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WATER MANAGEMENT

Formation water reduction technology
proves successful in the field

Advanced technology allows operators to
reduce formation water, while maintaining oil
and gas production.

I ADAM K. HARPER, JOHN W. GREEN, ANDREINA DEWENDT
and JOHN M. TERRACINA, Hexion Inc.

Produced water, or formation water, is naturally occurring
water that is brought to the surface during oil and gas produc-
tion. It is by far the largest by-product for the industry. While
there is significant variation in the amount of formation water
generated from established oil-and-gas-producing regions in
the country, it is estimated that for every barrel of oil recovered,
4 to 10 bbl of formation water will be produced.

THE PROBLEM

Formation water often contains salts, bacteria, organic chem-
icals and other contaminants.! Although some companies will
treat the water for re-use in hydraulic fracturing or agriculture,
this is not always an economical option. Most of the formation
water is disposed of by injecting it into subterranean wastewater
disposal wells.

The U.S. upstream industry will spend an estimated $34.7
billion on water management in 2018. A complex logistical net-
work accounts for storing, transferring, trucking, treating and
disposing of formation water, and totals 89% of water manage-
ment costs.” Over the life of an individual well, formation water
costs can total $6 million, representing up to half of a well’s op-
erating expense.’ These costs are predicted to increase.

Record oil and gas production in the Permian basin also has
generated record formation water production. If Permian basin
oil output approaches 6 MMbpd by 2025, water-related expen-
ditures in this region, alone, could reach $17 billion.*

Since many states in the American Northeast have tight restric-
tions on wastewater disposal, formation water is often trucked to
neighboring states to be reinjected into disposal wells. The added
water hauling costs severely impact well economics.

Due to the correlation between water reinjection and seis-
mic activity, more restrictions have been added to disposal
wells in Oklahoma. These restrictions limit the rate at which
water can be reinjected, consequently increasing the cost as-
sociated with water management. Additionally, multi-well pad
development can result in higher concentrations of water in a
single area, which puts greater strain on nearby disposal wells.
The disposal formations can pressure up too fast, limiting the
injection rate and causing casing issues for wells that are close
in proximity.* An overloaded water transportation network

Fig. 1. Magnification of a proppant pack, showing AgquaBond
technology acting as a selective membrane.
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Fig. 2. Schematic of the AquaBond technology test apparatus.
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and other limitations on wastewater disposal wells have added
to this challenge.

Formation water handling and disposal continue to be im-
portant topics in the oil and gas industry, but little is being done
to limit water production by addressing the issue at the source.
An ideal solution to the challenges presented by the manage-
ment of produced water would include reducing the amount of
formation water generated without hindering hydrocarbon pro-
duction. Current technologies, such as gels or swelling chemi-
cals, can limit formation water production, but they restrict the

flow of hydrocarbons.

THE SOLUTION

Researchers at Hexion were determined to develop a so-
lution that would reduce formation water production, while
maintaining oil and gas output. Technologies, such as OilPlus
proppants, have demonstrated the ability to improve produc-
tion in liquid-rich reservoirs by altering the surface chemistry
of the proppant.’ The lessons learned from tailoring surface
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chemistry were leveraged to develop the patented AquaBond
formation water reduction technology.

This technology has proven to reduce produced water by as
much as 50%, while improving oil and gas production compared
to offset wells. Since the technology is bonded to proppant, the
water-reducing property stays effective for the life of the well.
Utilization of the technology can increase well profitability by
reducing costs associated with wastewater management, ulti-
mately leading to a lower cost per barrel of oil equivalent (boe).

HOW IT WORKS
The AquaBond formation water reduction technology alters
the relative permeability of the proppant pack to admit hydro-

Fig. 3. AquaBond technology test apparatus - water/oil ratio
admitted into proppant pack.
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Fig. 4. AqguaBond technology proppant core is only in contact
with water at the beginning of the 5:1 water/oil ratio test. This
core flows water until the oil (dyed blue) makes contact.

carbons and reduce the admission of water. The pack acts as a
semi-permeable membrane to selectively allow hydrocarbons
to penetrate while excluding formation water.

Modifications to the functional groups of the proppant coat-
ing result in a tailored critical surface tension that is hydropho-
bic and oleophilic at the same time, Fig. 1. This creates a driv-
ing force that tends to admit oil into the proppant pack, while
reducing the flow of water through the proppant pack.®

LABORATORY TESTING

To demonstrate that this technology will preferentially flow
hydrocarbons over water, a test apparatus was developed by
Hexion to prove the concept. A bonded proppant core is at-
tached to a tightly fitted rubber cap and placed in a reservoir
cell. The rubber cap is affixed to a tube that extends from the
reservoir and empties into a graduated cylinder. The reservoir
cell is filled with oil and water, both of which are in contact with
the proppant pack. A vacuum pump is used to pull fluid from
the reservoir cell through the proppant pack. The fluid is col-
lected in the graduated cylinder, and measurements are made
to determine the water/oil ratio that the proppant pack admits.
It is important to note that fluid must travel through the prop-
pant pack, so that it can be collected in the graduated cylinder.
Figure 2 shows a schematic drawing of the testing device.

