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Abstract

A new and robust tracer technology, based on Nano-sized encapsulated silica DNA sequences

is presented. This cutting-edge technology enables a bond of each DNA sequence to a magnetic core
particle and encapsulates it with silica. Therefore, one can have infinite sequences of DNA tracers. Each
DNA tracer, with its identity signature, can be easily identified and characterized with no interferences.
Unique chemistry makes these DNA tracers, either water-wet or oil-wet. The water-wet tracers can be
used in hydraulic fracturing to precisely and accurately analyze flowback, both qualitatively and
quantitatively. The oil-wet tracers can be used in evaluating the source and quantity of oil production in
hydraulic fracturing. In-depth laboratory testing indicates that these tracers, unlike current industry used
chemical tracers, are stable at high temperature, do not react with formation mineralogy to form
reservoir rock plating, do not partition, and do not disintegrate over time. These tracers are injected in
the liquid-laden slurry at very low concentrations and can be detected at parts per trillion.

Introduction

Tracer Applications in Hydraulic Fracturing Flowback Analyses

Flowback is a significant step in hydraulic fracturing where complete understanding and analyses of
flowback have always been a question to the oil and gas industry for a long time. The process of
flowback, in general, is simple and has been practiced for years. It has been noted that if the majority of
what is injected in the fracture is flown back to the surface after the well is put back on production, then
the fractured well is clean with no residue of what was injected in the fracture; hence a clean fracture,
which ultimately makes the fracture more effective in the production of hydrocarbon. However, the
practice of flowback and whether the injected fluid(s) is entirely produced back are questions to be
answered.

In the early years of evaluating fracturing and understanding flowback, the concern was that the injected
polymer(s) during fracturing would damage the near-wellbore proppant pack, the fluid path to the
wellbore, and the conductivity of the fracture.!



This problem has also been the subject study of many authors in the past. 2> However, many different
techniques were employed to fully understand the flowback of what was injected in the fracture. As a
result, many researchers tried to investigate how to evaluate flowback, mainly how to differentiate
between the injected water during fracturing and the formation water as it is produced during the
production. These methods were load recovery,® sugar content analyses of the produced polymer within
the flowback to measure the amount of polymer produced and, therefore, relate that to the flowback.

Then in the mid-1990s, chemical tracer application was introduced to the industry as a methodology to
measure flowback precisely.” All these methodologies to evaluate and measure flowback encompassed
their flaws and issues. Below is the explanation of the problems for each of these technologies used to
evaluate flowback in hydraulic fracturing.

Load Recovery

As the name suggests, load recovery evaluation of flowback is nothing except to measure the total
volume of fluid(s) produced and assume it to be the exact volume of fluid(s) that was injected. This
method did not include the contribution of formation water produced during the production and was part
of the flowback. This method did not have any scientific way of differentiating between the injected
fluid and the formation water as they are produced simultaneously. As a result, the whole analysis was
in question. Due to not being able to differentiate the formation water from the flowback analyses, the
method was abandoned.

Sugar Content

The injected fluid during hydraulic fracturing (guar, derivatives of guar or acrylamide) contains sugar.
Studies were conducted to measure the sugar content of flowback samples, and with the use of the mass
balance technique, one could measure the total sugar produced, which would be related to the total
volume of the injected fluid(s) produced during flowback. Although the methodology bears some
scientific inside about the polymer concentration of samples, it missed a big argument on leakoff. As
mentioned by Asadi,® during fracturing, in the old days when leakoff was a big issue, as fluid traveled in
the fracture, it leaked off into the formation and created a thick filter-cake on the face of the fracture
walls. Important to notice, the injected fluids were mostly borate crosslinked 25 1b./1000 guar. During
the analyses of his study, Asadi indicated that the measured concentration of polymer in the filter cake
reached 800 1b./1000 gal, meaning the majority of the injected sugar in the polymer was trapped in the
filter cake on the face of the fracture walls. This alone, he concluded, had a dramatic error in calculating
the amount of sugar produced, which was used to calculate the exact amount of flowback. This method
was, therefore, abandoned.

