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25,504
EMULSION TREATERS AND EMULSION
TREATING METHODS

Clazence Q. Glasgow, Tulsa, Okla., assignor to National

Task Company, Tuisa, Gklu., a corporation of Nevada
Origiual M. 3,099,536, dated Mov, 21, 1961, Ser. No.
793,596, Feb. 16, 1359, Arnplication for reissue Sept. 6,

1262, Ser. No. 222,763
51 Claims. (Cl. 55—42)

Matter enclosed in heavy brackets [ § appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italies indicates the additiens
made by reissue.

The present invention relates to emulsion treaters and
emulsion treating methods. The invention is particulariy
concerned with processing oil well production in the field
in order to scparate the production into oil, water and
gas.

Gil well production varies widely in quality, between
localities. Socme black asphaltic base crude oil produc-
tion in various parts of the world has relatively liitle
gascous phase and its gravity is low, in the order of 25
or 30 API to 9 or 10 APL This production often has
a great deal of foam. Also the union between the water
and oi] is relatively strong, or “tight.” On start-up, dur-
ing intermitient treating operation, the low gravity pro-
Cuction is difficult to melt from its congealed condi-
ticn in the treating apparatus, particularly the coalescing
section. The foam is difficult to reduce quickly and ef-
fectively. When a single souvree of heat is applied to the
production to break the tight emulsion, the skin tempera-
ture of the heat source must be developed so high that
thermal decompositien of the hydrocarbons results in
coking of the surface of the heat source. Also, if the
production is not passed over the heat source with
relutively long residence time, and there is a relatively
high skin temperature required, thermal agitation will
not be developed with which to wet the surface of the
heat source and prevent vaporization of the mineral-
carrying water of the production, leaving scale deposits
on the surface of the heat source.

Amnother problem met in areas producing these black
asphaltic base crude emulsions is a dimensional one of
the apparatus in which the process is carricd out. Local
crdinances may prohibit these structures extending as
high as a common vertical treating vessel.  The lease
owner may wish to cooperate with civic programs to
shicld unsightly treating apparatus from the pubiic gaze.
Also, in remote areas, laber may not be available with
which to set the vertical structures, Therefors, the
peculiar trenting problems of these productions have
zdded ro the problem of sclving the treating problems in
apparatus which is horizontally arranged.

£ primanry object of the presont invention is to apoly
a source of heat so os to reduce the foam of oil well pro-
duction cffectively at the beginaing of its treating process.

Ancther obiject is to supply heat to oil well production
so as to greatly reduce, or eliminate, coking and/or scal-
ing on the surface of a heat source.

Another object is to mechanically manipulate oil well
produciion and apply heat to it at a piurality of locations
so as to thoroughly mix the producticn with any emul-
sion-breaking chemical that maey have been added and
raize 112 temperature of the production to where it is
completely prepared for optimum coalescence of its water
and oil.

Another object is to conserve the gravity of the final
clean oil product by condensing all liquefiable compo-
nents of the gas evolved from the producticn prior to
coalescence of the water and oil while preventing con-

10

20

30

40

59

55

60

70

2

densation of water vapor from gas above the clean cil
back into the clean oil as it is removed from the process.

Another object is to develop a differentinl between the
pressures on surfaces of liguids in the treating process
to move the producticn Liguids through the steps of the
process.

Another object is to provide a structural arrangement
for vessel compartmenis in ich the treating process
takes place, the vessel compartments being in substan-
tiz] herizontal alipnment.

The present invention contemplates treating a low-
eravity, high viscosity, foaming oil well production by

imitiaily heating the production by dispersing it in a body
of Lwatar] preduction which bas beea hieated encugh to

efiectively reduce the foam and militate cgainst its thermal
decomnposition in coking on the suriace of a subsequent
heat cource.
Leing contrelied to reduce the viscosity ef the p
tion sufficiently to raise the efficiency of heat transf
from the heat source to the produciion enough that the
skin {emperature of a subs cut h @ source nced
not Le so high that it will ca decomposition
of hydrocarbons on its surface.
The inveniion further contew
ed in the bedy of Twater® prod
manipulate the production in spread
woshed therein into thin sheeis frem aw

H. ) -
lighter

Lout, in foam

raduction and gas release and whicl
ion to heat more efff osity reduction and
which will cause the production to mix more thoroughly
with eny emulsion-breaking chemical added.

The invention furthor contempistes the initial

oA

NG

body of production in comnpleting the mizing with the
chemical and reising it to the temperature where it is
completely prepared {or optimum coalescence of its water

and oil.  The preduction is flowed downwardly over the
second source of heat so the final stage of d sing is
accomplished in the upper region of the body of produs-
tion and disturbance from degassing is kept (o a mini-
mum. The production hzs been reduced in viscosity by
the first heating so the skin temperature of the sccond
heat scurce need not be high enough to result in scaling
and coking in getting the production up to the final treat-
ing temperature.

The invention further contemplates
froem the plurs hesting be 3
heat cxchanger in w cool strean
2il liguefiable co 2

the gas evolved
d through a

s and the liquids are
dovmwardly over the
aravity of the final
unlinueficd i
n ol product, o
b ce,  However,
I healing to the sub-

onents of
returned to the praduction passio
second heat cource

clean oil product. T maining
pasced over the surface of the ¢l
ing with any gas evoive :
the liquids passed frem the init
cequent heating are heat-exchumred with the gas to
prevent condensation of any water vaper therefrom into
the clean oil,

The invention further contemplates senxing the lovel of
liquids flowed downwardly over the nd source of
heat and controlling the withdrawing of the gas cvelved
from the liguids of the production heanted in developing
a differentia] between the pressure on the surface of
Hquids heated and the pressure on the clean oil ic move
clcan oil from the process to sterage or use, and at any
bic working pressurs within the safe range of the

o
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3
scpa""(e vessel cm*wpartments ons compartment p;(/ id-
ing the fizot body of heated prodaction Ewaterl, another
comp rtmeat providing [the} a second collection UF the
l‘l

il stream large cacugh to give the required residence
time and thermeoel agitotion.  And ansther compertment
providing the treating coalescence.  The comparime:
are normally within a single vessel and in horizontal
alignment. Howover, the compartmients can be in separate
vessels, connected by conduits,

