Increase Production By Gas Lift With Chambers

ABSTRACT

_ The accumulation chamber is an ef-
ficient method of oil production by
gas lift. The fundamental purpose of
the chamber is to provide additional
storage space in the well bore during
intermitting gas lift operation. Vari-
ous formulae are offered for the cal-
culation of chamber design. It is
shown by theoretical analysis, sup-
ported by field data, that the use of
the gas lift chamber principle im-
proves production.

INTRODUCTION

The use of the accumulation cham-
ber in high productivity, low bottom
hole pressure and low productivity,
low bottom hole pressure wells has
been employed for many years. This
paper deals with specific application
of gas lift chamber design as applied
to those wells. In addition, low produc-
tivity, high bottom hole pressure wells
are considered. Actual field data are
included to support the advantages of
chamber design. This material is pre-
sented in the following sequence:

1. Application- and Advantages of
Chambers.

_ 2. Types of Chambers and Their De-
sign.

3. Chamber Design Considerations.

4. Actual Field Data.

5. Conclusions.

6. Definitions of Symbols.

APPLICATIONS AND ADVANTAGES
‘ OF CHAMBERS

The accumulation chamber provides
an inexpensive, trouble-free type of
lift which will enable operator to pro-
duce low bottom hole pressure strip-
per type wells to depletion. In shallow
wells, the gas lift equipment for a
chamber installation with one conven-
tional valve will not exceed five hun-
dred dollars, ( $500.00), including the
surface controller. If the operator has
a few joints of three or four inch di-
ameter line pipe and a hookwall pack-
er on hand, the additional costs to in-
stall the gas lift equipment will be
primarily pulling unit charges. The
equipment cost can run into several
thousand dollars, depending on the
number of flow valves required, re-
trievable or non-retrievable equip-
ment, special packers, and crossovers.
However, the initial investment and
operating costs for gas lifting general-
ly are far less than for any other form
of artificial lift equipment for strip-
per wells.

A chamber is generally applied to
high productivity, low bottom hole
gressure and low productivity, low

ottom hole pressure wells. In either

type well the producing bottom hole
pressure is not sufficient to support
a column of fluid that can be effi-
ciently intermitted as a solid slug by
the conventional intermittent instal-
lation. The chamber prpv1des in-
creased slug volume per linear foot
of head above the formation. This
means more fluid per cycle and is
particularly advantageous in wells
which must be operated at maximum
cycle rates.
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For a well with 515” 0.D.—17 lb.
casing and 2” tubing, the ratio of the
annular volume between the chamber
and dip tube to the tubing above the
chamber, as shown in Figure 1 is 4.8
to one. In other words, one foot of
fluid in the chamber annulus is equal
in volume to 4.6 feet of fluid in the
tubing. A 200’ fluid head build-up in
the dip tube and chamber annulus
would represent 920’ plus 200’ or
1120’ of fluid head in the dip tube and
tubing with the chamber annulus dis-
placed by gas. The 200’ represents the
fluid already in the dip tube before
the chamber is emptied.

A chamber provides a method of
dropping the point of gas injection
near total depth in wells with several
hundred feet of perforations or open
hole. The lower point of gas injection
creates a greater drawdown, thus re-
sulting in a lower producing bottom
hole pressure. This will increase the
production in most wells. For a given
head of fluid against the formation,
the chamber permits a much greater
fluid recovery per injection cycle than
does any other gas lift method. The
actual point of gas injection is at the
lower end of the dip tube. Since the
end of the dip tube is usually only
inches above the bottom of the cham-
ber, the bottom of the chamber is gen-
erally considered the point of gas in-
jection for most chamber length cal-
culations.

Injection gas enters the chamber on
top of the fluid in all installations dis-
cussed in this paper. Before the gas
can enter the tubing, all fluid must be
displaced from the chamber. The fluid
is moving at an optimum velocity bes-
fore the injection gas enters the tub-
ing; therefore, break through of the
lift gas is held to a minimum. The
chamber design offers the efficiency
of a plunger with the advantage of be-
ing able to produce considerably more
fluids per day from a high productivi-
ty, low bottom hole pressure well. A
greater number of gas injection cy-
cles per day are possible with a cham-
ber than with a plunger because of
the time required for the plunger to
fall back to its bottom hole stop.

. A chamber should be used if the in-
jection gas pressure is greater than
the producing bottom hole pressure.
The only limitation to the chamber
capacity is the resultant injection
pressure in the chamber less the back
pressure. The large fluid recovery
per cycle results in a low injected
gas-fluid ratio. For example: a ¢on-
ventional intermittent installation is
producing 0.5 barrel of fluid per cy-
cle with a 300’ fluid head build-up op-
posite the valve. The operating valve
passes 2000 cubic feet of gas per cy-
cle between its opening and closing
pressures; therefore, the injection gas-
fluid ratio is 4000:1. If a chamber
were installed in this well whereby
two barrels of fluid were recovered

per cycle for the same volume of in-
jection gas, the injected gas-fluid ra-
tio would be reduced to 1000:1 by in-
creasing the fluid recovery per cycle
and reducing the gas break-through.

