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This paper first time introduces refracturing overview to Kazakhstan’s readers in term of worldwide
experience. Competitive commodity prices lead to a need for more cost-effective methods to manage
reservoirs, and refrac is one aspect of optimization, ideally reducing costs by accessing more resources
through existing wells. The first paper on refract is dated to 1973 in USA, and for that date more than
500 000 fracs were implemented, and 35% of that quantity was refracs. A lot of considerations are
given in terms of technology since that dates, such that conventional hydraulic proppant fracturing
in existing well is now moving towards refracturing second, third and even fourth times to sustain
economic production in mature fields. Our paper summarizes most relevant outcomes from the industry
experience on proppant refracturing methods over last several decades. This is believed that readers
would gain most valuable information for their research, industry problems, and other cases from
this review paper. A summary of published literature can provide a database of analog field cases to
guide operators in design of refract treatments.

KEY WORDS: proppant hydraulic fracturing, re-fracturing, production enhancement, bottomhole
formation zone.
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KA3AXCTAHCKO-BEPUTAHCKUA TEXHUYECKWA YHUBEPCUTET,
Pecnybnuka Kasaxctan, 050000, r. Anmarsl, yn. Torne 6u, 59

[aHHasi cmambs enepsbie npedcmasrnsem KasaxcmaHCKUM YyumamerisiM 0630p o8mopHo20
Pl ¢ mouyku 3peHust Muposoeo orbima. KoHKypeHmocrnocobHble UeHbl Ha Cbipbe rnpueodsm K
Heobxodumocmu 6oriee IKOHOMUYHBIX CrIocoboe yrpasneHus nnacmamu, a rnosmopHbIl 2udpo-
pasphbl8 rnnacma sienissemcs 0OHUM U3 acriekmos onmumu3ayuu, 8 udearse cokpalwjasi 3ampama|
3a cuem docmyna k 6onbWeMy KOrIu4ecmesy pecypcos Yepes cywecmayroujue ckeaxuHsbl. [lepeasi
cmambs o nosmopHomy ['PI1 damuposaHa e 1973 200y 8 CLUA, u 0axe Ha mom momeHm 6bi10
nposedeHo 6onee 500 000 Pr1, 35% u3 komopsbix 6biiu nosmopHsie P1. C mex nop 6b110 0aHo
MHO20 CO0bpaxeHul C MOYKU 3peHUS MexHoI02uuU, Harnpumep, 0bbI4HbIl 2udpPopa3pbi8 C Mpori-
naHMoM 8 CyWecmsywux CK8aXKUHax 8 Hacmosiujee spemsi 0suxemcsi kK noesmopHomy PI1 eo
8mopoli, mpemuu u 0axe 8 YemeepmbiU pa3 05151 M0O0epKaHUsT SKOHOMUYHOU 000bI4U Ha 3peribixX
mecmopoxdeHusix. B Hawel cmambe 0606WeHbl Haubornee 8axHble pe3yrbmamal 0mpaciego-
20 onbima memodoe noemopHoeao Pl1 ¢ nponnaHmom. lNpednonazaem, Ymo u3 3moeao o0b3opa
Yumamernu nony4yam Haubornee yeHHyto uHgopmayur 051 ceoux uccriedosaHul, npobnem om-
pacnu u dpyaux crnydaes. COOpHUK ornybrukosaHHOU numepamypbl Moxem ripedocmasumse 6a3y
OaHHbIX aHan0208bIX Mo/1e8bIX MPUMepPos8, Komopasi MoMoxxem ornepamopam npu paspabomke
memodoe noemopHoeo Pr1.

