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Abstract
Producers of natural gas and oil need to clean paraffin from wells to get the best production possible.
They also, if possible, wish to slow the production rate decline as much as possible. This paper takes a
look at biosurfactants and biosolvents as a potential solution by analyzing case studies and cost
efficiency. This paper does not include an in-depth explanation of how the biosurfactants are made or
specific cost analysist; price ranges will be used. All research has been done by compiling primary
sources, secondary sources, and interviewed first-hand accounts. This information can be used by well
owners to determine if this EOR is viable for their production needs.
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Biosurfactants and Biosolvents
What are Biosurfactants?
Biosurfactants are “amphiphilic microbial molecules with hydrophilic moieties that partition at
liquid/liquid, liquid/gas, or liquid/solid interfaces.” (8) In the oil and gas field, biosurfactants are used for
several functions including flow assurance by dispersing paraffin from tubulars and enhanced oil
recovery by modifying interfacial tension and changing wettability with the reservoir (7). This is done
because the biosurfactants are compounds containing hydrophobic and hydrophilic moieties (8). This
combination makes hydrophilic molecules, such as paraffin, easier to dissolve as the biosurfactants
decrease the interface and surface tensions between the two fluid. This is done with no chemical
alteration to the fluids (1).

Figure 1: Surfactant molecule with polar (hydrophilic) and apolar (hydrophobic) moieties
(8)
Biosurfactants have the same effect even in reservoir conditions. Biosurfactants can survive high
temperatures, a pH range of 2 to 12, and up to 10% salt concentration while most synthetic surfactants
are unable to work with 2% salt concentration (8). This makes them a better option in reservoirs
containing extreme environments.
Biosurfactants are also are better for reservoirs’ condition by being both biodegradable and containing a
low enough toxicity to be used in food products (8). Chemical surfactants have the potential to harm the
skin factor of wells. However, because of the lack of toxicity in biosurfactants, they are able improve the
skin factor of a well.

What are Biosolvents?
Biosolvents are solvents created from bio-based resources that work well as cleaning solvents and/or
carrier solvents (1). This ability makes them a perfect option for enhanced oil recovery (EOR). After
being produced from bacterium, the biosolvents can be dissolved into a reservoir to lower the capillary
forces (3), liberating residual oil in the reservoir. As the oil no longer sticks to the rock grains as much,
more oil and gas is able to be produced.
Figure 2: This shows the area
around the rock grains that is
affected by capillary pressure

What Biosurfactants and Biosolvents have Done
AssurEOR FLOW™ and AssurEOR STIM™
Biosurfactants are starting to be used by companies to disperse paraffin in wells at a more cost efficient
and environmentally safe way. One such company is Locus Bio-Energy. They have a treatment called
AssurEOR FLOW™ that uses biosurfactants with biosolvents and other patent pending ingredients (7) in
a solution that can disperse some of the toughest paraffin. A well will typically see bi-monthly
treatments. This solution has been proven to clean out wells better than some solvents, as seen in the
following case studies.
To determine if a well is a candidate for treatment, Locus Bio-Energy takes paraffin samples from the
well and performs tests with variations of AssurEOR FLOW™. If it ranks too low, 1-3 out of 5, another
solution will be used or even made for this specific well. If it ranks 4-5 out of 5 then treatments can start
with this version of AssurEOR FLOW™ (7). See Appendix E for a ranking of wells Lippizan Petroleum and
Bald Eagle Oil and Gas Inc Wells.
In addition to being used in AssurEOR FLOW™, Locus Bio-Energy uses biosolvents in AssurEOR STIM™
which is a larger treatment of mainly biosolvents and some patent pending ingredients (7). This
treatment has been proven to enhance oil recovery by 50-500% (9).

Case Study 1: Conventional Well
Pre and Post Treatment Comparison
Here we will look at a conventional well in Morgan County Ohio. This well produces from the Berea
Sandstone, Clinton Sand, and Medina Sand. For over a year Locus Bio-Energy has treated the well with
AssurEOR FLOW™ once to twice a month. Table 1 show pre and post treatment average daily production
rates.