The lifting efficiency of many pres-
ent intermittent gas lift installations
with low productivity indices and high
bottom hole pressures can be im-
proved with up-hole chambers. A solid
fluid slug with minimum fall-back is
assured by chamber because the in-
jection gas does not enter the tubing
until the fluid is rapidly moving to-
ward the wellhead. A chamber will in-
crease the daily production by per-
mitting an overall lower average pro-
ducing bottom hole pressure. The
chamber provides maximum slug vol-
ume for minimum head against the
formation. A plot of formation pres-
sure build-up versus time reveals that
a well has a maximum rate of pressure
build-up immediately after shut-in.
The increase in bottom hole pressure
after shut-in is a function of reservoir
fluid feed-in. By properly locating an
up-hole chamber, the well can be pro-
duced in the rapid build-up portion
of the curve, thus increasing the pro-
duction by increasing the feed-in.
These up-hole chambers are ideally
suited to low productivity, high bot-
tom hole pressure wells which must
be gas lifted against high wellhead
tubing back pressures.

A problem example comparing
chamber versus conventional gas lift
design illustrates the theoretical cham-
ber advantages in terms of drawdown
and barrels of fluid per day. A com-
plete list of all the symbols and ab-
breviations with their definitions and
units are included at the end of this

paper.
WELL DATA:
Total depth — 10,000, )
51/2“ 0.D.- 17 1b casing 2” tubing.
Productivity index — 0.05 bbls/day

/psi.
Sta’?ic fluid gradient — 0.4 psi/ft.
Tubing back pressure at wellhead
— 200 psig.
Shut-in bottom hole pressure —
1757 psig.
Assumed intermitting rate — 1 cy-
cle/ hour.

SOLUTION: )
Step 1: Determine maximum pos-
sible production in barrels per hour.
(a) Minimum bottom hole pressure
would be tubing back pressure plus
the gas column weight.

P =P, 4 dP
P_ — 200 psig + 50psi = 250 psig

(b) Maximum possible production
per day

Q = PL(P—P )
[ S m
Q, = 0.05 (1757—250) = 75.35 BOPD

Therefore, maximum hourly pro-
duction

Q, /24 = 3.14 BOPH



Step 2: Determine average flowing
bottom hole pressure with convention-
al gas lift design.

(a) Vt = 3.87 bbls/1000’ (for 2”

tubing )
(b) Hourly feed-in 2” tub-
g = M = 811 ft./ hr.
Vt

| (¢) Effective pressure build-up per
cycle

(P,—P ) = 811 ft/hr.(8.G.) =
324 psi

(d) Average flowing bottom hole
pressure —

P —P 324
P 4% 0 m _ kel
n 250 4 >

=412 psig

Step 3: Determine average flowing
bottom hole pressure with chamber.

(a) Determine chamber length as-
suming chamber full with 3.14 bbls.
feed-in for a two-packer chamber with
2” dip tube.

V,_ (CL) 4V, (CL.)=3.14bbls.

17.8 bbls/1000'( C.L.) 4 3.87 bbls/
1000’(C.L.) = 3.14 bbls.

C. L. = 3.14 bbls divided by 21.67
bbls/1000° — 145 ft.

(b) Effective hourly pressure build-
up = C. L. (S. G.) = 145 ft. (0.4psi/
ft.) = 58 psi = P—P_

(e) Average flowing bottom hole
pressure =P 4 P —P

L =250 +

58 — 279 psig.
2

Step 4: Subtract Step 3 from Step 2
to compute chamber advantage in
terms of drawdown.

Additional drawdown with cham-.

ber —— 412 psig — 279 psig — 133 psi
Step 5: Determine chamber advant-
age in terms of barrels of oil per day.

Q = Drawdown (P.I. )

Q = 133(0.05) — 6.65 BOPD ad-
vantage

In the above example, the P.I
curve is assumed to be a straight line
function. Although the well’'s P.I. is
actually reduced as bottom hole pres-
sure declines, the problem does illus-
trate that lower operating bottom hole
gressures can be attained with a cham-

er. This means more production.

