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This invention relates to the so-called “gas
1ift” method of flowing deep wells, particu-
larly oil wells, and has been designed to over-
come the excess hydrostatic head of o0il which

ordinarily accumulates in such wells prior to’

starting gas lift and which ordinarily can-
not be ‘removed by.direct application of a

.- reasonable gas pressure in attempting to
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initiate gas lift. -
Gas lift, as now commonly practiced, con-
sists'in passing gas under pressure into a well

containing a flow tube, so that the gas passes .
~around the lower end of the flow tube in a.

stream and in'its passage atomizes the oilt as
fast as it is forced up to said tube end by the

-natural ‘rock pressure in. the well, the
atomized oil being carried to the surface in.

the gas stream. The gas may be introduced

~ either through the flow tube or through the

20

casing, the atomized oil being discharged
from the other of the two; however, it is
preferred usually to- introduce the gas into
the casing :and discharge the oil from the
flow tube: S s

But, as above indicated, the initiation of
@as 1ift usually offers difficulties, due to the
fact that during a preceding period of idle-
ness a relatively great hydrostatic head of oil

* has aceumulated in the well hole, which head
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" 'the flow tube’
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~head. Thus, upon any attempt to start gas-

45

‘usually ‘cannot be overcome by steady ap-

plication of a moderate pressure to one side of

reason that, as pressure is applied to one side
of the tube to depress the o1l level therein, the

hydrostatic head increasés in the other side.

Whilé some of the oil is forced back into the

-formation (depending upon the viscosity of
the oil, the friction of the formation, and the .
like) the effective rock  pressure in the

vicinity of the well increases until it 1is
sufficient to balance the increased hydrostatic

lift by straight application of pressure to
one side in erder to force over the entire ex-
cess load of accumulated oil and uncover the
lower end of the tube. for passage of gas

thereunder, the hydrostatic head will in-

. crease until it reaches the maximum, that is,

-50

until it is equal to the entire height of the flow
tube, which beight may be as much as sev-

This condition arises for the’

eral thousand feet. Moreover, the pressure _

which would be high enough to start gas lift
by such steady application, that is, a “normal
starting pressure”, under these conditiens,
would ‘be excessive for all other purposes,

since when the oil level is lowered and gas lift

55

started, normal continuation of gas lift may- -

be ‘and should be' carried on with a much
lower pressure, this being made possible by
the much lower density of the gas-and-o1l
volume in' the flow tube during normal gas
lift as compared with the oil before gas lift.

Thus, it is clear that it is not convenient or

desirable to maintain said excessive pressure
merely for the purpose of overcoming said

“hydrostatic head. -

The term “hydrostatic head” except Where

‘otherwise "defined, is used throughout this

case to mean the pressure of that portion of
the oil body accumulated in the well hole,
which stands as a column in- the tube and
casing above the lower end of the flow tube.

(a few hours or a few days according to the
well), the head will have reached .sub-
stntially its maximum height and will be in

substantial equilibrium with the rock pres-

sure in the vicinity of the hole. The term
“rock pressure” is used to signify the natural
expulsive pressuré which forces the oil into
the well from the formation, and under the
conditions just described approximately
equals said hydrostatic head in the well hole.
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“When a well has stood-idle for a short time -

% .

Obviously, then, in a non-flowing well under .

these conditions the said rock pressure or
hydrostatic head is less than the static head
represented by the length of the flow tube
between its points of intake and discharge.
If gas under pressure be applied to the
casing for example, of a-well containing an

‘accumulated head of oil, oil will be forced

up into the tube, thereby increasing the static
head therein, as above indicated. Of course,

85

if the oil level stands sufficiently high in the

well, the available gas pressure may elevate
the oil in the tubing sufficiently to discharge
some oil from the tubing without uncovering

‘the lower end thereof, but - discharge will

cease as soon as the oil level becomes de-
pressed to such a point that the head in'the
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tubing above the oil level balances the gas

.pressure being applied.

