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THERMAL DESORPTION OF OILY SOLIDS
CROSS-REFERENCE TO RELATED APPLICATION
The present application claims the benefit of U8, Provisional Application Mo.
62/852.0725, filed May 23, 2019 and U.8. Non-Provisional Application No, 16/741,003, filed

January 13, 2020, which ave incorporated herein by reference in their entirety for all purposes,
BACKGROUND

The present disclosure relates to methods and systems involving separation.of liquids and
solids.

Treatment fluids are used in a varioty of operations that may be performed ju subterranean
formations. As referred to herein, the termo “treatment flind™” will be understood to mean any fluid
that niay be used in a subterrangan application in conjunetion with a desived funetion and/or for a
desived purpose. The tenn “ireatment fluid” does not imply any particular action by the fluid.
Treatment fluids often are used in, e.p., well drilling, completion, and stimulation operations.
Examples of such treatment fluids include, among others, drilling fluids, well cleanup fluids,
workover fluids, conformance flnids, gravel pack fluids, acidizing fluids, fracturing fluids, spacer
thads, and the like,

Troatment fuids are used in well deilling, a process used o penetrating formations that
produce oil and gas. In drilling, a wellbore is drilled while adrilling fluid (also known asa drilling
mad) is cireulated through the well bore. Alter drilling the wellbore to a desived depth, a siving of
pipe, ¢.g., easing, may be run in the wellbore. The drilling fluid in the wellbore may be conditioned
by circolating the fluid downwardly through the interior of the pipe and npwardly through the
anrulus between the exterior of the pipe and the walls of the well bore.

During the drilling process, the drill bit generates deill cuttings (e.g., rovks, sand, shale
grit) as it forms the well bore, The drill cutiings may becoms suspended or mixed in the drilling
fhiid and carried jv g return Bow stream of the drilling fluid back to the well drilling platform, The
drill cuttings may then be separated from the bulk of the drilling fluid via a separation process o
penevate an olly deifl cutting slurry. After removing the deill cuttings therefrom, ong or mote
components of the drilling fluid may be re-used in other treatment operations.

Various methods for removing hydrocarbons, watgr, and/or contaminants from. drill
cuttings have been smploved, In some cases, indirect heat thermal desorption is applied to oily
water solids such as deill cuttings. respeciively, n such & proeess, the feraperature of slavry may
fncrease to generate sufficient vapor pressure to separate off andfor water from the solids (which
may be inert), generating vapors that ave separated from the solids, In certaln thermal desorpiion
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methods, a cooled liguid is used to quench and condense the vapors. Different vessels in series
with various cooling fluid temperatures roay be used in these methods to preferentially condense
high end boiling point carbon chains hydrocarbons along with steam.

However, these configurations of thermal desorption may allow the comingling of fow
boiling point vapors {e.g.. water or lower boiling poiat hydrocarbons) and bigh boiling point
vapors {e.g., higher boiling point hydrocarbons) prior to condensation. ln such cases, the high
boiling point vapors may need 1o be heated beyond the boiling point required for volatilization to
prevent vapors from high boiling vapors from prematurely condensing when they are mixed with
the lower boiling point vapors, Depending upon the placersent of the vapors outlet points, either
the low boiling point vapors will need to be further heated or the high boiling poiut vapors will
peed to b further heated to prevent premature condensing in the desorption chamber. In ceriain
cases, the vapors are removed at a single point, typically near the inlet or the middle of the
desorption vessel, resulting in overheating the higher boiling point hydrocarbons.

Heating beyond the boiling point of cach compovent of the liguid of the slurry may be
less efficient and may require superheating the water vapor (sleary), requiring additional energy.
Additionally, higher vapor teroperatures may lead to cracking of the hydrocarbon vapors into lower
carbon chain hydrocarbons, which may cause breakdow or destruction of drilling fluid additives
{e.5., emulsifiges, wetling agenty, ¢ie.). This may also lead fo the geveration of foul and low odor
threshold compounds such as aldehydes, ketongs and Sulphor-based compounds. In addition,
benrene, toluene, ethylbenzene and xylene (BTEX compounds) may be generated along with non-
condensable gases.

In cerfain provesses, the vaposs are removed from the desorption vessel by negative
pressure applied by a blower downstream of the condensing vessel. However, because blowers
may be damaged by liquid or solid mist or shugs of fluid, such a coofiguration may require
equipment such as knoek out vessels, filters and demisters before and alier the blower, raising

energy requirensents and cost.
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BRIEF DESCRIPTION OF THE DRAWINGS

These drawings Hlnstrate certain aspects of some of the embodiments of the present
disclosure and should not be used t limit or define the clatms,

Figurs 1 is a schematic diagram of a thermal desorption system inaccordance with certain
embodiments of the present disclosure.

Figure 2 is aschematic diagram of g thermal desorption system in accordance with certain
embodiments of the present disclosure.

Figure 3 is a schematic diagram of a thermal desorption system including multiple
eductors in parallel and a condensed vapors and motive cooling flnid header according 1o certain
embodiments of the present disclosure.

Figures 44, 4B, 4C, 4D depict ap equipment Jayout for a thermal desorption system
including an insert for a cascading degasser according to certain embodiments of the present
disclosuore.

Figure § is a schematic diagram of a thermal desorption process flow in accordance with
certain smbodiments of the present disclosure, |

Figure 6 is a side view of an squipment layout for a thermal desorption system according
to certain embodiments of the preseut disclosure.

Figure 7 depicts a top view of an equipment layout for a thermal desorption system
according to certaiy embodiments of the present disclosure.

Figure 8 depicts an equipment favont for a theral desorption system including a
cascading degasser according to gortain embodiments of the present disclogure,

Figare 9 s a diagram ilustrating an example of & wellbore deilling assembly that may be
used in accordance with certain erabodiments of the present disclosure.

Figures 10A, 10B, 10C are schematic dingrams of vapor outlets tor a thermal desorption
system in accordance with certain evabodiments of the present disclosure.