TYPES OF CHAMBERS AND
THEIR DESIGN

A chamber design is an adaptation
of the closed intermittent installa-
tion. For successful operation, all
chamber installations must have an
operating valve, standing valve, and
bleed port which function properly.
It is therefore advisable to use wire
line retrievable equipment to eco-
nomically correct malfunctions with
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a minimum loss of production. There
are two basic types of chambers: the
insert or bottle type and the two-pack-
er type. The insert chamber generally
employs only one packer. Either of
these basic types can be modified in
many ways for application to indivi-
dual well conditions. These modifica-
tions depend primarily on the length,
size, and condition of the open hole or
perforated interval; condition of the
casing; injection pressure; producing
bottom hole pressure; producing gas-
fluid ratio; and any unusual well con-
ditions such as sand, salting, etc. The
chamber designs are divided into the
following classifications:

1. Conventional chamber installa-
tion.

2. Insert chamber installation with
packer several hundred feet above
chamber.

3. Two-packer chamber installation
with upper packer in casing and lower
packer in liner.

4. Chamber installation with dip
tube larger than tubing.

Chamber lengths are calculated and
checked for each classification. These
simplified volume calculations based
on maximum head for checking the
proposed chamber length are recom-
mended to assure a chamber design
that will not stymie. The symbols and
abbreviations and units are included
at the end of this paper.

CONVENTIONAL CHAMBER
INSTALLATION

This installation can be either an
insert or two-packer type. Variations
of conventional chamber installations
are show in Figures 1 through 6. If
the working fluid level does not ex-
ceed the top of the chamber and the
dip tube and chamber lengths are the
same, the generally accepted chamber
formula can be used as shown in Ex-
ample 1.

EXAMPLE 1:

Two-packer chamber installation as-
suming the working fluid level does
not exceed the top of the chamber.

WELL DATA:

Total depth — 6400’.

Perforated interval from 6200’ to
6400,

5% 0.D. - 17 1b. casing set at 6400’
2" tubing and dip tube.

Injection gas pressure — 600 psig.

Static fluid gradient — 0.4 psi/ ft.
Wellhead tubing pressure — 40 psig

P—P

—i = CL. 4 R(CL.)
CL. = i_—P“’- ( Equation 1)
SG.(RF1) _
CL. = —6022—-:;—;1(;- — 250’ chamber
Where R =
A" 17.8 bbls/1000’°
ir_t = 387 phls/ 1000 — 8

Check: Maximum head of fluid that
the injection pressure will support.

B

P—P_ 600 —40

B=—<% =03
— 1400’ Maximum Head
= CL. 4+ R(CL.)

1400’ = 250’ + 4.6(250") = 1400’

Equqation 1 is the conventional
chamber formula applicable either to
a two-packer or insert chamber. The
chamber and dip tube are assumed to
fill only to the top of the chamber in
this equation. The tubing above the
chamber is assumed to remain empty.
The bottom packer is placed as near
the top of the perforations as possible
and the top packer 250 feet above it.
In the case of an insert chamber, the
bottom of the chamber can be set near
total depth. Therefore, the chamber
length should be calculated by Equa-
tion 3, unless the working fluid level
goes not exceed the top of the cham-

er.

When the producing fluid level ex-
ceeds the top of the chamber, the con-
ventional formula must be revised.
Examples 2 and 3 illustrate a two-
packer and an insert type chamber in
which the fluid level exceeds the top
of the packer.

EXAMPLE 2:

Two-packer chamber installation for
the same well data as in Example 1,
except the maximum flowing bottom
hole pressure between injections is
300 psig, and the bottom packer is set
at 6150’

Maximum Working Fluid Height —

P—P 300 — 40
£ 4 = 650’

SG. — 04

Maximum Working Fluid Level A-
bove Bottom Packer, F.L.B.

F.L.B. = 6150’ — (6400 — 650’) =
400'.

CL. = . Equation 2
Pi —_— Pw — F.L.B.
S.G.(R) R
600 — 40 400
CL.= 32726, — 6

— 217 chamber
Check: H = F.L.B. 4 R(C.L.)
1400" — 400’ 4 4.6(217) = 400’

In Equation 2, the maximum work-
ing fluid level is above the top of the
chamber and the bottom packer is set
50’ above the top of the perforations.

- EXAMPLE 3:

Insert chamber installation for the
same well data as in Example 1 and
2, except 3% nominal (4” 0.D.) line

ipe is used for the chamber, and the
ottom of the chamber is near total
depth.

P —P
C.L =t £ (Equation 3)

S.G.(R)
600 — 300 ,
C. L powand W = 433 chamber
Where: R =
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Two-packer chamber installation
with retrievable flow valves, bleed
valve, and standing valve., All
operating equipment wire line
retrievable without pulling tubing,

37



38

INSERT CHAMBER INSTALLATIONS
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FIG. 3

Insert chamber installation with con-
ventional valves using hanger nipple

and hookwall packer, Especially
applicable for depletion of shallow
wells in which very little expenditure
can be justified.

“FIG. 4

Insert chamber installation with
retrievable flow valves, bleed valve,

and standing valve. By-pass packer
and parallel injection gas line elimi-
nates disadvantage of small dip tube.