Chemical Tracers

Chemical tracers, fluor benzoic acid (FBA), were introduced to the industry in the mid-1990s. The
process involves injecting one chemical tracer per frac stage and fluid stage. The assumption is that
these chemical tracers will stay with the injected fluid(s) at all times, and upon production, they will stay
with the injected fluid. With this assumption, one can measure the amount of recovered tracer(s) in each
produced sample and, using the mass balance technique, calculate the amount injected fluid(s) within the
flowback. The process is scientifically sound, except that when considering factors such as formation
rock plating of the chemical tracers, their temperature instability, non-uniform mixing of the chemical
tracers, and the carrying water with the formation water, the limited number of available tracers (at most
40), chemical disintegration of these tracers over time and their ability to efficiently partition the
methodology becomes questionable. In addition to the above issues, there is only a limited number of
these chemical tracers available. Moreover, the cost of these tracers increases astronomically as the
number of tracers approaches the limit.



DNA Background

Deoxyribonucleic acid (DNA) is a polymeric nucleic acid macromolecule that encodes the heritable
genetic information for all forms of life on planet earth. Together with ribonucleic acid (RNA), DNA
comprises one of four major classes of macromolecules (nucleic acids, proteins, lipids, carbohydrates)
that are essential for all known forms of life. Genomic DNA found in living cells typically exists in the
form of two antiparallel strands that form a double-helical structure. Each strand is an extended polymer
composed of the four nucleotides adenine (A), thymine (T), cytosine (C), and guanine (G).

The unique arrangement of nucleotides into a specific sequence encodes the genetic information
necessary to build, maintain and reproduce a living organism. The conversion of genetic information
into a living organism occurs in two basic steps at the cellular level. In the first step, DNA is transcribed
into RNA, which carries the same essential nucleic acid code as DNA but only contains the information
of a single gene. The shorter-lived RNA transcript is subsequently translated to produce a polymer of
amino acids that is folded into a specific three-dimensional shape to produce a protein. Proteins are a
broad class of macromolecules that form much of the physical structure of a cell and are also responsible
for carrying out most of its biochemical functions, including metabolism and replication of the genetic
material. This interconnected system describes the cycle of life at the cellular level as we currently
understand it.

The helical shape of double-stranded DNA is produced by the complementary nature of the two strands
involved. The chemical basis of this complementary interaction can be traced to the unique pattern of
non-covalent hydrogen bonding between nucleotides on opposite strands, which produces the perfect
symmetry of the double helix. The two strands are referred to as “sense” (the strand that encodes for
proteins) and “anti-sense” (the complementary second strand). The interactions between the
complementary strands follow specific pairing interactions: A on the sense-strand will “pair” with T on
the anti-sense strand and vice-versa, whereas C and G pair with each other. Genomes of living
organisms can vary widely in their length and complexity. Humans have 23 distinct polymers of DNA
(formed into chromosomes), totaling approximately 3.2 billion of these base-pairing interactions in
length and comprising roughly 25,000 genes. In contrast, the bacterial species Escherichia coli has a
genome that is approximately 5 million base pairs in length and encodes about 4,000 genes.

Because every living organism has a unique arrangement of nucleotides that composes its genomic
DNA, different organisms can be distinguished from one another by comparing the sequences of DNA
found in their cells. The catalog of genomic DNA sequences that are available today allows for the rapid
detection and identification of organisms from very small amounts of cellular material using DNA
amplification and sequencing technologies. These technologies have a broad array of applications in
clinical medicine (e.g., detection or diagnosis of disease) and in many other fields of science.!!: 12 13- 14
Additional applications of DNA technology include the analysis of wastewater or environmental
samples, forensics, and anthropology.!>->

For any of these various applications to work, the technology to isolate, enrich, and identify a unique
DNA sequence from a background of countless "contaminating" substances—including other DNA
molecules—must exist. Many methods exist to isolate and purify nucleic acids (DNA or RNA) from
complex sample types, including soil, wastewater, seawater, blood, urine, and other biological fluids.
Recently, many advances have been made using engineered magnetic nanoparticles to quickly and
efficiently isolate DNA from a complex sample. 2% 2

Once DNA has been isolated and purified from a sample, it can be identified by a variety of techniques
that rely upon the sequence-specific nature of each DNA molecule. Among these various techniques,
polymerase chain reaction (PCR) has proven to be the most robust and sensitive method to detect and
identify unique DNA sequences. PCR is performed by cycling a sample through distinct temperature



profiles to amplify a target DNA molecule. A typical PCR reaction can result in upwards of a billion-
fold enrichment of target DNA on a timescale of minutes to hours.

