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INTRODUCTION

Most of the gas-lift research conducted in
the past decade has been directed toward con-
tinuous flow. The development of correlations to
predict the pressure traverse of a continuous
moving mixture of gas and liquids has received
considerable attention. The use of working
curves prepared from these correlations has
greatly simplified the design of continuous flow
gas lift installations.

Intermittent gas lift presents an entirely
different picture. Although there have been a
few significant publications presented, and the
mathematical solution to the problem seems to
be solved, a suitable liquid fallback correlation
for all pipe sizes is not yet available.

However, the design of good intermittent
installations is now possible, making use of the
research completed in this area and utilizing the
information gained from numerous field applica-
tions of intermittent gas lift.

The purpose of this paper is to present the
design of intermittent gas lift installations in a
simplified form making use of a series of charts
which eliminate many tedious calculations.

TYPKES OF INTERMITTENT GAS LIFT
INSTALLATIONS

There are several types of intermittent ges
lift installations that can bhe installed and they
are listed as follows:

(1) Open (Fig. 1): This installation represents
a straight tubing installation with no packer.
It is not recommended for an intermittent
installation, but may have to be run because of
necessity when it is forhidden to run a packer
because of well conditions such as corrosion,
sand, etc. This will result in a very inefficient
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installation when the gas is likely to blow
around the bottom of the tubing string.

(2) Semi-closed (Iig. 2): This represents a
straight tubing installation utilizing a packer but
no standing valve. It is recommended for wells
having a high bottomhole pressure and a low
productivity index. It is recommended that a
standing valve be left out when well conditions
such as sand, corrosion, etc. prohibit. This in-
stallation is suitable for high bottomhole pres-
sure, low PI wells.

(3) Closed (Fig. 3): This represents a straight
tubing installation incorporating hoth a packer
and a standing value. It is recommended for all
intermittent installations except those where a
chamber installation is applicable. It is suitable
for high bottomhole pressure, low PI; low BHP:
high PI: low BHP: low PI, and other well con-
ditions.

(4) Chamber Installation (Figs. 4 and 5): A
chamber installation is ideal for those wells hav-
ing a low bottomhole pressure and a high PI.
However, it may also be used successfully for
high BHP low PI wells. A chamber installation
represents a good method for producing maxi-
mum production from depths below 6000-10,000
ft. They have been known to produce in excess
of 400 BPD from helow 10,000 ft.

In general, there are three types of inter-
mittent gas lift well conditions that we are con-
cerned with: (1) A straight tubing installation
that will lift from the bottom of the well. (2} A
straight tubing installation that will lift from an
unknown depth. (3) A chamber installation.

Where possible, a packer and standing valve
should always be installed with an intermittent
gas lift installation.
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FIG. 1 STANDARD VALVE OPEN INSTALLATION

TYPES OF GAS LIFT VALVIS FOR

INTERMITTENT INSTALLATIONS
There are numerous types of gas lift valves
that may be used in an intermittent installation.

A brief description of each of these is given in
the following discussion.

BALANCED VALVE (FIG. 6)

This particular valve has the same opcning
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and closing pressure, hence the name balanced.
UNBALANCED PRESSURIS-OPIERATRD

VALVE (FIGS. 7a AND 7b)
This valve has a constant closing (dome
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pressure) pressure and a variable opening pres-
sure depending upon the tubing pressure. This
difference between opening and closing pressure
is known as the spread of the valve. The spread
on this valve is varied by changing the port size
and/or the bellows size. However, a 1-1/2 in.
0.D. valve normally uses a 0.77-in.2 bellows and
a l-in. 0.D. valve uses a 0.29-in.> bellows. Once
the bellows size and tubing pressure are fixed,
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the spread can only be varied by changing the
seat size.

PILOT VALVE (FIG. 8)

The purpose of a pilot valve is to give a
variable spread without changing the main port
size. Good intermittent lift installations require
a large port size. However, for a valve similar
to Fig. 7, the spread may be excessive. There-
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fore, a pilot valve is needed whereby the pilot
control valve size can be changed to vary the
spread and the main port size left alone. There
are numerous versions of this valve but all ac-
complish the same purpose.

FLUID OPERATED VALVE (FIG. 9)

This is a valve that is opened by a liquid
building-up in the tubing. Again, numerous ver-
sions of this valve are available and it may be
balanced or unbalanced. Figure 9 shows a sche-
matic of a fluid-operated valve. This valve has
been used extensively in dual installations.
Obviously, it cannot he used to deplete a low
hottomhole pressure well.