KITIOYEBBIE CIIOBA: nponnaHmHeit ['Pl1, noemopHeit P, uHmeHcugukayusi 006b14u,
npusaboliHasi 30Ha nnacma.
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byn makana anraw pem Ka3akcmaHObIK OKblpMaHOapFra a1emMOik maxipube mypfrbiCbIHaH
KaUmasnaHraH 2udpasriukarbiK Xblpmyrapfra wory xacaliObl bacekeze Kabinemmi wukizam
baracbl kabammapdbl 6ackapyObiH yHemOi 8dicmepiHe Kaxxemminikmi my0dbipadbl, an CbiHy
oHmaunaHobIpyObiH 6ip acriekmici 6ornbin mabbinadsl, 6y 6ap yHfbiManap apkbiiibl Kebipek
pecypcmapra Korl XXemki3y apKbifibl WhirbiIHOapObl azalimyra MyMKiHOIK 6epedi. [udpaenukarnbik
XKblpmy myparbl anfawkbl Makana 1973 xbinbi AKLL-ma natida 6ondbi, minmi con yakeimma 500
000-HaH acmam cbiHy onepayusinapsbl xacanobi, oHbiH 35% -bI cbiHy 6010b1. CodaH bepi mexHo-
nioausinbiK myprbidaH Kerime2eH ousiap KapacmbipbliiObl, Mbicasbl, 6ap yHFbiManapoarbl kodimei
npornnaHmmeH xapmy eHOi xemineeH KkeH opbIHOapbiHOarbl yHeMOi eHIMOI cakmay YWiH eKiHwWi,
YWiHWi xaHe minmi mepmiHwi pem Kalma xapyra kewyode. bi3diH Mmakanada rponnaHmmeH xbl-
pmy adicmepiHiH cananbik maxipubeciHiH eH MaHbI30bl Homuxxenepi xuHakmarnsaH. byn wony
OoKblpMaHOapFra onapdbiH 3epmmeyrnepi, canarblk Macenenep xoHe backa 0a xardalnap yWiH eH
KyHObI akmapammai 6epedi den caHanadbl. KapusinaHraH e0ebuemmep XuHarbl oriepamopriapra
2udpaernukarbiK Xblpmy 8dicmepiH a3iprieyee KeMekmecy yWiH aHaroembiK epic MbicandapbIHbiH
OepeKKopbIH Kammamachi3 eme anaodsbl.

TYWIH CO3LEP: nponnaHm audpasnukansik Xbipmy, kalimanaHamsiH 2udpaenuKansiK Xbi-
pmy, eHdipicmi biIHmanaHobIpy, kKabam MaHbl alimarbl.
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ntroduction. Hydraulic fracturing by its own is one of the most widespread
technologies to increase production from existing wells. But a lot of reasons

appear to influence performance of the outcomes of provided hydraulic fracturing.
Some of them include degradation of proppant pack, lack of initial proppant placement,
deviations from design parameters during pumping operations, etc. To overcome such
cases a refracturing is required. [Coulter et al. 1973] provided one of the first research on
refracturing technology, where it was stated that more than 500 000 fracs were executed and
35% of these jobs were refracs [1]. [Vincent et al. 2010] provided an excellent overview of
situation of refracturing technology in various cases [2]. Re-fracturing is estimated to be
around 40% to 50% of the cost of fracturing a new well, and industry research reveals this
cost is going down year on year [3]. From these researches it is obvious that refracturing is an
alternative method to increase stimulation reservoir volume and gain additional production
from existing hydraulically fractured wells.

In current paper a systematic basis on hydraulic proppant refracturing was
summarized, so that advantages and disadvantages, candidate selection, design basics,
diagnostic techniques were included into figures and tables with respectful references.
This approach is believed to be useful in terms of a guideline when a dedicated job is
planned on existing wells, so that previous world class experience is used.

Advantages and disadvantages of refrac treatments. Based on principals of
hydraulic fracturing design, parameters, and behavior a comprehensive refrac parameters
would be a key factor that need to be considered while any refrac is planned. Pros and
cons of refrac are the one of main considerations prior a technology selection. This is
supported by Figure I of advantages and disadvantages of refrac treatments.