While embodinments of this disclosure have been depicted, such smbodiments do not
wuply a limitation oo the disclosure, and no such Hmitation should be infetred. The subject matter
disclosed is capable of cousiderable modification, alteration, and squivalents in form and fonetion,
as will vecur (o those skilled in the pertivent art and having the benefit of this diselosare. The
depicted and described embodiments of this disclosure are examples only, and not exbaustive of

the scope of the diselosure,
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DESCRIPTION OF CERTAIN EMBODRIMENTS

Hiustrative embodiments of the present disclosure are described in delail berein. In the
fnterest of clarity, not all features of an actual implementation may be deseribed i this
specification. ¥t will of course be approciated that in the development of any such aciual
embodiment, numerous implementation-spreific decisions may be yuade to achieve the specific
implementation goals, which may vary from one implementation to another. Moreover, it will be
appreciated that such a development effort might be complex and time-consuyming, bui would
nevertheless be a roatine undertaking for those of ardinary skill in the ast having the benefit of the
present disclosure.

The present disclosure relates to methods and systems involving separation of liquids and
solids. Specifically, in ceriain embodiments, the present disclosure relates 1o thermal desorption
of an olly slarry.

In certain enbodiments, the systems of the present diselosare may include a desorption
vessel including an inner chamber; a beating unit disposed adjacent to the desorplion vessel
configured to heat a shurry including solids and il disposed in the inner chamber of the desorption
vessel: and a plarality of vapor outlets in fluid communication with the inner chamber of the
desorption vessel, wherein each vapor outlet is in fluid conumunication with a condenser or an
eductor for condensing vapors generated by heating the shurry. In some embodiments, the methods
of the present disclosure may include heating a shurry including oit and selids in a desorption vessel
to convert at least a portion of the oil in the slarry to oil vapor; removing at least a first portion of
the oil vapor from the desorption vessel at a first oil vapor outlet; and renmoving at least a secoud
portion of the oil vapor from the desorption vessel at a second oil vapor outlet.

{n certain embodiments, the systenas of the present disclosure may juclude a desorption
vessel including an inner chanber; a heating unit sasrounding the desorption vessel and configured
1o heat a slurry including solids and ol disposed in the inner charaber of the desorption vesseli a
phurality of vapor outlets in flaid communication with the inver chamber of the desorption vessel;
and @ plurality of eductors configured to condense vapors from the phuality of vapor outlets,
wherein each vapor outlet is coupled to an eductor.

in certain embodiments, the system and methods of the present disclosure yoay convert a
substantially contivuous feed of a shuty including ol and solids (e, drill cuttings) into
substantially oil-free solids and vapor by heating the slurry in a desorption vessel.  In some
erabodiments, the shury may also inclade water andfor other Hauid components. The vapors

separated from the sluty may exit the vessel at a plaradity of vapor outlets disposed along the
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length of the desorption vessel. The desorption vessel may be operated under negative pressure.
The negative pressure may facilitate the removal the vapors as they are generated and increase
desorption of Hiquids from the solids in the slurry.

Amonyg the many potential advantages to the methods, apparatus, and systems of the
present disclosure, only some of which are alladed to herein, the present disclosure suay provide
improved therrsal desorption of oily solids at a relatively low energy requirement. In certain
embodiments, the sysiens and methods of the present disclosure substantially eliminates the
comingling of vapors, providing several benefits. For example, substantially eliminating comivgling
may avoid the need to superheat steam to prevent prematare condensing of hydrocarbon vapors. In
certain embodiments, the specitic energy needed to desorb the liquid fractions of vily sohids 1s lower
when the vapors are not comingled prior to condensation. Additionally, since the heat transfer surface
arcs and overal] heat transter is fixed, a lower energy requirement resulls iy an increased feed rate.
Also, when the energy to superheat steam is no longer required, the cooling requirements for
condensing the vapors is also reduced, redueing equipment and encrgy requirements. The methods
and systems of the present disclosure may, in certain embodiments, remove the need for a blower
as well as knock out vessels and demisters to remove vapors upstream of the blower, In cerfain
embodiments, rersoving blowers, kuock out vessels, and demisters may reduce upset conditions,
reduce equipment, reduce the need for managing collected fluids, and rednce equipment footprint,

The use of eductors bt one or more embodiments of the present disclosure roay provids
improved methods and systems for indirect thermal desorplion of oily solids that avoid comingling
of yapors, In certaln embodirsents, without wishing to be limited by theory, an edugtor operates
by generating suction due to the ventuel effect by using a motive fluid passing through & narrowed
or tapered pips in the eductor, increasing the pressure of the motive fluid as it enters the eduetor
and thereby applying suction to an opening or other pipe or hose attached to the eductor. The nse
of eductors may allow the use of significantly smaller vessels compared to typical guench vapor
condensing vessels. Additionally, eductors may be more tolerant of solids in the cooling Huid than
typiecal vessels, reducing problems with frequently plugeed nozzles. For example, eductors may
inchude openings of 20 nun or more compared to typical nozzles which have openings of 2 mm or
less, In some embodiments, eductors may be lower cost and adaptable to attach to hard piping or
hose. Attaching edaciors to hose, for example, may b useful when vapors are removed from a
desorption vessel that expands due to therwal expansion climinating the nesd for bellows
expansion joint.

In sowe erobodvuents of the prosent disclosure, the use of eductors may reduce

hydrozarbon eracking by eliminating ov reducing the overheating of hydrocarbon vapors when
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comingled with lower temperature steam fo prevent premature condensing. In cerfain
embodiments, the use of eductors and multiple vapor outlet points ruay reduce the distance the
iydrocarbons must travel before condensing. This shorter residence time may resull in loss
cracking of hydrocarbons,

In cerfain embodiments, a system of the present disclosure may include a desorption
vessel ineluding a phurality of vapor outlets and a heating unit disposed adjacent to or surrounding
the desorption vessel. The heating unit may, in certain embodiments, be configwred to beat,
directly or ndivectly, a shury ncluding solids and oil disposed in av inner chamber of the
desorption vessel. In some embodiments, each vapor outlet is in fuid cormmunication with
condenser or an eductor for condensing vapors generated by heating the slurry.  In certain
embodiments, an eductor may be coupled to cach vapor outlet. The desorption vessel may include
a conveyor system {e.z, a conveyor belt, anger, or the like) to convey a substantially continnous
slurry feed through the desorption vessel. In some embodiments, condensed vapors from. the
eductors or condensers may flow into a degasser unit that may allow for the release of at least a
portion of gases (e.g., non-condensable gases) present in the condensed vapors. An oiliwater
separator may be fuidically conpled to the degasser unit and configured 1o substantially separate
the degassed condensed vapors into a substantially otl-based fluid and a substantially agueous
floid. In some embodiments, the degasser unit may be omittesd from the system and the condensed
vapors may flow directly to the oil/water separator.

