Engineering Artificial Lift
Equipment to Produce
‘Gaseous Fluids

By HOWARD L. KELLEY
The Atlantic Refining Company

INTRODUCTION

An engineering solution to a problem involves

both technology and economics. The selection of
artificial lift equipment on an engineering basis
' means selecting that equipment which will yield
the greatest profit. Lift equipment selected on an
engineering basis, then, should have the opti-
| mum combination of capacity, capital costs and
'~ operating costs. The lifting of gaseous liquids is a
particularly difficult problem because is adverse-
ly affects all three of these facets.
At nearly all sessions of previous short courses
' there have been papers presented which discuss
lifting gaseous liquids. However,  these papers
have discussed only the necessary arrangement
and the selection of rod pumping equipment to
handle such liquids. The intent of this paper is to
discuss the suitability of the various artificial lift
methods for producing gaseous liquids. The effect
of these liquids on lift efficiencies has been in-
cluded along with applicable operating arrange-
ments and recommendations for obtaining accept-
able equipment performance. Other lift methods
which have been included are gas lift, hydraulic
| pumps and submersible centrifugal electric mo-
tor driven pumps.

RESERVOIR PERFORMANCE

A review of the theory of flow of gas and lig-
uids from the reservoir into the well bore
should provide a better understanding of the
problem of gas interference with the various arti-
ficial lift systems.

An analysis of the reservoir performance indi-
- cates that the reservoir fluid (oil, water, or gas)
| which enters the well bore is dependent upon the
i amount of drawdown achieved in the bottomhole
- pressure. The amount of oil, water, or gas pro-
duced from a well cannot be controlled independ-
ently of each other; that is, unless some reme-
dial work is performed. These fluids enter the
well bore at a given rate with a given bottomhole
pressure drawdown. They will majntain the same
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ratio regardless of the producing practices fol-
lowed or which method of artificial lift is used.
Lift equipment can only attempt to produce the
fluid fill-in into the bore and has no control over
which fluids are present.

The challenge then should be for each individ-
ual to use his ingenuity to devise methods
which will permit the separation of liquids and
gases at the bottom of the well bore. If success-
ful, the gas can be vented to the surface and the
liquids produced more efficiently by some type
of artificial lift equipment. Separation is not al-
ways possible for each artificial lift method and
certainly not always 100 per cent effective.
Therefore, special subsurface arrangements and
operating practices should be used to maintain
the volumetric efficiency of the lift equipment as
high as possible.

TYPES OF GASEOUS LIQUIDS

Gaseous liquids can be classified into the fol-
lowing categories:
Well Liquids With High GLR’s

Free gas readily separates from the liquid
phase but the volume of gas to be handled may
exceed the capability of the separation equip-
ment.

Gas Saturated Well Liquids

The amount of gas which needs to be handled
by the pump depends on the pressure maintained
on the well fluid at pump depth as well as the ef-
ficiency of the subsurface separation equipment.

Emulsified Well Liquids

Gas separation is rather slow with emulsified
well liquids. Subsurface gas separation of this
type fluid is not posible. Liquid must be pro-
duced in an emulsified state.

Gas separation devices can be used with the
various types of artificial lift equipment to more
efficiently produce the first two types of liquids
listed above. For the last category, specially con-
structed pumps or excess displacement rate e-
quipment are required to produce wells of this

type.




PUMP SETTING DEPTH

The subject of optimum pump setting depth
should be discussed before presenting an individ-
ual discussion of each of the different types of
artificial lift equipment. The best pump setting
depth is rather difficult to calculate in some
fields and many times must be determined on the
basis of trial and error. If it is desired to produce
a well at its maximum rate, it will be necessary
to set the lift equipment close to bottom so
that maximum drawdown can be obtained. How-
ever, if the well has a producing capability con-
siderably greater than the permissible allowable,
the pump setting depth can be some distance a-
bove the formation. In either instance it is de-
sirable to have a pumping fluid level at least 500
ft above the pump to insure the adequate flow of
fluids into the pump suction.

