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2K7 WATER SOLUBLE PAKS REDUCE BACTERIAL
LOAD IN COILED TUBING FLUID IN THE EAGLE FORD

Mitigation of premature string failures due to microbial influenced corrosion

BACKGROUND

Coiled tubing (CT) is used for a variety of operations in oil and gas wells, including mill out of bridge plugs after cemented liner
plug-and-perf stimulation. With each trip in or out of the wellbore, the CT string incurs a certain amount of fatigue that can be
estimated using simulation software based on the CT outside diameter (OD) and material grade. CT units are retired at 80% of
predicted fatigue.

CT manufacturers have increasing empirical evidence showing that CT units experience premature string failures (below 80%
fatigue) in certain areas, such as the Eagle Ford, Haynesville formations and Permian basin in Texas, and the Horn River and
Montney formations in northern British Columbia. These string failures manifest in the form of pinholes and parting of the pipe.
If these failures occur above ground, safety risks are a major concern. If they occur downhole, as detected by a sudden drop in
tubing weight, the project is delayed and the costs of fishing out the broken pipe is incurred as well as the loss of the CT unit
for future operations.

CHALLENGE

A CT service company, Pioneer Energy Services, working for an operator in the volatile oil window of the Eagle Ford formation
was experiencing premature coiled tubing string failures. Recent conference paper presentations have pointed to microbial
influenced corrosion (MIC) as a cause of premature CT failure'?*.

MIC is caused by the formation of biofilms resulting in localized corrosion in the form of very small pits, which lead to cracks
and eventual pipe failure. The base fluid used for CT operations is often produced water recycled multiple times from
stimulation operations. This fluid provides an ideal environment for bacterial growth in that it contains hydrocarbon and energy
sources (polymers, surfactants), is in the range of 15-35°C (60-95°F) and is stagnant when stored in tanks.

SOLUTION

Pioneer decided to implement a CT fluid treatment program with the following goals:

e Determine starting level of bacterial contamination on-site
*  Develop treatment standard operating procedure (SOP) to protect water quality
*  Implement treatment SOP to increase CT string operating life

To achieve this, they approached OSP, a leading provider of biocidal products for the oil and gas industry, to help them
determine the best course of action. Two technologies were provided: the LifeCheck® ATP Test Kit to measure total bacterial
levels, and the 2K7 Water Soluble Paks (WSP) biocidal treatment to reduce bacterial levels in the CT fluid.

The LifeCheck ATP Test Kit measures the metabolic activity of living cells through quantification of ATP (adenosine
triphosphate) levels in fluid. It provides users with real-time, accurate measurements of total microbial content in as
little as 5 minutes. The 2K7 WSP biocide works by disrupting the activity of bacterial membrane proteins, causing the
cells to collapse. Unlike cationic biocides, which react with anionic friction reducers, negating the effects of both, 2K7
is nonionic and therefore does not react with other fluid additives.
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TREATMENT

The CT unit was 2 3/8-in. with 21,000 ft total length, and a capacity of 85 bbl. The total fluid volume in the on-site tanks was 2,500 bbl, with
the CT unit pumping 3.5 bbl/min at 7,000 psi. A mixing plant was on-site, which fed the pump truck, and in turn fed the CT unit. When the
fluid came back up from the wellbore, it was discharged into a 109 bbl open top tank, which pumped into the first of five fractionation tanks
that were connected in series. It was determined that the best place to apply 2K7 WSP would be nearest the discharge into the open top tank.

LifeCheck ATP Test Kit software was installed on the CT unit computer and calibrated prior to sampling. A 2 ml sample was taken from the
mixing plant and resulted in a count of 9,235 pg/ml ATP. This was equivalent to 6 bottle growth (10¢) using conventional serial dilution test
kits. The water had a distinct odor of bacteria and sulfur. A second test was done using the same standard with 3 ml of sample. The result was
12,010 pg/ml ATP. This was also equivalent to 7 bottle growth (107).

Due to the unusually high level of bacteria, it was recommended to shock treat the fluid with 2K7 WSP. This was done by adding four boxes
(25 x 1 kg paks per box) of 2K7 WSP to the open water tank (see reference Table 1).

RESULTS

A fluid sample was tested using LifeCheck ATP ~12 hours

later and measured at 147 pg/ml ATP. Therefore, the shock
treatment with 2K7 WSP successfully reduced the bacterial load.
In addition to the reduction in bacteria, Pioneer communicated

Table 1.
Approximate 2K7 biocide treatment equivalents.

that circulating pressure was reduced from 7,200 psi to 5,750 psi
on average at the same rate of 3.5 bbl/min. Circulating pressure
did increase later on, but Pioneer concluded that it was most
likely due to increasing chloride and solids within the fluid. OSP

2K7 Biocide Volume of Fluid Treatment Level
1 pak (1 kg/2.2 Ib) 10 m3/63 bbl 100 ppm
4 paks (4 kg/8.8 Ib) 40 m3/250 bbl 100 ppm
1 box (25 kg/55 Ib) 250 m3/1,575 bbl 100 ppm

suggested that Pioneer monitor with LifeCheck ATP every 2 hours
and treat with 1 box every 6-8 hours when the ATP count was
>400 pg/ml. The goal was to remain below 500 pg/ml.

Time (hr) ATP (pg/ml)
0 9235
0 12010

Comments

Pioneer continued to use 2K7 WSP on a second CT mill-out job
on the same well pad. The second well used the same water as
the first, but it started off at a lower bacterial load due to the
previous treatment. A sample tested before offloading the fluid
from the truck had 1536 pg/ml ATP. LifeCheck ATP numbers
rose when freshwater was added to dilute the solids in the fluid.

2 ml sample

3 ml sample

2K7 treatment

Comments

Time (hr)

ATP (pg/ml)

They treated the 2,800 bbl total volume with 1 box of 2K7 WSP, 0 1536 Water from Well 1
which brought the numbers down to 78 pg/ml ATP. However, 6.25 78 2K7 treatment
freshwater continued to be added, which with the combination of 10.75 607 Added fresh (dirty) water

produced water from the wellbore, brought the numbers back up
to 607 pg/ml ATP, indicating the need for continued maintenance
treatments.

The reduction in bacterial count using 2K7 WSP mitigates MIC, the cause of premature CT string failure. At the completion of each job, prior
to CT transport to another job location or storage, treatment with 2K7 Bugstick, a solid stick format, is performed for extended control to
preserve the CT steel. Based on this successful trial, Pioneer plans to continue using the combination of LifeCheck ATP Testing and 2K7 WSP
for CT mill-outs and other applications including pre-stimulation toe prep operations.
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