log out

1 Select all

Select none

Invert selection

Select

¥ 2' was copied to ‘tests

| was created.

y 2' was submitted.

i copied to 'testsim Cop

y 2' was created.

>

= *= §1' was updated.

Dec 29, 2020 at 6:05 pir

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

useful for you to be aware of.

g 2 NNE
2NJ WS
iKS

The comments file is very important and useful and discuss&édtion5.960 St 2 6 ® ¢ KS Wa A Yy i NJ

outputs an Exceleadable formafcsv)g A (G K |
LINP RdzOG A2y NI} GSaz SGOd:E FT2NJ SO

DI -A ISK &

a
S

QFRWIRYS21tx .|

t 2
NE GAYSaldSLd C2NJ
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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 puation data outputted in small, convenient file

CKS Wwl gywSaQ T2t RSmdddb2 suininakyyfilas. They NobvRle mifornkatia abgut
production and frac length by layer, a gun barrel view of proppant placemenglententby-element
LINE LIS NI AnB9aldb atKB TNt S Ay GKI G F2f RSN I3IAPSa Y2NB

pu
(p))
=

& ResFracPro  ResFrac Corporation-Test

Home » test project » demo_sandbox

. v = | Raw_Re: - o X
Sandbox Details @ awres
[ [ °
3 1% New item ~ pen = [ Selectal
o X Nememes M Pon | e
demo_sandbox Pin to Quick M ¥ Delete " New Properties
e shortcut - folder - H "
Description Clipboard I‘n_|a"i:? New Open Select nas EDD\EU to ‘teste
This sandboxis for a demo - Deci v « workflows > demo_sandbox > simulations > testsim Copy 2 > Results > Raw Res v O
LibraryFiles ~ [ Name ate modified Type
Simulations (3) projects & A-README-For-Raw-Results.txt 2/30/2020 9:17 AM XTH s created
general ) flow_by_layer O.csv
test_project @ frac_elms_0.csv
~  SIMULATION NAME workflows €97 frac_v_depth_D.csv
Default Sandbox B fracturearea_v_depth_and_distance_0.csv 30/2020 9:17 AM Microsoft Excel Con vas submitted
demo sandbox 187 fractureleakoff v_depth_and_distance_0.csv
> testsim_res
B simulations
testsim Copy 1 }
e epy istance 0.csv 12/30/2020 9:17 AM Com ied to ‘testsim Cop
v testsim Copy 2 testsim Copy 2

87 well_elms_O.csv

Additional_Files

Input_Files
Running. Timestep 1831 Restart Files nas created.
usage of 5.8 percent.

Results

Settings Files
P
> testsim Copy 1 testsi
ol > yas updated.
10 items -0

5.8 Sharing and importing simulations
.2dz YFe gyl (2 &aKFENB | aAaydzZldAz2y gA0GK 2YS2yS S
AAYdzZE I GA2YyPQ |, 2dz gAff 0SS LINRPYLIWGSR G2 asStsSoa + 20

YSGFRFGIE FAES 6AGK AYF2NNARGKAFYI@OBAES ©RBSOWAN B &t

QX

¢2 AYLRNI F aAydzZ dA2y F2f RSNE Of A0l 2y WLYLRNI a
options for importing a simulation. First, you can navigate directly to an input and settings file. Those

two files, alone, contain all the informatiaequired to set up and run a simulation. If you are running a
cornerpoint simulation or a simulation that otherwise has additional data files as part of the setup, they
Ydzad 0SS LI FOSR Ay F &aSLINIGS ¥F2f RS NonFRsNaciYth®@ RA G A2y
location of that folder for the import. The second option is to select an entirecesifained simulation