The AquaBond technology proppant core was tested against
a control of traditional resin-coated proppant. The starting
water/oil ratio in the reservoir cell was 2:1, with both fluids
in contact with the proppant core. Initial tests showed that the
AquaBond technology proppant core admitted less than 5% wa-
ter without hindering the oil flow. The control proppant core
admitted nearly 60% water and less overall oil. Figure 3 shows
the results of the testing. Laboratory oil (Isopar) and Houston
tap water were used for this test, but the test was repeated mul-
tiple times, using various crude oil and formation water samples
from different regions throughout North America. These cor-
responding tests yielded similar results.

AVOIDING A “WATER BLOCK”

Since the proppant pack is a porous medium, water can
flow through the pack, if it is the only fluid in contact with the
pack. This prevents a water block scenario from occurring in
the proppant pack or at the formation surface/proppant pack
interface. This was proven by modifying the previously de-
scribed test. The starting water/oil ratio was adjusted to 5:1,
so only water was in contact with the proppant core at the start
of the test. Figure 4 is a picture of the AquaBond technology

Fig. 5. Water cut and cumulative water production for AquaBond technology wells and offsets in the Granite Wash formation.
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proppant core at the start of the modified test. When the test
began, water flowed through the core until the oil made con-
tact with the proppant pack. Once oil contacted the core, it
preferentially flowed through, leaving the water behind in the
reservoir cell. The control test with traditional resin-coated
proppant continued to flow water, even after oil contacted the
proppant core, leaving a majority of the oil in the reservoir cell.

CASE STUDY

To prove that this technology is effective in the field, a trial
was conducted in the Granite Wash formation of Roberts and
Hemphill counties in the Texas Panhandle. A single operator
utilized AquaBond technology on two horizontal wells, which
were compared to 11 nearby offset horizontal wells. The wells
utilizing this technology consisted of a 23% tail-in of 40/70
formation water-reducing proppant and a balance of uncoated
frac sand. Three of the offset wells used a 23% tail-in of 40/70
traditional resin-coated proppant, and eight wells used 100%
uncoated frac sand.

Completion details were similar for all wells in the data set:
true vertical depth (TVD) was approximately 11,000 ft, with
a lateral length of 4,000 ft, and bottomhole static temperature
was 180°F. All wells used approximately 2.3 million Ib of total
proppant.

Figure S shows the results of the trial after nine months of
production. Over the entire period, the traditional resin-coated
proppant offsets and the uncoated frac sand wells performed
about the same. The AquaBond technology wells had a 30%
lower water cut, compared to the offsets. Average cumulative
water production was reduced 43%, and no impact to total fluid
production was observed.

HOW TO USE THE TECHNOLOGY

The formation water-reduction technology requires no spe-
cial equipment for use in hydraulic fracturing. The formation
water reduction plan is outlined below:

* Pump downhole, using the same method as traditional

proppants.

* Frac water returns to the surface, per typical flowback

procedure.

* Hydrocarbons and formation water contact the chemi-

cally altered proppant pack.

* The AquaBond technology preferentially flows hydrocar-

bons over water.

* More oil and gas (and less water) are produced to the

surface.

Post-job analysis can be used to optimize future completion
designs, based on production data. Lead-ins, tail-ins or total prop-
pant designs can be utilized, depending on formation character-
istics, desired water reduction and/or severity of water issue. The
technology also can be used as a remedial treatment for refrac-
turing existing high-water-cut wells and has been used success-
tully in this application. Due to its flexibility and ease of use, the
technology should be considered as a responsible part of any frac
design incorporating an effective water management strategy.

CONCLUSION

Laboratory tests demonstrate that AquaBond technology
will preferentially flow oil over water. These tests have been re-
peated multiple times, using different crude oil and produced
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water samples from various regions throughout North Ameri-
ca. Testing also has been modified by varying water/oil ratios.
When performing laboratory tests with only water in contact
with the core incorporating AquaBond technology (or consoli-
dated proppant pack), it was demonstrated that a water block
will not occur.

This technology has been utilized in the Permian basin,
Bakken shale, Granite Wash formation, and the Haynesville
shale. It is applied using the same method as traditional prop-
pants and requires no special equipment. The case study in
the Granite Wash demonstrates how this technology can re-
duce the production of formation water without impacting
total fluid production.
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