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Chemical-Free Bacteria Neutralization

and In-Field Testing

A method for improving control of bacterial contamination while reducing operating costs.

BY BRENT MULLINIKS AND PETE BALDWIN, AES WATER SOLUTIONS

INTRODUCTION

Produced and flowback water have recently become an inte-
gral component in the hydraulic-fracturing process rather
than an expensive waste requiring transport and disposal.
Water-management practices have improved considerably for
each aspect of the oilfield water cycle with efficiencies being
introduced that improve safety, economics and reliability.
Bacterial fouling is a common concern in both water storage
and use during hydraulic-fracturing operations, and historic
methods of prevention and treatment incur high costs without
real-time validation of effectiveness. Recent innovations allow
chemical-free bacteria neutralization, as well as bacteria test-
ing on location. This significantly improves control of bacte-
rial contamination while reducing operating costs.
Flowback and produced water are normally anaerobic
with <2 parts per million (ppm) of dissolved oxygen (O?).
They frequently contain a wide range of bacteria that include
sulfate-reducing bacteria (SRB) and acid-producing bacteria
(APB). These waters also have free iron and other nutrients
to allow the bacterial colonies to multiply rapidly in the an-
aerobic environment. During pumping and water-handling

operations, enough oxygen is introduced to change the en-
vironment to an aerobic condition so that aerobic bacteria
can grow and proliferate rapidly. While not enough dissolved
oxygen is added to kill anaerobic bacteria, their growth is re-
tarded in this state. If allowed to return to a deeper low-oxygen
zone, these anaerobic bacteria multiply aggressively. They
form colonies that produce high-molecular-weight polysac-
charides, which deposit on piping, proppant and other geo-
logic formation surfaces as a biofilm. This serves as the glue
that holds the microbial colonies to metal or rock surfaces.

Given the right conditions downhole, these microbes
continue to expand in numbers, deeper into the geology. This
causes “souring” of the well by production of hydrogen sulfide.
It leads to microbiologically influenced corrosion (MIC) on
the steel-production tubing and well-casing materials, and
plugs the pores and permeable seams in the rock. This de-
creases production and requires capital-intensive repairs. MIC
is estimated to cost the oil and gas industry billions of dollars
each year because of the capital costs in replacing and repair-
ing pipelines and equipment. Added to that are the revenue
losses from lost production.'

Figure 1
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TREATMENT APPROACHES AND
RESULTS VARY

To prevent these bacteria from being introduced to new wells,
several different types of bacterial treatments have been de-
veloped. They have shown varying measures of effectiveness.
Dosing with bactericides and oxidants (either chlorine diox-
ide or ozone) tends to reduce the number of living colonies
temporarily, but unless residual treatment effectiveness is
maintained to keep populations in check, they often do not
successfully eliminate the biofilm that serves to protect the
colonies. The tremendous growth rate of these organisms in
hot, water-rich and low-oxygen subsurface conditions causes
aerobic and anaerobic bacteria to thrive in the wellbore and
formation, and microbe populations rebound within days.

A common challenge in the field is conducting reliable,
“near real time” tests on the water to understand bacterial lev-
els hour to hour. If this is available, then management of bio-
cide dosing is possible, and confidence increases that bacteria
are not present in the fluids going downhole. Current tools
for verifying bacteria have been described in the National
Association of Corrosion Engineers (NACE) TM0194-2014,
Field Monitoring of Bacterial Growth in Oil and Gas Systems.
They are useful for estimating sessile (those that “stick to” a
surface) bacterial populations that are commonly found in
oilfield systems. The guidance document identifies numerous

Figure 2

Microbe Characterization and Relative Proportions
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m DAPL: 4', 6-diamindino-2-phenylindole
® gPCR: Quantitative Polymerase Chain Reaction

Microbiologically influenced
corrosion is estimated to cost
the oil and gas industry
billions of dollars each year
because of the capital costs in
replacing and repairing
pipelines and equipment.

testing approaches, though all require discrete samples taken
in the field and then transported to a testing facility.

The most common approach for measuring bacteria for
oil-and-gas water has been to focus on indicator bacteria types
such as SRB and APB organisms using “bug” bottles. These
rely on serial dilution and cultivation in nutrient media for
relatively long periods, often up to 30 days. However, less
than 10 percent of the viable microbes can be cultured using
this approach, and there is a broad range of microorganisms
found in oil-and-gas systems that might harm well integrity
that are not identified. Further, the identification of colony
counts are presented well after the decisions need to be made
for water treatment. So, a significant gap in bacteria control
historically exists.

The NACE document refers to a number of
improvements in testing options that use mo-
lecular microbiological methods (MMM:s) and
represents a fundamental change in assessing
microbe effects. These methods include quan-
titative polymerase chain reaction (qQPCR), flu-
orescence in-situ hybridization (FISH) and a
microbe-staining technique using a fluorescent
stain known as 4, 6- diamidino-2-phenylindole
(DAPI). These particular techniques give a more
complete understanding of identities and quan-
tities of microbes in the oil-and-gas water. A
combination of microscopy, analysis of cell-
genetic material and enzymatic reactions give a
complete enumeration of microbes present in a
water sample, and the results are available in days
rather than weeks.? The qPCR method employs
an enzymatic reaction that provide quantitative
information on microbial groups.