PCR is usually carried out in three different stages: 1) Melting step: heating to >90°C to separate the
complementary DNA strands by disruption of the non-covalent base-pairing interactions between their
nucleotides; 2) Annealing step: binding of short, sequence-specific, synthetic DNA oligonucleotides
(typically 18-30 bases long) called primers that are complementary to the target molecules; 3) Extension
step: replication of a complementary DNA strand starting from the annealed primer/target duplex, which
serves as an initiation site for a polymerase enzyme to add nucleotides complementary to the opposite
strand. PCR amplification of the target DNA occurs in an exponential fashion that depends on the
number of three-step cycles that are run. The relative amount of amplification compared to starting DNA
template is a function of 2”, where #n is the number of PCR cycles. A PCR reaction of 25 cycles yields
amplification of 22°, or 33,554,432 times the original starting DNA. The advent of "Real-time" or
"quantitative" PCR (qPCR) — a technique in which either a fluorescently labeled probe or dye is added to
the PCR reaction — allows for quantification of the original starting amount of target DNA in the sample.
While naturally occurring sequences of DNA are often the targets of PCR amplification, it is equally
possible to detect artificially engineered, synthetic DNA sequences via this methodology. Synthetic
DNA tracers have been employed, for example, as hydrology tracers to track surface water,
groundwater, and glacial flow from their sources. 23! This methodology is also useful for tracking the
flow of environmental pollution, including that of agricultural and septic runoff. 3> A potential problem
with simply injecting a bolus of synthetic DNA into these environments, however, is a significant
reduction of the total sample mass or a number of strands of the DNA, possibly through adsorption or
attachment to the environmental degradation or even biological uptake. By combining functionalized
nanoparticle technology with synthetic DNA molecules, a more stable and detectable tracer may be
plausible.

Applications of DNA Tracers in Hydraulic Fracturing Flowback Evaluation
This paper presents a new and robust tracer technology based on Nano-sized encapsulated silica DNA
sequences. This patented technology is proven to have superior advantages over all current tracer
technologies such as load recovery, polymer analyses, sugar content analyses of flowback, and the
application of FBAs. This cutting-edge technology encapsulates the developed synthetic DNAs to
withstand harsh reservoir environments from pressure to temperature and chemical interactions. This
technology enables the bond of each DNA sequence to a magnetic core particle. Therefore, one can
have unlimited sequences of DNA tracers. Each DNA tracer, with its own identity signature, can be
easily identified and characterized with no interferences. Unique chemistry is used to make these DNA
tracers, either water-wet or oil-wet. The water-wet tracers can be used in hydraulic fracturing to
precisely and accurately analyze flowback, both qualitatively and quantitatively. The oil-wet tracers can
be used in evaluating the source and quantity of oil production in hydraulic fracturing.

The unique chemical characteristics of each DNA strand enable to precisely identify any strand amongst
billions of different DNA strands in one microliter sample solution using a unique, simple, and robust
methodology.



Fluor benzoic Tracers Vs. DNA Tracers
Unlike FBAs, where they have many disadvantages in their applications of hydraulic fracturing
flowback analyses, DNA tracers are proven to be advantageous in many areas.

