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INTRODUCTION 

Considerable emphasis has been placed on the 
diversification of petr0k.m engineerS in oil 
companies. As a result, much of the detailed 
repetitive hand calculations must be done utiliz- 
ing high speed computers. In line with this, two 
computer programs have been developed dur- 
ing the past two years which facilitate the rapid 
calculation of gas lift installation designs. One 
program performs the detailed calculations neces- 
sary for continuous flow gas lift installations 
while the second designs intermittent lift instal- 
lations. These programs are capable of calculat- 
ing installations for a single well or entire field 
studies for which the data received varies from 
well to well. The programs are used to investi- 
gate a number of the varying parameters ‘for the 
same well which influence the resulting gas lift 
installation. These parameters include injection 
gas pressure, wellhead pressure, P.J., etc. The re- 
sults obtained from the computer calculations are 
extremely accurate, and unlimited versatility is 
provided for changes in data The final designs 
which have been run have performed according 
to calculation. 

APPLICATIONS 

The primary application of the computer pru- 

grams is the design of a gas lift installation for a 

single well based on the data given. An instal- 

lation can be obtained for either continuous flow 

or intermittent lift which locates the valve depths 

and lists the respective valve opening pressures 

in a tester opposite the valve depths. If the well 
contains previously installed retrievable valve 
mandrels; the resultant installation design will 
note which mandrels should be used, and the 
valve opening pressure in a tester at the respec- 
tive mandrel depth. 

The more complete the data is, the more sophis- 
ticated the resulting design becomes. When the 
well data is limited, the more generalized the fi- 

nal design becomes. In either case, the same de- 
tailed design procedures are employed, and the 
resultant installation is reliable barring a data er- 
ror. When very little data is known for a particu- 
lar gas lift candidate, the pertinent parameters to 
the design, such as flowing wellhead tubing pres- 
sure, productivity index, static bottom hole pres- 
ure, water-oil ratio, bottom hole temperature, 
flowing wellhead temperature, etc., can be in- 
vestigated in the same computer run. Then, the 
most appropriate design can be selected. 

Another application of the computer programs 
is their use in field studies. Many gas lift installa- 
tions may be designed for any number of wells. 
Installations may be designed using the high 
speed digital computer for 50 or 100 wells just as 
quickly as for one well. In the design of a closed 
rotative gas lift system, the appropriate injection 
gas pressure and flowing wellhead tubing pres- 
sure can be determined for the given well condi- 
tions. This is done by assuming various injection 
and wellhead tubing pressures, and determining 
which combination provides the greatest efficien- 
cy for the system. From these results, the suction 
and discharge pressures of the compressor can be 
determined. 

The computer programs may be used in an op 

timization study for the improvement of a pre- 

sently installed gas lift system. Gas volume and 

pressure, number of valves, maximum valve 

depth, etc., can be determined for the evaluation 

of changes in reservoir conditions, producing 

rates, conduit sizes, etc. These programs have 
been used a6 a research tool in the determination 
of valve spacing charts. As many as 500 different 
installation designs for a given set of field condi- 
tions may be obtained which allow a graphical re- 
presentation of the appropriate valve depths and 
port sizes. An operator can have on file typical 
installation designs for an entire field. Therefore, 
whenever a well in that field is considered for gas 
lift, the operator selects the appropriate design 
from his files. 
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While these programs are reaaily adaptable for 
conventional gas lift designs, they may also be 
used for the calculation of installations for an- 
nular flow as well as gas lift up small tubing. For 
casing flow, an equivalent tubing diameter is se- 
lected whose area is approximately 60 to ‘70 per 
cent of the actual annular area. The appropriate 
gradient curves are calculated by the computei 
for this equivalent tubing diameter in the design 
of the installation. For continuous flow up Small 
conduits, the average unloading flowing gra- 
dients are selected and used as data since a corre- 
lation for small tubes is not available at this time. 
Actual emperical flowing gradients are puh- 
lished which permit the design of continuous 
flow up small diameter tubing.’ The same instal- 
lation design procedures are applied for both cas- 
es. These programs may be used for the design of 
dual completion gas lift installations with a com- 
mon injection source. In this case, it is desirable 
to obtain complete data for both zones, since the 
operation of one zone depends on that of the 
other. 