In order to initiate gas lift by straight
application of pressure, a “starting. pres-
sure” must be employed sufficient to depress

the oil level low enough to allow the pas-

sage of gas under the tubing, this pressure
being here termed the “normal starting pres-
sure”. Such a pressure must be at least
equal to the increased static head thereby

developed in thd flow tube. This increased

head of oil in the tubing is here termed the
“normal starting head”; and its magnitude
is dependent upon -the relative size of the
tubing and casing, the amount and density
and viscosity of the oil in “the well, the
rock pressure, the friction of the forma-
tion, ete.” The “normal starting head” as
the term is herein employed is defined as
the “hydrostatic head” of oil in the flow
tube above the point of admission to said
flow tube at the time gas would break into
the flow tube. In like manner, the “normal
starting pressure” is defined as the gas pres-
sure . necessary to depress the eil level in
the gas admission tube to the point of gas
admission to the flow tube and sufficient to

start gas lift in the flow tube when said’

pressure is applied to the surface of the oil
in said gas admission tube. It is observed

that the definition applies whether dis-

chargé flow is from the tube and gas appli-
cation is through the casing, or vice-versa.

. If a gas tube is employed and is connected
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by a Jet to the flow tube in a manner com-
mon to air o6r gas lift, the starting head or
pressure may be equal to the hydrostatic
head of the oil in the flow tube above the
jet when gas is first forced into the gas
tube, and 1t may be equal to or slightly
greater than the hydrostatic head of oil
above the jet when first applied.

The ‘general object of the present inven-
tion, is to overcome the hydrostatic head

» and depress the oil level approximately to

50
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the lower end of the flow tube by the ap-
plication of gas under a pressure less than
that required to initiate gas lift by steady
application to either the tube or the casing
in the usual manner, and less than the hy-
drostatic head naturally existing in the well

prior to gas lift initiation.

The object is attained by promoting the
absorption of a large amount of gas (natu-

5 ral gas preferred) by the oil body, coupled
with a depression of the oil level to as low-

a point as possible with the available pres-
sure, whereby the absorbed gas materially
reduces the specific gravity of at least the
upper portion of the oil body and whereby
the available pressure then becomes suffi-

“cient to elevate and discharge the column

of the so-lightened oil in conjunction with
the expansive and lifting properties of the
absorbed gas.

1,740,089 .

- In many cases where the available pres-

sure is not sufficient to overcome the hydro-
static head and establish gas lift by em-
‘ploying .other measures in the ordinary
fashion, T have found that by continuing
the application of the maximum available
pretsure for a prolonged period of time, it
is" often possible to produce a considerable
depression of the o1l level together with
such a high absorption of gas that gas lift
will commence immediately upon the re-
lease of pressure in the flow tube. For con-
venience, this method is termed the “soak-
ing method”, and, briefly stated, the novel-
ty therein resides primarily in applying to
the surface of a body of o1l collected in the
well a- soluble gas under a pressure less
than rock pressure and less than the normal
starting pressure, maintaining said pres-
sure for ‘a relatively great length-of time
to cause absorption of large amounts of
gas, and then releasing tHe pressure on one
side of the flow tubé while continuing it on
the other to initiate gas lift. 'Thus, a large
quantity of gas is caused to.be gradually
absorbed by the oil, this absorption being
desired both for the purpose of lightening
the oil body (that is, reducing its specific

gravity) and for the expansive and lifting -

properties. of the absorbed gas at higher
levels as the oil approaches the top of the
well during expulsion, the expansive effects
increasing due to static pressure decrease as
the top-is approached. This step also re-
sults in gradually forcing a considerable
quantity of the accumulated oil body back
inte the formation. _
sure is applied both to the tubing and the
casing, and becomes approximately if not
entirely equalized therein. After this soak-
ing, or maintained application of gas under
pressure, has been continued for. what is
deemed to be a sufficient length of time, the
pressure on the tube (or the casing, if de-

sired) - is suddenly released while pressure,

on the other side is maintained, whereupon
the well begins to flow, if proper conditions
have been established. Also, advantage
may be taken of “heading” effects in the
well, whereby a mnatural pressure rise due

to a natural surge of oil into the well un-

der pressure naturally occurring in the for-
mation may be employed to augment the
gas pressure, the pressure on the tube be-
ing relieved at a time when a head develops
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80

95

100

Preferably, the pres- -
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as determined by watching the pressure

gauge. Many variations of the invention

are possible as will be apparent to those -

skilled in the art; a preferred embodiment
being that generically described above.