Greater displacement efficiencies can be ob-
tained from high capability wells if the lift equip-
ment is set at a depth where the inlet pressure
exceeds the bubble point of the produced fluid.
Normally this practice is less costly with a hy-
draulic pumping installation than with a rod
pumping installation. Centrifugal pumping e-
quipment probably would not find application in
a well which was being produced from a point
where the producing bottomhole pressure was a-
bove the bubble point.

Lowering the pump setting depth of a hydrau-
lic pump necessitates that only additional tubing
be added for its placement. Little or no additional
loads are imposed on the equipment since the op-
erating pump pressure is primarily dependent
upon the operating fluid level which remains un-
changed. Tubing and rods both would need to be
added to achieve a lower pump setting depth
with a rod pump. The additional load of the ex-
tra sucker rods could necessitate the installation
of larger surface equipment.

SUCKER ROD PUMPING

Gas problems are handled by the following two
methods when using the rod pumping method of
artificial lift.

(1) Application of gas separation devices to
separate the gas from the liquid prior to
pump entrance.

(2) Special design of subsurface pumps to most
effectively handle the gas or gaseous lig-
uids that reach the pump chamber and a-
bove all, prevent the pump from gas lock-

ing.
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Gas Separation Devices P

Most gas separation devices, usually referred.'.
as gas anchors, use the basic principle that gag3
lighter than oil and water and that gas will moy)
up and oil and water will move down in the pry
scribed flow passages of the separation devied
(Fig. 1). Sufficlent downflow area should be pry
vided to permit the liquid to flow downwards$
a lesser rate than the rise of the gas bubblé
Bubble rise has been reported to be about fos L
to six in. per second depending on the ty o,
liquid.

The term gas anchor is used to denote any )
several types of gas separation devices. The gil
anchor does not serve to anchor or hold any pa 1
of the subsurface equipment. Actually their ?»
purpose is to help separate gas from well flui¢g
and direct free gas up the annulus for venting e
the wellhead rather than let it enter the subsuf
face pump.

(1) Classification of Gas Anchors

(a) Natural - The natural type gas anchor i
achieved by merely setting the pump be
low the casing perforations. This o‘,-"
only gives good gas separation but a
permits maximum drawdown of the bo ”
tom-hole pressure.

(b) Packer Type - The packer type gas
chor requires the use of a packer in
junction with a crossover arrangeme'

Well fluids are directed up a macaro
string or a skirted annulus to a lev
somewhat above the pump inlet -&'
spill over into the casing tubing annul
above the packer. Fluid is fed from t f
annulus area to the inlet of the subsuf}
face pump. This arrangement expo:
the produced fluid to a lower pressurg
than is present at the pump inlet. Theres
fore, no additional gas should break otf
of solution while the oil is passm
through the pump. g
(c) Stinger Type - The stinger type gas an
chor is constructed by fastening a small
diameter pipe (usually 1 or 1-1/4 in.) and
about 12 to 15 ft long to the lower end ofg
the pump below the standing valve, Thigs
tube extends into a cavity which isy
formed by a bull plugged joint of tubingi
affixed below the pump seating nipple.§
The top four to six ft of this joint of tub<#
ing is perforated to permit well fluids#
to enter the pump. This joint of perfora-4
ted tubing is usually called a mud an~2




chor. It does not actually anchor any-
thing but serves as an integral part of
the gas anchor and prevents setting the
subsurface pump in mud or sand when
setting a pump low in the well bore to
obtain maximum drawdown.

The stinger type gas anchor uses the reverse
flow principle to separate the gas from the oil. In
addition to providing the reverse-flow principle,
the mud anchor can be oversized to create agi-
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tation for the well fluids between the anchor and
the casing wall.

The use of an oversized mud anchor will also
provide a larger flow area inside the mud anchor
and give a reduced downward velocity to well
fluids prior to entering the stinger and feeding
the pump inlet. An oversized mud anchor should
not be used if there is the possibility of sand or
mud fill-in which would make recovery difficult.