Candidate selection guidelines. Candidate selection is expressed in terms of
the potential for stress reorientation, the quality of the initial completion, the initial
production decline rate, the reservoir depletion around the well, or a combination of
these. However, application of these methods remains limited, and results appear less
than satisfactory in horizontal well or complex fracture network cases, or when adequate
completion and reservoir data sets are lacking. Numerical simulation methods of well
performance evaluation that consider the impact of natural fractures along with the
presence of a complex induced fracture network arising from the initial hydraulic fracture
completion are aids to understanding. Selection of the candidate well and the time of
refracturing can be made using a thorough numerical simulation study developed by
modeling of hydraulic fracture and the refrac process within the context of the specific
project that accounts for the well’s unique conditions (geology, geometry, completion,
and production history).

It appears that candidate selection methodologies have focused primarily on
underperforming wells. This simplistic approach has yielded disappointing results
and has led to a common misconception that restimulations "don't work". Production
statistics of a well alone may not offer an effective restimulation candidate selection
methodology. Other parameters such as high BHP (remaining reservoir energy), and
recoverable reserves, and favorable response to original fracture jobs (initial production)
can play important roles in estimating the potential success of restimulation. In fact,
studies have shown that selecting poor or underperforming wells for restimulation is
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REFRAC
ADVANTAGES
Restoring well Lower stimulation Decreasing incremental
productivity by: CAPEX by using the costs of additional
same assets (surface and production
subsurface
infrastructure)
Adding new fractures to
the well thus stimulating
previously “by-passed™
pay interval
Providing a useful and

rapid boost in cash flow

Extending the fracture
length and hence SRV

Reorientation of
fractures into new areas
of higher remnant

reservoir pressure
Restoring some or most Restoring near-wellbore Re-energizing or re-
of the damaged fracture conductivity damaged inflating natural fissures
conductivity caused by because of water-
proppant embedment blocking
REFRAC
DISADVANTAGES
Long duration of well
Harm to the shutdown for hydraulic High cost
environment fracturing, which affects
oil production
Leakage of large
amounts of fluid and Propagation of Possible breakthrough
proppant into unnecessary cracks of aquifers
unnecessary cracks

Figure 1 - Refrac advantages and disadvantages [Wang Y][4]

likely to result in worse outcomes overall. Several groups have suggested different
methodologies for candidate selection and ranking (Figure 2) [5, 6].
Several candidate selection data sources may be considered:
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CANDIDATE
SELECTION DATA

Known reasons of an
operational or
completion nature for

Logs or tracer data
indicating significant
unproductive sections of

Large gaps between
original HF and
currently favored or
developing fracturing

underperformance <
the completed wellbore techniques

Initial HF completions

used wrong Local and general Observed degradation
(incompatible) fracture degree of depletion in fracture conductivity
fluid or an inadequate or diminution in

proppant design apparent effective
propped half-length

Large-scale (regional)
productivity assessment
improvement with
development (high
potential, better
naturally fractured
regions)

Performance analysis of
neighboring wells

Figure 2 — Candidate selection data [compiled by the authors]

Design of refrac considerations. Simultaneous screening should be implemented
on design factors, since both are interconnected. Since the introduction of conventional
proppant fracturing a huge database was gathered worldwide to properly design the jobs.
The same applies to refracturing. Comprehensive analysis of related literature revealed
the following outcomes given in Table 1. Key design factors affecting on refrac include
proppants and its placement, fluid systems, job volume, fracture geometry, pressure
regimes, isolation methods, and other.

Table 1 - Design of refrac considerations

Key factors
G affecting Refrac Comments
1. Optimization of Kuparuk field involved switching to light weight ceramic proppants, then to
progressively larger proppant sizes, higher concentrations, and reduced pad sizes. A systematic
reduction of silica flour, 100-mesh sand and other damaging fluid loss additives also served to
Proppants, . N v
T improve retained fracture conductivity [7].
Eonzzctivit 2.There is no a field trial specifically evaluating whether more durable proppants will avoid or delay
e—— ¥h the need for restimulation, thus increased productivity cannot be confidently attributed solely to
\F/)oltf)rzes proppant durability instead of an overall increase in fracture conductivity [2].
1 o an’t 3. Extensive research of Bagzis indicates that lower sand concentrations resulted in steeper
propp . production declines, attributed to crushing and embedment of the frac sand [8].
concentrations, X . .
——— 4. Numerous refracs were documented with proppant concentrations reaching 10 ppg, often
proppa achieving 3-4-fold increases in production in Cotton Valley [9].
durability, fracture . . .
3 . Fleming reported that at depths down to 3000 ft, an increased proppant concentration (natural
width with proper ) g . . "
u——— sand) and big particle size (12/20 mesh) allowed to increase production 6 times per well.
proppant. 5. Salem formation with 0.5 mD was refracked with increased proppant concentrations up to 14 ppg
of 10/20 sand, combined with forced closure, strategic use of 100 mesh sand, and lower injection
rates. This provided increase in production from 3 to 750 bopd for more than 4 months [10].
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Table 1 - Design of refrac considerations