Mineralogy Effect and Thermal Stability

A study completed by Oak Ridge laboratory indicated that depending on the formation mineralogy,
FBAs would absorb onto the formation rock at various levels.?>? As a result, as chemical tracers are
moving through the various types and levels of formation rocks, they react with formation rocks at
various degrees of and lose their quantities, making it hard, if not impossible, to account for the loss,
which in turn produces erroneous results upon recovery. A laboratory study was conducted to evaluate
the effect of clay mineralogy at different temperatures on DNA tracer stability. At the same time, the
temperature stability of DNA tracers at elevated temperatures was evaluated. The study used a roller
oven at temperatures of 150°F, 200°F, and 250°F for 72 hrs. (Test was conducted at up to 375°F with no
adverse effect. However, the results were not finalized in time for publication), Fig. 1. In addition, it is
well documented that mesomorphic (transformation by heat) thermal stability of chemical tracers
decreases with increasing chain length.
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Disintegration

Chemical tracers mostly are a group of 14 organic acids with PKA from 2.71 to 3.83 and may thus be
potentially retarded in weathered acidic soils.>* Unlike FBAs, laboratory study shows that the
encapsulated DNA tracers are stable even in the presence of low pH acids. DNA tracers were added to
28% active HCI for 40 hrs. Samples were collected periodically to evaluate DNA release and to
evaluate the effect of acid. There was no evidence of DNA release, due to the presence of an acid,
within the 40 hrs.



Dilution and Mixing

Alcohol IPA is most soluble in water. In a laboratory study, FBA chemical tracers were added to one
liter of water first at 1 ppb concentration. Then one liter of alcohol was added to the solution. The solution
was paddle mixed for a short period of time. Several samples of the mixture were collected to measure
the concentrations of FBA chemical tracers and alcohol. The results indicated various FBA chemical
tracers in each sample, indicating a non-uniform mixing and dilution, while the concentration of alcohol
was consistent in all samples.

Partitioning

According to a study conducted by DOE (DE-FC26-98FT40323 For US)*, it is documented that FBA
chemical tracer’s partitions once under reservoir conditions. The DNA tracers, on the other hand, don't
partition as they are suspended in the carrying fluids. A laboratory study was conducted where oil-wet
DNA tracers and water-wet DNA tracers were mixed in a solution of oil and water and were placed in a
roller oven at an elevated temperature of 175°F for 72 hrs. As shown in Table 1, there is no evidence of
DNA tracer partitioning.

Oil Tracer Concentrations

TEST at 175 degrees °F | zero hrs. | 24 hrs. 48 hrs. 72 hrs.
NDA Oil-wet tracer 0 0 0 0
concentrations, ppm

Control in oil, ppm 2.93 2.95 2.93 2.91
Control in water, ppm 0 0 0 0

Water Tracer Concentrations
TEST at 175 degrees °F | zero hrs. | After 24 After 48 After72
hrs. hrs. hrs.

NDA water-wet tracer 0 0 0 0
concentrations, ppm

Control in water, ppm 2.49 2.46 2.56 2.46
Control in oil, ppm 0 0 0 0

Table 1. DNA Tracer Partitioning Evaluations

Lagging Water Velocity

The ideal tracer, of course, would follow the fluid of interest exactly, traveling at the same velocity as the
fluid front. But the ideal is impractical to attain because adsorption-desorption effects cause the tracer to
lag behind the velocity of waterfront; these effects, plus diffusion-dispersion effects, cause the chemical
tracers front to spread more than the fluid front, causing a velocity lag as compared to water velocity.® in
contrast, DNA tracers, a solid Nano-size form, are suspended in the carrying media and will travel at the
same velocity as the water with no evidence of velocity lagging.

Conclusions



A new and robust, and effective technology based on encapsulated technology is developed. The
technology, through extensive laboratory testing, is proven to be superior compared to the current tracer
technology, which uses fluor benzoic acid, FBA.

1. The encapsulated DNA tracers don’t disintegrate with temperature, time, or chemical interaction.

The oil-wet DNA tracers don't partition into the water, and the water-wet DNA tracers don't

partition into the oil.

The developed DNA tracers don’t react with the formation rocks

The DNA tracers travel with the injected fluid and don’t lag water and/or oil velocity

5. Since the DNA tracers are Nano-sized particles and suspend in the carrying media, they mix
uniformly with the carrying media preventing any velocity lag

6. A laboratory test shows that 28% HCI has no effect on the encapsulated DNA tracers after 40
hrs.

W
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