PREDICTING PLUNGER PERFORMANCE

STANLEY C. BROWN
McMurry Oil Tools, Inc.

INTRODUCTION

Now that we are into the “energy crunch”,
(that many oil men could see coming years ago)
we are looking for new methods of finding oil
and gas, new methods of producing oil and gas,
and re-examining some of the existing production
methods.

The price of oil and gas at the wellhead will
not be going down in the future. With explora-
tion costs and new well completion costs at
their all-time high, and with the price of “new”
oil now very attractive, some of the least expen-
sive “new” oil will be the additional production
that can be attained from already existing low
production or stripper wells whose operation
may previously have been considered uneco-
nomical.

The object of this paper is to show how good
analysis will identify wells that are candidates
for increased production and to show how pro-
per selection and correct installation of plunger
equipment can turn a borderline well into a
profitable producer.

IDENTIFYING PLUNGER APPLICANTS

A subsurface plunger is an excellent tool for
producing a well to reservoir depletion. The
applicability of this method of production is
dependent on numerous factors such as: gas-to-
liquid ratio (GLR); total liquid production; re-
servoir pressure; reservoir producing charac-
teristics; and depth of well.

To simplify the identification of those wells
where plunger lift can be installed successfully, a
series of tables are available that correlate the
required GLR (in MCF per barrel), gas required (in
MCEF per cycle), P (the required average surface
casing pressure, the maximum production
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attainable in barrels per day, and the maximum
cycles per day. The tables are prepared for two
tubing sizes, 2-3/8 in. and 2-7/8 in., and for six
tubing wellhead pressures, 0, 30, 60, 100, 150, and
200 psi. These tables (which are available through
the author) represent the normal performance that
can be expected using plunger lift under the given
well conditions. Productivity index and inflow
performance are not included.

The tables are based on the performance
charts presented by Foss and Gaul!. While none
of their charts and graphs are presented here,
they were used for the thousands of points that
were picked and placed in tabular form.

According to Foss and Gaul!, it is possible to
operate a subsurface plunger installation over a
wide range of average casing pressures. But for
any given set of well conditions, it is desirable to
operate with the lowest possible casing pressurein
order to achieve the greatest well drawdown since
flowing bottomhole pressure is a direct function of
casing pressure. It should also be noted that gas
requirements per cycle decrease as casing
pressures decrease. However, total production
increases as casing pressure increases.
Consequently, the most effective subsurface
plunger operation must be a compromise between
these two limits, with an operating casing pressure
that reflects the balance between optimum
drawdown and optimum production.

Any plunger lift well has limitations as to
pressure (Pc) or volume of gas, and one of these will
be a governing factor. Similarly, for a given depth
of well, the liquid delivery per cycle (load) is
directly related to the volume of gas available for
that cycle. Furthermore, the liquid delivery per
cycle (load) varies with P.. As P decreases, the



load decreases; and conversely. All of these
complex interrelationships have made plunger
performance difficult to predict.

The tables reflect the expected results of op-
timum operation (called Class B) and are a bal-
ance among the above mentioned variables.
Rarely will a well match these optimum condi-
tions, but they can be used as a norm in cate-
gorizing the wells that are being considered for
plunger lift equipment or for evaluating the per-
formance of existing plunger installations.

Matching the well’s conditions to those shown
in the tables will quickly reveal whether the
particular well is a plunger applicant, and if so,
how to optimize its performance.

When interpreting the data given in these
tables, the following facts should be kept in
mind:

1. If the Pc of the producing well is higher than
the required P, production will be less.

2. If the P of the producing well is less than
the P_ required, then the plunger will not op-
ate.

3. If the produced GLR is greater than the re-
quired GLR, production will be less. Gas
should be produced from casing in this
instance.

4. If the produced GLR is less than the required
GLR, cycles per day and production will be
less.

5. If the produced GLR is less than any required
GLR shown on the table, then the plunger
will not run.

DETERMINING PLUNGER APPLICANT
CLASSIFICATION

Wells that are being considered as plunger
candidates will fall into two categories. Whether
you classify the well as an oil well or a gas well
does not matter. These categories are:

CATEGORY WELL CONDITION

1 The well does not have sufficient
gas volume or pressure to operate

a plunger.
2 The well has the required volume
and pressure of gas to operate

‘ a plunger.

By comparing the data of the well in question
with the appropriate table, it can quickly be
determined whether or not the well is a plunger
applicant.

