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Advancing Production Flow Profiling With
Subatomic Fingerprints and Big Data Analytics

his paper describes a smart-

tracer-portfolio testing and
design solution for multistage
hydraulic fracturing which will,
write the authors, enable operators
to reduce operating cost significantly
and optimize production in shale
wells. The technology combines
recently developed smart
tracers with advanced subatomic
measurements in an automated
process with stringent quality control
that assures precise tracer addition
onsite and provides accurate and
actionable completion diagnostics
results at a fraction of the cost of
production-logging testing, distributed
temperature testing, or distributed
acoustic sensing.

Introduction
Multistage hydraulic fracturing oper-
ations costs—including high-pressure
pumping, proppant, and fluid—ranged
from $2.9 million to $5.6 million per
well in a typical US shale well in 2018,
representing close to 60% of the total
drilling and completion cost for each
well. Yet industry studies reported that
up to 50% of the clusters and stag-
es and up to 40% of the fracture net-
works do not produce in the current
geometric factory-mode-completion
approach, leading to estimates that up
to 40% of the drilled and completed
shale wells in North America alone could
be uneconomical.

Additionally, interactions between
fractures in adjacent horizontal wells,

and the costly negative effects of these
interactions, have become the focus
of much discussion and debate with-
in the technical community. The im-
petus for this attention has been the
effect of these interactions on produc-
tivity and the mechanical integrity of
the parent wells.

These issues drive the need for
oil and gas operators to have more-
accurate, affordable, and timely data
on the performance of individual frac-
turing stages, measured intrawell com-
munication, and temporary and long-
term frac/frac connections to enable
improved decision-making and opti-
mization of multistage hydraulic frac-
turing operations as well as overall
field development.

The complete paper describes smart
tracer technology, including a patented
portfolio and fracturing-/completion-
optimization work flow; laboratory test-
ing and performance analysis; and in-
tegration with completion diagnostics.

Smart Tracer Technology

To control the effectiveness of multi-
stage hydraulic fracturing stimulation
treatments, it is essential to use special
tracing methods based on the addition
of the labeled substance to the prop-
pant, water, or gas, and monitor the
release of tracers with flowback water
and produced oil and gas from the cur-
rent well or nearby observation wells.
Currently, conventional water- and oil-
soluble chemical substances with fluo-
rescent properties and ionic, organic
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materials, or radioactive isotopes, are
used as the tracers. Tracers with fluo-
rescent properties and ionic and or-
ganic materials are high-cost, limited
to chemical-measurement techniques at
a molecular level, and often have re-
ported false-positive results for long-
term communication. Environmental
regulations in many countries prohib-
it the use of radioactive tracers (i.e.,
radioactive isotopes) because they pol-
lute the environment and could contam-
inate subsurface layers.

The authors, in collaboration with
a nanotechnology partner, developed
and commercialized a portfolio of smart
tracers based on proprietary particles
developed from low-cost materials. The
technology uses advanced subatomic
spectroscopy-measurement techniques
to map the distribution of well produc-
tion, the performance of each fracturing
stage, crosswell interference, and envi-
ronmental containment. The complete
paper presents a description and illus-
tration of the work flow.

Laboratory Testing and
Performance Analysis

To provide quantitative and qualitative
interpretation, all smart tracers under-
go rigorous laboratory testing and vali-
dation. Each smart tracer is tested for
thermal and pressure stability, settling
time, particle size distribution, reser-
voir static, and dynamic adsorption, as
well as other characteristics during the
testing process.

The next step is to align and refine
each smart tracer design with pre-
planned fracturing design and estimat-
ed well-completion-flow profile. This
is required for performance testing of
the smart particles’ recovery efficiency
for minimum and maximum flow rates
at stage level. For this paper, a shale op-
erator provided a typical completion
design for smart-tracer-performance
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verification testing at the following
downhole conditions.

» Well production rate: 4,000 B/D

» Well fracturing stages: 40 stages

per well

D Flow rate per stage: 100 B/D

» Perforation clusters: three

clusters per stage

» Minimum flow rate (6-in.

perforation): 0.5 gal/min

» Maximum flow rate (6-in.

perforation): 3.0 gal/min

» Proppant pack: 40/70

fracturing sand

The assumption for these conditions
is that the shale well has averaged 1.5
open perforations per cluster during
the period while the well is producing
at 4,000 B/D or higher. In reality, the
production rate may fall off quickly, so
long-term monitoring of smart tracer
recovery would also rely on smart parti-
cles being able to move at a much lower
rate. Additionally, the performance of
moving the smart tracer in the hori-
zontal section of the shale well is con-
sidered. If the stage closest to the toe is
producing 100 BLPD (or 0.0486 gal/sec)
with 4%%-in. liner, the fluid is moving at
0.0814 ft/sec.