Pre-Treatment Daily
Average BBLS/D
2.89

Table 1: Pre and Post Production Rates
Pre-Treatment Daily
Post-Treatment Daily
Average MCF/D
Average BBLS/D
8.91
5.99

Post-Treatment Daily
Average MCF/D
18.34

After consistent treatments, the average produced oil rate went up 107% and the average produced gas
rate went up 106%. When looking at daily data, we can notice spikes in oil and gas production after each
treatment, see Appendix A. Monthly treatments of AssurEOR FLOW™ have improved revenues for this
well.
This increase may have been because the treatment cleaned the tubing and flowline of Paraffin.
Cleaning the mechanics of a well is a good use of AssurEOR FLOW™. The other reason production may
have increased is because it opened the reservoir parts that has been blocked and clogged. This means it
helps decrease the skin damage by liberating residual oil in the reservoir (7).

Economic Relevance
If current oil and gas prices1 are used as a constant price comparison, this well made $114,221 from oil
and $16,392 from natural gas based on post treatment averages. If the well was not treated and left to
decline, it would have made $55,142 from oil and $7,965 from natural gas based on average production
rates. This significant increase in production gives us an incremental revenue of $59,079 for oil and
$8,427 for natural gas totaling to $67,506. This company paid $500 per treatment of AssurEOR FLOW™
spending $10,500 in total for 21 treatments. That makes the net profit of $57,006 with treatments.
Table 2: Economic Review with Constant Current Oil and Gas Prices
Pre-Treatment
Post-Treatment
Oil
Oil
Average bbls/Day 2.89
5.99
Bbls Produced
933.98
1934.64
Revenue
$ 114,221.15
$ 55,141.98
*Information & case histories provided by Locus Bio-Energy*

Pre-Treatment
Gas
8.91
2878.50
$ 16,391.98

Post Treatment
Gas
18.34
5924.10
$ 7,964.81

Lippizan Petroleum and Bald Eagle Oil and Gas Inc Wells
Starting in August of 2018, Bob Matthey, a West Virginia oil and gas producer, started using Locus BioEnergy to enhance production in his wells. See Appendix D for well diagrams. This was done to clean the
wells and formation of paraffin. Most of the wells showed an improvement in oil and gas production
after one or more treatments of AssurEOR FLOW™. Locus Bio-Energy used two variations of AssurEOR
FLOW™ on paraffin samples from each to see which worked best, see Appendix E, F, and G.
The following are descriptions of the wells before and after treatment. All wells are located in West
Virginia. See Appendix B and C for locations.

Reed 1

47-085-05543

Reed 1 produced on average 2 bbls per week before treatment. On November 8th, 2018, it was treated
with 200-gallon of AssurEOR FLOW™. The well was then shut in and let sit for three days. After initial
treatment, the well produced 8-10 bbls per week for two months. Although there was an increase in gas
production, it was not precisely quantifiable. Overall, this was a success and will most likely be treated
again.

Reed 2

47-085-05539

Work Before Treatment
Reed 2, prior to treatment, did not produce at all. The rods and pump were pulled and rebuilt while 5
bbls of commercial paraffin solvent was pumped down the well. After nothing improved, a swab truck
was run 12 times, but still failed to produce any oil. Finally, the rods and pump were replaced and the
well was pumped in a final effort to regain production that failed.

1

On March 24th, 2019, crude oil is $59.04/bbl and $2.767/Mcf (Oil Price)

Treatment and Post Treatment
The Reed 2 well was treated with a 200-gallon treatment of AssurEOR FLOW™ on August 31st, 2018.
After being shut in the well for five days, on September 5th, 2018, The Reed 2 well began producing oil
after a couple of hours pumping. During the first week the well produced 15 bbls of oil, which paid for
the treatment2 and more. In total, during the first three weeks, the well made 35bbls of oil.
In the next two months production declined back to 2 bbls per week. On November 8th, 2018, the well
was retreated with 600-gallon treatment of AssurEOR FLOW™. A 600-gallon treatment was chosen to
insure full coverage of the perforations at a range of 3300 feet to 4700 feet in the well. Just like the first
treatment, the well production spiked to 15bbls for the first week after treatment. In the following
couple of months, the production declined again to 2 bbls per week where it has stayed. Although there
was an increase in gas production, it was not precisely quantifiable.
Cost Analysis
Overall this treatment was a huge success. Reed 2 has shown the most improvement in production out
of any conventional wells Lippizan Petroleum treated. Assuming the cost per treatment of AssurEOR
FLOW™ was $500, the total cost was only $1000. Using the average oil price per month (5) between
September 4th, 2018, and March 24th, 2019, the well earned around $6,600 with 116 bbls of oil as seen
in Table 3. This gives an increased revenue of $5,600 from a well that was showing a net loss before
treatment.
Table 3: Cost Analysis of Reed 2