Figures 110 depict certain embodiments of the systems and methods of the present
disclosure, As shown in Figure 1, a thermal desorption system 101 may include a feed of a slumry
102 into a desorption vessel 103, The desorption vessel 103 may be a fixed horfzontal steel tabe
with an conveyor system 104 that meves teed matorial through the length of the tube. The sturry
may include, but is not limited 10 oil {e.g, hydrocarbons), solids, an aqueous fhiid {e. g, water,
saltwater, brive), and any combination thercof, In certain embodiments, the slurry may also
include cther drilling fhuid additive andfor contaminants from formations fuids.  In cestain
entbodiments, the solids in the slorry may nclade, but ave not Hinited to deill cuttings, formation
materials, freatment {hiid additives, or any other wellbore materials. In certain embodiments, the
shurry may include 409 or less, 30% or less, or 20% or less ol by weight of the shivy. e soma
embodiments, the slurry may include hetweer frons about 5% to about 40% oil by weight of the
slarry. In certain embodiments, the sturry may include 30% or lesy, 15% or huss, or 3% or lesy
water by weight of the slurry.  In sowe embediments, the shurey may include between from about
0.0 1% to ahout 30% water by weight of the slosry, Tnecartain embodiments, the shurey may include

an oibwaterssolids ratio of 15:10:73 percent by weight, Tw carlain smbodiments, drilling cultings
G
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may include a deilling fluid with liquid compounds having boiling points from about 100°C 1o
abowt 300°C.

The slorry is fed through the desorption vessel 103 by a convevor system 104, The
conpveyor system 104 may include an anger, serew, or other component sufficient to convey the
slurry along the length of the desorption vessel 103, The slurry traveling through the desorption
vessel 103 is heaied by heat supplied by the heating wnit 107, In some embodiments, the
desorpiion vessel 103 may be disposed within the heating unit 107 so that the heating wnit 107
surrounds the desorption vessel 103, In some erabodients, the slurry n the desorption vessel is
indirectly heated by the beating unit 107 through the walls of the desorption vessel 103, In certain
embodiments, as shown in more detail in Figures 7 and §, the heating unit 107 may be ¢
combustion system including a firebox and burners. In certain embodiments, the heating unit 107
may be a combustion system that runson fuel. In some embodiments, at least a portion of the fuel
fod to-the heating unit may include oil andfor non~condensable gas separated from the shurry. For
example, in certain embodiments, at least a portion of the condensed oif vapor from the slurry is
condensed and then fed to the heating unit to serve as fuel,

The heat from the heating wnit 107 joereases the temperature of the sluny in the
desorplion vessel 103 enough to generate sufficient vapor pressure to sepavaie the liguids of the
shurey froms the solids, generating vapor. The temperature of the sturey increases as it advances
along the length of the desorption vessel 103 from the fead inlet 102 to the solids outlet 106, As
the temperature of the slurry Increases, liquid components in the sturry are volatilized, gencrating
vapors 111, 112, The desorption vessel 103 may inclade a plurality of vapor outlets 108a-d.
Although depicted as having four vapor outlets 108a~d in Figure I, in certain embodiments, a
desorption vessel 103 of the present disclosure may nelade frora 2 to 20 vapor outlets. In some
embodiments, (e.g, i the sturry includes water and one hydrocarbon type (single boiling point)),
only two vapor outlets may be requived. Int certain smbodiments, for example, if the feed material
contains water and a mixture of hydrocarbons with multiple boiling poiots, thew a sepavale vapor
outlet for water and cach bydrocarbon may be required, The position of vach vapor outlet 108a-d
may be selected, based, at least n part, on the energy required to volatilize the liguid based on the
temperature required to reach boiling point. Lower temperature vapors 11 are generated [irst as
the temperatare of the shaey increases, and exit the desorpticn vessel 103 at the vapor outlets 108a
and 108h. In certain endsodiments, lower terpperatore vapors 11 may priwmarily include vapors
of liguid components of the sturry with relatively lower boiling potnts. For exarple, the Jower

temperature vapors HH may lnchade a significant portion of an agueous phase of the sturry (2.,
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water, seawater, brine). Additionally, lower temperatures vapors 111 may include lower molecular
weight hydrocarbons including, but not limited to hexane, heptane, octane, and the hke. The
higher temperature vapors 112, for example, may primarily include liquid components of the slusry
with higher boiling points, including, but not limited to fuel oil, lnbricating oil, bitumen, a high
molecular weight hydrocarbon, and any combination thereof, In some embodiments, the vapor
outlets 108a-d may be positionsd such that the vapors 111 exiting the first vapor outlet 108a are
primasily agueous vapor, the vapors 111 exiting the second vapor outlet 108D are primarily low
molecular weight hydrocarbons, and the vapors 112 exiting the other vapor outlets 108c,d are
higher roolecular weight hydrocarbons.  In some embodiments, the desorption process may also
penerate one or more non-condensable gasgs.  These non-condensable gases along with any
ambient air in the desorption vessel may also exit through the vapor outlets 108a-~d.

In some embodiments, the desorption vessel 103 and the vapor outlets 108a-d may he
operated at a negative pressure.  In certain embodiments, the desorption vessel {03 may be
operated at a shight negative pressure ¢ g, less than 1 inch of mercury). In certain embodiments,
operating the desorption vessel 103 and the vapor ontlets 108a-d at negalive pressure may increase
the volasilization of the Hquids in the slurry and may remeve the vapors through the closest vapor
outlet 108a-d. In certain enbodiments, negative pressure moay be applivd, for example, by a blower
downstream of the vapor outlets. As depicted in Figure 1, negative pressure is applied o the vapor
outlets 108a-d and the desorption vessel 103 by a series of eductors 109a-d fluidically coupled o
the vapor outlets 108a-d, The vapor outlets 108a-d may be connected to the eduetors 10%-d.

