Background and Introduction

In hydraulic fracturing, significant amounts of water are required
for maximum oil extraction. That process creates a large water
byproduct stream contaminated with solids, salt, and
hydrocarbons. This is referred to as produced water (PW).
Historically, the most common way to manage PW is by
reinjection into underground wells. This has significant
environmental implications and contaminates underground
water and soil. This also leads to increased seismic activity.

This task's objective was to treat 20,000 barrels per day of PW
from the flowback of fracturing fluids and connate water. The
treated water must meet the following criteria: contain a
concentration of oils less than 30 ppm, remaining solid particles
must be less than 25 micrometers in diameter, a pH between
6.0 and 8.0, an oxidative reduction potential greater than 350
mV, and a turbidity of 25 NTUs or less.

Bench Scale Design & Testing

The synthetic solution used for the bench scale design consisted
of 100 ppm organic components, 100 ppm of solids, and 120
grams of salt per liter of solution. The primary separation unit in
this process is a hydrocyclone (HC), which uses gravity to
separate heavy particles from lighter particles. The HC was able
to isolate most of the solids into the underflow, which was
sequentially sent to a filter for solid removal. The HC overflow
was sent to a surge tank, where it met the solid-free filter
product which was recycled into the surge tank. This surge tank
was sent to a skimmer device at a lower flowrate. This allowed
hydrocarbon components to rise to the surface of the water,
and clean brine to exit the system through a spigot. At the end
of the processes, a bleach additive was added to the solution to
assure oxidative reductive potential criteria was met. The solid
separation was quantified using solid settling cones while the oil
separation was analyzed qualitatively through the E.P.A. Static
Qil Sheen Test. Other parameters of concern were measured
using analytical probes.
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The below table is a summary of the results with the
best setup of our bench scale which we modeled our
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The bench scale passed all specifications with pH
Clean Bine being the only one not to pass. It is expected that if
oD the appropriate amount of ORP adjuster is added
& that the pH would be in the proper range.
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20,000 Barrels Per Day Full Scale Process
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Construction Schedu\e

This process has a modular design, meaning it can be transported to different locations and expanded upon
need. The base design has the capability to treat 20,000 barrels of PW per day and has an overall footprint of
210 square meters. This footprint is based on doubling the footprint occupied by the 7 shipping containers
from which this process will operate. As seen below it takes about a year from start to finish to construct the
process with 37 weeks filled with preconstruction activities.
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Economic AnaIyS|s

The overall capital cost for
this process is $1.5 million.
Yearly, this process will cost
an estimated $3.5 million to
run, including operating and
labor costs. Overall, this
desrgn haS d PW proceSSing I{.:.H'tl'ﬂt}“’ vessel $ 62.000
cost of $3.96 per cubic meter. |
Considering the lowest
published cost for PW
treatment ($6/mA3), this
design presents significant
savings.

Unit Piece Total Installation Cost
ILm‘ge pumps (6) | $ 46,000 |
“Smnll pumps (6) - $ 14,000
Skunmer -$ 89.000
-Ft':'f:{_'] surge vessel -f}'. 59.000

Dium filter $ 500.000

Underflow vessel | $ 13,000

| O1l storage | $ 15,000
-:'_n‘ln]}l:uug confamers (35) J $ 35,000

| Polishing filter L $ 670,000
Hydrocyclones (2 banks) | $ 9.000

Total: $ 1.500.000

Safety

The HC banks will be cleaned intermittently to avoid buildup
of solids. Employees will wear appropriate PPE for handling
crude oil and fine dusts. It was determined that there will be
a slow buildup of solids in the skimmer due to the low
concentration of solids. This will cause problems if not
regularly checked and cleaned on a schedule.

Environmental

With the success of the system, we can avoid hazmat
shipping 20,000 barrels per day of contaminated water to
water processing facilities. This also allows the reuse of
produced water to reduce or eliminate need for fresh water
in fracking projects.

Conclusions and Future Work

This process is reproducible and modular such that it can be
relocated easily. The cost per cubic meter of clean brine is
$3.96 which is economical compared to the current
treatment standards costing between $6 and $60 per meter
cubed. Further work will involve altering HC parameters to
determine optimal solid and hydrocarbon separation.
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