Combination Tubing Pressure Opened and Cas-
ing Pressure Closed Valve (Fig. 10)

Again, there are numerous combinations of
this valve, but most of them accomplish the same
purpose. This is a valve that reauires a set cas-
ing pressure to open the bellows section of the
valve and yet will not pass gas until a tubing
pressure build-up has opened the fluid pilot sec-
tion. Also, a casing pressure overbuild (pressure
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over and above the bellows section opening pres-
sure) can be tolerated without opening the fluid
pilot section. It essentially offers the safety fea-
ture of two valves in one, that is, a differential
valve and a pressure-operated valve.

TYPES OF SURFACE CONTROL

There are several types of surface controls
that may be used for injecting gas into an inter-
mittent lift installation. The type of surface con-
trol will vary depending upon the type of gas
lift valves installed in the well. However, the
type of gas lift valve does not always limit the
installation to one type of surface control.

100 Per Cent Surface Intermitter Control
(Fig. 11)

The most widely used method of surface
control is making use of an intermitter to inject
gas into the casing-tubing annular space. This
means that the surface gas injection system must
store the necessary volume of gas to supply the
well when the intermitter opens. This type of
control is a necessity for installations using un-
balanced valves. It offers the flexibility of easily
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changed cycle times and the amount of injected
gas per cycle.
100 Per Cent Choke Control (Fig. 12)

This type of control is one whereby all the
gas is injected through a choke at the surface.
This type of control is suitable for multiple lift
installations and for single string completions
where gas is available in a limited volume. This
requires a valve that is at least partially con-
trolled by a fluid feed-in into the tubing string.
In most cases it is used for a valve that incor-
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porates the correct amount of spread in order to
inject a volume of gas into the tubing which
will lift the tubing load. It is necessary to design
the installation such that the valve opens and
closes with enough difference in pressures to
supply the needed gas. For example, a valve
might open at 800 psi and close at 700 psi in a
1-1/2 in. x 2-in. annulus and allow 5000 scf of
gas to enter the tubing because of this drop in
pressure.

A modification of this type of control is to
utilize a-regulator in conjunction with a choke.
(Fig. 13) This eliminates the very tedious job of
having to select the exact choke size. For ex-
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ample, let us assume we have a valve opening at
800 psi and closing at 700 psi and a well that
should be cycled every 40 minutes. The selection
of a choke size to give us 100 psi build-up In
exactly 40 minutes generally requires a trial and
error procedure. A regulator can be placed in the
line such that the gas is shut off when the casing
pressure reaches 800 psi. This may occur in 15-30
minutes but need not occur at exactly 40 min. A
precaution here is that the choke should not be
too large. The casing pressure then remains at
800 psi until the gas lift valve opens.

COMBINATION SURFACE CHOKE AND
SURFACE INTERMITTER CONTROL

This type of control may be used where the
surface injection storage system is not capable
of supplying all the needed gas instantaneously
For example, we may need to have the casing to
huild to 800 psi and drop to 700 psi to supply
the needed gas. However, we may not want to
incorporate all this spread into the gas lift valve,
which may actually be unwise if we do not know
the exact well conditions. For example, we may
design the gas lift valve to open at 750 psi and
close at 700 psi. We can then allow a choke to
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feed gas into the casing until the pressure reaches
745 psi (just before opening the valve). The in-
termitter then opens on a by-pass arrangement
and allows the additional build-up to 800 psi.

This type of control is most commonly used
on dual installations where the choke is contin-
ually feeding a continuous flow string and the
intermitter opens to supply gas to an intermittent
string.

FACTORS NECESSARY FOR THE DKSIGN
OF AN INTERMITTENT GAS LIFT IN-
STALLATION

The following factors should be considered
in the design of an intermittent gas lift installa-
tion:

(1) Type of installation

(2) Type of gas lift valve

(3) Type of surface control

{4) Location of top valve depth

{5) Pressure available

(6) Gas volume required

(7) Unloading gradients

(8) Difference between valve opening pres-
sure and tubing load
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(9) Port size on gas lift valve
(10) Cvele frequency and pressure stahiliza-
tion time

CHARTS PRIKPARED TO SIMPLIFY THIL DI-
SIGN OF INTERMITTENT GAS LIFT TN-
STALLATIONS

In order to simplify the design of intermit-
tent gas lift installations, the following charts,
patterned after Brown and Thrash.! have heen
prepared and are given in their order of use
in design.