The following tabulation contains general spe-
cifications regarding the assembly of the neces-
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sary components of a stinger type gas anchor
(Fig. 2).
Stinger length - 12 to 15 ft. It should extend
5 to 10 ft. It should extend
5 to 10 ft below the bottom of the perfora-
tions in the mud anchor or the perforated
nipple.
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STINGER TYPE GAS ANCHOR

Stinger I. D. - As large as the pump bore
possible. However, not so large that thg
downward flow velocity exceeds the rat@
of rise of the gas bubbles as the liquif
moves down the annulus between th
stinger and the mud anchor. Aceptab
combinations are 1-1/4 in. stinger insid
2-1/2 in. ' mud anchor and 1 in. sting$
inside B:*in. mud anchors. '

Mud anchor length - Full joint with top 4 i«
6 ft perforated nipple between the mug
anchor and the pump seating nipple.

Special Design of Subsurface Pumps

- By

Two specially designed subsurface rod pum
can be used to produce gaseous liquids - a higl}
compression ratio pump and a two-stage pumjf
By applying greater compression to the flufg
these two pump styles tend to overcome thy
problem of gas locking. (A pump is gas locked®
when it becomes filled with gas and subsequeng
pump strokes merely compress and expand
gas without displacing it from the pump).

A high compression ratio pump has a low cleafy
ance volume and is usually operated at a longj
slow stroke. Low clearance volume is achieve@
by assembling the pump so the traveling val¢i
and the standing valve are located very close {63
gether when the pump is collapsed. This can be
be done with a statiohary barrel, traveling plungs
er pump which has the traveling valve installeq
in a blind cage on the lower end of the pum.
plunger. This arrangement permits close-spacef
pump valves, the maximum sized opening stand¥
ing valve, and permits the liquid to enter
pump chamber with a minimum of agxtat.ion at
pressure drop.

The flow of gas saturated liquid into the pumﬁ
should be done with the minimum of disturbancej
to prevent gas from breaking out of solution.

API Standard 11 AX which covers standardizaX
tion of subsurface pumps has the standing valve]
and traveling valve located within one to two i}
of each other, This dimension could be furthery
reduced to a fract on of an inch if desired for sped

cial applicatiori in difficult wells. Well servicing?
crews should be requested to space the polished¥
rod at the surface so the subsurface pump will be§
closely spaced (pump valves close together) at the

“bottom of the daymstroke
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A reduced clearance volume and an increased
compression ratio can be obtained with a tubing
pump by using a fixed standing valve rather than
a retrievable standing valve. The need for a

standing valve puller would be eliminated and
the traveling valve can be placed in a blind cage

on the bottom 'end of the pump'plunger Pulling
costs for repairmg the pump ‘wouild: be'more ex-:
pensive and this additional expensé*would have® -
to be evaluated against improved pumping per-
formance. Unfortunately there are no precise
rules regarding the provisions which should be
made when trying to effectively produce gaseous
liquids. A small production increase due to im-
proved lift efficiency can pay out a rather size--
able gas handling installation expense in a rather
short time.

The two-stage pump (Fig. 3) is a speclally de-
signed pump recommended for installation .in
wells which produce gaseous liquids. In those op-
erations familiar to the writer, this pump has
performed more effectively in low volume wells
(50-60 bbls per day or less) which produce emul-
sified liquids or gas saturated liquids. The two-.
stage pump is a multi-valved pump which has |
primary and secondary displacement” chambers..
Fluid enters the large primary chamber on the
upstroke and is Adischarged into the smaller sec-
ondary chamber on the downstroke Because of
the larger primary ‘chamber volume the second-
ary chamber is charged with fluid at a pressure
considerably above pump suction pressure. The
fluid is then discharged from the secondary
chamber into the tubing on the subsequent up-
stroke. Since final compres ion is achieved on the
upstroke, the pump needs to be close-spaced on
the upstroke. In addition, a pump should be se-
lected whose length will permit_the mammum"'_
compression ratio to be obtained. If during the
downstroke the well fluids which are being dis-
placed from the primary chamber are in excess
of the capacity of the secondary chamber, these
well fluids simply bypass the secondary annulus
chamber and continue up through the standing-
traveling valve into the tubing string. The in-
stallation of an over-displacement size - pump
would probably be required to produce desired
fluid rates ‘at low pump efficiéncies for those -
wells which produce emulsified liquids in excess
of some 50-60 bbls per day.