To accomplish such flow profiling
and smart-tracer-recovery testing, a
special unit was designed and deployed
under expert supervision for a dedi-
cated study of each smart-tracer-flow
profile by simulated hydraulic fractur-
ing with fracturing sand and at down-
hole wellbore conditions using differ-
ent flow-profile rates at each stage.
The complete paper presents a de-
tailed discussion of the testing unit
and procedure.

The smart tracer recovery was test-
ed using an actual shale well comple-
tion design provided by an operator as-
suming 400,000 lb of 40/70 fracturing
sand per stage. The projected flow ve-
locity at the cluster level ranged from
0.1-3.0 gal/min, and detection lim-
ited up to 1 ppm from the milligram
sample collected from the testing, as
shown in Fig. 1. The results indicated
a very good volume of smart tracer re-
covery from the first run with 9.2% at
3 gal/min and with 6% at 0.1 gal/min.
These results were then verified using
subatomic instruments for fingerprint-
ing identification.

Integration With Completion
Diagnostics

Completion diagnostics is a complex,
multidisciplined task that requires
knowledge of formation evaluation,
geologic and geomechanics modeling,
reserves estimation, hydraulic frac-
turing pressure analysis, and dynam-
ic simulation. It is required to iden-
tify the reasons for good or poor
performance in horizontal well stag-
es determined through smart tracer
diagnostics and to verify each stage’s
contribution to the total well produc-
tion rate.

As with conventional fields, shale
well stage production rate is defined
by the presence of hydrocarbon in
place, formation quality (brittleness,
porosity, and permeability), and com-
pletion efficiency (perforation strat-
egy and hydraulic fracturing-treat-
ment design). Hydrocarbon presence
in shale formations can be character-
ized by total organic content. Forma-
tion organic content is normally de-
termined in the laboratory by kerogen
extraction from the core sample and
its further analysis. In the field, organ-
ic reach intervals can be found using
resistivity, spectral gamma ray, and
mud logs.

Unconventional fields often are not
well characterized by subsurface data
needed for formation evaluation and
limited modeling for accurate geolog-
ical and geomechanical assessment.
Nevertheless, the industry has accu-
mulated a huge amount of subsur-
face data. More than 2 million wells
have been drilled in the US alone, and
most currently developed basins are
covered with seismic, well logging
and core data, geological, and tecton-
ic information. These legacy data are
used to understand geology, cor-
relations, and trends of rock distri-
bution in studied areas to construct
reliable models and predict well-
production potential.

The complete paper discusses the
role of formation evaluation, geome-
chanics analysis, diagnostic fracture
injection testing, and fracturing pres-
sure diagnostics and their importance
to analyzing and optimizing hydrau-
lic fracture performance, completion-
design efficiency, and well productiv-
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Smart Tracer Recovery (0.1-3.0 gal/min,1 ppm, 106 gal, 40/70 sand pack)
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Fig. 1—=Smart tracer recovery using flow-loop performance testing.

ity. According to the authors, legacy
information and new insightful learn-
ing gained from different types of geo-
logic data need to be combined in one
reliable solution, but the correlations

between these types of information
can be highly complex and not always
analytically clear. The future of shale-
formation characterization is deep
machine learning and big data analyt-

0.5 gal/min

0.1 gal/min

== Tracer collected from filter housing
-O-Total tracer collected (%)

ics employing different kinds of neu-
ral networks, a biologically inspired
programming approach that enables
computers to learn from observation-
al data. JPT
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Life Is Full of Uncertainty...
But Your Frac Stack
Doesn't Need To Be.

Redress Only (Consumable Seals)

Replace soft goods and bonnet seal rings including labor to

disassemble, inspect, rebuild, chase threads, test, grease &

paint with Certificate of Conformance (COC) documentation.
I

Redress Only (Consumable Seals & Hard Goods)

Includes Tier 1 parts and services PLUS replacement of

hard goods including gate, seats and 9/16” Autoclave

grease fittings.

While you may not be shopping
for new frac equipment in this
market, ensuring the
equipment you do have
continues functioning smoothly
is critical.

360°

Full Valve Coverage
A

Redress & Repair (Skimming/Oversize Machining)
Includes Tier 1 and Tier 2 parts and services PLUS skim cut
machine repair of body and bonnet seal ring surfaces.
Oversize machine seat pockets to next step size and liquid
penetrant post-machine inspection.
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Let us take a quick look under
the hood to determine if you
need any of our fast
cost-effective repairs and
maintenance tiers.

A
Redress & Repair (Full)
Includes Tier 1, 2 and 3 parts and services plus full low-alloy
carbon, stainless steel or inconel weld and machine repair of
body, seat pockets and bonnets where necessary. Also includes
post-weld heat treat (PWHT), liquid penetrant pre-weld,
post-machine inspection and hardness punch inspection.
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