Weight of Gas Column (Chart No. 1)
This chart gives un easv means for determin-
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ing the pressure exerted by a column of gas if
the surface pressure is known. Also, the surface
pressure may bhe determined from any pressure
at depth. For normal wells it has been found
that the increase in temperature down the well
offsets the increase in density due to pressure
and therefore an average gradient in psi/1000 ft
work very well. For example, if the surface
pressure is 800 psi,Yg = (.65 and depth = 8000
19180001
-~ 1000
= 800 4 152 — 952 psig (See Chart No. 1). Since
this chart is based on an average temperature
of 100°F at the surface and 70°F -- 1.6° F/100 ft
at depth, it should he corrected for abnormal
temperatures such as the cool conditions that
exist in West Texas.

For example, if we have 75°F at the surface and
120°F at 8000 ft, we have an average of 97.5°F.
The average temperature upon which the chart
was based is

ft; then the gas pressure at 8000 -

8000
100 + [ 70 + 1.6 (lOOO J
= 149°F
2
The correction is then
149 + 460 _ 609
(152)(97.5 + 460) B (152)(557.5)

= 166 psig.

The pressure at 8000 ft is then 800 -4 166 = 966
psig instead of 952 psig.
Intermittent Gas Volume Requirements (Chart 2)

After the operating pressure at depth has
been determined (966 psig from Chart No. 1) the
gas volume required can be obtained from Chart
2. This value is found to he 6600 SCF cyvele for
2-in. tubing and 50 psig separator pressure. These
charts were prepared under the following as-
sumptions and average conditions: The gas
volume requirements were determined by calcu-
lating the number of SCE of gas necessary to
fill the tubing string less the remaining slug
length in the tubing as it reaches the surface
at the average pressure and temperature under-
neath the liquid slug from bottom to top.

The following constants were utilized:

(1) Surface temperature — 80°F

(2) Temperature gradient — 1.6°F 100 f1
(3) Gas specific gravity — 0.65

(4) Gas deviation was accounted for
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the tubing back pressure plus the hydro-
static head pressure of the remaining

slug.
(8) The difference between the tubing load
to be lifted and operating lift pressuve

is 200 psi.

The fall-back is assumed to be 7 per cent
per 1000 ft

The volume that the liquid fall-back in
the tuhing string occupies is neglected
and assumed to be occupied by gas.
The gas column weight in the tubing
string was accounted for in order to de-
termine the initial length of the liquid
slug.

(10)

(11

Annular Pressure Reduction (Chart 3)
Depending upon the tyvpe of valve heing
used, the next chart to use would be one giving
the necessary casing pressure drop to allow the
injection of 6600 SCF. As noted (Chart 3), the
ahscissa (horizontal) is plotted in SCF 1000 ft.
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Therefore, we must divide 6600 SCF total by
80001000 or —6—26;9—9 — 825 SCF/1000 ft. We now

refer to Chart 3 and note that an annular pres-
sure reduction of 120 psi is required to deliver
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FIGURE 13

6600 SCF for 2-in. tubing and 5-1/2 in. casing.
Although this chart is normally used with 100
per cent choke control at the surface, it is also
very useful for 100 per cent intermitter control.
For 100 per cent choke control it tells us that
the operating valve must have a spread of 120

SERPIES WITH CHOKE

REGULATOR 1IN

,E CONTROL LINE
PRODUCTION e
_REGULATOR
—
GAS IN
W WA‘
1=
— |—it-6As LIFT
= || vaLves

96

psi under load conditions; that is, with the tubing
load to be lifted.

However, for 100 per cent intermitter con-
trol, it also tells us how to set the surface clos-
ing pressure on the operating valve. For this
example the surface line pressure (operating
pressure) should be 120 psi greater than the sur-
face closing pressure on the operating valve. If
this is not true, then ample gas volume must be
necessary to supply the gas.

For 800 psi at the surface and 966 psi at
8000 ft, the closing pressure on the valve would
be 966 - 120 = 846 psi.