GAS LIFT

The second most popular method ‘of artifical
lift is gas lift (Fig. 4). Gaseous liquids even pre-*

i

147

e,

SECONDARY
CHAMBER

RIMARY
CHAMBER

/P

P -

, FIGURE 3 o
TWO - STAGE PUMP :- -

sent problems with this method of artificial 1lift.
Since this is not a displacement type artificial lift
method, -the presence of gas would seem to have
little effect on the ability of this lift method to
produce gaseous liquids. This is an erroneous o-
pinion. With the intermittent gas lift method of
artificial lift, a head of fluid is accumulated a-
bove the operating valve inside the tubing string.
The pressure required to lift this head of fluid is
determined by the hydrostatic head it creates a-
bove the-operating valve. Therefore, gaseous lig-
uids would not be expected to have an effect on
this lift method since the lighter gradient liquid
would merely fill the tubing to a greater height
in order to obtain an equivalent head pressure.



This single factor is true. However, there are
other reasons gaseous liquids are a problem with
intermittent gas lift. First, the continuous perco-
lation of gas through liquids contained in tubing
string above the operating valve increases .the
length of time it takes to bleed down the tublr}g
pressure so as to efficiently lift a slug of fluid
from the tubing string. Also, lifting fluid against
an increased tubing pressure will reduce the vol-
ume of the starting slug and thus the amount of
fluid produced at the surface. .

A second and probably more important reason
that gaseous liquids are a problem with intermit-
tent gas lift is the fact that gas lift gas can more
easily break through a slug of gaseous liquid and
cause high fall-back losses and low fluid recovery
rates at the surface.

The effect gaseous liquids have on the continu-
ous flow method of gas lifting is somewhat differ-

CONTINUOUS
FLOW

INTERMITTENT
LIFT

FIGURE 4
GAS LIFT
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ent than has been discussed with the intermit-#
tent lift method. With continuous flow, addition.}
al energy is added to the flow column by the in
jection of gas through a gas lift valve to reduce}
the fluid gradient in the tubing to the poin{g
where the flowing bottomhole pressure can pro#
duce well fluids to the surface. The amount the
well fluid gradient can be reduced depends qp
the amount of gas it initially contains. 2

A column of salt water which contains no gag!
could have a fluid gradient of from 0.45 to 0.504
psi per ft. As gas is injected into this fluid cold
umn, the gradient may be reduced to as low ag
0.11 to 0.15 psi per ft. The amount of reduction}
would depend on the amount of gas injected. Forg
example, for a producing rate of 600 BWPD in}
2-1/2 in. tubing, 0.475 gradient fluid could be re-§
duced to 0.15 psi per ft by injecting 250 cu ft of§
gas per bbl of produced fluid or to as low as 0.1 "
psi per ft by injecting 500 cu ft of gas per bbl of3
produced fluid. The above is based on an injec:
tion point of 4000 ft.

However, if well fluids alteady contain a cor
siderable amount of gas and the well will not3
flow, the fluid gradient can be reduced onl
limited amount by additional gas injection. F°
example, a well producing 400 BFPD in 2-1/2
tubing, 50 per cent water, with a GLR of 250
would have a gradient of 0.15 psi per ft. An injec=
tion rate of 750 cu ft of gas per bbl would be re-
quired to obtain a minimum gradient of 0.10 fo_
such a well. The flowing gradient would be re-%
duced from 0.15 psi per ft to only 0.10 psi per ftg
with the addition of 500 cu ft of gas per bbl of/§
produced fluid. Oftentimes this small reduction¥
is not sufficient to cause the well to flow withg
continuous flow gas lift at the desired producing$
rate. Another kind of artificial lift equipment$
should be considered for wells of this type. %