98

If the well fits Category 1, it is obviously not a
plunger applicant and no further investigation is
necessary - a plunger is not workable. If an outside
source of high-pressure gas is available, a
Category 1 well would be considered the same as
Class C2.

If the well fits Category 2, it is a plunger
applicant, and further analysis is required to
determine its secondary classification (Class A, B,
or C) to determine its plunger requirements:

CLASS WELL CONDITION

A The well produces more gas than
is required to run a plunger.

B The norm where the well has the
required volume of gas to run the
plunger most efficiently. (This is
the basis for the tables.)

C The well has sufficient gas voi-

ume to run the plunger but not at
its greatest efficiency.

Class A primarily describes a situation in
which a plunger is run in a gas well to keep li-
quid unloaded. Gas wells tend to load up with
liquid if the gas velocity in the tubing string is so
low that liquid is not brought out of the well-
bore with the gas flow. This “loading up” is in-
dicated by a continuous loss in tubing pressure
at the wellhead. This “loading up” may occur in
a period of hours, days or even weeks before
gas production from the formation ceases. Sur-
face indications of “loading up” are a contin-
uous loss of wellhead tubing pressure or con-
stantly decreasing gas volume where the well
is floating on the line.

Wells of this nature are often blown to the
atmosphere for some period of time to clear the
liquid from the wellbore. After this procedure, the
well will produce at a high gas rate until the
wellbore again loads up with liquid. To obviate
this, a plunger and a time cycle intermitter allows
the well to be automatically cycled as required to
prevent the flowing bottomhole pressure from
becoming unduly high. Maximum drawdown is
maintained, and maximum gas production is
achieved. This is possibly the most common
application of plunger lift.

This class of well always has a much higher
GLR than is required to operate the plunger
(maximum liquid production is realized when a
plunger installation has the optimum GLR).
Either a higher or lower GLR will result in a



lower liquid production from the well.

Hacksma? uses a pseudo-load size and IPR
curves to show that a GLR higher than optimum
results in lower production because bottomhole
pressure cannot be reduced as much. The reader
should refer to Hacksma for these conditions.

Wells falling in Class A can be produced by
plunger lift in two ways as described below:

CLASS WELL CONDITION
Al For wells in which all gas and k-
quid are produced through the
tubing with liquid production less
than maximum due to high GLR.
A2 For wells in which excess gas is

produced from the casing, and
liquid and gas are produced
through the tubing at optimum
GLR for maximum liquid and gas
production.

Class B describes wells in which the gas vol-
ume produced through the casing between
cycles is exactly the volume required to lift the
liquid produced between cycles. As soon as the
plunger arrives on bottom, conditions are such
that it can immediately start back up the tubing.
This may also be referred to as the optimum
producing GLR. It is the most efficient form of
plunger lift with the plunger making the greatest
number of cycles per day.

Class C describes wells that have a lower
GLR than is required to operate the plunger at
maximum production. Maximum liquid produc-
tion can be realized only when a plunger instal-
lation is operating at optimum GLR.

Wells falling in Class C can be produced by
plunger lift two ways as described below:

CLASS WELL CONDITION
C1 For wells in which all gas and
liquid is produced through the
tubing with liquid production
less than optimum due to low
GLR.
C2 For wells that have supplemen-

tary gas sources. If high-pressure
surface gas line is available, these
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wells can use this supple- mentary
gas by injection into the casing.
This develops the opti- mum GLR
and produces maximum liquid
production through the tubing.

EXAMPLE CALCULATIONS
Example No. 1

Stated well conditions:
2-7/8 in. OD tubing
100 psi wellhead back pressure
70 BPD producing rate
210 MCF/D gas production
3000 GLR produced
Tubing depth is 8000 ft

Enter Table No. 1 at 8000 ft depth on GLR
line and proceed to right to GLR = 3.0. Observe
that the required GLR is from 3.7 to 14.0 which
exceeds the produced GLR value of 3.0. It is
conclugled that this well is not a plunger candi-
date since the produced GLR is less than re-
quired GLR for this depth. (Category No. 1)

Example No. 2

Stated well donditions:
2-7/8 in. OD tubing
100 psi wellhead back pressure
20 BPD producing rate
600 MCF/D gas production
30,000:1 GLR
Tubing depth is 9000 ft

Enter Table No. 1 at 9000 ft on the BPD line
and proceed right to 20 BPD (in this case 19).
From the table, read the following values:

GLR = 16 MCF/BBL required

MCF = 4.0 MCF/cycle required

P. = 162 psi (this is the lowest average
casing pressure possible)

Cycles = 78 cycles per day (maximum)

Ilsle%?\igry = 0.25 barrels per cycle (This value

is read at the top of the column.)