Value Selection Chart (Chart 4)

Once the total gas volume and annular
pressure reduction have been determined, a valve
control seat and/or main seat size must be se-
lected that will give the required pressure re-
duction under operating conditions. Depending
upon the type of valve and the type of surface
control, the valve may give 100 per cent of the
reduction, or a portion thereof. From Chart 4 a
1-1/2 in. main valve size and a difference of
300 psi between opening pressure at depth and
tubing load we note that a control

port with .40 in.? of area is needed to give just
exactly 120 psi reduction. Proceeding back to the
left to the first standard port size we encounter
a 11/16-in. and then a 9/16-in. control port size.
Since a 11/16-in. is normally not a standard
stock size we would select a 9/16-in. port if we
are using 100 per cent surface choke control. In
making this selection always select a port size
that is smaller than the needed indicated size
from Chart 4. The reason for this is that the
surface choke is continually passing gas during
that period when the gas lift valve is open. For
example, in an 8000 ft well the gas lift valve
will remain open approximately eight minutes
(time for slug to travel to the surface). Gas will
be entering the casing annular space during this
eight minutes and will be injected into the tubing
string, thereby using more gas than the casing
pressure drop alone would indicate.

Temperature Correction (Charts 5A and 5B)

Charts 5A and 5B give a ready means of
converting dome pressures at any temperature
to dome pressures at standard shop settings of
80°F or 60°F, and as charged with natural gas
or nitrogen.



v 4
VAl
-
i‘ i Y,
1N ) |
T v
\T
A
~ é Y.
Yy’ Al"’y i
320 7 N y,
¥ G (‘
, A
oy &AL u
4 N,
280 y
/ y,
v ' ‘
1T y J
y,
2
7
Y
L2
A 7 T
I ]
200~ : .
4 :
4 y 1
Y, 4
16
7
o4 y
p,
120-
. i
INTERMITTENT
ANNULAR PRESSURE REDUCTION
CASING SIZE 5 1/2— 1™
CHART 3
I i '[ -
( 800 1200 1600 2000 2400 2800

97



. (]
@ - [ T mM TTTTTTTITT T TTTTT I I N
(3 : \, 8 NN B
| N, [ 1] - HI
< I T - S < H
BN - “2rw | Ye [H
BN % N . zE L> z 8
SRSit- /N . N cz53 wl|o le
. < .QQQ - - ¥ B w “ al 3 u_-
- L+ (3] t ¢
- 3 N T H NG wwZzed S8~
v ] . Wwotrw uﬂ Z«|lak |H
as O L 1 IR REREN xTeEa NM~=uww|H
8, N SR i O3> Iraiax -
(] L/ - W = - ~ Xt
8 574 t—t++ 7 r 1o, & e A 3
(4 A _ B ot NId5We |» » 1.0
o T N B T L gakb= |» T
&) T T8 hus , ZZF |« i
Q&I . + YZTV b Aﬁ/ . % : x = (-] .
AT'QQI P 71Ty1 g 1 + 4+ M ”T
\VQ i~ ++++1 1 A -1+ 3 W
el N T
00% T Ml _QQVFI\ 1 EEERE 1 ; ] ).T“
N+ - -3 I
o T H NG T <
N~ - QA -1 N N
8.0 %TA T~ NC M“v
= o ~ ]
=i == = ~ Y
1 ~ o: < o
2 N uie
~ g .ll—-
AEas N o] <
~ A > -]
RL
® (-]
=~ (]
N ~ .
% ;
P
L 4
N \ n
N
N o 1]
N\ H-SH2
et aY e
|+ SIHONI — H3LINVIO LH¥O0d TONLINOD N lmn
s
(1'Sd) NOILONA3Y 3JHUNSS .
¢ e @ e o o ?
o
w o w N o ™ ¢ °
™~ - - - - -

98




o
ANAN | IRESEEREEDRRN
% . ESSNEENEESEEE) &
N Ny
’17“ . ’V ¥ N E .
ong Y B VI m = wr (=]
[ h, hNh ll! ™ - o w .b.
3 O (&) o
N N N N
' o i N CTNCTN ll// “ D ”
NN N,
*0 N N N, N [+ o % w
a N N ™ NN L O x “ -4 -
& | el
: N O N, N ™ ™ h A ™ c M M L2 l]GI
. M e T
' N N W a NG ™ ™ w C [ 4 - llSl o
> a w el Jlm
% . N N = a <frien
‘ﬂ PN N 1 N N N N T “ = T I.H(]
A A, h, [TY] Q. L
X RN > . NN M O - -t
N ™y D\ SN A, N, N, N w « w HAO!
3 RN R S RRASRANNIARNY . 2w [Heod
R Ny N o N V' e ) " O N M R B{ llrl'm
= ~ ~ Y SSNTS W O e
n e h N N N N N T w HHAI
’ h N N NN N N AN [ ]
(Y N N N -
L . NN R NN N N N RN Ml
.¢° .. NN N . ~ ™ N SH o o)
v NN N 11 3 B el @
Qw N N NN N (/2)B n
~ N ~ NN N Wi
by SNNANNN ANANN il
N . S N N ”1
..f_\\ ]
b Wi
r.\lv -3
S(o)mm Il! OH.lw
N (@)
NN
NN
NN
711
AL
I
) §
N AN Y
N OO
N N aN A
N L A\
NN N N
Il’ l’
A,
- - N
91Sd) 3HNLVH¥IdWIL ONILVHIHO 1V JHNSSINd 3NWO0(Q ! NN
ENNEEEENENEENEEEEEEE N NEEEENENTEEREDEEEEE! EEDEERDNEREENN 1l m
T T 14 Y
(]