5

The invention further contemplates placing the trealing
coalescence compartment between the other two compart-
ments in a horizontal vessal so the csnneci‘ing passage o“

tween the other two Comp“lrt'mnts will hea
the top of the treating coalescence compurtn 3m lo kccp
the gas above the clean oil warm enough ¢ p revent water
vapor in the gas from condznsing into the cleon c-?l.
Cther cbjects, advantages and features of lhx invention
will becomes more apparent to one skilled in art
consideration of the written spucﬁwnon, uppcvr{ d ol
and the attached drawings wherein;
FIG. lisa m'xgrmmn\tr sectioned elevation of a veo-
sel embodying the invention
G2 s o ocection along dines 2-—2
FiG.0 3 dg u Gingrany nai: secti
ficaticn of the FiG. 1 vessel embodying the invention,
FiG. 4 s a scetion a‘om‘ tines 4—d of FIG. 3.
Referring specifically to FIG. 1, there s shown the ¢
sentinl components of m oil well pr oduction r:ah! Yiith
the components of this treater as disclosed, the procoss
cf the invention may be carried out. A qult; dinzram-
matic slyle of illustration has been utilized for beth sim-

O

f FIG. 1.
ctioned elovation of a modi-

plicity and clarity.
Thc t reater of FIG. 1 is characterized by a shell 1
to which the preduction of an cil well is brought in con-

duit 2. Conduit 2 introduces the production into first com-
partmesnt 3 within shell 1.

Compartment 3 iv essentially defined in ong end of shell
1 by partition 4. A conventional form of gas-fired heater
5 is mounted V"t“m compa rtment 3. The Cf‘l"lbl“ ion of
gas within the tubs of heater 5 is automatually controlley
by a system responding to the temperature sensed by ele-
ment 6. Element 6 is inserted directly i Pto compartment

being immerzed in the liquid within compartment 3
which is heated by the tube of heater &,

It is comcmnlut‘*d that a first body of Lwater] prodie-
tion will fill compartment 3. The oil well production in-
troduced into compariment 3 by coaduit 2 will be dis-

persed through the firse body of heated production
E:\yatcr] by conventional spreader structure illustrated at
7. EFrce waler will drop out of the produciion rapidly in
comparmum 2, mzintaining the inventory of water there-
in.  Surplus water Coqstantly overflows {rom compart-
ment 3, along with oil weil produciion heated the""bvz

The firet bod y of praduction Twaterd, heatcd as it is
to \mtwm a predefermined temperature rangze, starts inc
treating proce Low-gravity, high- \i”‘cmt foamy cil
well production, dispersed through the firs dy of heated
production v tcr_s. is brought up to tvm‘wr ure by con-
tact with the first body of heated production Twater until
the viscosity of the production is Jowered a desired
amount.

When the viscosity of the dispersed production is low-
ercd the desired amount, the foam of the ("i"[)("rs‘m" pro-
duction wiil be reduced becauss of the weskening of the
vapor tension of the gas bubbles which make up the foam.
Addummhv the viscosity reduction will raise the heat
between the production and the heating
structures of the process.  These results are brought
about by close regulation of he the control sys-
tem of element ¢ In bringing the temperature of the nro-
duction, dispersed up through the first body of p:m!uct:mz
Fwater§ of comportment 3, within the predeterminad
temperature range.

Raflles 8 represent additional structure within compart-
ment 3 which contributes to the new results attained by

vier 8
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the invention. The baffles 8 represent structure used to

pr(h’on" the travel time of the disg o
through the first body of heated prodirction Twater].

These baffles will spread the dispersed emulsion into rela-

tively thin sheets as the dispersed production is heatad.
ag the production in this muanner reduces the bre
out time of gas bubbles within the preduction. Further,
this function of spreading the production into thin sheels
premotes the efficiency of heat transfer, by conduction,
from the Fwater] heated production to the dispersad
emulsion. GFf course, as the travel of emulsion through
the first heated production water washing bath is pro-
longed by its serpentine path upward through cw«m,mu-
ment 3, there is greater opportunity for the heat of the
first heated production Lweterd bath to raise the temper-
ture of the dispersed production,  Additionally, the baifle
structure, in spreading and re-spreading the emulsion into
thin sheets, agitates the ploun(,llor and any chemical
which may have been adided thercio. The result is the
beginning of a hom-wa‘ mixing process which brings the

emulsion and emulsion-bre: ,.’HL fiemical juto close con-
tact so the chemical may {unciion efficizntly.

After passing up through compartment 2, tha diss ‘”"\"i
production passes out of the comnartment through opo
ing 2. Cpening 2 s defined betweon the rightend n::\l
of shell 1 and an end of cl 1 paltmm 18 running
almost thh length ef sheil . h the upper walls of
shell 1, hovizontal partition 16 forms an clongated passage

along the top of shell 1. Through this elongated passafe
passes [heated water of compartmeont 3.3 the

production, and any emulsi chemical thut
may have been added thereio in a thin sheet of liguid
over the partition 1. The gosecus components of the
production which have been evolved in compariment 3
are also passed out of opening S, All of these products
fram compartment 3 are passed down the elongaiod pas-
sage, over partition 18, to a second compartment in the
opposite end of shell 1. During their passioe along parti-
tion 1§, the heated prod: wwhioi, lispersed  production
Ewater, emulsion and chemical arc given an opporlunity
to mix more thoroughly, bringing the temperature of the
dispersed emulsion closer to that of the heated producticn
Ewaterd.  Additional gus is released from the liguids., All
of these liguid products are then flowed downwardly
tizrough cpening 11 dnJ into compariment 12.

Compartment 12, sin to compartment 3, is basical \
characterized in the C‘ppu?ﬂi\, end of shell 1 by a wverti
partition 13 which is paralle! to p“rtmon 4. Also similar
to compartment 3, sccond comnar Wl 32 hes o henter §4
iounted therein, All the l‘qums fiowing from compurt-
ment 3, along horizontal partition 1% are Jowed downe
wardly over the tube of hestor 4, mounted as it is in
compariment £2. Compartment 12 provides an additional,
novel, function to this heating procass.