2

In September of 2018 crude oil was, on average, $66.09/bbl (Ergon)

Bailey 2

47-073-02538

This well is a flowing well with no pump jack. Prior to treatment, the tubing accumulated enough
paraffin to prevent any significant amount of oil and gas from reaching the surface. After being treated
with 200-gallons of AssurEOR FLOW™, 25 gallons in the tubing and 175 gallons in the casing, it was shut
in for 3 days. On November 11th, 2018, upon opening the well, it produced two 5-gallon buckets of
paraffin and 5 bbls of oil. Since the treatment, oil production has steadily declined. Gas production has
increased 20% after the treatment but has since declined.

Robinson 2c

47-107-01079

Robinson 2c is a Berea Sand producing conventional well. Due to the weather, only one treatment of
100 gallons of AssurEOR FLOW™ was done. Since then not enough data has been collected to evaluate
farther.

Bunner 4

47-107-00785

Work Before Treatment
Bunner 4 is also a Berea Sand producing conventional well. This well was chosen for treatment because
it was not producing. It was not producing because the rods had been stuck with paraffin. This was after
being treated with commercial paraffin solvent and seeing no results.
Treatment and Post Treatment
After being treated with the standard 200-gallons of AssurEOR FLOW™ the well was shut in with 30
gallons in the tubing and 170 gallons in the casing. On September 7th, 2018, a week after being shut in,
the well was pumped. Within 30 minutes it was producing. In the first week it produced 18 bbls. Overall,
the treatment was worth it as it could not produce well beforehand.

Blouir

47-085-06184

The Blouir well is a conventional flowing well. It is producing from the Marcellus Shale, but prior to
treatment had been completely clogged by paraffin cutting off all production. After multiple paraffin
solvents and a swab truck were tried, Locus Bio-Energy was brought in to treat it. With their 200-gallon
treatment of AssurEOR FLOW™ in the 50-gallon tubing and the rest in the casing, it was left for a week.
On September 7th, 2018, a swab truck was used to get past the previously impenetrable paraffin block.
After cleaning, the well was producing in less than four hours. Overall, the treatment was worth it as it
could not produce at all beforehand.

Hoover

47-085-06339

The Hoover well is a conventional flowing well in the Devonian Shale. This well was also completely
sealed off with paraffin before treatment. With paraffin solvents and swab trucks failing to clear the
well, Locus Bio-Energy was again brought in to treat it. Using the 200-gallon treatment of AssurEOR
FLOW™, with 50-gallon in the tubing and the rest in the casing, it was left for a week. On September 7th,
2018, a swab truck was used to get past the previously impenetrable paraffin block. After cleaning, the
well was producing in less than a day making the treatment worth it as it could not produce at all
beforehand.

Reynolds

47-107-01099
st

On August 31 , 2018, a 200-gallon treatment of AssurEOR FLOW™ was put into the Reynolds well and
left to sit for three days. Afterword, oil production was starting to rise, but due to failure in the pump
jack production had to stop. If no mechanical malfunctions would have happened, the treatment would
have been worth it.