HYDRAULIC PUMPING

Hydaulic pumping is the third type of artificial .
lift to be considered for producing gaseous well ;
fluids. Although hydraulic pumps are also a dis-§
placement type artificial lift system, optimum
pump valve clearance is more easily obtained
with hydraulic pumps than with rod pumps. Hy- 4
draulic pumps are. constructed with a positive
stroke length and by design have a minimum a-§
mount of clearance between the pump valves. §
Thus, most hydraulic pumps develop high com- ‘@
pression ratios which keep gas moving through *
the pump. Of course, even with a hydraulic pump, -.§
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efficiency will be reduced if free gas enters the
ump and occupies space which could otherwise

pe filled with liquids.

One manufacturer of subsurface hydraulic
pumps has incorporated a flood valve in his
pump to help eliminate the entry of free gas into
the pump (Fig.-5). This flood valve works as fol-
jows: During the last inch of the upstroke travel
of the pump plunger a port in the valve rod is ex-
posed to clean spent power oil above the pump
packoff. This port directs spent power oil down
through the valve rod and out through the flood
valve into the pump chamber. Therefore, the un-
filled portion of the pump chamber is automati-
cally filled with spent power oil before the down-
stroke begins. The flood valve not only helps
eliminate free gas from the pump chamber but al-
so eliminates detrimental fluid pounds. In addi-
tion, the flood valve provides clean power oil to
Jubricate the pump plunger..

Hydraulic pumps are better able to combat gas
interference than rod pumps because of their
close spaced valves, high compression ratios and
special construction features. However, in addi-
tion to these advantages, a gas anchor may also
be required to help obtain high volumetric effi-
ciencies with these pumps. A stinger type gas
anchor can be used in conjunction with a mud
anchor for the conventional insert or free type
parallel installation.-Packered installations such
as the free type or conventional casing installa-
tions may be effectively produced by setting the
pump at a point where the subsurface pressure
is above the bubble point of the well fluid. This
can be done at minimum cost with the hydraulic
pump. If packered installations cannot be opera-
ted in this manner, they can be equipped with a
macaroni vent string if adequate clearance inside
the casing string is available. Sufficient storage
volume should be provided below the packer
when equipping a well with a vent string to per-
mit gas to collect above the pump inlet (Fig. 6).

SUBMERSIBLE CENTRIFUGAL PUMPING

The final lift method to be considered is the
submersible centrifugal electric motor driven
pump. This subsurface pump is also susceptible
to gas interference, and its volumetric efficiency
will be reduced when gas is present in the well
fluids. However, lift equipment of this type is
normally applied only to large volume producing
wells which make a high percentage of water.

Therefore, the possibility of a large amount of
gas being present in the well fluids being pro-
duced with this lift method is considerably re-
duced. '
Producing gaseous liquids with a centrifugal
pump can result in a loss in volumetric efficiency
the same as it does with other artificial lift sys-
tems. The magnitude of loss will . depend: on the
amount of gas contained in the produced fluid.
Gag separators are available to ‘combat this prob-
lem and should be used if gas interference is an-
ticipated. These separators form an integral part
of the-pump and are available in various sizes
and lengths. They vary in operation from one
having the reverse flow theory (Fig. 7) to a more
sophisticated hydraulic-mechanical device which
uses centrifugal force created by specially de-
signed entrance ports to separate gas from the
well fluid. A specially designed impeller repres-
sures this gas and discharges it into the casing
annulus so it can be vented at the wellhead.
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SUMMARY

In summary, gaseous liquids can cause a reduc-
tion in displacement efficiency for each of the lift
methods discussed. However, special equipment
and field practices have been developed to com-
bat this problem. This discussion has outlined the
availability of subsurface separation equipment,
specially constructed bottomhole pumps and re-
commended operating practices which should
help reduce gas interference to a minimum for
every type artificial lift method except gas lift.
Therefore, to obtain improved efficiency, analyze
the gas interference problem and engineer the se-
lection of the necessary artificial lift equipment
to efficiently produce the available well fluids.
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