125

In the accompanyving drawings the various .

steps are diagrammatically represented for

the purpose of illustration, and in these,
Fig. T indicates the original condition of

the well at the time gas1ift is-to be initiated;
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" ... +Fig. 2 indicates the first step wherein gas
“under the maximym, available pressure/ is
~v..applied both to .the casing and to the flow .
. Fig. 8 represents the. conditions attending -

BEINN

..'surface of the oil for .a long /period of time:

which, causes/ p_(_)'r,tfion's of ﬂ;{” oil-body.
/

..forced back into/the formgtion; . /i

10+ Fig. 4 indicafes ‘the ‘release. of, 1)r'55ss,‘

.. upon the‘tube wherceby/ t /e,/ cohtinued ptes

. .sure on-thejcasing/will forcé o ¢column' p¥/ga

"..,. containing oil to/ the ‘tap of the welly: [/

. Fig. 5.indicates the lével to whighi'the oil

. body is forced upon establishment/of fjofmal

gas lift.. e S A

_ #.eoIn these drawings the usual® well. casing

.10 is shown as receiving a flow tube;12 which

. depends into the-oil body, the upper end of

i . + .90 the casing being provided with a_connection

l . .13 and the tube with a connection 14 :into

' ..., . which gas under pressure may be introduced

.. by 4 compressor C, or from -another well

~: flowing. gas under sufficiently high pressure,

.25 The! level of oil which has accumulated in

b : _..the [tubefand -casing during “the preceding..

L. .. esperiod of idleness is indicated.at 15. and it-

{-is; the purpose;of this invention to-depress:

. this'oil level to the lower end of the flow tube

.30112 ani, to establish normal gas lift as indi-
& catedjin Fig. . - - o

- Orginarily, the method is employed by
pplying (the maximum available pressure,
savhichi however, is less than the static head
35 of oilijto-both the casing and the flow tube. -
- .. Acdording toiFig. 2, the oil is thereby. de- -

at the-level 16, this-level.repre-

e /
F%//’ b

- g
[ SN

tipressed only to :
+\kenting the effect of the-presstre upon the
oil hody after carrying the .pressure up to
its fulllvalue within the casing and the tube,
‘and maintaining the same for the usual short
~periodiof time according to the practice fol-
~Jddtved “ordinarily. when undertaking to es-
-tablish gas'lift. . The.pressure thus “becomes
sybstantially balanced in the:tube and cas-

o

45

jo#.':’The feature of the presentinvention re- -
z'des in maintaining this pressurs-for a rela-.
ively long. period of time, it having been
“found that by such:maintenance of pressure,
“ . /'the body of oil will eradually be forced back
=5~ . into the sands around the well hole, as indi-
- -cated-by the arrows in Figs. 2.and 3, ‘where-
- by ithe oil level 1s eventinally brought down
.to-the.point indicated at 18 in Fig. 3.. It has
" .alsoheen found that under-these conditions, .
-er . a relatively great amount of gas is absorbed ..
. by the ¢il body contained in ‘the.casing and
. the tube.” For institut'on of gas lift by this
60. method; it'is necessary that @as absorption be.
...sufficiént. to.so-lighten the oil body that the
1. available -gas: pressure. combined , with the
lifting effects produced by the expansion of
the absorbed ‘gas'in the oil when the oil col-

umn rises toward the top o_f»the_ﬂcb)w‘tube,

I

65
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”, upon the. application of daidpressure’to;the -

dight’ hours,
/ maintenance 10 .
/tirely to establish flow, the ‘maintenance of

Tig. 4 .

will Bef .
o tube, and to tause such absorption

tained for a’ relatively long period of time.
For/example, if gas pressure to initiate gas
1i/»f§,’£or11)ally would, be maintained for per-

o

ligps an . hour, it would’ be necessary ac-

tain such pressure’ ‘for . perhaps six. .to

' [/ cording ‘to the present method to main-

and . where such pressure
for. one hout would fail en-

will so thor-
oughly” saturate the oil with gas that in a
great many difficult:cases, flow will commence
immediately upon release of the: pressure in

the flow tube, and the excess head of oil will -
expelled - by the pressure main-

be -readily:
tained in the casing.  When the oil level
drops to the lower end of the tube as indi-

#ﬁésuﬁiqient to force over the: head of

oil slf).’,t L
it ig rigcessary that the gas pressure be main- .