o certain embodiments, the vapors 111, 112 may be condensed in the eductors 109-d
using a motive flaid 117. In the embodiment of Figure 1, the motive fluid 117 flows from a motive
flnid header 110 and passes through the eductors 109a-d. The motive fluid flow may, in ceriain
embodiments, apply a negative pressure to the vapor ontlets 108a-d, removing the vapors 111, 112
grnerated in the desorption vessel 103, In some embodinients, the wegative pressuve and the
motive fluid 117 flow may also condense the vapors 111, 112, In cortain embodiments, the motive
fluid may include water, ap oil/water mixture, and otl/water/solid fines shurry, and any combination
thereof,

o certain smbodiments, the flow rate and pressure of the wotive fhad 117 flowing
through the edactors 109a-d may, in certain embodiments, be selected based, at feast w pait, on,
at least one of the desired negative pressure and fully condensing the vapors 111, 2. In certain
embodiments, the prassure of the motive fuid 117 may be set at a flow rate and a pressure
sufficient to cresfe a negalive pressure in the desorption vessel 103 while substantislly or

completely condensing the vapors 111, 112, In some embodiments, the mass flow rate of the
&
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motive fluid is signiticantly higher than the mass flow rate of the vapors, and is sutficiently higher
than the mass flow raie of the vapors that the vapors sre completely condensed, In cerlain
gmbodiments, motive fluid Hlow rate way be set around 10 times the flow rate by mass of the
vapor in the vapor outlet 108a-d. In some embodiments, the pressure of the motive fluid may be
from about 30 to about 80 psi, from aboui 20 to about 90 psi, or from about 10 to about 100 psi.
[ certain erabodiments, the eductors 109a-d may evacuate all vapors flowing into them, including
non-condensable gases and Jeakage atr. In some emibodiments, the non-condensable gases may
be enirained in the Bouid in the form of microbubbles and/or dissolved. In certain embodiments,
these non-condensable gases may be liberated from the fluid over tirae,

The fluid exiting the eductors 113a-d may include the condensed vapors, motive fluid,
and/or non~condensable gases, As depicied in Figure 1, the fluid exiting each eductor 113a-d may
be combined into a single strean 114 for further treatment and separation. Alternatively, in certain
embodiments, the fuid exiting each eductor 113a-d conld be treated separately, or some subset of
the fluids could be treated fogetber,

In certain embodiments, condensers (not shown) could be used in place or in addition to
the eductors 109a-d 1o condense the vapors 1L 1120 For example, the vapors 111, 112 may be
condensed using spray condenscrs or any other suitable condenser.

Adfter passing through the desorption process, the separated solids exit the desorption
vessel 103 at the ontlet 106. The separated solids may be discharged into a separate vessel or
collection auger (not shown), In certain embodiments, the separated solids may include less than
1% oil by weight, or fess than 1% liguid by weight,

In some embodiments, the vapors volatilized by the increase in temperalure may also
include a mist (.., Hquid droplets suspended in the vapors) and/or fing particles suspended in the
vapors. As shown in Figare 2, one or more cyelones 2153, 218b may be fluidically connected to
one or more vapor outlets 2(8a, 208b so that the vapora 211, 212 pass through the cyclones 21 3a,
215h and the particle fines are removed. The particle fines settled out of the cyclongs 215a, 2150
may be removed by fine particles removal systems 216a, 216b,

I certain enabodiments, the position of cach vapor outlet 18a-d for the desorption vessel
103 may be selected, based, at least in part, on the energy required to volatilize ong or more
components of the lgaid of the sharry. For example, the snergy required to volatize each of the
one or more compounds may be determined based ou the temperature required to reach boiling
point.  For example, the vapor outlets for @ hypothetical desorption vessel freating a shiry
including s liquid incloding two components, Compound A and Corapound B, may be selecled by

calculating the energy required 1o volaiize Compound A and Compound B. I Compound A
7
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requires 30% of the energy transferced to the desorption vessel, then a first vapor outlet for
Componnd A may be positioned about 30% of the distance along the length of the desorption
vassel. A second vapor outlet to remove Compound B vapors may be more than 30% and less
than 100% of the distance along the length of the desorption vessel. Altervatively, if Compound
B raquires 70% of the energy transferved to the desorption vessel, the second vapor ontlet may be
positioned 70% of the distance along the length of the desorption vessel.

In vertain ermbodiments, the vapor outlets of a desorption vessel may be calculated by
dividing the length of the desorption vessel into two desorption zones: a water xone and a
hydrocarbon zone. In some embodiments, the water desorption zone may include a first vapor
outlet for water vapor and the hydrocarbon desorption zone may inchude one or more vapor outlets
for bydrocarbous. For example, in certain embodiments, the hydrocatbon zone may have multiple
vapor outlets distributed according to the weighted carbou chain distribution (or potentially
distributed over that zone's distance). In certain embuodiments, the carbon chain distribution of the
hydrocarbons from a gas chromatograph may be a good indicator of boiling points and mass
fraction, and the weightad distribution of the hydrocarbons may be used to determing Jocation of
the vapor outlets along the length of a desorption vessel,

Figure 3 depicts a diagram of a system including muliiple eductors in pasallel and a
condensed vapors and motive cooling Hluid header according to certain embodiments of the present
disclosure. Motive fluid frow a molive cooling fluid header 310 flows through a series of pavallel
eductors 3%a-d fluidieally coupled to vapor outlets 308a-d from a desorption vessel (not shown),
Unlike the eductors 109a-d of Figure 1, the motive flaid and condensed vapors exiting the eductors
309a-d flow separately into the condensed vapors and motive cooling fluid header 314, This
configuration allows for the multiple eductors 30%-~d placed in paraliel 1o be independently turned
on or off using valves 330a-d as required to adjust the vapor ontlets of a vapor desorption vessel
based on variable content of the liguid 1o a feed shurry.

In certain smbodiments, a modular vapor desorption vessel may include a series of
optiopal vapor outlets distributed along the length of the vessel. Tu certain embodiments, the
optional vapor outlets may be plugged or closed by a valve when not in ase, or connected to-an
sductor or other condenser when in use. The eductors of the modular vapor desorption vessel may
e connected ju series (as shown in Figure 1) or in paralled (ag shown in Figare 3} to the condensed
vapors and motive vooling fluid header,

The condensed vapors and motive cooling fhidd beader 314 may serve as a degasser and
separator.  In certain embodiments, the present discloswee includes a method of degassing the

motive cooling flaid and the condensed vapors in a compact manner utilizing gravity How that
16
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encompasses the existing pipe hetween the eductor horizontal header and an oil/water separator
{reforred (o berein as the cascading degasser).