CHAMBER INSTALLATIONS USING
CROSS-OVER MANDRELS
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Chamber installations with crossovwer mandrel
replacing by-pass type packer, Central retrievable
operating valve offers maximum flexability with
minimum investment.
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Vea 6.7 bbls/1000°
V. 7 3.87 bbls/ 1000’

Check: H = F.L.B. + R(C.L.)
1400’ =650’ - 1.73(433’) = 1400’

In Equation 3, it is assumed that
the bottom of the chamber is at total
depth; therefore, the maximum work-
ing fluid height in the well between
gas injections is equal to the maxi-
mum working fluid level above the
bottom of the chamber, F.L.B.

INSERT CHAMBER INSTALLATION
WITH PACKER SEVERAL HUN-
DRED FEET ABOVE CHAMBER

When a well has several hundred
feet of perforations or open hole and
a low producing bottom hole pressure,
the packer must be set several hun-
dred feet above the top of the cham-
ber, as illustrated in Figures 7 and 8.
The chamber is set near total depth
to obtain the desired drawdown. If a
parallel injection gas line is used, the
design calculations are the same as
noted in Examples 1 through 3. The
formula to be used depends upon the
maximum working bottom hole pres-
sure and the depth of the chamber.
When a small dip tube and hanger
nipple are used, the calculations must
include two annular volume to tubing
ratios if the working fluid level ex-
ceeds the top of the chamber.

EXAMPLE 4:

Insert chamber installation, as
shown in Figure 1, with the top of the
chamber located several hundred feet
below the packer and the maximum
working fluid level not exceeding the
top of the dip tube (hanger nipple):

WELL DATA:

43%” 1.D. open hole from 6000’ to
6450°. :

5% 0.D. - 17lb. casing and 2” tub-

ing.
1’ Dip tube 500’ long.
Chamber of 3%” Nom. (4” O.D.)

pipe.
Depth of packer — 5950°.
Static fluid gradient — 0.45 psi/ft.
Injection gas pressure — 650 psig.
Wellhead tubing pressure — 50 psig

CL. = ( Equation 4)
(P, —P ) —DTL(1 4+ R__ )S.G.

SG(R—R_)

a

= 173

CL. =
(650 — 50) — 500(1 + 0.57)0.45

0.45(2.6 — 0.57)
= 270’ chamber

Where: R =
Vc_aa - 10.1 bbls/1000’

387 BbIs 10007 — >°

=
t
R —_Yea _ 219 bbls/1000
=V, 7 3.87 bbls/1000’
= 057
Check: H —
P—P_ 650 — 50
SG. 045

=— 1333’ Maximum Head
40

H = DTL. 4 CL(R) +
(D.TL. — CL.R,__

1333' = 500" 4 270°(2.6) +
230'(0.57) = 1333’

In Equation 4, it is assumed that the
dip tube, chamber, and tubing annulus
fill to the top of the dip tube. If the
well has an extremely low producing
bottom hole pressure and the maxi-
mum working fluid level does not
reach the top of the chamber as cal-
culated from Equation 4, the chamber
length can be designed with the top
of the chamber located at the maxi-
mum working fluid level. Equation 4
should be used when the working
fluid level is between the top of the
chamber and the packer because the
volume between the tubing and the
dip tube is small and very little feed-
in represents considerable head.

EXAMPLE 5:

Insert chamber installation for the
same well data as in Example 4, ex-
cept the maximum working fluid level
is 800’ above total depth (F.L.B. —
800’ with the chamber located as near
total depth as possible ):

CL. = ( Equation 5)
(P—P_)—[FLB.4+R, (D.TL)ISG.
SG(R—R_)

CL. =

{650 — 50) — 800 4 0.57(500)]0.45
0.45(2.6 — 0.57)
— 122’ chamber

Check: H = F.LLB.
C.L.(R) + (D.TL. — CL.) Rt

1333’ — 800’ + 122’ (2.6) + (500" —
122')Q.57 —= 1333’

In Equation 5, fluid head build-up
above the packer is considered.

TWO-PACKER CHAMBER INSTAL-
LATION WITH UPPER PACKER IN

CASING AND LOWER PACKER
IN LINER

The operator is faced with two an-
nular volume to tubing ratios in the
design of this chamber. It differs from
the previous classification in that the
upper volume is greater than the low-
er volume. A combination casing-liner
annulus chamber is particularly ap-
plicable in low fluid level wells with
several hundred feet of shot hole. An
insert chamber should not be used be-
cause of the hazard of pulling opera-
tions in such an open hole. A sche-
matic of this installation is shown in
Figure 9. The upper packer in the cas-
ing eliminates the injection gas pres-
sure against the liner pack-off except
during gas injection cycles. The depth
of the liner seat and the proposed
depth of the upper packer must be
known before designing this chamber
installation.

EXAMPLE 6:

Two-packer chamber installation in
which the upper packer is in the cas-
ing an the lower packer must be locat-
ed in the liner with the maximum
working fluid level not exceeding the
top of the chamber:

WELL DATA:

Total depth = 6400’

7 0.D. - 23 1b casing set at 5900’.