50 .

5

sressure for six or eight hours or in some in- -
‘stances thirty hours and more,

80

cated at 20, Fig. 5, normal gas lift commences, -
at which time the pressure required to con- ™

"_tinue-operdtion. of the well may be droppﬁd _
the

down Delow that ‘employed. in’ starting

90

well. -If the well does not begin to flow or .-

begins but: does

not, conitinue after release of
side, the entire operation

pressure on the one
may :
ing effect as the oil columns in the tube and
casing rise and_;"-f‘all,,,furthex_{ increases gas
absorption. ~Absorption: ‘will reach ‘a_point

‘where a portion of oil will be forced over

on release, and if necessary further repétition
will eventually Teduce the oil level to the
lower end of tlie tube and normal gas lift
commences: o o ‘

The advantages of this method of operation

are apparent from the following: In previous

“attempts to start certain wells, a: pressure ‘of:

900 pounds had been required, but upon con-
tinuously ‘maintaining a
pounds for eight hours, and then releasing the
tubing, the well came over without difficalty.
(as lift was thereafter continued at a pressure
of 175 pounds on the casing. .~ ' -

It has been found that in- wells which
“head,” - (which, hiowever, is true ‘of most

wells) gas pressure may be materially aug-

mented by watching the pressure gauge and

releasing the flow tube 12 at a time when the

mazimum effect of-a head occurs. ' In fact, by

be repeated whereby the resulting surg-.

10¢

‘pressure of 500 -

‘110

115

taking advantage of thiseffect, it is frequently -

possible to start a well which could not be
started if the, pressure were released between
heads. . To indicate this condition, arrows di-
rected toward the well hole are employed in

When normalgas hft has ?)née been _iﬁiti-
ated by depression of the oil level to the point

20, indicated in Fig:s, the flow of:gas under --

the lower end of the flow tube 12, will be suffi-
cient to elevate the incoming oil as rapidly as
supplied by the natural
ously, in the operation of this method, it will

well pressure. Obvi- -

131
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. ‘be possible to release pressure upon’ the casing

and .maintain the pressure on the flow tube
whereby the oil ‘will be flowed. out through a

connection 18’, and it is intended that thisva- : v
‘in the release of pressure’is timed to take 44

" g riation shall be considered ‘throughout to be
the same invention as flowing out through the

~ tube. ‘Also, it might-be possible in some in- -
stances to close the flow tube and apply gas to

the casing-only, or vice versa, when the well is

10 being allowed to soak, although the advan-

- tages of this modification “will- not be so

. marked as when pressure is applied both to
.. the casing and to the tube. - - )

* From the foregoing, it will be séen that this"
*. 15 process appears to depend upon three factors,

each of which varies according to the condi-
tions of the individual well. These factors
are: - . - s
. (@) Forcing a part of the o1l back into.the

g0 sands. | - L Rt
~(8), The absorption of relatively large -
" -quantities of gasunder pressure to lighten the’

* oil and reduce tlie effective head.
- (¢) Heading effects in the well. -

B 25 - It can bé seen that the function of the ab- -

sorbed gas is considerable when it is cpnsid-
ered that approximately 160 cubic feet of nat-

- ural gas will be absorbed per barrel of oil
when the gasisunder pressure of five hundred

30 pounds. The expansion. of this amount’ of

gas and oil as the well approaches the upper-
.portion of the tubing has a lifting effect of -

.approximately sthirty "atmospheres, which

constitutes an enormous aid to the pressure of -

35 the gason the casing. "Also, it should be noted
" *thatthe successful accomplishment under this
- process; is due largely to the factor of time.