The basic function of compartinent 32 is to establish
a second collection of the liquid components of the well
stream large enough to previde substantial re(idcn:s tine
and thermal agitation w il thoroughly mix
production, umi any chemica I fded thereto, and ce
the degassing of the prodition. Bringing the
downwordly over the fube of the healer 14 pro
degassing 1o occur in the upper regicns of the
liquid within compariment 12, Evol
components in the uppsr resions of this secaid
production tends to Lccp the liguids from being un ul"
agitated by the evolving gas.

The liquids of comparitment 12 are heated by the tube

f heater 14, Heater 84 s Jc'zma i as heater 8 in cor
pa ament 3 is repuleted. The heat output (‘L h
sets up thermal currents in the compartment 3 t
given the long residence time because of the cupacity v"
compariment 3.

The thermal agitotion in comparinient 3 continues the
mixing of the production and chemicnl. Auuzumw
ihermal agitation will raise ihe temperatire of the pro-
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ducion fo within the range which will completely pre-
pare the production for optimum coalescence of its water
aud oil.  Also, substanially all of the gas to Le evoived
ot the final treating temperature will be so evolved in the
upper regions of compartment 12,

A temperature clement 23 is indicated as positioned
w the tube of heater 14, Element 21 controls the gas-

ring of heater 14, similar o the coentro} of heater 5 by
elemeni 6. It i conteraplated that element 21 will be
lecated in the liguids of compartment 12 af a positi

43
n

on
where the conirol exerted over heater 14 will result in
bringing the liquids to within the desired range of tem-
perature as they leave the bottom of compartment 12
tlirough opening Z2.

The final heating afforded by heater 14 is accomnplished
ientty, and with little coking and scalinz on the heater
ubcs. The lowered viscosity provides a relatively high
rate of beat transfer from the (ubes of heater 14 to got the
temperature at element 21 to within the desired range of
femperature with the minimum consumption of fuel. The
sunsression of the skin temperature of heater 14 to a
minimum also results in avoiding the coking and scaling
en the surface of the heater 14 which would take place, at
hirher skin temperatures,

Coking is basically a result of thermal decomposition
of hydrocarbons. The lower the temperature to whick
thie hydrocarbons are exposed, the less coking will oceur.
‘Therefore, the suppressed skin temperature of heater 14 is
o basic contribution to this resuli.  Also, however, the
{hermeal currents set up in compartment 12 promote oil-
wetting of the surface of heater 14 by the agitation. Oil-
waiting of the surface of heater 34 militates against scale.
le is basically a result of vaporizing mineral-cariy-
ing watcr in the production.  The suppressed skin tempera-
ture, of course, reduces the scaling rossibili However,
the oil-wetting of the surface of heater %4 reduces the
possikility of scale formation.  Water has far less tendency

ize on an cil-wetted surface and leave any mineral
ed therein.  The thermal agitation in compartment
quses oil to continually wipe the heater 14 surface
keep it wetted.  The resulting scale reduction foilows.
"t he breaking of the union between the oil and water

—_-

AR
lenil

comnenents of the production, which began in compart-
ment 3, culminates in the lower regiens of compartment
¥2. The heat from the plurality of sources provided

rtments raises the temperature of the produc-
s the producticn and thorcughly mixes the
oduetion with ony emulsion-breaking chemical intro-
:ed therein, By the time the production has traveled
YT over 4 in compartment 12, a Is
tnga of the v has been broken away from the cil.
"t he collection of water of 23 represents, in part, that
water which is precipitated downwardly from conipart-
ment 12, This water is removed through conduit 24 in

acd Per-

heater

crdunce with the control exerted by a float 25, The
icn passing through opening 22, from

2, has been completely prepured for opti-
ce within a structure provided in a third
il of vessed 1.

All gasecus components evolved in the first compart-
ment 3, within the elongated passage of partition 18, and
the upper regions of compartment 12, are pasted out shel
1 throush a conventional mist extractor structure 15
wounted i gas head 16, A heat exchanger 17 is mounted
on the top of gas head 16, Al the gaseous components
cvoived are brousiht into hsat exchonger 27 ond into in-
direct contact with a stream of coolant.  This stream of
coolant is 23 coming to heat cxchanger 17
through conduit 13 and leaving heat exchanger 17 through
conduit 12, The cooiant provided for heat exchanger-
condenser 17 may be from any cool siream of fluid avail-
cble. Wi

ted

The well sircam of conduit 2 may well have a tem-
perature adequate for this purpose.  Of course, any cool
strenm of water availzble within the proper temperature
riange can be used,
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It is contemplated that all liquefiable comy
the gzscous siream passing up through head 16
back through head 16 and onto partition 18. From pur-
tition 1@, directly above compartment 12, these condepsed
liguids will join the liquids dropped into con
throngh opening 11. The uncondensed |
gascs up through head 16 are removed fram conden iy
heat exchanger 17 through conduit 28, Conduit 28 intro-
duces these gascous componenis back into shelf 1 of the
treater. Should there be any liguid carry-over iv
cxchanger 17, conduit 29 ext>nds down into cormy
26 far enough to place the liquids well below the surfuce
of the clean oii produced. Holes 2&A place the gas i
conduit 20 above the clean oil surface in compartio

Third compartment 26 is previded between first cou
partment 3 and second compariment 2 within shell T,
"The compartment 26 is more specifically defined by parti-
tion 4, a portion of partition 18 and pariition 13.  Veriicul
partition 13 extends down from partition 8 to a o
above the bottom of shell 1 to provide the opening 22.