A composite installation may be designed in or- 
.der that continuous flow be used while lifting 
from the upper valves in the string and intermit- 
tent lift employed below. For this type of design, 
it is necessary to use both programs and combine 
the results. 

CGNTINUOUS FLOW INSTALLATION 
COMPUTER DESIGN 

The continuous flow computer program de- 
signs an installation utilizing casing pressure op- 
erated valves. It contains two basic sections, The 
first section designs a complete installation in- 
cluding the determination of gas lift valve depths 
and valve opening pressures in a tester. The 
second section designs an installation for a well 
in which retrievable valve mandrels have pre- 
viously been installed. The program follows the 
graphical procedure for the design of continuous 
flow gas lift installations presented in the Cameo 
Gas Lift Manual.’ with two exceptions. The mi- 
nimum reopening casing pressure is based on a 
maximum tubing pressure at valve depth which 
is determined graphically by drawing a straight 
line from the flowing wellhead tubing pressure at 
zero depth to the flowing tubing pressure at the 
next lower valve depth when this valve is un- 
covered. In the manual, this value is determined 
using flowing gradient curves. The second excep- 
tion concerns the determination of the injection 
gas pressure at depth. The program uses a de- 
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creasing gradient with lower surface pressures 
while the manual utilizes the same gradient for 
all surface pressures. The difference in the two 
designs results in the computer calculations be ’ 
ing on the safe side. 

There are basically two types of continuous 
flow installations: (11 The point of gas injection . 
known and not changing, and (2) The point of 
gas injection unknown and./or changing. In 
terms of data required, these types can be divided 
as follows: (1 1 Productivity index and static bot- 
tom hole pressure given, and (2) Productivity in- 
dex not given. Continuous flow installation de- ’ 
signs can be further subdivided dependent upon: 
(1) 1,imited or unlimited injection gas volume a- 
\Tailable for unloading; (2) Kickoff and operating 
injection gas pressures the same or different, and 
a;ly combination of the abo\.e. Although the stat- 
ic bottom hole pressure may be known, the point 
of gas injection cannot be determined if the P.I. 
is unknown. W’hen the point of gas injection can- 
not he determined, the installation must be de- 
signed to permit obtaining the desired producing 
rate from any valve in the string. It either the 
static bottom hole pressure or P. I. is known, but 
either change, the point of gas injection will also 
change and the installation should be designed 
as though the P.I. were unknown. If the P.I. is 
given and the kickoff pressure exceeds the opera- 
ting pressure, the kickoff pressure will be used 
to calculate the unloading valve depths and valve 
opening pressures for all valves above the depth 
at which the desired drawdown could occur for 
either unloading or operating conditions. Below 
this depth, the operating pressure is used. If the 
P.I. is unknown, the kickoff pressure is used to 
calculate the top valve depth only. The depths of 
the remaining valves and opening pressures for 
all valves are based on the given operating injec- 
tion gas pressure. 

The calculations are discontinued by the com- 

puter when the distance between valves is less 

than 100 ft or a valve depth equals the total tub- 

ing length. When the P.I. is given, the calcula- 
tions will terminate before these two stops, if the 
maximum depth of lift required to unload and 
produce the desired producing rate is reached 
first. If retrievable valve mandrels have pre- 
viously been installed, the calculations will ter- 
minate at the bottom mandrel depth or when the 
flowing tubing pressure at mandrel depth is 
greater than the available casing pressure at that 
depth. 
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well Data 

Fig. 1 is a sample of the data sheet for COntinU- 

Ous flow computer design calculations. Although 
the data sheet contains 37 items, Only items num- 

hered 5, G, 7, 15, 22, 23, 24, 26, 28, 29, 31, 33 and 
34 are actually well data. The remaining items 
on the data sheet are used for identification and 
control purposes. Instructions for correctly com- 
pleting these data sheets are detailed in previous- 
ly published literature.* 