It is concluded that this well is a plunger can-
didate since the produced GLR (30,000:1) is
greater than the required GLR of 16 MCF/BBL
(16,000:1) provided P, is 162 psi or higher. This
well fits Category No. 2.

Example No. 3 (Classes Al and A2)

Wells fitting Category No. 2, Class Al can



not be solved by the method presented herein.?

An example calculation for wells fitting Cate-
gory No. 2, Class A2 is shown below. For the
same well conditions as in Example No. 2, enter
the table at 9000 ft on the BPD line and proceed
right to a value of 20 BPD (in this case 19 BPD)
and read the same values as in Example No. 2
for required GLR, MCF/cycle, P;, cycles/day
and liquid delivery. Since the well produces 600
MCF/D, the gas volume required for plunger
lift is:

4.0 MCF x 78 cycles/MCF = 312 MCF/D

an excess of (600 - 312 = 288) 288 MCF/Day.
This means that 288 MCF of gas can be pro-
duced from the casing with the remaining 312
MCF used to lift the 20 BPD liquid. This allows
the well to operate at the lowest casing pressure
possible (Fe = 162) for maximum production.

Example No. 4

Given the following well conditions:
2-7/8 in.OD tubing
100 psi wellhead back pressure
50 BPD producing rate
250 MCF/D gas production
5000:1 GLR produced
Tubing depth 10,000 ft

The well will have to operate the plunger
using its own produced gas (namely 250 MCF/D
at 5000:1 GLR) so the required GLR cannot ex-
ceed the produced GLR of 5.0 MCF/BBL.

Enter Table No. 1 at 10,000 ft depth. Onthe GLR
line, proceed to the right until reaching 5.0 and
read the following values:

MCF = 13.7 MCF/cycle required

F. = 493 psi

BPD = Does not apply in this example
Cycles = Do not apply in this example
Liquid

S::';'l;ce = 2.75 barrels per cycle (This value
Delivery is read at the top of the column.)

The number of cycles is calculated as:
250 MCF gas/13.7 MCF cycle = 18 cycles
The possible production without outside gas
is:
18 cycles at 2.75 barrels per cycle = 48.5 BPD

It is concluded that a P, of 493 psi is required
for this well to lift the required production (Class
C1).
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Example No. 5

Given the following well conditions:
2-7/8 in. OD tubing
100 psi wellhead back pressure
50 BPD producing rate
250 MCF/D gas production
5000:1 GLR produced
Tubing depth 10,000 ft

Enter Table No. 1 at 10,000 ft depth. On the
BPD line proceed to the right until intersecting
the column closest to 50 BPD (in this case 51)
and read:

GLR = 8.4 MCF/BBL required

MCF = 6.3 MCF/cycle required

P. = 232 psi (this is the lowest average
casing pressure possible)

Cycles = 69 cycles/day (maximum)

Liquid

Surface =0.75 barrels/cycle (read at top

Delivery  of column)

The following calculations are made:

GLR

Required = 8.4 MCF/BBL

GLR

Produced = 5.0 MCF/BBL

Gas required from outside source =
3.4 MCF/BBL

Itis concluded that good plunger lift is possible if
170 MCF/D gas is available from an outside
source. The P of 232 psi is the lowest possible at
which this well could be operated. (It should be
noted that with gas from an outside source, P is
reduced to 261 psi less than the P, value in
Example No. 4). Consequently, liquid and gas
production would increase depending on the well’s
productivity index.

EQUIPMENT RECOMMENDATIONS

Plunger equipment is very versatile, and the
installations can be adapted to suit virtually
any condition desired by the operator. Figs. 1
through 4, however, illustrate two of the more
common wellhead and downhole installations.

Figures 1 and 2 show the recommended wellhead
and downhole installation, respectively, for a well
that produces more gas than required to run the
plunger (as in Category 1). The type well suitable
for this equipment is one having excess gas
production flowing through the casing with liquid
production through the tubing.