A conventional hay scction is provided be
tion 4 and pertition 13 to act as a treating-ec
structure for the emulsion passed by up through it {1
opening 22. The hay section 27 illusiraied is shown as
having two sections defined by horizontal Imperforats
plates and expanded metal sections. The expanded metul
sections and imperforate plates are arranged to provide
o serpentine path upward for the emulsion from com-
partment 12. The coalescing funciion of a hay saction
is well known. The glebules of cil agglomerated in (i
cozlescing hay will migrate upward, and the droplets of
water agglomerated by the section will migrate downward
to join the coilected body of water 23. The resuit is o
collect & body of clean oil in the upper portion of compart-
ment 26 above the hay section from witich oil will be re-
moved from vessel 1 by a skimmer 23 through conduit 22.

The three compartments within shell & are iilustrated
in horizontal alignment. Cbviously, it is feasible to pro-
vide separate vessels, as compartments, which co:
connected by conduits through which to move the fin )
the process. Arranged as they are, the threc compori-
ments of vessel 1 have the problem of forcing the clean
oil from the coliection of oil in the upper portion of
compartment 26.  Itis difficult to provide a sufiicient head
for this purpose in a horizontal vesszl. prescnt
invention provides a substitute for this head force.

The uncendensed gases of conduit 2§, {from the top ol
exchanger-condenser 17 are placed on the top of the <l
oil surface in compartment 26 through difiercntinl vo
39. Conduit 31 is provided to remove this gas from the
surface of the clean oil in compartment 24 for dissuosal in
any desired manner. It is contemplated that the dis
location for the gases of conduit 31 has a pressuic su
stantially less than the pressure develeped by
evelving up through the head 16 and into cond
Therefore, a modulation of the position of viulve
develop a differeniinl of pressure betweon the fivst two
compartments and compariment 26 above the surface of
the clean oil. This differential of pressure will provid
the foree on the surface of the liguids in comparinmnt §2
which will remove the liguids from compartment 12, into
compartment 26 and out conduit 29.

Diiferential valve 38 is modulated from the level of
liguids in compartment 32.  Specifically, float 32 is acty
ated by the sur{ace of the compartment 12 liguids to
velop a control force for differential valve 3

“d.

he

a5l

i

o .

valve 30 which will move valve 2§ closed, increasing
differential pressure between that pressure on the ai’xi i
surface of compartment 12 and that pressuce on the ¢l
surfuce of compartment 26.  The result Is to move Higuids
from compartment 12 to compartment 26 and remove oil
through conduit 29.
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A safety valve 33 is provided in conduit 34 between gas
hcad 16 and conduit 31. This provision for the release
of excess pressure within shell 1 is desirable should the
control system malfunction in the modulation of valve
S6 or the hay section plug, or clog, with solid matter.

FiG. 1 shows to advantage the unique arrangement of
compartments within shell 1 to provide a control of the
temperature of liquids and gases within compartment 26.
Should water vapor be carried from exchanger-condenser
17 through conduit 28, it would be most undesirable to
condense this water vapor inio the clean oil removed
through conduit 29. Therefore, the arrangement illus-
trated In FiG. 1 keeps the gas space above the clean oil
in compartment 26 warm cnough to prevent condensa-
tion of water vapor by reason of heat exchange with the
Hauids of compartment 3 E13F which travel along parti-
tion 19 dircctly above compariment 26 enroute to com-
partment 12.

FiG, 2 illustrates more completely the control float
32 has on differential valve 3¢ which it modulates. Addi-
tionally, a possible position for element 21 in compart-
ment 32 js illustrated. Float 32 is shown as mechanical-
Iy actuating a mechanical-fluid pressure transducer 35 to
produce a control fluid pressure in conduit 36 which can
be placed on a diaphragm of valve 39 to modulate the
position of the valve.

Referring now to FIG. 3, a modification of the FIG. 1
structure is illustrated, also embodying the invention.
An elevated cross-section of a shell 4¢ is shown to illus-
trate a treating vessel with a horizontally extended longi-
tudinal axis.

Oil well production is conducted into shell 4¢ through
conduit 41 and spread, or dispersed, by the perforations
of spreader 42. Spreader 42 is mounted in the bottom of
compartment 43, from which position it disperses produc-
tion from conduit 41 upwardly through the liquids in
coempartment 43,

Hcater 44 is mounted above spreader 42 to heat the
liquids in compartment 43, along with the production
from spreader 42. Baffles 45 are mounted above heater
44 to mechanically manipulate the production as the
cmuision and gas is heated in its upward passage.

The temperature of the liquids in compartment 43 is
controlled by a system which fires heater 44 from the
temperature sensed by element 46. The control system
responsive to this temperature is similar to that which
includes element 6 in FIG. 1.

The complete process of manipulation and heating of
the production in compartment 43 is similar to the process
carried out in compartment 3 of FIG. 1. Partition 47
defines the left Iimit of compartment 43 and the right
limit is defined by the right end of vessel shell 4. It is
contemplated that compartment 43 will remain substan-
tiatly full of production Lwater] with which the dis-
persed production is heated as it travels upwardly through
the Ewater bath® hieared production.  Production is [Sur-
plus water and production arc} withdrawn through open-
ing 48 at the top of compartment 43. Thus, the produc-
tion receives an initial treating by being heated by the
production Ewaterd in compartment 43, is mixed fo an
extent with any added chemical and has its viscosity
icwered and is degassed to an extent.

A tray 59 is mounted near the top of vessel 40, defin-
ing the top of compartment 43. Tray 50 is mounted at
an angle to the horizontal axis of the vessel so that liquids
from opening 48 will flow out of compartment 43 and
down over tray 50. Siep-baffles 51 arc placed at intervals
along tray 59, extending at right angles to the liquid
flow. This arrangement provides a cascading of the
liguids which promotes additional degassing and mixing
of the liquids, The degassed liquids from tray 50 arc
finally dropped downwardly over heater 52.