The above disclosures are to be considered’

merely as illustrative of the generic inven-

- 40 tion and not as limiting, since many varia-
tiops may be made within the scope of the

following claims. .
I claim:. S
L. In a method for initiating gas lift in oil
45 wells comprising a.casing element and a tub-
ing .element dependent therein wherein the
hydrostatic head of an oil body: collected in
the well is greater than the available gas
pressure, the steps comprising applying said
50 gas pressure to. the .oil surface to force as

"~ much as possible of the oil back into the for- |

" .mation and maintaining the pressure of the

gas on the oil to increase absorption of the:

gas by the oil, said pressure being maintained

- 85 for a considerable time, -and. then. releasing

the pressure in one of said elements. .

2. In a method for initiating gas lift in a

- well having a casing containing an-accumu-

- lated body of oil into which-a flow: tube de-

- 63 pends, the steps comprising applying a solu-
ble gas to both sides of the tube under a
pressure less. than the normal starting pres-

" 'sure, maintainin L Te
_tively long period of time to cause absorption

95 of relatively large amounts of gas by the oil

said pressure -for a rela-:

and then réleésing the pressure upon one side -

‘of the tube while maintaining it upon-tha .

other side. -~ . = - - _ o
3. In a method according to claim 2 where-:

place when a heading effect occurs in-the well. ~.
4. In a method for establishing gaslift'op-

erations in oil wells, wherein a flow tube de-

pends into a body of oil within a well cas-’

‘ing, the steps comprising applying a soluble 75

gas to the oil in the tube and. in the casing

“simultaneously under a pressure less than the

hydrostatic head in the tube until the- pres-
sure is balanced on both sides of the tube, re-

leasing the pressure on one side while main- g,

taining it on the other, and repeating the
operation to cause the oil to surge for further
charging the same with gas until a portion

of oil is carried over on the:released side and
until the oil level in the well has been lowered g5 -
to the lower end of the tube to bare the same .-

“and normal flow by gas lift is established.

5. In.a method for initiating gas lift in an_
oil well containing a casing into which a flow " -

tube depends and in which oil has accumi- g

lated, the steps comprising applying a.solu-" -
ble:gas under pressure less than sufficient to> - -
overcome the hydrostatic head, said-pressure _°

- being applied to at least oné side of said tube, <

maintaining ‘said pressure for a relatively g5 -
long period of time to depress the oil level, -
releasing the préssure on said one.side and. -
applyving it on the other side. SR

6. In"a method for initiating gas lift i ‘
an oil well containing a body of o1l the steps 100
which comprise applying a soluble gas to the
surface of said oil under a pressure insufficient
for normally initiating gas lift of oil to the. = -
surface of the well, and continuing said ap-» ™ -

plication for a prolonged period of time until- ;55

conditions suitable for gas lift are developed.

-~ 7. In a method for initiating gas lift in an’

oil well containing a body of o1l into which .
a flow tube depends the steps which comprise
applying a soluble gas to the surface of the ;44

-0l under a pressure insufficient to start gas
-1ift of oil up and out through said tube, con-

tinuing said application for a prolonged pe-
riod of time until conditions suitable for gas
lift have been developed, and then releasing 35
pressure on one side of said tube. '
8. In a method of initiating gas lift in an

oil well contaiiiing a body of oil into whiclt

a flow tube depends, the steps which comprise
applying a soluble gas to one side of the tube 129
under a pressure insufficient to cause gas lift-

aup and out from the other side of said tube,
_maintaining said pressure for -a prolonged

period of time until gas lift of cil fo the sur- .

face is accomplished. v . 125
'9. In'a method of initiating gas lift in an

oil well containing a body of oil into which

a flow tube depends, the steps which comprise

applying a soluble gas to one side of the tube

under a pressure insufficient to cause gas 1ift ‘130
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up and out from the other side of said tube,
maintaining said pressure. for a prolonged
period of time while maintaining an approxi-
mately balanced pressure on the other side
g of the flow tube, and releasing the pressure
~ ononeside of the flow tube while maintaining
pressure on the other side to obtain gas lift,
Signed at Los Angeles, in the county of
Los Angeles and State of California, this
10 11th day of July, A. D. 1927. . :
. ' ALBERT C. RUBEE.
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