Identifying specific groups of organisms, like
microbial genera and species, provides the ability
to apply biocides more targeted with greater ef-
fects and generally at lower costs prior to the frac.
A qPCR can specifically test for sulfate-reducing
bacteria. To comprehensively identify all bacteria
present, a metagenomics test is needed. Known
as the Well Characterization Test (WCT), it com-



prehensively identifies all bacteria by genera and species in
a given fluid sample including SRB, APBs, IRBs and more.
Pinpointing specific genus and species means biocides can be
applied more narrowly with greater effectiveness and gener-
ally at lower costs prior to the frac.

TWO-PRONGED SOLUTION FOR ONSITE
BACTERIAL TESTING

The combination of Rapid-B bacteria testing and the AES
HydroFlow provide a step change in oilfield-bacteria control.
A new tool, the Vivione Rapid-B mobile bacteria labora-
tory, uses flow cytometry to identify each bacterium’s physical
properties (including size, shape, living/dead, and transpar-
ency) and analyzes responses to probes and DNA dyes.

AES Water Solutions has partnered with Vivione to intro-
duce these capabilities in the oil-and-gas sector, providing
onsite bacteria testing of water and frac fluids.

The Rapid-B system provides total living bacteria counts
within 15 minutes and is able to differentiate live from dead
bacteria. It also eliminates interfering non-bacterial matter
such as sediments using a series of electronic filters that ensure
reliable results. Finally, it compares analysis data to several
databases of genus and species to deliver reliable results.
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AES Water Solutions conducts the bacteria testing on
location providing high-quality testing results within 15 min-
utes. Decisions are made before and after biocide dosing with
verification of bacteria counts after the blender and before the
fluids enter the well. If greater insight into the composition of
the water source is desired, AES collects a water sample from
a reserve pit in advance of the hydraulic fracturing and sends
the sample for a qQPCR test that will identify the presence of
SRBs. Results are available within 48 hours. For even greater
specificity, a WCT can be performed within seven business
days to identify all bacteria present in the fluid sample. This
approach identifies the species of bacteria present in the water
while the onsite Rapid-B provides accurate bacteria counts
without speciation within 15 minutes. A good understand-
ing of the species is developed in advance of the operation
giving the actual numbers of microbes. Treatment is then
performed much more accurately than traditional methods
and on location, so that corrective measures prevent bacteria
from entering the formation.

Produced, flowback and fresh water have varying amounts
of bacteria, which will grow geometrically when stored in
ponds containing nutrients. Dosing with oxidants and bio-
cides to maintain low populations is only temporarily effec-
tive and cost prohibitive if considered for use as a residual
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treatment. However, AES Water Solutions has introduced
the HydroFlow for continuous bacteria neutralization during
recirculation of pits or on-the-fly to a frac.

The HydroFlow attaches to the exterior of a water-transfer
line of essentially any size, and a set of ferrite links is wrapped
around the pipe with both ends attaching to the HydroFlow,
which operates on 110-volt AC power. The HydroFlow emits
a sustained electric signal of +150kHz that is carried through
the fluid inside the pipe (metal or PVC). Bacteria and algae
that pass through the unit’s ring of ferrites become charged by
the HydroFlow signal. This charge forms a hydration layer of
pure water around the cell. Osmosis forces water into the bac-
teria and/or algae, creating osmotic pressure that ruptures the
cell membrane and causes the cell to die. As the HydroFlow
signal passes through a pipe, it disrupts the bacteria, algae and
scale clinging to the rough inner surface, gradually releasing
the biofilm and scale over time. The result over sustained use
is the elimination of buildup within the pipe and deactivation
of bacteria in the water.

A common challenge in the
field is conducting reliable,
“near real time” tests on the
water to understand bacterial
levels hour to hour.

In many cases, the bacteria-neutralization effect has
shown reduction from 10° colony-forming bacteria per mil-
liliter to 10> without any biocide chemicals after continuous
HydroFlow use. AES HydroFlow requires fluids to constantly
flow through a pipe, which can effectively kill bacteria at flow
rates exceeding 100 barrels per minute. Depending on the
concentrations of bacteria, one or more HydroFlow units may
be spaced along a water-transfer line to effectively kill high
numbers of bacteria. HydroFlow has been successful in indus-
trial sectors for many years, with a strong history of removing
biofilm, scale and bacteria in pipes and boilers. Existing scale
diminishes and is soon removed altogether due to the con-
tinuous frequency generated and applied by the HydroFlow.

The AES HydroFlow has been used for treatment of sur-
face water through recirculation and has successfully reduced
live bacteria populations by >95 percent consistently. The
hydraulic-fracturing operator is provided with actual bacte-
ria counts in the field and is able to accurately calculate the
dosage of biocide required to kill remaining bacteria with
a margin of residual chemical. The operator uses consider-
ably reduced volumes of chemicals at a significantly reduced
cost. Biomonitoring of all water streams is a key component
of water-lifecycle management. Keeping accurate records of
cell numbers and activities at each step in the process allows
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the identification of microbial hot spots in the system. In the
end, smart lifecycle management with a good biomonitoring
program can reduce the overall use of biocide chemicals and
still be equally effective.?

The combination of Rapid-B bacteria testing and the AES
HydroFlow provides a step change in oilfield-bacterial control
at a significantly reduced cost. Operators are able to maintain
low levels of bacteria in stored and transferred water while
having the ability to test the bacteria levels in nearly real time
on location. O
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