It is apparent from the well data sheet that 
numerous items can be varied and their effect in- 
vestigated; such as, wellhead pressure, injection 
pressure. P.I., tubing size, etc. There are installa- 
tions for which much of the data must be as- 
sumed, and it is desirable to design the installa- 
tion conservatively to assure unloading. Some of 
the control data which can be varied to incorpor- 
ate significant safet.v factors in the design are 
“Additional Drop in Casing Pressure Between 
Valves”, Difference Between Casing and Tubing 
Pressures at Valve Depth During Unloading”, 
“Operating Injection Gas Pressure at Surface and 
at HTD”, and “Flowing Wellhead Tubing Tem- 
perature”. 

If measured unloading gradients for a particu- 
lar field vary considerably from gradients based 
on the Poettmann and Carpenter Correlation,3 
the actual average unloading gradient above the 
point of gas injection can be included as data 
(Item No. 37), and the installation will be de- 
signed accordingly. This feature is particularly 
applicable in the design of the continuous flow 
installations with small tubing. 

Any static load fluid gradient can be used in 
the calculation of an installation. The top valve 
depth is calculated by the computer based on this 
gradient. This calculated top valve depth is com- 
pared to the static fluid level and the top valve 
is located at the greater depth. The static gra- 
dient is used also to calculate all additional valve 
depths which are located above the point at 
which drawdown in bottom hole pressure first 
occurs. For some installations, the separator and 
flowing wellhead tubing pressures are signifi- 
cantly different. Since the well is U-tubed into 
the separator during initial unloading, the top 
\ralve depth can be calculated based on separator 
pressure. This depth can be used as the static 

fluid level on the data sheet, and the computer 

program will locate the top valve at this depth. 

With the exception bf the top valve depth, calcu- 

lated valve depths below the point at which 

drawdown first occurs are based on the average 

,u,nloading gradient for the traverse below the 

point of gas injection. If this value is unknown 

169 



and not given, it is calculated by the computer 
based on the static load fluid gradient, tubing 
size, desired producing rate and zero gas liquid 
ratio. 

l’rinted Results 

The printout for the continuous flow computer 
program calculations contains two pages for each 
design in\.estig:nted. The first page includes all oi’ 
the well data used as input for the computations 
and a tabulation of the proposed installation (See! 
Fig. 2). The second page includes a tabulation of: 
all intermediate calculated results pertinent to’, 
the design lvhich allows a complete check of 
these calculations by hand. The nomenclature for 
the s~~mbols used in the second page of the print- : 
out (See Fig. 3) is included in the Appendix. 

While the final tabulation of the recommend- ;, 
cd installation is necessary, other valuable infor- i 
mation rn;t.~ appear on the first page of the print- j 
out. When the P.I. is gi\,en, the program will : 
make such checks as whether the well will pro- i 
duce at the desired producing rate by natural ; 
flow after unloading and whether the desired : 

producing rate can be obtained based on the da- ! 
ta given. These checks are made prior to calcu- ‘: 
lating \*alve depths. If the well is capable of flow- ! 
ing the desired rate, a printout, “WELL WILL I 
FLOW AFTER liNLOADING” will appear a- ; 
bo\ve the tabulation. A printout of “DESIRED ’ 
PROD17C1NG RATE CANNOT BE OBTAINED 
BASED ON DATA GIVEN” will appear when 
the second check relreals this condition. When 
the latter appears, a producing rate which is pos- 
sible is calculated and a design will follow for 
that rate. The printout reads: “CHANGE PRO- 
DUCTION RATE TO ~ BLPD AND RECOM- 

FIGURE 3 

THE FOLLOYING RESULTS WERE CITAINEO USING THE CAMCO CONTINUCUS FLOY C&S LIFT PROGRAM 
FOR 1HE CICllAL COCPUTER 

PROD. EX. NO. I SA*E KICKOfF AND PRESS. GIVEN hOT 

HOW 2569.56 - 636.1 HNPl - 2013.24 GlAtP 0.4136 PKOCl - - 2.oc occNP - C49.06 
NO. KINPT PLWF BLPC IGLK l AXPT PCAS 1V IOPOKT PIT RECPL KEOPS 1VALVE PVC L L kEX1 

1 224. 25c9. 163. 366. 4C6. 661. 98. 4fl6 636. 654. 631. 90. 632. 1115. 2C33. 