5% O.D.- 14 1b. liner from 5840’ to
6350’

2% tubing and dip tube.

Set top packer at 5800°(0.S.L. =
40')

Injection gas pressure — 800 psig.

Static fluid gradient — 0.35 psi/ft.
(All oil).

Wellhead tubing pressure — 40psig.
CL. = { Equation 6)

(P, —P ) — 0.S.L.(R —R )S.G.

SG(R +1)

CL. =
(800 — 40) — 40(5.43 — 2.84)0.35

0.35(2.84 + 1)
— 538’ chamber

Where: R =
Vea  31.4 bbls/1000°

v = — 5.43
¢ 5.79 bbls/1000’
R __Via _ 164 bbls/1000
A 5.79 bbls/1000’
— 2.84
Check: H —
P —PF  800—40
SG. 0.35

—2170° Maximum Head

H =
0.S.L.(R)4(CL—0.S.L)R +C.L.

2170 =
40’(5.43) + (538 — 40')2.84 | 538
=2170’

Equation 6 is based on the assump-
tion that the maximum working fluid
level between gas injection builds up
only to the level of the top packer.

EXAMPLE 7:

Two-packer chamber installation us-
ing the same well data as in Example
6 with the upper packer in the casing,
the lower packer in the liner and a
maximum producing bottom hole pres-
sure of 600 psig.

Maximum Working Fluid Height =
P, —PF 600 — 40
£ ¥ = — = 1600’
S.G. 0.35 0

Maximum Working Fluid Level A-
bove The Upper Packer, F.L.T.

F.L.T. = 5800° — (6400’ — 1600’)
= 1000’
(Equation 7)
(P, —PF )
— SG(R_+ 1)
OSL(R—R ) 4 FLT.
(R, 4+ 1)
(800 — 40)

CL = 5350282 F 0
40(5.43 — 284) 4 1000
(284 4+ 1)

— 278’ chamber

CL.




INSTALLATIONS WITH PACKER
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Insert chamber installation with
conventional valves and hanger

Large dip tube permits
a retrievable standing valve and
pressure bomb surveys.
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CASING-LINER CHAMBER

INSTALLATION
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Two-packer chamber installation
using both casing annulus and liner

annulus as the chamber.
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Installation for lowering the point
of gas injection without pulling the
tubing. Retrievable dip tube and
tubing form a chamber.



INSERT CHAMBER INSTALLATIONS FOR A LONG,

PERFORATED INTERVAL AND BAD CASING
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Insert chamber installation permitting
point of gas inj ection near total depth
in well with several thousand feet of
perforations. Open-hole retrievable
valve mandrels are run below packer.
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Insert chamber installation for a
well with bad casing. All valws
removable without pulling the
tubing. Operating valve can be
retrieved by wire line after pulling
macaroai.



Check: H — in Equation 7. The distance between without the fluid level changing ap-

_ the packers for this type of chamber preciably, the injection pressure
OSL(R) 4 (CL.—OSL)R_ 4 is critical as can be seen from a com. Would not be adequate to lift from the

(CL. + FLT.) parison of Example 6 with Example 7. chamber.
2170° — 40°(5.43) + This is the result of the high chamber CHAMBER INSTALLATION WITH
(278 — 40') 2.84 }+ 278’ 4 1000’ to tubing volume ratios. It is better DIP TUBE LARGER THAN TUBING
— 2170’ to make the chamber a little small If the dip tube is larger than the

. ) ) rather than too large. These designs tubing string, the maximum head oc-
A maximum operating fluid level a- are for a well producing all oil. If the curs at the instant the fluid leaves
bove the upper packer is considered wells should begin producing water the dip tube and the gas enters the

TWO-PACKER CHAMBER INSTALLATION
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FIG. 13

Well Data: Bottom of 251' chamber at 10,260',
2-1/2" Tubing in 7" O.D. Casing.
Producing 53 BFPD - 4.4 BO per cycle.
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tubing. The total volume of the cham- same well data as in Example 4, ex- CL. — (650 — 50)1.07
per and dip tube must be calculated, cept a 2” dip tube and 1” macaroni T 0.45(3.87 4 6.7)

and this volume converted into feet i ith th ipment — ’
of head in the small tubing string. The ifrllnfs Zlfovt.lze?n v];ligure i;qmp € = 185" chamber

inselit2 chamber for 1bad caﬁing i}rll F(‘iig- Where:

ure 12, is an example in which the dip Equation 8 ;

tube could be larger than the macaro- (Equation 8) Vt == 1.07 bbls/1000

ni string. oL (P, —P )V, V. = 6.7 bbls/1000’

EXAMPLE 8: = US8GA(V,, 4+ V) . ,
Insert chamber installation for the at o Var = 3.87 bbls/1000