FT2f RSNE 4dzOK |a GKS F2tRSNJ GKFG &2dz ONBIF ISR 6AGK
simply copy the simulaA 2y F2f RSNJ RANBOGf & FTNRY (GUKS 2AyR2g¢ga CA
aAYdzZ FGA2Yy Q0 | yR (KI G weddeitdepy somndldf theFstipplénentByr@is LI G K |
ddzOK a GKS W{AYdZAZ FGA2Y 5SEAONRLIAYYR NI G2 NEE2E RSHNK
F2ft RSNE®PQ C2NJ GKAA&AS @&2dz O2dA R KI @S O2LIASR aS@OSNI ¢
L F OSR GKSY |ff Ay GKS alyYS F2tRSN¥ , 2dz O02dzZ R A YL
F2t RSNEQ 2LJWiA2Yy O
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Import simulation

Select pair of text files to import, or import from folder

Choose specific input _xxx.txt and settings _xxx.txt
Import from a simulation folder

Import folder of simulations folders

| Settings file * Browse |

| Additional _Files folder (optional) Browse |

{StSOG WLYLRNI FTNRBY | aAYdZ I GA2y T2t RSN FyR aStsS
AAYdZ bAASY ORI G @82dz Oy R2 SAGKSNI W/ dzik LI 8GSQ 2N ¥
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 | 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 | had to change the name as
part of the import.

Import simulation

Select pair of text files to import, or import from folder

From wihere to import
[ Import from a simulation folder hd |

| Simulation folder * Browse |

Cut/Paste folder

Copy folder

vowe
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“ B > This PC 5 Downloads > testsim Copy 2 » v o Search testsim Copy 2

Organize * New folder e @
) A Name Date modified Type Size
= This PC . L ¥
¥ 3D Objects Additional_Files
B Desktop Input_Files
@ Documents Restart_Files
4 Downloads Results
b Music Settings_Files

&= Pictures
B videos
2505(C)

« Goagle Drive File

¥ Network e s

testsim Copy 2

Folder:

ResFrac Pro ResFrac Corporation-Test Running Calculations  Log out o A

Home » test project » demo_sandbox

Sandbox Details @ Edit Workflow Activity

Workflow name Simulations Creation Timestamp HIGHLIGHTS  ACTIVITY LOG

demo_sandbox 4 Dec 29, 2020 at 4:27 pm

Description The simulation ‘testsim Copy 3_import' was import

This sandbox is for a demo - Dec 29 2020 Dec 30, 2020 at 10:48 am

imuati O | createsim | | wuipo: [
Simulations (4) Active Simulations importaim Dec 30, 2020 at 10:48 am

v SIMULATION NAME STATUS DATE CREATED LAST MODIFIED
The simulation 'testsim Copy 2' was exported.

testsim Copy Dec 30, 2020 at 10:48 am

~ testsim Copy 3_import Imported Dec 30, 2020 at 10:48 am Dec 30, 2020 at 10:48 am .
The simulation ‘testsim Copy 3_import’ was import
Imported. Dec 30, 2020 at 10:47 am
> testsim_res Not Yet Submitted Dec 30, 2020 at 9:25 am Dec 30, 2020 at 8:25 am .
The simulation 'testsim Copy 2' was exported.
Dec 30, 2020 at 10:37 am
hd testsim Copy 2 Running Dec 30, 2020 at 8:53 am Dec 30, 2020 at 10:45 am e
The simulation ‘testsim Copy 2' was copied to ‘tests
Running. Timestep 2243. dt = 0.0002265 hours. cumulative time = 3.63128 hours. Simulation wallclock time is: 1.6727 hours. Memary Dec 30. 2020 at 9:25 am

5.9 The comments file

The comments file is a text filgith a detailed log of everything the simulator is doing. It can be useful if

@2dz gl yld G2 3ISG I Y2NB RSGFAfSR t221 G &2dzN) 44 Ydz
you can access it directly from the options accessed by clickitigeamame of a simulation.
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= ResFrac Prc Il  RumningCalculations Logout % A
Simulation Details

Home > tes
Edit Simulation in Builder

AT Workflow Activity
Cancel Simulation Run on Server
[UEHEEE  Copy Simulation Creation Timestamp HIGHLIGHTS  ACTIVITY LOG
Dec 29, 2020 at 4:27 pm

Check for New Results in Next Sync

Download Results Next The simulation 'testsim Copy 2' was copied to ‘tests

Export Simulation Folder

Open Simulation Folder in File Explorer

. a ) ) The simulation ‘testsim_res' was created.
Open Comments File Active Simulations Create Sim e T pp——

Open Text Input and Settings Files

Download Restart Files DATECREATED & HASTMOOIFIED The simulation testsim Copy 2' was submitted.