2 314. 2193. 615. 528. 451. 661. 111. 4/16 643. 654. 625. Ill. 622. 2C33. 2693. 
3 363. 1950. 13c1. 661. 539. 663. 120. 4/16 b44. 652. 614. IZC. Cll. 2693. 3193. 

HOVN - 4654.11 POVN - 610.9 hNMl - 4654.11 CIACP - - 0.4136 CROCI 
NO. NINPT PEHF 6LPO IGLK PAZPT PCAS TV IOPOAT Pell KEOPL 

1 224. 25C9. ace. 366. 4Cb. 661. 4116 636. 654. 

2 314. 2193. ace. 526. 491. 661. 1::: 4116 643. 654. 
3 363. 1950. act. 661. 539. 663. 120. 4/16 664. 652. 
4 436. 1166. @CO. 112. 560. 659. 126. 4/16 644. t50. 

5 416. 1621. 8CO. 651. 512. 655. 134. 4/ 16 643. 648. 

6 505. 1523. WC. 919. 519. 652. 136. 4116 642. 641. 
1 521. 1446. 800. 996. 563. 650. 141. 4116 642. 646. 

8 544. 1366. ace. lC54. 586. 646. 143. 4116 641. 645. 
9 556. 1345. 8CO. 1091. 5C6. 646. 145. 4/16 640. 644. 

VALVE OEPTH CALCULATION TEKKINATEO. NtXI VALVE Al 4422. FEET, 
LESS THAN 100 FEET CELOb 9Tli VALVE. 

MAXIWM UNLOACINC PIOOUCING RATE . 6OC. BLPO AT 4335 FEET. 

C. CCCPP - e49.01 

KEOPS 1VALVE PVC L 
631. 90. 632. 1115. 
625. 111. 622. 2C33. 

614. I2C. 611. 2693. 

606. 128. 602. 3193. 
599.. 134. 595. 3565. 

s95. 136. 59c. 3851. 

591. 141. 586. 4061. 
516. 143. 583. 421e. 

586. 145. 56C. 4335. 

L NEXT 
2C33. 

2693. 

3193. 

3569. 

3851. 
4061. 
4219. 
4335. 

4422. 
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PI JTE”. However, no installation is calculated 
when a theoretical maximum producing rate of 
less than 200 BLPD is possible. Then the compu- 
ter prints: “MAXIMUM OBTAINABLE PRO- 
DUCING RATE IS LESS THAN 200 BLPD, 
CALCULATIONS TERMINATED”. 

When the valve depth calculations are termi- 
nated because the next valve is less than 100 ft 
below the previous valve depth, printout reads: 
ISVALVE DEPTH CALCULATIONS TERMINA- 
TED. NEXT VALVE AT ---- FEET, LESS 
THAN I00 FEET BELOW ~--- . . VALVE”. 

When the productivity index is given, the 
depth to the point of gas injection and the injec- 
tion gas requirement are printed in the follow- 
ing manner: “POINT OF GAS INJECTION IS 
AT VALVE NO. ~ AT A DEPTH OF __-_ 

FEET. INJECTION GLR IS ___ CU.FT. /BBL., 

INJECTION GAS REQUIREMENT IS .-__ MC- 
FD” (See Fig. 2). 

When an item of data is changed for the same 
installation design (Items No. 21 through 371, the 
resulting printout contains the following head- 
ing: “NEW DATA FOR THIS PROBLEM”. This 
is followed by a print of the item or items of data 
which has or have been changed and the tabula: 
ted results as in Fig. 2. 

The maximum unloading producing rate from 
the bottom valve may be shown as follows: 
“MAXIMUM UNLOADING PRODUCING RATE 
=-BLPDAT- FEET”. If the unloading 
producing rate is negative, the computer will 
print: “NO DRAWDOWN IN BHP IS POSSIBLE 
FOR UNLOADING CONDITIONS WITH THIS 
INSTALLATION”. When the P.I. is unknown 
and the static bottom hole pressure is given, the 
latter printout may appear if no drawdown is 
possible based on this static bottom hole pres- 
sure. 