The motive fluid, condensed vapors, and any entrained now-condensable gases flow from
the eductors 309a-d into the condensed vapors and motive cooling fluid header 314, where the
tigquid {e.2., condensed vapors and motive cooling fluid) are separated from the non-condensable
gases. As depicted in Figure 3, the condensed vapors and motive cooling fluid header 314 may
include @ substantially horizountal tube 332 and may conneet to a cascading degasser 334, The
fluids from the eductors 309a-d are introduced into the borizontal portion 332, where the hguids
and non-condensable gases at least partially separate. The noncondensable gases exit the gus
outlet 336 and the Hquids in the header 314 cascade down the cascading degasser 334, To some
embodiments, gases miay separate from the Hquid as it cascades down the caseading degasser 334
and may oxit the gas outlet 336, providing further liquid/gas soparation. The degassed Jiquid may
exit at any liquid outlet 338 near the bottom of the cascading degasser 334, In some gmabodiments,
the degassed Hgquid may Bow to an oil/water separator {not shown) to separate the Hquid into water
and otl, o certain embodiments, the separated water may be fed back to the motive flnid header
310 for re-use-as a motive cooling fluid, The separated oil may be used as fuel for the heating uoit
307, disposed of, or re-used in another treatment fluid.

I certain embodiments, the cascading degasser 334 of the header 314 includes ong or
more degassing inseris that increases degassing of the liquid as #t flows down in the cascading
degasser 334, In some smbodiments, without wishing to be Huited by theory, a degassing insert
oy allow the fluid to cascade and spread over the surthee, creating a thin film which promotes
the degassing and coalescence of microbubbles. As shown in Figures 4A, 4B, 4C, and 4D,
degassing inserts 440 may be spaced apart along the length of the cascading degasser 434, A rod
442 may connect the inserts 440, The degassing inserts 440 may have a profile 441 tncluding
openings 443 1o allow Houid'to pass through and over the degassing insert 440 as it cascades down
the cascading degasser 434, As shown in Figure 4A, the degassing lusert 440 may be a
sexnicireniar josert with a profile 441 including a plurality of rectangular openings. As depicted
in Figure 40, the depassing insert 440 may be placed along the botton of the degassing chanber,
In some embodiments, the degassing insert 440 may A 60% or less of the cross-sectional volume
of the cascading degasser 434, The remaining cross-acctional volume 444 (e g, the 40% or more
not {illed by the insert) may be headspace that provides a passageway for gases to flow to the exit
at the top of the header (e.g., 614 of FIG. 8). In certain ombodinments, should any mist form during
the degassing process, the mist may be allowsd fo naturally coalesce on the interior upper an-

wetted portion of the header 414 or shinply seitle into the free-flowing Thed by gravity. In certain
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embodiments, the diameter of the cascading degasser 434 is such that the flow of the degassed
vapors is at least 0.5 w/sec. In some embodiments, the diameter of the cascading degasser 434 s
seloted to ensure that there is no retrainment of fluid in the gas stream in the headspace.

fn certain embodiments, the use of eductors as described in the present disclosure may
climyinate the need for a blower downstream of the desorption vessel. For example, Figue 3
dopicts a progess flow incloding an eductor aud no blowers according to certain embodiments of
the present disclosure. The oily shurry 502 is treated in the desorption vessel 503 and separated
into desorbed solids 506 and volatilized compounds 511, which may include, but is not Hmited to
vapors (e.g., water vapor, oil vapor), mist, and non-condensable gases. One or more eductors 309
apply negative pressure to the desorption vessel 503 and condense the vapors generated in the
desorption vessel 503, The mist and non-condensable gases generated in the desorption vessel
503 may be entrained and/or dissolved in the motive fluid of the one or more eductors 509, The
comhined fluids exiting the ove or more eductors 509 may enter a condensed vapor and motive
fluid header $14. Non~eondensable pases separated fu the condensed vapor and molive fluid
header 514 may be passed through an oxidizer or filter 518 and optionally a kaock out or demister
vessel $19 prior to venting to the atmosphere or to a stack 520, Fluids from the condensed vapors
and motive fluid beader 514, the optional knoek out or demister vessel 519, and/or the oxidizer or
filter 518 may be combined and flow to an oil/water separator 521,

Figures 6 through 8 depict examples of cquipment layouts for certain embodiments of the
present disclosure. Figure 6 depiots a side view of an equipment layout for a thermal desorption
system 601 according to cerfain embodiments of the present disclosure. A condensed vapor and
motive fluid header 614 is positioned on top of heating unit 607, which surrounds & desorption
yesselt (not shown), Header fuid indets 621 in the substantially borizontal portion 632 of the beader
614 are connectable to motive fhiid and condensed vapors flowing from one or more eductors
connected to vapor outlels of the desorption wessel (not shown). & feed hopper 622 recuives the
sturry for introduction into the desorption vessel. The non-condensable gases exit the header 614
via the gas ouilet 636 and optiovally pass through o demister or knock out vessel 619, The non-
condensable gases flow to non-condensable gas valves 623 to be further routed or processed (as
shown in more detail o Figuee 7).

Figure 7 depicts a top view of an equipment layout for the thermal desorption system 601
of Figure 6, according to certain embodiments of the present disclosure,  Burners 624 are
positionad arounsd the beating unit 607, The vapor outlels 608 from the desorption vessel within
the heating unit 607 are connegted 1o eductors 609, Motive fluid flows from a motive flald feed

610 through the eductors 609, The motive fhuid and condensed vapeors exiting the educiors 609
12
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flows to the condensed vapor and motive fluid beader 614, The Hguid in the header 614 flows
down the cascading degasser 634 from the header 614 to an oil/water separator (not shown). Gas
from the header 614 flows out of the gas outlet to the non-condensable gas valves 623, The gas
valves 623 diveet the gas either through a first Hine 626 to the heating onit 607 as fuel for the burners
624 or through a second line 627 for discharge via the stack 6253, In some embodiments, the
desorption vessel eay be modular, For example, in certain embodiments, the vapor outlets 608
and eductors 609 distributed glong the length of the vessel may be selectively opened or closed
(2.2, with one or more outlet valves) to adjust the configuration and positioning of the active vapor
outlets.  In certain embodiments, the configuration of the active vapor outlets 608 may be
determined based, at least in part, on the composition of the slurry.

Figure § depicts an end view of an equipment layout for the thermal desorption system
601 including a cascading degasser 634, The lguid in the header 614 Jows down the cascading
degasser 634 from the header 614 to an oiliwater separator 628, The cascading degasser 634
includes the inserts 640 shown o Figure 4.