TABLE 1
SUB-SURFACE PLUNGER APPLICATION INFORM.TION

LIQUID SURFACE DELIVERY PER CYCLE — BARRELS

MCF — MCF Required Per Cycle.
Pc — Required Surface Casing Pressure® (average)

BPD — Maximum Production BBLS./DAY
“~ — Maximum Cycles Per Day.
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CHOKE AS REQ'D.

FIG. 1—WELLHEAD FOR WELL

PRODUCING MORE GAS THAN REQUIRED

TO RUN PLUNGER
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EQUIPMENT REQUIRED

SUBSURFACE PLUNGER
BUMPER SPRING

RETRIEVABLE TUBING STOP
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FIG. 2—DOWNHOLE INSTALLATION
FOR WELL PRODUCING MORE GAS
THAN REQUIRED TO RUN PLUNGER

RETRIEVABLE STANDING VALVE

The surface equipment required for such a well
includes:

Number on
Figure Equipment Item

1 Full bore master valve

2 Lubricator w/automatic “plung-
er arrival” signal

3 Flow valve.

4 Surface controller

5 Type AM motor valve

6 Flow valve

7 Control valve

The downhole equipment required for this
type of well is listed in Fig. 2.

Standard plunger lift operation is sequentially
described in Table 2. :

TABLE 2—STANDARD PLUNGER
OPERATION FOR WELL PRODUCING
MORE GAS THAN REQUIRED TO
RUN PLUNGER

1. Plunger at bottom of well.

2. Excess gas flows from casing through con-
trol valve to sales.

3. Pressure build-up or time signal opens sur-
face controller which lowers the tubing
pressure, creating the differential neces-
sary to lift the liquid and plunger to the
surface.

4. Gas and liquid are delivered through flow
outlet to sales or low-pressure system.

5. Plunger arrives in lubricator, partially
closing off outlet.

6. Differential pressure between lubricator
and flow line created by plunger arrival
activates automatic “plunger arrival”
signal shutting off motor valve on flow
outlet. Time cycle with low casing pres-
sure (or low casing pressure shutoff only)
will also close motor valve.

7. Plunger falls to bottom and cycle recom-
mences.

This equipment arrangement would also
apply for Category 2 wells, where the optimum
GLR exists. The only difference would be that
gas would not be produced from the casing, the
flow and control valves (valves 6 and 7 of Fig. 1)
would be shut or eliminated, and all gas and
liquid production would flow through the
tubing.



Figures 3 and 4 show a typical wellhead and
downbhole installation for a well that produces
insufficient gas to run the plunger, as in Cate-
gory 3. This well is being gas-lifted on packer
and all flow is through the tubing.

The surface equipment required for such a
well includes:

Number on

Figure Equipment Item

Full bore master valve
Lubricator

Second flow outlet

Flow valve

Control valve or time cycle
intermitter

6 Flow valve
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FIG. 3—WELLHEAD FOR WELL
PRODUCING INSUFFICIENT GAS
TO RUN PLUNGER

The downhole equipment required is listed
in Fig. 4.

; % EQUIPMENT REQUIRED
28
|~

SUBSURFACE PLUNGER
BUMPER SPRING
RETRIEVABLE TUBING STOP

RETRIEVABLE DUPLEX
STANDING VALVE

GAS LIFT VALVES
PRODUCING GAS LIFT VALVE
PACKER
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—
Y
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FIG. 4—DOWNHOLE INSTALLATION

FOR WELL PRODUCING INSUFFICIENT
GAS TO RUN PLUNGER

Standard plunger operation is categorically

listed in Table 3.

TABLE 3—STANDARD PLUNGER
OPERATION FOR WELL PRODUCING
INSUFFICIENT GAS TO RUN PLUNGER

1. Plunger is at bottom of well.

2. Gas flows through control valve (or time
cycle intermitter) and opens the gas lift
valve down hole, creating the differential
necessary to lift the liquid and plunger to
the surface.

3. Gas and liquid are delivered through upper
outlet.

4. Gas lift valve then closes.

5. Plunger arrives in lubricator, partially
closing off upper outlet.

6. Tail gas is rapidly dissipated through
lower outlet.

7. Plunger falls to the bottom of the well and
the cycle recommences.

Note that this installation utilizes gas lift
valves to unload the well and operate the plun-
ger. A packer can be set (as shown) to isolate
the casing, thereby keeping the lift gas pressure
off the formation. However, the use of a packer
is optional.
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