Fleoter 52 is mounted in a vessel compartment de-
fined substantially between horizontal partition 47 and
horizontal partition 53. FIG. 4, is a cross-sectional ele-
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vation taken along lines 4—4 in I'1G. 3 to iHlustrate that
hcater 52 is mounted generally at a right angle to the
longitudinal axis of vessel 40, This disclosure serves to
illustrate the flexibility of the arrangement between heater

2 and its compartment 54 which provides for adjusting
the size of compartment 54, should this be desired. if
other considerations permit, this arrangement specifically
provides for partitions 47 and 53 to be placed close to-
gether, in contrast the FIG. 1 arrangement, to form a
compartment 54 which is relatively small. At least one
result of this arrangement is the possibility of estabiishing
an overall length of vessel 46 which is materially less than
that of vessel 1. In any event, compartment 54 functions
generally in the same manner as compartment 12 of
FIG. 1.

The production from compartment 43 flows down-
wardly over healer 52 in compariment 34. Additional
gas is released in the upper regions of the compartment
54, The firing of heater 52 is controlied from elenment
55 in bringing the production up to treating temperature
as it passes out opening 56 to the coalescing section. The
thermal agitation by heater 52, the mixing of the pro-
duction and any added chemical, the final evolvement of
gas in the upper regions of compartment 54, the avoid-
ance of coking and scaling, the lowered fuel consumption
by heater 52 and the final preparation of the production
for optimum coalescence all take place in compartment
54 as they do in compartment 12 of FIG. 1.

All gaseous components evolved are passed out of sheli
40 through mist extractor 57 mounted in head 58. Heat
exchanger 52 functions to liquefy a portion of the 2as
after the fashion of exchanger I7 in FIG. 1. The liquid
condensed falls into compartment 54 to maintain the
gravity of the final clean oil product of the process.

The third compartment 66 is provided between parti-
tions 53 and 61 for the coalescing section. The coalescing
section is formed of hay, or excelsior, at 62, as in com-
partment 26 of FIG. 1. Baffles, as indicated, may form
a serpentine path upward for the oil, through section 62.
The body of clean oil above the section 62 discharges
over the upper edge of partition 61 as a weir. In contrast
to the FIG. 1 arrangement, compartment 60 is arranged
between compartment 54 and the left end of vessel 490,
rather than between the two heating compartments in
which the heating of the production is staged. This ar-
rangement retains benefits of the up-flow, down-flow stage
heating while providing for heater 52 to be inserted in
the compartment 54 from the side of vessel shell 40 in
making a more compact arrangement.

The clean oil flowing from section 69, over the upper
weir edge of partition 61, collects between partition 61
and the left end of the vessel sheil 40, in a body 63.
Clean oil is drawn from this coliection through conduit
64, valved under the control of float 65.

The gas evolved in the compartments of 43 and 54,
are passed out of head 58 and exchanger 59 and into
conduit 65. Conduit 66 passes through wvalve 67, and
conduit 66 introduces the evolved gas into the space above
the clean oil in the compariment 65, All gas to the left
of partition 53 is removed through conduit 68. Valve 67
is positioned by a control signal developed by the response
of float 69 to the level of the liquids in compartment 54,

FIG. 4 shows float 69 (o further advantage, responding
to the liquid level in compartment 54 to develop a fluid

5 pressure with control unit 76 for the diaphragm of valve

67. Controlled in this manner, valve 67 restricts conduit
66 enough to maintain sufficient differential between the
gas pressures on the liquid surfaces of compartments 54
and 69 to overcome the variable restrictions to liquid flow
to the coalescing section 60. The liquid level in compart-
ment 54 is an excellent end-point index of all variables
of the process which affect the flow of liquids through the
vessel 4. These variables may be in the variation in the
production of flow through conduit 41, or in resistance
to llow through coalescing scetion 68. The resistance to
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flow through coalescing section 60 may be due either
to the flow friction due to temperature variation or the
mechanical impediment of solid particles in the section.
In any event, all these variables influence the liquid level
in compartment 54, and, therefore, are automatically ap-
plied to positioning of valve 67 in maintaining a dynaniic
fluid pressure force to move the liquids out of the vessel
40,

From the foregeing it will be seen that this invention
is one well adapted to attain ail of the ends and objects
hereinabove set forth, togother with other advantages
which are obvious and which are inherent to the appa-
ratus.

it will bz understood that certain features and sub-
combinations ate of utility and may be employed without
refarence to other features and subcombinations. This is
contemplated by and is [t} within the scope of the
claims.

As many possibie embodiments may be made of the
invention without departing from the scope thereof, it
is to be understood that all maiter herein set forth or
shown in the accompanying drawings is to be interpreted
as illustrative and not in a limiting sense.

The invention having been described, what is claimed
is:

1. The method of treating oil well production includ-
ing, maintaining a first body of Ewaterd production with-
in a first predetermined range of temperature, with a first
source of heat, passing dispersed oil well producticn up
through the body of Lwater] heated production to lower
the viscosity of the dispersed production to where foam
of the dispersed production will be effectively reduced,
passing [water of the heated body and] heated production
and dispersed production aiong anelongated common path,
after first heating, maintaining a second vody of the
production within a sccond predetermined range of tem-
perature witih a gscond sou f heat, passi lreated
production and dis ¢
the elongated common path down throu gh the second body
of the preduction with residence time sufficient to thor-
onghly mix the production by tharmal curreats created by
the second source of heat and to further degas the produc-
tion and to vrepare the groduciien for coalescence, passing
the production through a zone of coalescence 1o coalesce
the oil and migrate it upward and coale
migrate it d ward, and malataining vapers ev
from the body of oil above the coalescence zone in heat
transfor relationship with the heated production and dis-
persed Lhot water and¥ production in the common path to
prevent condensation of water vaper directly onio the
surface of the oil.

7. The method of claim 1 including, developing a pres-
sure differential across the zone of coalescence to force
the oil out of the coalescence zone.

3. The method of claim 2 inelu eveloping the
pressure differential across the zone of coalescence with
the level of the second body of the production within the
cecond predetermined range of temperature.

4. The method of claim 3 including, adding an emul-
cion-breaking chemical to the preduction prior to Fpass-
ing® dispersing the production up through the first body
of Ewaterd production heated fo the first predetermined
range of temperature.

5. The methed of claim 3 including, removing the hy-
drocarbon vapors from the degassed production, cooling
the hydrocarbon vapors to condense the portion of them
which can be stored under substantially ambient tem-
peratures and pressures, and returning the liguids con-
densed to the second body of production, within the sec-
ond predetermined range of temperature.