For example, and with reference to Figurs 9, the desorption systems and methods of the
present disclosure may be assoctated with an exemplary wellbore drilling assembly 1, according
to one or more embodiments. 1t should be noted that while Figure 9 generally depicts a land-based
drilling assembly, those skilled in the avt will readily recognize that the principles described herein
are equally applicable to subsea drilling operations that employ floating or sea-based platforms
and rigs, without departivg from the seope of the disclosnre. Tn certain embodiments, the methods
and systems of the present disclosure may be porformed at the same location as the drilling

assembly 1 of Figure 9 or at a different location (e.g., a remote location).

&y
As iHlastrated, the drilling assembly | may include a drilling platform 2 that supports a
dorrick 4 having a traveling block 6 for raising and lowsring a deill string 8, The deill string & may
include, but is not Hmited to, drill pipe and colled tubing, an generally known to those skilled in
the art, A kelly 10 supports the deill steing 8 as it is lowered through a rotary table 12, A drill bit
14 is attached to the distal end of the drill string 8 and is driven cither by a dowuhole motor andlor
vig rotation of the drill string 8 from the well surface. As the bit 14 rotates, it ercates a wellbore

16 that penetrates vartous sublgrrancan formations 18,
A pump 20 (e, a mud pursp) cireglates wellbore fluid 22 (g, a drilling tluid) through
a feed pipe 24 and to the kelly 10, which conveys the wellbore fluid 22 downhole throngh the
imterior ol the detll string 8 and through one or mave orifices i the driltbit 14 (or optionally through
& bypass or ports {not shown) along the drill string and above the deill bit 14). The wellbore fluid
22 is then circulated back to the surface via an annulis 26 defined betwegn the drill string ¥ and

13
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the walls of the wellbore 16, At the surface, the recirculated or spent wellbore fuid 22 exits the
annulus 26 and may be conveyed to one or more fluid processing unit{s) 28 via an interconnecting
flow ling 3¢, In certain embodiments, the systevas aund methods of the present disclosure sway
veceive fluids produced whils drilling. For example, the fluid processing unit(s) 28 may include
the desorption vessel, heating units, and/or other components of the methods and systems of the
present disclosure, as described herein. In addition, the fluid processing unit(s) 28 which may also
include, but is not limited to, one or move of a shaker (e.g.. shale shaker), a centrifuge, a
hydrocyclone, a separator (including magnetic and electrical separators), a desilter, a desander, a
separator, a filter (e.g., distomacecus eavth filters), a heat exchanger, and any additional fluid
reclamation equipment. The thid processing unit(s) 28 may further include one or more sensors,
gauges, punps, compressors, and the Jike. Adter passing through the fluid processing unit(s) 28,
a “cleaned” wellbore {luid 22 is deposited into a vearby refention pit 32 (e.g., a mud pit). While
iflostrated as being arvanged at the outlet of the wellbore 16 via the annulus 26, those skilled in the
art will readily appreciate that the Tluid processing wnit(s) 28 may be arranged at any other location
fn the drilling assembly 1 to facilitate its proper function, without departing from the scope of the
seope of the disclosure.  Additives may be added to the wellbore fluid 22 via a mixing bopper 34
communicably coupled to or otherwise in fluid communication with the retention pit 32. The
mixing hopper 34 may include, but is not limited to, mixers and related mixing equipment known
to those skilled inthe art, In other embodiments, however, additives may be added to the wellbore

fluid 22 at any other lozation in the drilling assembly 1. In at least one embodiment, for example,

there conld be swore than one retention pit 32, such as multiple velention pits 32 in series.

An embodiment of the present disclosure s a system including a desorption vessel
including an inner chamber; a heating unit disposed adjacent to the desorption vessel configured
to heat a shurry including solids and oil disposed in the inner changber of the desorption vessel; and
a plarality of vapor outlets in fluid communication with the inner chamber of the desorption vessel,
wherein each vaporoutiet is in fluid communication with acondenser or aneductor forcondensing

apors generated by heating the slurry,

In one or more embodiments described above, the desorption vessel includes a conveyor
capable of feeding the shurry through the desorption vessel, Tu ong or more gmbodiments deseribed
above, the slurry includes solids, oil, and water. In one or more embodiments described above,
the desorption vessel is configured fooperate al a negative pressure. I one or more embodimenis
described above, the plurality of vapor outlets are spaced apart along a fength of the desorption
vessel. Inone or more embodiments deseribed sboye, one ov more of the plurality of vapor outlets

may be opened or olosed by one or more outlet valves. I one or more embodiments desoribed
14
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abicove, the system further includes a cascading degasser ynit including a degassing insert in fluid
communication with the condensed vapors from the condensers or eductors.

Another embodiment of the present disclosure is a wethod Jncluding beating a starry
including oif and solids i a desorption vessel to convert at least a portion of the oil in the slurry
to oil vapor; removing at feast & fivst portion of the oil vapor from the desorption vessel at a first
oil vapor outlet; and removing at least a second portion of the oil vapor fromt the desorption vessel
at a second ol vapor outlet.

I ome of move embodiments described above, the method Tarther includes condensing at
least some of the first portion of the oil vapor. Tn one or more embodiments describied above, the
method further inclodes condensing at least some of the first portion of the oil vapor in a first
sductor in fluid communication with the first ofl vapor outlet. In one or more embodiments
deseribed above, the method further includes selecting the position of at {east one of the first oil
vapor outlet and the second off vapor sutlst based, at Jeast in part, on the composition of the shaury.
I one or more embodiments described above, the method further includes opening or ¢losing one
or more vapor outlets using one or more outlet valves based, at least in part, on the selection of the
position of the first oil vapor outlet and the second vapor outlet, o one or more embodiments
described above, the slurry includes an aqueons fluid and the method further ineludes allowing at
feast a pottion of the aqueons fluid to convert to aqueous vapor inresponss to the heating. In one
ormore embodiments described above, the method further includes removing the fisst portion and
second portion of the oil vapor includes applying a negative pressure to the desorption vessel using
one ot reore eductors.