Visualize Simulation Results Dec 30, 2020 at Am

Nimsalice Femults with Layons Dec 30, 2020 at 9:25 am Dec 30, 2020 at 9:25am -

Move to Trash The simulation ‘testsim’ was copied to ‘testsim Cop
RURNINg Dec 30, 2020 at 8:53 am Dec 30, 2020 at 10:35 am ree Jec 30, 2020 at 8:53 am

Running. Timestep 2124, dt = 1.98%e-05 hours, cumulative time = 3.55318 hours. Simulation wallclock time is: 1.5055 hours. Memory o T 0
The simulation 'testsim Copy 2' was created.
usage of 6.1 percent. D

> testsim Copy 1 Not Yet Submitted Dec 29, 2020 at 4:47 pm Dec 29, 2020 at 6:05 pm
The simulation ‘testsim Copy 1' was updated.
& CAResFracPro\data\projects\test_project\workflows\demo_sandbox\simulations\testsim Copy 2\Results\comments testsim Copy 2.txt - Notepad++ - = X
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? X
° Rry=1 hig % EES1EFRDEOw®(E 2

B scttings_testsim Copy 26 &3 =] comments_testsim Copy 2.6¢ E3
Peginning ResFrac simulation. Code is copyrighted by ResFrac Corporation. Do not use without a license agreement. The code should not be viewed or used, a
The simulation start time is 2020-12-30 14:04:18.
The total number of MPI processes is
The code is running with multithreading turned on.
Code revision #181 - December 26, 2020

This code revision outputs restart files using 'restart version' #27.

2020-12-29 22:09:09 -0500 1fca983

Beginning to read settings file.

Attempting to open file: /mnt/batch/tasks/workitems/7203a480-4aaé-1leb-90bd-e57504ffde39/job-1/maintask/wd/workdir/Settings_Files/settings_testsim Copy
settings file opened successfully.

Header info:

'validation passed'

'memory usage large'

Using field units in settings file.

Warning: attempting to te a spline with fewer than four points. Inverse interpolation will fail if attempted on this data.

Fluid model is set to black oil.

Finished reading settings file.

Multithreading is using B threads.
Code is running in diagnostic mode to check for iss

This can affect performance.

Beginning to read input file.

Attempting to open file: /mnt/batch/tasks/workitems/7203a480-4aa6-11eb-90b4-e57504ffde39/job-1/maintask/wd/workdir/Input Files/input_testsim Copy 2.txt
input file opened successfully.

Header info:

<no header info provided>

Using field units in input file.

Finished reading input file.

‘true'.

'Easier fracture recpening' is set to
bemcloseproximityadjustmentdistance is not specified. It is being set to a default value equal to the fracture element length.
Simnlariem ie ear to famtharmal

< >

Normal text file length : 4,380,169 lines : 56,774 Ln:1 Col:1 Sel:0]0 Windows (CR LF) UTF-8 INS

The comments file starts by providing the date/time of the simulation. The version number is given as
W/ 2RS NBJA&AZ2Y truewsgrsio@mumberisigieh Sithhe lieka8ecimal pattern below
that ¢ 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. Thiefiacolumn is for an
unpropped fracture, and the subsequent columns are for increasing amounts of proppant.
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i/ CA\ResFracPro\data\projectsitest_projectiworkflows\demo_sandboxisimulations\testsim Copy 2\Results\comments_testsim Copy 2.txt - Notepad++
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ?

