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Vacuum thermal desorption recovery of drilling fluids
from cuttings

As operators contend with increasingly stringent regulations and ever-
tighter budgets, a new technique, vacuum thermal desorption, offers an
economical approach for removal of drilling fluids from cuttings.

DR. J. ZOLLER, DESTIMET Green Services GmbH; and R.
SCHMIDT, econ industries GmbH

The VacuDry system offers an economic way to treat drill cuttings

Drill cuttings are an ever-increasing waste stream generated by the upstream
industry. In an attempt to limit the adverse environmental impact caused by the
presence of drilling fluids in cuttings, efforts are being made worldwide to
convert the cuttings to a non-hazardous material, which significantly eases the
disposal process.

At the same time, drilling also requires large volumes of expensive fluids. In
light of this situation, econ industries decided to test its VacuDry indirectly
heated, thermal desorption unit for the recovery of drilling fluids from cuttings.
The VacuDry process has been used for the treatment of a variety of oil-based
wastes for a number of years.

In the following study, laboratory and field tests applying the batch-wise
VacuDry process have been conducted. The TPH concentrations of the
treated drill cuttings have been reduced, from 12,000 ppm to below 250 ppm,
in the lab tests, and from 300,000 ppm to 640 ppm in the field tests. It was also
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discovered that the recovered oil is comparable to the original drilling fiuid—
hence, it can be reused for additional drilling. With an average energy
consumption of anly 170-230 kKWhit, the VacuDry system is about five times
more energy-efficient than other thermal desorption systems. This
combination—Ilow energy consumption and the racovery of drilling fluids—
makes the process an inexpensive alternative to existing treatment methods.

EXISTING METHODS

A number of drill cutting treatment technologies are already in use, Table 1.
However, nane of these meathods pravides completely satisfactory results,

Table 1. Comparisan of
different technolegies for the
treatment of drill cuttings

Rotary kilns have been used for the treatment of cil wastes and drill cuttings
for many years, However, in recent years, their application has been viewsd
with increasing scepticism. Rotary kilns operate with & very low level of enengy
efficiency. Tharefora, the plants consume vast amounts of thermal energy,
which leads to high operational costs. As a conseguence of their inefficiancy,
rotary kiln units also produce nigh levels of emissions. Numerous
enviranmantal authorities, worldwide, no lenger permit the use of this type of
equipment. A further restriction is that rotary kilns can anly deal with a
maximum TPH contant of around 3%. Therefore, input material with highar
TPH contents often has to be mixed with inert material, to reduce the caloric
lzad. Again, such methods increass the energy consumption per ton of treated
material. Especially when talking about wastes with varying consistencies, an
exact adjustment of the caloric value of the input material is required but
difficult o achieve. In the past, incorrect adjustment of caloric values, az well
as unsafe handling by the operating staff. has resulted in serious fire
outbreaks and damage

Hammer mills are often used to freat drill cuttings. However, their applicability
is restricted by the limited temperature, around 250°C, since the desarption
tamparature is only achieved through friction within the mil. Here again, it
must be considered that desorption of the contaminants takes place under
gtmospheric pressure. Due to the low temperature and the absence of any
form of vacuum, this technology 1s not suitable for drill cuttings containing
heavier oil fractions, as the resultant TPH content presant after the treatment
is often too high. On the other hand, the wear on the hammers is significant,
and the related maintenance times, as well as the worn part costs, are high.

A lot of research has been carried out on the use of bioremediation as a
treatment altemative for drill cuttings. Where only light fuel cils, up to diessl
fractions, are present, this technology can work under favorable ambisnt
conditions. However, due to the long time required for treatment, the vast
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space requirements, and the very specific demands on the input material and
climate conditions required, this methodology is seen as impracticable. In
addition, the treatment targets are often not met.

In the liquid solid extraction process, contarminants are extracted by process
fluids from the solid matrix. Usually, detergents containing water are used as
process fluid. For drill cuttings with a high oil content, being bound firmly to the
soll matrix, this technology faces many problems. One of this system's major
disadvantages is the large volume of expensive detergents required. As the
detergents are, usually, hazardous to water, they have to be separated, and a
sophisticated wastewater treatment system has to be employed. In addition,
the quality of the final treated material is often insufficient, especially for fine
material containing heavy oil fractions.