Another embodiment of the present diselosure s a system including a desorption vessel
including an inner chamber; a heating unit surrounding the desorption vessel and configured 1o
heat a shavy including solids and ofl disposed in the inner chamber of the desorption vessel; a
plurality of vapor outlets in fhuid copvnurdcation with the inner chamber of the desorption vessel;
and a plurality of eductors configured to condense vapors from the plurality of vapor outlets,
wherein cach vapor outlet s coupled o an edugtor,

in one or more erobodimants described above, the desorption vessel fnchudes a conveyor
capable of feeding the slurry ihrough the desorption vessel. In one or more embodiments described
above, the shary nclodes solids, oil, and water, In one or move ebodirnents deseribed above,
the desorption vessel is configured to operate at & negative pressure generated by the plusabily of
eductors. I one or more emthodiments deseribed above, the phwality of vapor outlets are spaced

apart aloug 2 length of the desorption vessel, In one or more embodiments deseribed above, one
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orore of the plurality of vapor outlets may be selectively opened or closed by one or more outlet
valves.

To facilitate a better andevstanding of the present disclosure, the following examples of
certain aspects of certain embodiments are given. The following examples are not the only
examples that could be given according to the present disclosure and are not intended to limit the

scope of the disclosure or clatios,
EXAMPLES
EXAMPLE 1

I this exaraple, a sample caloulation was performed to compare the energy required to desorb
an oily shurry in a system where vapors ate comingled prior to condensation to the energy required to
desorb the sane oily slurry in a system that does not inchide comingling of vapors prior to condensation
{e.g., the system of Figures 1 or 3. An example drill cutting shury was used for these caleulations
ncluding oil, water, and drill cuttings in a ratic of 13%/10%/75% Oil/Water/Solids content by weight.
The total energy required for the desorption of the shuery was calculated by summing (i) the energy
required to heat and volatilize the hydrocarbons, (i} the snergy required to beat and volatize the water,
with the energy requirements based on known specific beats and heats or vaporization,

FTable 1. Energy Regquived for Desorption of Oily Shurry with Vapor Cemingling

Fuergy to heat and volatilize hydrocarbons W otkg | Wtk
Energy to heat lguid hydrocarbous from 23 C 10 300° 22
Faergy fo heat hydrocarbon liquid to vapor at 300° € 11
Total 33

Exergy to beat and volatilize water with comingled vapors

Energy to heat water from 258 C 1o 100° £ 9
Foergy to beat water to steam at 1007 C 62
Energy to heat waler to steam from 100° C 10 300°C 10
Total 81
Enerey o heat solids 45
Total Energy for the desovption of slurry 15%
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Table 2. Rnevgy Required for Desorption of Oily Shurry without Vaper Comingling

Enerpy to heat and volatilize hydrocarbons Wh/kz! W hikg
Energy to heat liguid hydrocarbons from 25 °C 0 300 “C 22
Energy to heat Hquid to vapor bydrocarbons at 300 °C 11
Total 33
Energy to beat and volatilize waider
Fnergy to heat water from 25 °C 10100 °C 9
Buergy 1o heat water o steam at 100 °C &2
Energy to heal waler to steam from 100 °C to 300 °C &
Total 71
Total Enerpy to heat solids 45
Total Energy for the desorption of slurry 149

As shown in Tables t and 2, the specific energy required 1o desorb the shurry is 159 Watt-
hour per kilogran (W h/kg) for a desorption system that comingles the vapors and 149 W hvkg tora
desorption system thai does not comingle the vapors. This shows that when the vapors wre extraeted
without comingling (e.¢., no superheating of the steam), the speeific energy required to desorb an oily
shurey is reduced by 6 % as compared with 2 method and system in which the vapors comingle prior

o condensation.
FXAMPLE 2

Iu this example, methods are presented for caleulating energy efficient positions for vapor
outlets for a desorption system that does not include vapor comingling (e.g., a desorption system
simifar to Figures 1 and 3). The desorption vessel and the caleulated vapor outlets for this example
are depicted in Figures 104, 108, and 10C, which depict a 13 meter (m) desorption vessel 1003
including vapor outlets 1008a-} with a drive 1005 for a conveying system 1004, The same example
slurry that was used in Example 1 was ased in this exanple. As listed in Table 2 above, the energy
required to desorb the liquid compounds for that 15%/10%/75% oil/water/solids shuvy is
caloulated as 33 W-lvkg for the hydrozarbons and 71 Web/kg for the water. This nieans that 68%
of the energy required tor desorption is wed i volatize the water and 32% is used to volatize the
hydrocarbons. The 13 m length of the desorption vessel 1040 was divided into g water desorption
zone 1041 that covers about 68% of the length of the vessel (8.86 w) and a hydrogarbon desorption
zone 1042 that covers the remaining length of the vessel (4.14 m}.

In the example shown in Figure 104, the fivst vapor outlet was selected to be in the water
desorption zone 1041, which i the first 8.86 m of the length of the desorption vessel T3, The
midpoint between 0 and 8.86 ni was selected for the first vapor cutlet to minjovze the distance the

water vapors travel prior to removal, This i3 shown as the first vapor outlet 10082 i Figwe 104,
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In the example in Figure 104, the second vapor outlet 1008b was placed at the midpoint of the
hydrocarbon desorption zone 1041, or 2.07 w from the end of the desorption vessel 1003,

Table 3 below shews the results of example caleulations of the vapor outlets using two
other methods, an equal hydracarbon separation method and a welghted hydrocarbon method. The
sarne shuery frors Bxampls 1 was used for each of these, and the water desorption zone and first
vapor opilet is the same. The dilference in these methods concerns the placement of the vapor
outlets in the hydrocarbon desorption zone. These examples assume that the oil phase of the liguid
in the sturry includes four hydrocarbons HU-1 through HC-4 with different boiling points,
hydrocarbons being numbered in order of increasing boiling points,

Using the equal hydrocarbon separation method, the vapor outlets may be determined by

subdividing the hydrocarbon desorption zone 1042 into four equal hydrocarbon zones (each 1.04

m in length), and positioning the vapor outlets at the midpoint of each of thase zones. Vapor

outlets selected using this method are depicted in Figure 10B and listed below in Table 3. The
hydrocarbon desorption zone was sabdivided into four gqual hydrocarbon zones 1.04 i in length,
and vapor outlets 1008¢~g were then positionad at the midpoint of each subdivided desorption zone
{0 areive at the vapor outlets 1008c-g shown in Figure 108 and histed below in Table 3.