6. The method of claim 5 in which the cooling of the
hydrocarben vapors is obtained by Leat transfer with
the oil well production going to the first body of Lwater
production heated to a first predetermined range of tem-
perature.
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7. The method of treating oil well production includ-
ing, heating a first body of productiva Fwater] 1o within
a first predetermined range of temperature with a first
source of heat, dispersing a foamy oil well production up-
wardly through the first heated body of Ewaterd produc-
tion to lower the viscosity of the dispersed productica to
where the foam will be effectively reduced, passing the
dispersed production downwardly over @ second source
of heat in a second body of production heated to a sec-
ond predetermined range of temperature and of a size
to give a residence time which will enable the thermat
currents developed by the second source of heat to roll
and mix and degas the production to a substantial degree,
centrolling the release of gas from the first and second
heating te develop a force on the surface of the preduc-
tion heated to the second predetermined range of tem-
perature to maintain the level of the surface at a pre-

etermined height, passing the production from the sec-
ond body heated to the second predetermined range of
temperature upwerdly through a coalescence zone and
collecting the oil above the zone and withdrawing the oil
from the process, and maintaining the collected oil and
vaper above the collected oil in heat transfer relationship
with the dispersed production and Ewaterd production
from the first heated body of Twater] production to pre-
vent condensation of water from the vapor into the oil
coliected and withdrawn,

8. The methed of claim 7 including, adding an emul-
sicn-breaking chemical to the production prior to dis-
ing the predustion through the first heated bedy of
Ewater] preduction.

9. The method of claim 8§ including, removing the gas
relessed {rom the heating of the dispersed production,
cooling the gas releassd from the dispersed production
by heat to coendense storageable liquids therefrom, and
returning the condensed liquids to the second body of
production heated to the second predetermined ranze
of temperature.

10. The method of treating oil well production includ-
ing, maintaining a first body of Twater} production with-
in a first predetermined range of temperature with a first
source of heat, controlling the firing rate of the first source
of heat to maintain the skin temperature of the first heat
source below that at which coking will occur on the sur-
face of the first heat source, Kpassing dispersing cil well
production up through the first body of fFwater} produc-
fion to lower the viscosity of the dispersed production to
where foam of the dispersed production will be effec-
tively reduced, mainteining a sccond body of the produc-
tion within a second predetermined range of temperature
with a second source of heat, controlling the firing rate of
the second source of heat to maintain the ckin tempera-
ture of the szcond heat source below that at which coking
will occur on the surface of the second hzat souree
passing the dispersed production Fwater} and production
from the first body of produrction Fwater] down through
the second body of preduction with residence time ¢
cient to thoroughly mix thz production by thermal cur-
rents creafed by the sccond source of hest and to further
degas the production amd to piepare the production for
flowing the broken cmulsion through a zone
of coalescence to coalesce the ol and migrate it upward
and coalesce the water and migrate it downward, and
withdrawing the gas and water and oil separately.

1. The method of claim 10 including, devecloping a
rentinl across the zone of cozlescence to
{orce the oil out of the coalescence zone.

12, The method of claim 11 including, developing the
preswore diffevential across the zone of coalescence with
tke Isvel of liquids within the second predetermined range
of temperature.

13. The method of claim 12 inciuding, adding an
emulsion-breaking chemiczl to the oil well emulsion prior
to flowing upwardly all of the dispersed production fo be

per
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treated through the firnct body of Twaterd production with-
in the firet predetermined range of temperature.

I, The methed of claim {3 including, cooling the
withdravn gas to condense storageable liquid hydrocar-
bens wnd roturning the liquids to the emulsion passed
downwardly through the second body of production with-
in the sccond predetermined range of temperature.

The methed of treating oil well production includ-
T ing a first body of Fwater§ produciion within
3 prul.L rmined range of temperatuore with a first
of heat, contrelling the firing rate of the first source
¢ to maintain the skin temperature of the first heat
below that at which coking will cccur on the sur-
first haat source, Tpassing} dispersing oil well
iion up through the first body of EwaterR prodiic-

produc
fion to lower the viscosity of the dispersed production to
W h;:rc foam of the dispersed production will be effectively

cduced. miaintaining a second body of the production

within a sccond predetermined range of temperature with
a second source of beal, controlling the firing rate of the
second source of heat to muaintain the skin temperature
of the second heat source below that at which coking will
oceur on the surface of the second heat source, passing
the dispersed production Ewaterd and production from
the first body of production Ewater] down through the
second body of production with residence time sufficient
ta thoroughly mix the production by thermal currents
created by the second source of heat and to further degas
the production and to prepare the production for coales-
cence, flowing the broken emulsion upwardiy through a
£Z0NE G { coalescence between the first body of Lwater pro-
on within the firgt predetermined range of tempera-
tl re and the second body of production within the second
rmined rangz of temperature to heat excbqnge
broken emulsion whxlc oil is coalesced and mi-
ward and water is coalesced and migrated down-
gas and walter and oil sepa-

with the

erated v
word, and withdrawing the
rataly.

16. The method of claim 15 including, developing a
pressure differential across the zone of coalescence to
force the eil out of the coalescence zene.

17. The method of claim 16 including, developing the
pressure differential across the zone of coalescence with
the level of liguids within the sccond predetermined
range of temperature.

18. The method of claim 17 including, adding an
emulsion-breaking chemical to the oil well emulsion prior
to flowing upwardly all of the production to be treated
through the first body of Lwaterd production within the
first predetermined range of temperature.

19. The method of claim 18 including, cooling the
withdrawn guas to condense storageable liquid hydrocar-
bons and returning the liquid to the emulsion passed
downwardly through the second body of production with-
in the second predetermined range of temperature.