WELL "A'"" TWO-PEN SURFACE PRESSURE RECORDING CHART
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Well Data: Total Depth - 6750' 2'' Tubing 5-1/2" O.D. Casing,
Two-packer chamber 343' long.
Producing 42 BOPD - 3.5 BO per cycle.
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Check:
H(Vt) = C.L.(Vd_t ) + C.L.(VM)

135°(3.87) 4+ 135°(6.7)
1.07

1333 =
= 133%

Equation 8 is based on the assump-
tion that the working level does not
exceed the top of the chamber. A lim-
ited reservoir feed-in represents a
sizable fluid head build-up in small
tubing; therefore, the maximum pos-
sible working fluid level must be con-
sidered in this type of chamber.

EXAMPLE 9:

Insert chamber installation for the
same well data as in Example 8, ex-
cept the maximum producing fluid
level is 500° above the top of the
chamber (F.L.T. = 500’).

CL. = (Equation 9)
(P —P)— FLT.(8.G)1V,

SG(V_ )+ 7V,

CL. =
[(650 — 50) — 500(0.45)]1.07

0.45(3.87 + 6.7)
— 84’ chamber

Check: H(Vt) =
CL. (th )+ CLV )+ F.L.T.(Vt)
- c-a

1333 —
84'(3.87) + 84°(6.7) , :
o7 + 500' = 1333
CHAMBER DESIGN
CONSIDERATIONS

A chamber should always be de-
signed to permit gas injection through
the operating valve only. The point of
gas injection of the operating valve is
at the bottom of the dip tube and not
the point at which the valve is actual-
ly located on the tubing string. The

unloading valve immediately above
the operating valve may in some in-
stances be run only a joint above the
operating valve. This unloading valve
is located near the operating valve to
assure unloading the chamber. It is
advisable for the closing pressure of
the operating valve to be at least 50
psi lower than the closing pressure of
the above unloading valve. This pre-
vents opening of the unloading valve
while lifting from the chamber.

The di;l) tube and chamber fill to
the same level if the bleed port is ade-
quate. The dip tube is full when the
injection gas first enters the chamber
and is still full at the instant gas en-
ters the tubing string through the dip
tube. The back pressure from the
head of fluid, regardless of the size
dip tube, is only a function of its
length and not its volume. The dip
tube should be as near the tubing 1.D.
as possible to provide a maximum slug
volume per foot of head and to reduce
turbulence and gas break-through
when the fluid slug passes from a
small dip tube to the larger tubing. In
addition, a large dip tube permits us-
ing a retrievable standing valve and
running pressure bomb surveys.

To compensate for the pressure loss
through the operating valve, by-pass
packer, crossover, etc., the design in-
jection gas pressure available inside
the chamber should be consedered eg-
ual to or less than the surface closing
pressure of the unloading valve im-
mediately above the operating valve.
The gas weight in the casing annulus
and the difference between the open-
ing and closing pressure of the unload-
ing valve will offset the pressure loss
in most instances.

The size of bleed port near the top
of the chamber is not a problem in
wells producing little formation gas.
The function of this bleed port is to
remove the formation gas to permit
the chamber to fill with liquid rather
than gas. A 25 psi differential valve
with small orifices or a 3/32” hole is

generally used in low gas producing
wells. The advantage of the differen-
tial valve is that it will close when the
operating valve opens, thus prevent-
ing a gas cut slug. A high gas-fluid
ratio well must have the bleed port
properly sized. This port should be
adequate to pass the formation gas
during the fill-in time between cycles.

The difference between the opening
and closing pressures of a pressure
operated flow valve, commonly re-
ferred to as valve ‘“‘spread”, is impor-
tant in chamber design. The opening
pressure of a pressure operated valve
is reduced by back pressure in the
tubing opposite the valve, but the
closing pressure remains constant.
The higher the tubing pressure op-
posite the valve, the lower the valve
spread. In most chamber installations,
the pressure in the tubing opposite
the operating valve is the wellhead
tubing pressure plus a few pounds of
gas weight. The valve spread can be
prohibitive if a partially balanced type
valve is not used. The balancing mech-
anism built into the valve reduces its
spread characteristics, but retains a
large port size. The operator can se-
lect the valve spread to meet his gas
requirements. The spread required de-
creases as the size of the casing annu-
lus increases.

The top of the chamber should not
be located above the maximum work-
ing fluid level of the well. An exces-
sive chamber length will result in ex-
cessive injection gas-fluid ratios, if it
does not completely fill. The chamber
must be completely filled with high
pressure injection gas before the gas
enters the tubing and lifts the slug to
the surface. The injection gas bleed
down time for a chamber that is too
long reduces the number of injection
gas cycles per day; therefore, the pro-
ducing capacity of a high productivity,
extremely low bottom hole pressure
well is reduced. In many wells the
daily production has been increased
by lowering the opening pressure of

WELL "A" BOTTOM HOLE PRESSURE BOMB SURVEY
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FIG. 15

BHP versus TIME with bomb inside chamber,
12 injection gas cycles per day.
Producing 3.5 BO per cycle,
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the operating valve when the chamber
is not filling.