Using the weighted hydrocarbon method, the vapor ontlets ay be determined by
subdividing the hydrocarbon desorption zone 1042 according 1o a weighted distribution of
hydrocarbons HC-1 through HC-4, The example vapor ontlets prepared using this method were
determined for a weighied distribution of hydrocarbons HU-1 through HC-4 that bave a weight
distribution of 1094, 309, 50%, and 10%, vespectively. Vapor outlets selected using this method
are depicted in Figure 10C and listed below in Table 3. The hydrocarbon desorption zone was
subdivided according to the weight distribution of the hydrocarbens. For example, 10% (0.41m)
of the hydrocarbon zone was designated as the desorption zone for HC-1, 30% (1,24m} of the
hydrovarbon rone was designated as the desorption zone tor HO-2, ete, Vapor outlets 1008h-1 were
then positioned af the midpoint of cach subdivided desorption zone to arvive at the vapor outlels

1008h-1 shown in Figure 10C and Bsted below in Table 3.
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Table 3. Example Caleniation of Vapor Qutlet Position

Vapor Gutlet Positioning

Desorption Vessel leagth 13.00 m
Water Desorption Zowe length from front 8.86 m
Zone 1: Vapor Qutlet 1 distance from front 443 m
Hydrocarbon Desorption Zone length 4.14 m

Equal Hydrocarbos Separation Method

Vapor Gutlet Spaciog 1.04 m
Zone 2; Vapor Qutlet 2 distance from front 938 m
Zone 2; Vapor Quilet 3 distance from front 1041 m
Zone 2: Vapor Qutlet 4 distance from front 11.45 m
Zone T: Vapor Outlet S distance from front 1248 m

Weighted Hydrovarbon Method

RO 10% m
HC-2 30% m
HC3 S0% m
HC-4 10% m
Zome 2: Vapor Outlet 2 distance from front 9.06
Zone 2 Vapor Outlet 3 distance from front 9.89
Zove 2 Vapor Cutlet 4 distapce from front 1158 m
Zone 2: Vapor Outlet 5 distance from front 1279 m

Therefore, the present disclosure s well adapted to abtain the ends and advantages
mentioned as well as those that ave inherent therein, The particular evabodiments disclosed above
are ilhustrative ounly, as the present disclosure may be modified and practicod in different but
equivalent manners apparent o those skilled io the art ha.vi,r;g”li'xs: benelit of the teachings herein.
While mamerous changes may be made by those skilled in the avt, such changes ave encompassed
within the spivit of the subjeet matter defined by the appended claims. Fartbermore, no lsuiations

are intended Yo the details of coustruction or design bereln shown, other than ag described in the
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claims below, 1t is therefore evideut that the particular llustrative embodiments disclosed above
may be altered or modified and all such variations are considered within the scope and spirit of the
present disclosure, In particutar, every range of values (e.g, “from about a to about b,” or,
equivalently, “from approximately a to b or, equivalently, “from approximately a-b™) disclosed
herein is to be understood as referring to the power set (the set of all subsets) of the respective
range of values. The terms in the claims have thelr plain, ordinary meaning unless otherwise

explicitly and clearly defined by the patentee.
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What is claimed is:

i. A system comprising:
a desorption vessel comprising an jnper chamber,
a heating unit disposed adjacent to the desorption vessel conligured to heat g slurry
comprising solids and ol disposed in the nner chamber of the desorption vessel; and
a pluratity of vapor outlets in fluid communication with the inner chaniber of the desorption
vessel, wherein each vapor outlet is in fluid communication with a condenser or an eductor for

condensing vapors gengrated by heating the sharry.

2. The system ofclaim 1, wheveln the desorption vessel comprises a conveyor capable of

feeding the slurry through the desorption vessel.

3. The system of claim I, wherein the slurry conyprises solids, oil, and waier.

4. The system of claim 1, wherein the desorption vessel is configured to operale at a
negative pressure,

8. The system of claim 1, wherein the plurality of vapor outlets are spaced apart along a
lengih of the desorption vessel.

&, The system of claim 1, wherein one or more of the plurality of vapor outlets may be
opened or closed by one or more outlet valves.

7. The system of clainy 1, further comprising a cascading degasser umit comprising a

degassing insert in fluid communication with the condensed vapors fromi the condensers ov

eductors.
8. A method comprising:

heating a sturry comprising oif and solids ju a desorption vessel to convert at least a
portion of the oil ju the shury to oif vapor;

removing at least a first portion of the oif vapor from the desorption vessel at a first oil
vapor outlet; and

remaving at least 2 second portion of the il vapor from the desorpiion vessel at a second

oil vapor outlet,

o]
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9. The method of claim 8, further comprising condensing at feast some of the first portion

of the oil vapor.

10, The method of ¢laim 8, further comprising condensing at least some of the Tirst portion

of'the oil vapor in a first eductor in fhid communication with the first oil vapor ontlet.

11, The method of claim 8, further corprising selecting the position of at least ong of the

first ofl vapor outlet and the second oil vapor ontlet based, at least in part, ou the composition of

the shury.

12, The method of ¢laim: 11, forther comprising opewing or closing ofe ¢ more vapor
outlets using one or more outlet valves based, at least in part, ou the selection of the position of

the first ol vapor outlet and the second vapor outlet.

i3, The method of ¢laim 8, wherein the shurry further comprises an agueous fuid and the
method further comprises allowing at least a portion of the aqueons fluid to convert to aqueous

vapor in tesponse o the heating.

14, The method of claim 8, whergin removing the first portion and second portion of the
oil vapor comprises applying a vepative pressure to the desorption vessel using one or more

eductors,

15, A system comprising:
a desorption vessel comprising an inner chamber,;
a heating anit surrounding the desorption vessel and configured to heat a slurry comprising
sofids and oil disposed in the iangr chamber of the desorption vessel;
a plurality of vapor outlets in fluid communication with the inner chamber ot the desorption
vessel; and
a plurality of eductors configured to condense vapors from the ploralify of vapor outlets,

wherein each vapor cutlet is coupled to an eductor,

16, The system of clajm 15, wherein the desorption vessel comprises a conveyor capable

of feeding the slorry through the desorption vessel,

17, The system of claim 15, wherein the slarry comprises solids, o, and water,
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18,  The system of claim 15, whercin the desorption vessel is configured 1o operaie at a

negative pressure generaied by the plurality of edactors.

19,  The system of claim 15, wherein the plarality of vapor outlets are spaced apart along a

length of the descrption vessel,

20, The system of claim 15, one or more of the pluarality of vapor outlets may be selectively

opened or closed by ong or more outlet valves.
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