700w
600
500
400
300
200

: ;
] ]
© o
g - g g 8




900

1100

nmorv Q, 9% @ D
r % <2 9
SRRSERRRRN A
11 w
HEH 2|
SERNE 1] NN
P T o Dw
- Hl= o o2 |11
BEEERAS RN o w Basst
i w o Sains
@ peags
S| i T < =~
—— o b -+ +€9D - 1
11T - . OOQuw o ]
: 1 o« o [T
L-FING 1 HEREE 4 W < O i Q.|
NN B Se
NN e Wi it~
—+ rﬁlﬁl. + U G m.— m T%THFV
B SR 7[ 1 e Q¥ 3 o |
Ny 1 71[ - 8 M m M (&) Ifou
w 1ot |
NON Tjw =+ o]
le IL P w IlTl
I!/ - N M A W Y -AIAJ
SONNS ot 2= LT
nlyJ ylf % rl_/ - (V4 IIET
N o e
” : R it
d N I.,II . u
- b Er
. 0 ] qu §
s A 1, B ]
i T 8
oY ]
vv.wq, NN T
0 N Q-
T [ N |
N N
N NN
N A
AN
N N
] i N ll'
P A
9 ONIIVHIJ0 1V JUNSSINd INO il

100




1700

100

. T ‘2
FHHT Wgenp
w ~ ° M %
Www ™
3 ¢ 3
o
0w .
o x O w z
b1 a 2 N Q
© 1 < s
- - t T ﬂx,ﬁ O J [
- Z <« « o
] m 0 FLer
T T 12 3
8 328 y " =2
O. . Ngugs o
- T TS
5 s
o r SEn ] 8
8 3 i ,_M&m./ )
— o 47 L B
j mwm_m/v‘ N
m . ANENE 14\“30047
i
HTT S Ot
T AW/4’
LO(O H
11111 sSattgdian
I*v! ‘ + 1
: R
° _ me A,O__,wlw JHNSS3IUd ONISNL:
1_ v
3

700~y

80



.

mm g llm_..“qvm__q__._______4xl

.mN o ¥ s
o= W —ea <0 1]
oty L-Esve |9
-llv mR w ) " T @ 4

% 1 5" 1

19 “ « 1

[ T . S5 > a I3
g If 2 a -
ot o S © 1

| w 4+
- e x © w <

rZ a M N =N

i ) 4]

I o J - n
o & 24« & =« |4
o1 m “ <8l T
- g > i

1
8
&
11 @J i
3:4\ fﬁ...ﬂ/
-l .Wm../vﬂo
NI xm 4&%\
amns
7N
L ak
Lrteed
st
PN
bk
]
g (91Sd) IUNSSINd BNIENL

100

200

300-4

102




1700

|

900

1
i -
3 - N
= . wSweye
o IR 1 F"W”M
o] i m s -
g at ww "™
w 3
4 - o > S
: (7]
- 28 x
5 w W =
— x O w =
a Z N ©
« [}
44 ™ 2 &
Sx8 T ® £0."
- - B -
] s UN < O -
4 — TU
w ] ||
]
b A
\O
w2

-

700

[\

500

]

+—+

300

200

400

300

103




A
.

T T T T

1700

— — ——
EuEn. L BEBYNES T T N I ] AN 4 ]
\ll{% 4 } + + ¢ } S 41 T ] 4
Ot Ct FEET T i il { o N :

t + t— + + 4 1 +-t 1+ 1
- 1 - + 1 + ~
<4 ; W > o oo 2 ]
W1 - L 1 SEER 1w ZXgo® 1
'« T I 1 U G U I O U W bt A T T w - - ” g
W ~ RUEE T SRR NNRN NN T aul &™) —W. ~ S 1
w.-—m- . ‘ 4 4 4 ' L 1 B D w J ]
- B - - ! - L4l L
Dt I : b H H ! 44 - o w
B L P R b e e , 3 3
- T
(O RS o 11 7 o
. S Ll 4 + +
L HEH AT w W °

o Rl — +t++—+4+4 + t -+ + L c [4+]

o - " L 1 R N w =

o108 ] " TS T ] RN NN N o

- F LT % t - - RS (0 0 S A O L [ g Py
G ’_w!wiT,rv I SR + . £ m 4 1 +- - + 4 + G L
Z i SEEEannes 1 SenRaEdaa IREEA0: Hz & & «