20, Apparatus for the treatment of oil well productlon
inclidling, a first chamber into which the production is
of Fwater production in the
first sowrce of heat for the f
N prodirciion, means for reguiating
of heat to raise the temperature of the
dispersed Epassedd np through the first body
f i i the dis-
_ ispersed pro-
i will be effcctively reduced, a second chamber
into which production EwaierE from the first body of
production in the first chamber and the dispersed
tivil Is received, a sccond source of heat for the
production in the second chamber passed downwardly
over the sccond source of heat, means for regulating the
second source of heal fo produce thermal currents in
the production to further degas the production and to
prepare the production for coalescence, a third chamber
to recaive the production and coalesce the oil and migrate
it upward and coalesce the water and migrate it down-

a first body
a

ived,
chamber,
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word, and a conduit between the first and second cham-
bers in hest exchange relationship with the third chamber
so the heat of the dispersed production Ewaterd and pro-
duction frem tie first ¢ckamber will prevent condensation
of any water vapor abovz the coalesced oil into the oil.

21. The apparatus of claim 20 including, means re-
sponsive to the level of production in the second chamber
controlling the release of gas from the chambers to
develop a differential pressure across the third chamber
to force the cil from the third chamber.

!

The apparatus of claim 20 including, means for
adding a predetermined amount of emulsion-breaking
chemical to the dispersed production prior to the dispersed
pxcdmuv[ being received in the first chamber.

The apparatus of claim 21 mc[udmg. a condenser
'*:g the hydrocarbon vapors from the degassed pro-
ccndcnse that part of them which can be
substantizaily ambient temperatures and
ires, and means for returning the condensed liquids
{r second chamber,
arparatus of claim 23 including, means for
”“irv the oil well production to the first chamber to
ondenser as a heat exchange medium with which to
ns¢ the hydrocarbon vapors.

Z5. Apparatus for treating oil well production includ-
ing, a first source of heat, a first body of Ewater] pro-
&netion heated to within a first predetermined range of
t:mpvr;.tulc by the first source of heat, means for dis-
pbr* ng a foamy oil well production upwardly through the
: ;lcd jf‘ 't body of production Lwaterd to lower the vis-

r of the m.spz'r_,c.! rroduction until the foam is effec-
v rcduwd, a second source of heat, means for pass-
1g the defoamed production downwardly over the second
source of heat and maintaining the pxoductlon heated
in a second body of a size to give a residence time which
will enable the thermal currents developed to roll and
and furéhcr degas the production to a substantial

272

nmix

firs ‘..u! ﬂa_cond heating to develop a force on the surface
f the production passed downwardly over the second
source of heat which wiil maintain the level at a pre-
determined height, means defining a coalescence zone,
neans passing the production from the second source of
heat upwardly through the coalescence zone to collect

oil at the top of the zone and withdraw the oil from the
process, and means arranging the defoamed production
from the first heating in heat exchange relationship with
the top of the coalescence zone to prevent condensation
of water {frem the vapor at the top of the zone into the
coalesced oil.

6. The apparatus of claim 25 including, means for
adding a predetermined amount of emulsion-breaking
chemical to the production prior to dispersing the pro-
on through the first body of heated [water} pro-
duction.

27. The apparatus of claim 25 including, a condenser
arranged to cool the gas released from the production
b; the heating and condensc storageable liquids, there-
from, and means for returning the liquid to the defoamed
)d!mmn which was passed downwardly aver the second
> of
. Apparatus for the treatment of oil well production
mthding, a iirst chamber into which the production is
received, o first body of Dwaterd production in the first
czmmbm a t source of heat for the first body of
ction, means regulating the first source of
at to 1"- isc the temperature of the production dispersed
asscd R up through the first body of Ewaterd production
to lower the viscosity of the dispersed production to
where foam of the dispersed production will be effectively
reduced while not elevating the skin temperature of the
first heat source so high as to produce coking on the
surface of the first heat source, a second chamber into
which Ewater] production from the first body of produc-
tion fwaterT in the first chamber and the dspersed pro-

heat.
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duction is received, a second source of heat for the pro-
duction in the second chamber passed downwardly over
the second source of heat, means regulating the second
source of heat to preduce thermal currents in the pro-
ducticn to further degas the production and to prepare
the production for coalescence while not elevating the
skin temperature of the second heat source so high as to
produce coking on the surface of the second heat source,
a third chamber receiving the production from the second
chamber to coalesce the oil and migrate it upward and
coalesce the water and migrate it downward, and means
for withdrawing the gas and water and oil separately.

29. The apparatus of claim 28 including, means with
which a pressure differential is developed between the
second and third chambers to force the oil out of the
third chamber.

30. The apparatus of claim 29 in which, the means
developing the pressure differential is divectly responsive
to the level of liquids of the second chamber.

31. The apparatus of claim 28 including, a condenser
receiving the gas evolved from the first and secend cham-
bers to condense storageable liguid hydrocarbons there-
from and return those liquids to the second chamber.

32. The apparatus of claim 28 including, a means for
adding a predetermined amount of emulsion-breaking
chemical to the oil well emulsion prior to flowing up-
wardly ail the products to be treated through the first
chamber.

33. Apparatus for the treatment of oil well production
including, a first chamber into which the production is
received, a first body of Ewaterd production in the first
chamber, a first source of heat for the first body or
gwatery production, means regulating the first source of
heat to raise the temperature of the production dispersea
Epassedf up through the first body of [waterd produc-
tion to lower the viscosity of the dispersed production to
where foam of the dispersed production will be effectively
reduced while not elevating the skin temperature of the
first heat source so high as to produce coking on the sur-
face of the first heat source, a second chamber into
which [waterd prodiction from the first body of Lwaterd
in the first chamber and the dispersed production is re-
ceived, a second source of heat for the production in
the second chamber passed downwardly over the second
source of heat, means regulating the second source of heat
to produce thermal currents in the production to further
degas the production and to prepare the production for
coalescence while not elevating the skin temperature of
the second heat source so high as to produce coking on
the surface of the second heat source, a third chamber
in the unified vessel located bstween the first and second
chambers and in heat exchange relation to them while oil
is coalesced and migrated vpward and water is coalesced
and migrated downward, and conduits connected to the
second and third chambers through which gas and oil and
water are separately removed.