Frac Fluids

1. Initially water based frac fluid were used in Viking formations in Canada and well were suffered
from early screenouts and poor load recovery and were considered for abandonment. Refrac
treatments with oil-based fluids and larger proppant volumes resulted in excellent load recovery
and sustained production rates [11].

2. Initial frac treatments with low proppant concentration in water-based fluids showed poor
results in one of fields. Later gelled hydrocarbon fluids carrying up to 17 ppg concentrations
reached better results, achieving remarkable increases in oil production [12].

3. The initial treatment in Barnett Shale was with crosslinked gel, that resulted in microseismic
activity predominantly confined near the wellbore axis. However, a subsequent refrac using
slickwater was observed to induce microseismic activity over a larger reservoir area and provided
significant increase in gas production rate; Godell restimulations with a reduced polymer CMG
(carboxymethyl guar) fluid provided approximately 200% rate of return, compared to 66% with
previous fluids; Comparing 479 recent restimulation treatments, fracs utilizing lower polymer CMG
with cleaner base water typically increased pre-refrac rates by 500% [2].

Job Volume

1. Larger refrac treatments were often more productive in Muddy J-formations [13].

Ennis provides a good statistic on how production has been increasing based on several refrac on
a single well in tight gas field. This clearly indicates that the enlarge volumes of treatments helped
to sustain production [14].

Fracture length

1. Refrac success was largely attributed to extension of fracture half-lengths during restimulation [15]

Fracture height

1. In case of undesirably fracture grow out of zone in initial treatments because of weak stress
barriers, it is required to consider reservoir pressure decline for re-frac. If pressure is declined,
then possibly less net pressure would allow for fracture vertical growth containment. Some sand
lenses in the heterogeneous pay zones were not fully stimulated vertically, and those lenses were
chosen and refrac candidates - 22 wells were sidetracked or redrilled with cemented casing and
stimulated, increasing reserves successfully [16].

Fracture
reorientation

1. Examples of azimuthal reorientation of fracture have been demonstrated in many papers. The
tendency of fractures to grow toward high stress may induce refracture treatments to become "reserve
seeking missiles" as they may reorient toward higher stress, undefined regions of the reservoir [2].

Old proppant
displacement

1. In case of old proppant placed in unsatisfactory mode, possible solutions should be to consider
old proppant displacement by diversion methods [17].

Pressure regime

1. Cramer reviewed nine restimulation treatments, noting that the only failures were two wells that
failed to energize the frac fluid with CO2 and N2, perhaps indicating the gaseous phase reduced
formation damage and/or improved cleanup and recovery of the water-based fracturing fluid [2].

Previous
treatments
redesign

1. It should be kept in mind, that as technology develops, thus a new redesign strategy should be
considered for initially treated wells [2].

10

Retrievable bridge
plug

1. To isolate the treated zone, and treat the untreated zone [18]

11

Coiled tubing with
isolation packers

1. When bypassed pay intervals are located between existing perforations, coiled with isolation
packers or seal assemblies can be used to selectively isolate and restimulate desired intervals. Or
casing liners may be preferred [2].