T+ i T —— SRR = LT 11 =il = 0 :
Z T ! Bane SEEEEY TN I - Tl 2 €€ « L
E -4+ 1 t- b [ h T~ I

g [T LT e s

-lluo F B e L Hr prane } L B N .

- T U e 5 “ [ - 1 B ITTIITSS ~= R D RN
1 = R 1 444 ™ Lt ERREEEN —— Ll -

N fronsy
L L r - e 1‘1”1 L = | <
& == ™ T i s = =
— | BN . - —

o fomey Pt L LT TT L o b~y -

o b~ T - - — -

~ — —

(I =< T %l - L f — ] Iwnllll u o /@J

o o T s I AT“ B -~ L i = f@!w 1
- = a e e AJ&“\
Py | _ | | v
t T T IpEE T — -~ mm/.
- -

o ] el LT RN = CT P et @AFA\

o == - = - ey = Ll@m\

N - L — > (®)

1 = r N" e ¢ 4 —4-
Sy -
B — ) T — B e — [’ P\
== = == Bz ard-Ch
SRasRat = T e
o - — SERSERENE! 4
Penay
g T Eamn=SSRIRAE LN
ey I - [ 1l b - I~
s _— rrrirt =g oM
| - - I M =, 4+ +4+4 -+ < o SO G A R
o T L1 — — .
Bigne==SNungyRERaNSERA ey fasusnnansnieadsnns R NS REn g -
s T B! . - 414 -
o bLid SasSNeang! i 1,(91Sd) 3¥NSS3IUd ONIBNL g
m T | | wkr» " F\d—wL 1l 11 1 | ) T N

100
20
300
400
500

o
800 |
900
1000




.56 _ :
32 + ) T
I 0 e
A8 ! I
Al 1
, “
A0
g ——+
32 -
o “
1Y i -,
.28 - ISSERERES VAL
S8 1 § 8
24 ~
A H
.20 ¢ . l_ﬂ
1 T
IRy 4 |1ﬁ; T
B T
Jé 1221 . kf w, 1 _
AT sl s T
a2 4 AT aas 1 T 1
-1 g e 1 BEERE BB RS b+ - RERTHEHS R
197 el 4 % 117 T+
o A ST 1T UNLOADING GRADIENTS . :
i fPZadfinant s FOR g
.7\%1,4 1 w | w MHHJA ,‘vv‘xf#lﬁ S %ﬂ!%; %u. LT%WLﬂwruﬂ‘(xuﬂﬂﬁuvw*“y ) <>_.l<m wv>o_za o>—locr>n—-_°zm ]
04 Jl.» HL‘ JM““ HEE. ‘h _,_*,14" #L T CHART 7 A J
NSNS EE SNeRN Ldsten L “._f%%\vi S— :
oo SIGN|RATE ~rEBLADAY| | 0
o 100 400 500 700 800

105



32 - T3 IBENE A o
+1 BN R e-34-4-44
44 4l bid b 4 b4
- 14 -t 1+ i i.- 4 B
i e Lk | H i
28 T ! ISR A URENE BEESE BRI -
+ 1 [ M -+ ﬁ 4 L.,«- -t 17 -4 .
-+ : e f o b et bt :
204 IESERaEdEaEsatERttats. &=
- H:r - gt - 113 ;
+ — -4 [ER S SR S o e T ¢ +— i = B 444 +
' N E RS PR . . 4+t T
vt EEE N TR e — 4 b e e 4o 4
22 oo BEEEN BN 1 T :
. it 3 o 1. 3
H F 4444 | :
M } i 3 |
H m%. + ‘. , w 1 1 m L
.3 i + i T MA_ <
S+t SR N 1437
18 u L SNERERE i ;
. “ N v
R : : +
= S
d - A“ il ﬁ )
. ° 4 @ii.q 3 g &\m‘«*
: i 2!
4 -4 4 I
PR S m . !
e’ +- t 3 MRS nOD
: 1 i j ] —
12 -
.12 T 1
bt -+ 1 i -3 4 <
44+ 4+ 444 +4 3444 “ + 4
.10 T 1 T
—+ 43 - - -4-4-4 444
v 4 4 = -+ 4 +-44—
. 4+ H4-1-+ ,ﬂ i -
os S T e ud JEREA! jagepas
- - B R s e
= - -4 4 S t -4 +—4--
s 117 T m &.Av . ad4b S+ + 4
os +H UNLOADING GRADIENTS H
]
* T _ FOR ]
-~ + L
4 111 VALVE SPACING CALCULATIONS |
.02 _ CHART 78 u
- — P—— ]
00 _ inaudlIREE] RS ennn: .
[ ] . - i v v | v
¢ 400 1200 1600 3200