NEW RECOVERY METHOD

For this study, tests have been conducted, using the VacuDry indirect heated
vacuum thermal desorption technology. In this process, heat and a
controlled vacuum are applied to evaporate substances having a boiling point
of up to 450°C (under atmospheric pressure), Fig. 1. Due to the vacuum, the
boiling peint of substances is considerably lower when compared to
atmospheric pressure. Due to the fact that the VacuDry system runs in a batch
-style process, each process can be fine-tuned and is extremely flexible. This
allows for adjustment and optimization of the batch process to suit the
charactenistics of each input maternial.
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Fig. 1. A comparison of hydrocarbon boiling paints under 50 mbar (abs)
(vacuum), atmospheric pressure (simplified)

To heat up the evaporator, temperature-resistant synthetic oil is circulated
inside the evaporator’s heating jacket and central shaft. The rotating shaft,
inside the still-standing cylindrical evaporator vessel, ensures intensive mixing
during the process. Due to this, a highly-efficient heat transfer to the product
can be achieved, and short, energy-saving batch times can be realized.

Following the vaporization of water and hydrocarbons, the exhaust stream is
led through a vapor filtering unit, to prevent dust from merging with the vapors.
Specially designed heat exchangers separate the vaporized substances from
the main vapor stream by condensation, using indirect cooling. Fer the
individual recovery of valuable substances, gradual heating assures their
defined separate evaporation and condensation,

Laboratory tests. During July 2006, econ industries carried out laboratory
tests, using two different types of drill cuttings from the North Sea, Table 2.
One hundred liter samples have been treated batch-style in a VacuDry 140, at
product temperatures up to 300°C and a pressure, inside the vacuum
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result required by the client was 350 min.

Sampls A
Water comtont 1606 %
 comtert {ireel I0%
O comwen! {pound) 0.3%
Saluiy o
Pervecded deriaity 2200 kadm®

and a prassure below 50 mbar (abs).
RESULTS

Table 3. Evaporation phases during the laboratory tests.
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desorber, of down to 50 mbar (abs). The required retention time to achieve the

Table 2. Composition of the input material from the laboratory tests.

Samgle B
%
R
20
TS
1700 kgyfms!

Field tests. A test utilizing 100 tons of drill cuttings, from German gas fields,
was successfully completed in August 2013, The plant used was a VacuDry
12,000 % 2, This plant was, originally, designed for the treatment of grinding
swarfs from the metal industry, And due to the auger's extremely high level of
torgua, the plant iz espacially suited 1o treating pasty and sticky matenal, such
as drill cuttings. Sixtean-ton batches of drill cuttings have been treated in one
econ WacuDry 12 000-liter evaporator, at product temperatures of up to 250°C

Laboratary tests. During the tests, two distinct main process phases—water
evaporation and oil evaporation—were observed, Table 3.

CHl pwaparatian phase
up b 300°C
iy o S0 mibaeabsd
up bo 23050

The results outlined in Table 4 wera achisved, Both samples were processed
for 350 min. within the laboratory plant. However, the point whare only
negliginle amaunts of liguids were evaporated occurred much earlisr—after
248 min. for sample A and after 268 min. for sample B, Therefore, sharter

Tahlz 4. Total petroleum hydrocarons (TPH)-value {(S10-C40) of output

CHl pwagaratian phase
up bo 300°C
diavns (e 5L kg skl
up o 330°C
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Fig. 3. Trial chart laboratory test for sample A.

Progect: Drdl outtingy Pstaranary Sudws Materhat: Drd culeg, of Dale: ¥i, 04, 806
;Mmdm’lmﬂ) = Thtmal o i, X = Agtaler speed, tpea Powes ingut, A/ —MWM;(“
b, -
1xo ! : t =
1004 - — - —

. 4+ 4

m — A ) l 1 j/ 1
[ 3] 7 - + 4 Sy
50 y 1 - +
% 3 /
130} .
ol — e wemo - a— —]
rohz  — - |
mi — - -v-—i*t" r—'t T ey
4 -

0 S0 n 50 ho »0

e, min,

Fig. 4. Trial chart laboratory test for sampie B

Field tests. During field testing, the results in Table 5 were achieved.

Table 5. Total petroleum hydrocarbons (TPH)-value (C10-C40) of output
material (DIN 1SO 16703).

Cutput material
TPH content 640 mg/kg dry substance

CONCLUSIONS
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Both the laboratory and field tests demonstrated that the VacuDry process
performed extremely well. Drill cuttings, with different oll and water content,
can be treated in short batch times, less than 5 hr, making the technology very
economical. A final TPH content of 250 ppm, from the lab test, was well within
the given limits. The 640-ppm level is also satisfactory. The recovered oil is of
high quality and can be reused for drilling applications.

However, there is still room for improvement. During both the laboratory
analysis and the field tests, the heating temperature was limited to 330°C and
270°C, respectively. During the lab test, the heating temperature was limited
because of technical reasons. In the field tests, the operators, who were
unfamiliar with the new material, operated the plant far below its technical
capability of 400°C.

Therefore, by increasing the heating temperature to 400°C, the TPH value of
the output material will be fowered significantly while, at the same time, the
batch time will be reduced considerably. From an economic standpaint, this
will make the VacuDry system superior for the treatment of drill cuttings. WO
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