Diagnostic techniques for prior and after refracturing evaluation. Fracture
diagnostic techniques are the key elements while candidate selection and design of refracs.
Methods such as PLT, detectable proppants, tilt-meters, DFIT, microseismic mapping,
selective isolation tests are amongst the primary tools to quantify refrac candidates and
design a complex refrac jobs. Table 2 represents the list of this methods, and dedicated
proves and recommendations.
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Table 2 — Diagnostics techniques for prior and after refracturing evaluation

# Parameters Comments
Breakdown 1. The effect of depletion was observed in the treating records, as breakdown
1 pressure and other pressure average 669 psi lower than initial treatment (Lantz, 2007); i.e. recording
parameters from Breakdown pressure of initial and refrac treatments could reveal the further
mini-frac DFIT decisions on design [19].

1.Running PLT before and after refracis a good tool to find out proppant distribution,

2 AT particular in horizontal wells [20].
1. One proppant supplier can coat proppants with a resin containing taggant that
Detectable can be made temporarily radioactive during logging to avoid handling radioactive

3 . materials at surface. Another ceramic manufacturer provides proppant in which an
proppant logging . . . . . -
entirely non-radioactive material is permanently incorporated in each proppant
pellet that can be detected with standard neutron logs [2].

4 Tilt-meter 1. Recommended method for fracture orientation identification [2].
5 Mlcro§e|sm|c 1. Good tool for fracture growth definition [2]

mapping
6 Selective isolation 1. Practical way to selectively identify and treat the zones [2].

1. Without the diagnostic tracer, it may not have been possible to determine
which intervals were poorly stimulated, and the operator may have attempted
to restimulate the entire well, requiring a larger, more expensive treatment
7 Radioactive tracer with little assurance of effectively treating the upper three intervals [18].
In Elm Coulee field the radioactive tracers were utilized to determine whether
portions of the wellbore were unstimulated by the original treatment. Based on the
log it was decided to add additional perforations with consequent refrac [19].

Results and discussions. Based on comprehensive literature review a systemized set
of parameters were chosen to be considered while candidate selection, fracture design,
diagnostics dedicated to refracturing technology. Figure of advantages and disadvantages
was provided which could be useful prior any refrac job even started in mind. The authors
independently compiled a figure of the classification of the candidate selection data. The
following summary is the outcome of the review:

» Candidate selection criteria should be based on:

o Permeability, porosity, natural fractures, previous well history, reservoir
pressure, reserves, well age; frac sand used initially; perforation intervals; knowledge
on restimulation of cemented laterals; conductivity, concentrations; well shut-in before
refrac; premature screenouts history; overflushed fracs history; pay zone coverage targets;
previously small frac lengths, i.e. geometry; fracture containment; and refrac more than
one time.

» Design criteria is recommended based on below parameters:

o Proppants, proppant conductivity, proppant volumes, proppant concentrations,
proppant durability are amongst the main parameters; fracture width, fracture length,
fracture height; frac Fluids; job volume; fracture reorientation; old proppant displacement;
pressure regime; previous treatments redesign; retrievable bridge plugs; coiled tubing
with isolation packers.
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» Diagnostics should be planned and the following are the one of the main
techniques:

0o Mini-fracs and related outcomes (DFIT); Production logging tools (PLT);
Detectable proppant logging; Tilt-meters; Microseismic mapping; Selective isolation;
Radioactive tracers.

Conclusion. In this paper, reviewed refrac advantages and disadvantages, candidate
selection guidelines, design of refrac considerations, and diagnostic techniques for prior
and after refrac evaluation. This article describes to why re-fracturing works and the exact
conditions that exist which ultimately make the mechanism of re-fracturing successful.

The authors analyzed 20 bibliographic sources, and independently compiled a figure of
the classification of the candidate selection data. The main trends and factors were the correct
choice of candidate selection criteria, design of refrac considerations, and the correct techniques
for prior and after refrac evaluation. These approaches is believed to be useful in terms of
a guideline when a dedicated job is planned on existing wells and these results have broad
applied significance and can actively use when carrying out hydraulic re-fracturing on wells.

To summarize, we can say that hydraulic re-fracturing is the most effective way to
intensify a well. Today, not only hydraulic re-fracturing is carried out, but the wells are
also being fractured for the third time. This suggests that the method of proppant re-
fracturing is the most in demand. @
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