When a two-packer chamber instal-
lation is contemplated, a hookwall or
production type packer can be used
on "bottom with a pin or cup type
packer on top. If a hookwall packer is
used as the upper packer, a cup type

acker is generally employed as the
ower packer. The casing should al-

ways be scraped prior to running a
cup packer. Cup packers set at great
depths are frequently damaged dur-
ing running operations. When the cu
packer is to be set in a liner, central-
1zers can be used to prevent the cups
from dragging against the casing walls
while being run in the hole.
Retrievable gas lift equipment of-
fers the operator maximum efficiency

with minimum loss of production.
Wells in a closed type regervoir will
have low producing bottom hole pres-
sures at time of abandonment. A
chamber can be run initially in these
wells to permit depletion without pull-
ing the tubing. The retrievable valves
can be reset to efficiently produce the
wells during the changing conditions
of the flush, twilight, and depletions

WELL "B" TWO-PEN SURFACE PRESSURE RECORDING CHART

Well Data: Total Depth - 6700’
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FIG. 16

Two-packer chamber 233' long.
Producing 24 BOPD - 6 BO per cycle. 47

2-1/2" Tubing 7" O.D. Casing.
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stages. Large savings are realized by
eliminating costly tubing jobs and
packer repairs.

ACTUAL FIELD DATA

Two thousand foot wells with bot-
tom hole pressures of only 20 psig are
being depleted by gas lift with cham-
bers in Peru. These wells, which date
back to World War I, are producing
more fluid by gas lift than by the pre-
vious producing methods, and the
number of operating personnel has
been drastically reduced with instal-
lation of gas lift equipment. Deep
wells in Califarnia with low bottom
hole pressures are being sucessfully
g‘roduced by gas lift using chambers.

hese wells range in depth from 8,000
feet to 10,500 feet with producing bot-
tom hole pressures as low as 300 psig.
The wells have a gross producing rate
equal to or greater than before the
chambers were installed, with a re-
duction in lifting costs of 40 to 60 per
cent.

Chamber installations are currently
being run in Oklahoma in wells rang-
ing in depth from 6,000 to 10,200 feet.
Their successful operation has result-
ed in the replacement of other meth-
ods or artificial lift with chamber in-
stallations. Many gas lift wells are be-
ing converted to chamber installations
with resulting increase in production
and efficiency. A 10,620 foot low bot-
tom hole pressure well in Louisiana in
which a chamber was run illustrates
the advantages of a chamber over con-
ventional gas lift. The well was pro-
ducing 36 barrels of fluid per day for
five months prior to the chamber. The
well has produced 53 barrels of fluid

per day for the four months following
the chamber installation, with a very
noted reduction in gas-fluid ratios.
Figure 13 is a two-pen surface pres-
sure recorder chart of this well.

The following group of tests em-
phasize the flexibility of chamber de-
sign and illustrates the gas lift cham-
ber advantages versus positive dis-
placement pumps and natural flow.

Example I. Depletion Production—

Well A Data: Total Depth — 8750°, 2”
Tubing, 5%” 0.D. Casing:

Date of Production Gas-Oil Raatio

Equipment Test (BOPD) (cy. ft./bbl.)
Positive

displacement

pump 2-1-56 34 1954-producing
Gas lift

chamber 2-27-56 42 1257-injection

Figures 14 and 15 are the two-pen
surface pressure recorder and actual
bottom hole pressure charts of a typi-
cal test run on the above well.

Well B Data: Total Depth — 6700,
2% Tubing, 77 0.D. Casing.

This Chamber installation-is pro-
ducing 24 BOPD with a minimum pro-
ducing bottom hole pressure of 66
psig. Figure 16 is a two-pen surface
recorder chart, and Figure 17 is an
actual bottom hole pressure chart of
this depletion type well.

Fxample II. Intermediate Production.
Well C Data: Total Depth — 6750,
2" Tubing, 5% 0.D. Casing:

Injection
Production Gas-
Date of Oil Water Total Oil Ratio

Equipment Test (BPD)BPD)XBPD)cu.fi./bbl.)
Positive

displacement

pump 1-29-56 61 40 101 —
Gas lift

chamber 2.29-56 86 39 125 1179

NOTE: During positive displacement

pump test the well was equipped with

2%” tubing.

Example ITI. Chamber versus Natural
Flow.