For example, if the valve openihg pressure
at 8000 psig and 120°F is 966 psig, and the clos-
ing pressure is 846 psig, we may go to Chart 5A
and find the dome pressure at 80°F to be 770
psig, or, from Chart 5B, the dome pressure at
60°F' (charged with nitrogen) is 750 psig.

As noted, these charts may be used for de-
termining the dome pressure at any temperature
provided the dome pressure is known at a known
temperature. These charts may be used for tem-
perature corrections of any closed container and
‘therefore are not restricted to gas lift valves.

Tubing Pressure Effect (Charts 6, 6b, 6¢, 6d)

Charts 6 and 6b-d give a means for determin-
ing the opening pressure of the gas lift valve
under any tubing load. In addition, the valve
opening pressure (stamped pressure on the valve
at shop setting temperature) can be found at
zero tubing pressure.

For example, the 9/16 ported valve (Fig. 5)
was found to have a dome pressure of 766 psig
at 80°F. This is also the closing pressure of the
valve. The opening pressure of this valve at
80°F and zero tubing pressure is found to be
1135 psig, which is also the stamped pressure on
the gas lift valve.

The opening pressure of this valve-at depth
can also be determined for varying tubing loads.
For example, this valve was found to have a
dome pressure (closing pressure) of 846 psig at
8000 ft and 120°F. From Chart 6 its opening
pressure with a tubing load of 600 psig is found
to be 960 psig, which gives it a spread of 960-846
= 114 psi.

Charts of this type are used to determine
opening pressures under possible operating con-
ditions. For example, a good design check is to
make certain that the operating valve can be
opened under a light tubing load. In checking
this same valve for a 200 psig tubing load, we
find that a casing pressure of 1155 psig at the
valve is needed which in turn requires a surface
opening pressure of 975 psig as determined from
Chart No. 1.

Spacing Charts

Charts 7TA and 7B are used for obtaining
spacing gradients to determine the distance be-
tween gas lift valves in the design of an installa-
tion. These charts were prepared from the min-
imum gradient that is possible to obtain by con-
tinuous flow for the various flow rates. It is
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recommended that a minimum spacing gradient
of .04 psi/ft be used for all tubing sizes. These
charts are not to be confused with flowing grad-
ient charts and should be used in spacing valves
only.

By way of example, the spacing gradient for
a 200 BPD rate and 2-in. tubing is .064 psi/ft.
(See Chart 7B).

DESIGN EXAMPLES

One set of well conditions will be given and
an intermittent installation utilizing different
types of surface control will be designed.

Given:

Well depth 8000 ft.

Casing size —51/2” — 17 1lb/ft

Tubing size — 2-3/8” 0.D. EUE

Separator Pressure — 50 psig

Kick-off pressure — 900 psig

Operating pressure — 800 psig

Gas Specific gravity — 0.65

Formation temperature — 120°F.

Surface temperature — 75°F.

Bottom-hole pressure — Low

Desired rate — 100 B/D — 35°API oil

Water production — zero

Productivity index — unknown

Well is to be loaded to the surface with
deal oil (35°API) for purpose of pull-
ing tubing.

This example uses the same values as found
under the previous explanation of Charts 1, 2,
3, 4,5, 6, and 7.

For simplification, a series of steps such as
spacing procedures, etc. will be eliminated in this
design procedure. For example, steps 1, 2, and 3
are presented graphically as noted on the figures,
entitled step 1, step 2, and step 3. Detailed ex-
planations are on the charts themselves.

EXAMPLE 1

Design of Installation for
100 Per Cent Intermitter Control

Step 1 — See chart labeled Step 1

Step 2 — See chart labeled Step 2
Step 3 — See chart labeled Step 3
Step 4 — Selection of Control Port Size

Since this is to be a 100 per cent intermitter
control, select a control port with minimum
spread characteristics. In this case, where a 1-1/2-
in. 0.D. bellows valve will be utilized, use a
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3 8-in. control port where
—= 0.86.