@£

f
] CRry=

g% w

o

2

sn' 0 1]

1000 0
1500 1]
2000 0
2500 1]
3000 1]
3500 1]
4000 0
4500 0
5000 1]
5500 0
€000 1]
6500 0
7000 0
7500 0
8000 1]

500 0.0992696

Conductivity (md-ft) versus

B scttings_testsim Copy 26 &3 =] comments_testsim Copy 2.b¢ E3
&6 Conductivity (md-ft) versus effective normal stress (psi) and proppant mass per area (lbs/ft~2) in the facies: Over over burden.

.001  0.01 0.11 2
0 66.0924 57.2162 5.64899 6.34339 €3.88
0.137058 0.548474 5
.0207062 0.0629013 0.477349
.00890898 0.0472518  0.415759
.00515511 0.03%0671  0.362142
.00349196 0.0332233 0.315446
-00260316 0.0285631 0.274775
.0020674  0.0246806  0.239351
.00171632 0.021 2 0.208497
0.00147175 0.0185526  0.181622
-00129326 0.0161124 0.158214
.00115816 0.0140015 0.137825
.00105286 0.0121722  0.120085
.000968773 0.010585 0.104595
.0009002% 0.00920679 0.0911202
.000843548 0.00800946 0.0733826
.000795852 0.0069689 0.0691582

800472
697372

29 639,345
5.6501 111.
B85 48.

42.
36.
32,
27.
5 24.
21.
18,
39 16.
13.
12.
10,

4738
2231
7788
0367
9063
3086
1751
4457
0683
997¢
1939
6228

344
96.
a4.
73.
64.
55.
48,
42.
36.
32.
28.
24,
21.

556.897

9859 485.
4797 422.
5866 368.
0987 320.
8346 279.
6365 243.
3669 211.
906 184,
1494 160.
0062 140.
3974 122.
2539 106,

9.25423 18.5158
8.06215 16.1307
7.02375 14.0531

083

532

05

595

261

26

902

588

798

075

026

303
92.6082
80,6739
70.2875

This calculation assume a

effective normal stress (psi) and proppant mass per area (lbs/ft*2) in the facles: overburden. This calculation assumes an ¢

sn' 0 0.001 0.01 0.11 2 C

[} 66.0924 57.2162 5.64899 6.34339 63.889 127.829 639.345

500 0.0992696 0.137058 0.548474 5.52537 55.6501 111.344 556.897

1000 0.0207062 0.0629013  0.477349% 4.81285 48.4738 96.9859 485.083

1500 0.00890898 0.0472518  0.415759 4.18224 42.2231 84.4787 422.532

2000 0.00515511 0.0390671 0.362142 3.65168 36.7788 73.5866 368.05

2500 0.00349196 0.0332233 0.315446 3.18085 32.0367 6€4.0987 320.595

3000 0.00260316 0.0285631 0.274775 2.77075 27.9063 55.8346 279.261

3500 0.0020674 0.0246806 0.239351 2.41355 24.3086 48.6365 243.26

4000 0.00171632 0.0213822 0.208497 2.10242 21.1751 42,3669 211,902

4500 0.00147175 0.0185526 0.181622 1.83143 18.4457 36.906 184.588

5000 0.00129326 0.0lell24 0.158214 1.59539 16.0683 32.1494 160.798

5500 0.00115816 0.0140015  0.[137825 1.38979 13.9976 28.0062 140.075

&nnn N _ANTAB?284 A N121722 0 120048 12107 172 1463a 24 1874 122 028 e
< >
Normal text file length : 4,380,169 lines : 56,774 Ln:102 Col:35 Sel:0]0 Windows (CR LF) UTF-8 INS

Scroll down to the bottom of the file to get the latest update on what the simulation is dbirnge

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 behaviog WHP, BHP, andjection 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

555 Bryant St. #185 Palo Alto, CA 94301

resfrac.com

52





















































































































































































































































































































































































































































































































































































































































































