Well D Data: Total Depth — 6750,

2% Tubing, 7" 0.D. Casing:

Injection Gas-

Date of Production Oil Ratio
Equipment Test (BOPD) (cu. #t./bbl.)
Natural
flow 4-15-55 149 —_—
Gas lift
chamber 11-15-55 185 1909

Well E Data: Total Depth — 6750,
2” Tubing 5%” 0.D. Casing:

Infection Gas-
Date of Production Oil Ratio

Equipment Test (BOPD) (cu. ff./bbl.)
Natural

flow 8-20-55 126 —_—
Gas lift

chamber 12-26-55 164 2537

Figure 18 is a two-pen surface %‘I}es-
sure recorder chart of Example Well

"All the above production data rep-
resent as nearly as possible stabilized
well conditions.

CONCLUSIONS

Advantages of a properly designed
chamber can be summarized as fol-
lows:

1. The equipment and operating
1costs for gas lifting stripper wells are
ow.

2. Ultimate depletion of low bottom
hole pressure wells is possible.

3. The point of gas injection can be
located near total depth in wells with
several hundred feet of perforations
or open hole.

4. Minimum gas greak-through is as-
sured.

WELL "B" BOTTOM HOLE PRESSURE BOMB SURVEY

BHP versus TIME with
bomb inside chamber.

4 injection gas cycle per day,
Producing 6 BO per cycle,

FIG. 17
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5. Maximum fluid recovery is ob- sure available inside the chamber and known. _ .
tained with a minimum fluid head the wellhead tubing back pressure are 5. The location of the packer in re-

build-up against the formation. required. lation to the top of an“insert chamber
6. Daily production can be increased 2. The ratio of the volume of the is important if a small dip tube is
7. The required injection gas-fluid chamber annulus to the volume of the employed. .

ratio is reduced. tubing above the chamber must be de- 6. The volume of the dip tube must
8. A lower average producing bot- termined. . be cez;suiered of the dip tube is larger

tom hole pressure is assured. ‘3. The maximum static fluid gra- than the tubing. _ _
Information required to calculate dient at depletion should be used. Additional chamber design consid-

chamber length is: 4. The maximum working fluid lev- erations which affect the overall op-

1. The effective injection gas pres- el between gas injections must be erational efficiency are as follows:

WELL "E'" TWO-PEN SURFACE PRESSURE RECORDING CHART
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Well Data: Total Depth - 6750' 2' Tubing 5-1/2" O.D. Casing.
Two-packer chamber 343' long.
Producing 164 BOPD - 3.4 BO per cycle.
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1. The unloading valve immediately
above the operating valve must be
properly locatéd.

2. The bleed port should be correct-
ly sized to pass the formation gas.

3. A partially balanced flow valve is
necessary for most chamber installa-
tions to reduce the spread of the op-
erating valve.

4. The packer combination for a
two-packer installation will depend on
the individual well conditions and de-
sired expenditure.

5. Retrievable equipment will pro-
vide maximum efficiency and elimi-
nate pulling tubing for valve replace-
ment.

Actual field data show that a prop-
erly designed chamber installation
will perform as follows:

1. Wells with bottom hole pressures
as low as 20 psig can be sucessfully
depleted.

2. The lifting costs of low volume,
deep wells can be drastically reduced.

3. The overall efficiency of low pro-
ductivity index conventional intermit-
tent installations is improved by cham-
bers.

50

4. Production can be increased over
that of positive desplacement pump-
ing methods and natural flow.

DEFINITION OF SYMBOLS
C.L.—Chamber length, feet.
dP—Gas _column weight, psi.
D.T.L.—Dip tube length, feet.
F.L.B.— Maximum producing fluid
level above bottom of chamber, feet.
F.L.T.—Maximum producing fluid lev-
el above top of chamber, feet.
H—Maximum head — (Pi —_— PW )/
S.G., feet.
0.S.L.—Length of oil string used for
chamber, feet.
Pf——Maximum producing bottom hole

pressure build-up between gas injec-
tion, psig.

Pi—Injection gas pressure available
inside chamber, psig.

Pm—Minimum producing bottom hole
pressure between gas injections, psig.
P —>Shut-in bottom hole pressure,

psig.
Pw——Wellhead tubing pressure, psig.

P.I.—Productivity Index, bbls/day/psi.
Qo——Daily oil production, bbls/day.

R—Ratio of annular volume of cham-
ber to volume of tubing Vc_a /Vt, no
units.

RL —~Ratio of annulur volume of lin-
er to volume of tubing VL-a/Vt’ no

units.
R ta—Ratio of annulur volume of tub-

iné to volume of tubing Vt.a / Vt, no

units.

S5.G.—Static gradient of produced
fluid, psi/ft.
V _—Annular volume between dip

tucﬁae and chamber, bbls/1000’.
v M—Volume of dip tube, bbls/1000’.

VLa———Annulur volume between dip

tube and liner, bbls/100’.

Vf—Volume of tubing above chamber,

bbls/1000’.

V,, —Annulur volume between dip

tube and tubing, bbls/1000’.