34. The apparatus of claim 33 including, means for
developing a vressurc differential between the second
chamber and the third chamber to force oil from the
third chamber in its conduit.

35, The apparatus of claim 34 in which the mcans
developing the pressure differential responds to the level
of the liquids in the sccond heating zone.

36. The apparatus of claim 34 including, means for
adding a predetermined quantity of emulsion-breaking
chemical to the oil well cmulsion prior io flowing all of
the products to be treated through the first chamber.

37. The apparatus of claim 35 including, a heat ex-
changer for cooling the gas of the process sufficiently to
condense storageable liquid hydrocarbons from the gas
and returning the liquids to the emulsion passed to the
second chamber.

38. A horizontal treater for oil well emulsion includ-
ing, a first compartment in the treater shell, a first fire-
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tube in the first compartment controlled to raise the
temperature of emulsion flowing upwardly over the fire-
tube to reduce the viscosity of the emulsion and evoive
hydrocarbon and water vapors, a second comparimient
in the treater shell, a second firetube in the second com-
partment contiolled to further raise the temperature of
the emulsion flowed downwardly over the firetube from
the first compartment until the emulsion film is broken
as water is removed downwardly at a rate which mili-
tates against substantially heating the water further, a
third compartment in the treater shell into which the oil
and broken emulsion of the second compartment is flowed
for coalescence of the oil in its top and water in its bot-
tom, a condenser receiving the evolved vapors from the
first and second compartments to condense the storage-
able liguid hydrocarbons from the evolved vapors, and
return the liquid to the second chamber, a conduit for
removing any uncondensed vepor and liquid carryover
from the condenser and placing the vapor in the third
compartment above the oil surface and the liquid in the
third compartment below the oil surface, and conduits
connected to the second and third compartments for with-
drawing the gas and waier and oil separately,

39. The treater of claim 38 including, a coalescing
structure in the third compartment, a valve in the con-
duit between the condenser and the third compartment,
and a level responsive mesans in the second compartment
detecting the liquid level conlrolling the valve to develop
a pressure diffcrential between the second and third com-
partments which will force the emulsion from the second
compartment and ihe ol from the third compartment.

40, The method of treating oil well production includ-
ing,

heating a first body of production with a first source
of heat,

introducing an oil well production through the first
heated body of preduction to lower the viscosity of
the introduced prodiction,

passing the introduced production along a flow path
in a relatively thin sheet,

passing the introduced production over a second souirce
of heat in a second body of production,

passing the substantially degassed production from the
second body of production upwardly through a
coalescence zone,

collecting the oil above the zone,

and withdrawing the oil from the process.

41. Apparatus for the treatment of oil well production,
including,

a first chamber into which the production is received,

a first body of production in the first chamber,

a first sonree of heat for the fuest body of produciion,

means for introducing an oil well production throigh
the first heated body of production to lower the vis-
cosity of the introduced production,

an elongated pussuge connccted to the firsi chamber
which conducts the introduced production from the
first chamber in a relatively thin sheet,

a second chamber connected to the clongated passage
into which production from the first body of pro-
duction in the first chamber and the introduced pro-
duction is received,

a sevond source of heat for the production received

in the second chamber,

third chamber connecied to the second chamber and
containing a coalescing structure which receives the
production and coalesces the oil into a hody above
the struciure and the waier into a body below the
structure,

and means for separate removal of oil and water from
the third chamber,

42. The method of treating oil well production in-

cluding,

G
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Ireating a first body of pr
of heat,

Yowing and dispersing the oil well production up-
wardly through the first heated body of production
to lower the viscosity of the dispersed production,

passing the dispersed production along a horizontal
flow patl in «a relatively thin sheet,

passing the dispersed production downwardly over a
second source of heat in a second body of production,

puassing the substantially degassed production from the
second body of production upwardly through a
coalescence zone,

withdrawing water from below the coalescence zone,

and witivlrawing oil from above the codlescence zone.

43. Apparatus for the treatment of oil well production

including,

a first chamber into which the production is received,

a first body of production in the first chamber,

a first source of heat for the first body of production,

means for dispersing an oil well production through
the first ficated body of production to lower the vis-
cosity of the dispersed production and flowing the
dispersed production upweardly over the first source
of hesat,

an clongated pussage counnected to the top of the first
chamber which conducts the dispersed production
from the first chamber in a relatively thin sheet,

a second chamber connected to the elongated passage
into swhich production from the first body of pro-
duction in fhe first chamber and te dispersed pro-
duction is received,

a second sopree of heat mounied in the second chamber
and arranged fo have the dispersed production flowed
downwardly thercover,

a third chamber connected to the second chamber to
receive the production from the second chamber,

a cealescing stricture in the third chamber arranged
to heve the production flowed upwardly therethrough
to coalesce the oil and collect it above the structire
and coalesce the water and collect it below the
structire,

duction with a first source
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and means for separately withdrawing the oil and

water from the third chamber.

44. The method of claim 42 including, developing a
pressure differential across the zone of coalescence to
force oil out of the coalescence zone.

45. The apparatus of claim 43 including, means with
which a pressure differential is developed between the
second and third chambers to force the oil out of the
third chamber.

46. The method of claim 44 including, developing the
pressure differential across the zone of coalescence with
the level of the second body of the production,

47. The apparatus of claim 45 in which, the means
developing the pressure differential is directly responsive
to the level of production liquids in the second chamber.

43. The method of claim 42 including, cooling the gas
evolved from the production to condense storageable
liquid hydrocarbons and combining the liquids with the
oil withdsawn.

49, The vpparatus of claim 43 including, g condenser
receiving gas evolved from the production to condense
storageable liquid hydrocarbons therefrom and return
those liguids to the oil withdrawn.

50. The method of claim 42 including, adding an erniul-
sion-breaking chemical to the production prior to flowing
upwardly all of the dispersed production to be treated
through the first body of production.

51. The apparatus of claim 43 including, a means for
adding a predetermined anount of emulsion-breaking
chemical to the production prior to flowing upwardly all
the dispersed production to be treated through the first
body of production.
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