Lincoln County
The wells on Hamilton Creek in Lincoln County, see Appendix B, are producing from the Big Line,
McGrady, Squaw and Weir Sands. Paraffin Samples were taken from following wells: F1, F4, F10, F15,
F16, FP1, FP3, FP4, FP5. All samples were collected and tested with different variations of AssurEOR
FLOW™ to see which had the best effect on the paraffin, see Appendix E, F, and G. In all cases the PF10
formula was able to disperse all of the paraffin in each test tube. The wells listed above were treated on
Jan 17, 2019. We have only limited data, thus far, but the following wells have been helped a great deal.
F10, went from 4 bbls per week to 12 bbls per week. F15 and F16 responded by moving an extra 5 bbls a
day for the first two weeks. These two wells go into the same tank. FP3 went from 30 bbls a month to 60
bbls the first month after treatment. As stated, data is limited due to poor weather and incomplete
records from the pumper. Overall, it appears that the AssurEOR Flow treatment have improved
production. Lippizan Petroleum is continuing to evaluate the results. (2)

Leroy Baker’s Well
This well was treated with one 200-gallon treatment of Locus Bio’s AssurEOR FLOW™ in the month of
September 2018. This well was analyzed based on monthly production. Please see Appendix K for a
graph of total produced fluid and oil production. For analyzing production pre-treatment versus posttreatment, a simple average production rate as opposed to decline curve analysis was used due to lack
of data points. Prior to treatment, we were seeing an average total fluid production rate of 24.5
bbls/month and an average oil production rate of 8.4 bbls/month. After treatment, we are seeing an
average total fluid production rate of 31.7 bbls/month and an average oil production rate of 15.0
bbls/month. This gives us an incremental fluid production of 7.2 bbls/month and an incremental oil
production of 6.6 bbls/month. Comparing the two incremental production values we see that water only
accounted for 9% of our increase. Locus Bio-Energy’s treatment allowed this well to increase oil
production with little increase in the water production. Looking at it a different way, we saw our
pretreatment water cut was 65.63% and posttreatment water cut dropped to 50%. (6)

Case Study 2: Penneco Horizontal Well
Conventional style wells are not the only ones that benefit from biosurfactants and biosolvents. In this
case study, Locus Bio-Energy treated this horizontal well, located in the upper Devonian Sandstone in
Greene County, Pennsylvania, with both AssurEOR FLOW™ and AssurEOR STIM™ treatments for
Penneco Oil Company.

Pre-FLOW Treatment
Starting in March of 2013, this 3,500-foot-deep and 2,500 foot lateral well produced what was typical in
this area. But, with a decline following the Hyperbolic Decline Model, see Appendix H, production fell
continually each year. Other problems, such as harsh skin damage with commercial paraffin solvents,
potentially contributed to the decline.

AssurEOR FLOW™ Treatment
On June 31st, 2016, this horizontal well was first treated with the 200-gallon AssurEOR FLOW™
treatment. Continuing until present day, Locus Bio-Energy has treated this well the same way bimonthly. This continual treatment has increased production by 20%, giving us a near zero decline
changing the production to be constant rather than following the Hyperbolic Decline Model, see
Appendix I for graph.

AssurEOR STIM™ Treatment
On September 30th, 2018, this horizontal well was treated with the AssurEOR STIM™. After being
flushed down the well, it was shut in for six days. On October 6th, production on this well started again.
In the following two months, production was again prevented from declining, with a potential in the
following months to increase slightly.

Field Treatment
The above well was part of a two-and-a-half-year case study on a field of 70 conventional and horizontal
wells in Greene County, Pennsylvania. All wells were treated the same with 200-gallons of AssurEOR
FLOW™ bi-monthly with 37 total AssurEOR STIM™ treatments for the field. The results were exceptional.
Paraffin buildup caused no well failures during the two and a half years. Of the 70 wells, 95% exhibited
increased production rates. This increase resulted in around 46% increase in average production above
the baseline with a projected two-year production increase of 241%, see Appendix J. For the composite
analysis in Appendix J, Locus Bio-Energy modeled the trend in total field production to predict future
performance and then compared the pretreatment forecast to the actual production to estimate
incremental oil production (7).
*Information & case histories provided by Locus Bio-Energy*

Recommendation and Analysis
After viewing the success of multiple case studies, it is safe to say biosurfactants and biosolvents are
viable options. However, this is not to say they will work as well or at all on any well. That is where the
paraffin testing comes in play. If your well is a viable candidate, then I suggest you try this treatment.
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