Step 5 — Determining PD 60°
From Step 2, we know that for a 700 psig

=P

surface closing pressure Py 500 \Y

Cat depth
— 846 psig.

Using Chart 5b, we find that PD 60° = 750 psi.

Step 6 — Determining PT

RO

Using Chart 6B, we find that PTRO at 60°

for the bottom valve (8000 ft) will be 870 psig.
Step 7 — Determine if the bottom valve can be
opened with, say a 200 psig tubing load. Again,
using Chart 6A, we find that this valve can be
opened with a 200 psig tubing load and 950 psig
casing pressure at 8000 ft.

Step 8 — Tabulation of valves

=] — o] o o
VALVE NO. CONTROL PORT LIFT PORT DEPTH T F PSC PVC—PD@T £ PD@6O PTRO@6O
| 3/8" 3/4" 2300 ft 92° 750 791 755 870
2 3/8" 3/4" 4000 ft+ 100° 740 810 745 870
3 3/8" 3/4" 5600 ft+ 108° 730 825 750 870
4 3/8" 3/4" 7100 £t 116° 720 840 750 870
5 3/8" 3/4" 8000 ft 120° 700 846 750 870

EXAMPLE 2

Design of Installation for
100 Per Cent Surface Choke Control

Utilizing information ohtained from Steps 1.
2, and 3 of the 100 per cent intermitter control
example, we can determine the correct contro!
port and the test rack opening pressure of the
valves at 60°F.
Step 4 — Determining the Control Port Size

From Chart 4, we find that to lift a load with
a differential of 300 psi, a port with an AV/A'b

value of 0.40 should be used. Since gas is enter-
ing the casing at the surface during the time
the valve is open, a control port with a smaller
Av/Ab value should be used. In this case, we

would select a 9 16-in. control port which has

an AV/A'b value of 0.324 and with a 300 psi dif-

ferential allows a spread of 97 psi.

at 60°

Step 5 — Determine the PD

Since the closing pressure of the valve at
8000 ft should he 846 psi, select from Chart 5b
the dome pressure at GO°F.

Using this chart. we find that PD at 60°F

= 750 psig.
Step 6 -—— Determine the PTRO at 60°F

Using Chart 6, we find that the test rack
opening pressure will be 1100 psi.

CALCULATED
VALVE NO. CONTROL POR ° = ° ° °
T LIFT PORT DEPTH,FT T F PSC Puc PD@T F PD@6O PTRO @ 60

| g/16" 3/4" 2300 92 700 740 710 1060

2 9/16" 3/4" 4000 00 700 770 720 1070

3 9/16" 3/4" 5600 108 700 802 730 1080

4 9/ 16" 3/4" 7100 16 700 830 740 1090

5 9/ 16" 3/4" 8000 120 700 846 750 1100

111



EXAMPLE 3 Step 5 — Determine P @ 60°

Design for Installation for
Combination Surface Choke and Surface
Intermitter Control Chart 5b, we find the PD @ 60° to be 750
From Steps 1, 2, and 3 of the 100 per cent psig.
surface intermitter control example, we know

that a 120 psi drop in casing pressure is required. Step 6 — Determine the P & 60°
Step 4 -— Select a Control Port Size TRO @

With a closing pressure of 846 psi, using

Using Chart 4, we find that using a 300 psi .
differential, a 7/16-in. control port would give a Utilizing Chart 6c, we find the test rack

spread of 58 psig and a 1/2-in. port a spread of ~ OPening pressure to be 930 psig.
74 psig. Since the 7./16-in. port will supply ap-
proximately one-half of the required spread use

) . Step 7 — T i
this as you control port sizes. P abulation of Values

VALVE NO. CONTROL PORT LIFT PORT DEPTH T° P P =p_@T° P @60° P @60°
F sC uc D F D tro
l 7/16" 3/4" 2300f+ 92° 700 740 710 890
2 7/16" 3/4" 4000 100° 700 770 720 900
3 7/16" 3/4" 5600 108° 700 802 730 910
4 7/16" 3/4" 7100 116° 700 830 740 920
5 7/16" 3/4" 8000 [20° 700 840 750 930
REFERENCES to Gas Lift Design and Control,” Otis Kngi-
1. Brown, K. E., and Thrash, P. J., “Guidelines neering Corporation 1966, Dallas, Texas
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