The computer calculates a producing rate from 
the bottom valve based on the formation gas 
liquid ratio when the P.I. is given and the in- 
stallation design is terminated due to a distance 
between valves of less than 100 ft. If the desired 
rate cannot be obtained, the computer prints: 
“FOR THE OPERATING CONDITIONS THE 
>IAXIMUM PRODUCING RATE FROM THE 
BOTTOM VALVE IS ~. _... BLPD”. If the de- 
sired rate may be obtained from the bottom valve 
depth, the following printout appears: “FOR 
THE OPERATING CONDITIONS THE PRO- 
DIJCING RATE _.___ BLPD CAN BE OBTAIN- 
ED”. 

Limits On Continuous Flow Program 

No continuous flow installation will be de- 
signed for a producing rate less than 200 BLPD 
except for wells where Item No. 37 of the data 
sheet is greater than zero. When the P.I. is given, 
the computer calculates a minimum flowing 
bottom hole pressure based on the given flowing 
w~ellhead tubing pressure, total tubing length 
and an arbitrarily selected flowing gradient 
based on the tubing I.D. These gradients are 0.13 
psi ‘ft for 1.995 in., 0.10 psi/ft for 2.441 in., 0.08 
psi ‘ft for 2.441 in., and 0.04 psi/ft for an I.D. of 
4.0 in. or greater. If 200 BLPD or greater can 
be obtained. a second check is made based on 
operating conditions. The operating conditions 
are based on the obtainable producing rate from 
the first check, if this value is less than the 
desired producing rate. Otherwise, the opera- 
ting conditions are based on the calculated flow- 
ing bottom hole pressure for the desired produc- 
ing rate, traverse below the point of gas injection 
for the produced formation fluid, the traverse 
above the point of gas injection (including for- 
mation and maximum injection gas liquid ratio) 
and the operating injection gas pressure. If this 
check reveals that less than 200 BLPD can be 
obtained, the calculations will terminate. The 
reason for this termination is due to the limita- 
tions of the flowing gradient correlation used 
in the program.3 

No gas liquid ratio greater than 3000 cu ft., 
bbl can be used in this program. The maximum 
a\,ailable injection gas volume which can be used 
as input is 9999999 cu ft /day. No tubing inside 
diameter less than 1.610 in. should be used in 
this program unless the value of Item No. 37 
on the data sheet is given greater than zero. 
Again, this is due to the limitations of the flow- 
ing gradient correlation used in the program. 

Only one valve type can be used for an in- 
stallation design. If two types of valves are to 
be run in the same tubing string, two different 
designs should be calculated and the final de- 
sign selected by combining the two. 

INTERMITTENT GAS LIFT INSTALLATION 
COM PITTER DESIGN 

The intermittent lift computer program uti- 

lizes a design procedure whereby the calculated 

distance between \Talves is based on the closing 

pressure of the valve above at depth, inter- 

mittent spacing factor, static load fluid gradlent, 
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minimum wellhead tubing pressure between in- 
jections and the depth to the valve above. This 
procedure is outlined in detail in Cameo’s Gas 
Lift Manua1.l The vaive opening pressures in 
a tester are calculated based on the input Av/Ab 
ratio of the valve se&ted, valve closing pressure 
at depth and the valve temperature. 

Similar to the continuous flow computer de- 
sign, an intermittent installation can be calcula- 
ted for a well with or without previously installed 
retrievable valve mandrels. An installation 
may be calculated using the detail design tech- 
nique whether the productivity index and static 
bottom hole pressure of the well are known or 
not. 

In addition to the recommended final design 
which includes valve number, valve depth and 
valve opening pressure in a tester, the printout 
includes the approximate cycle frequency and in- 
jection gas requirement necessary to make the 
desired producing rate from each valve in the 
string. The injection requirement at each valve 
is based on the volume of gas required to fill the 
tubing under the liquid slug each cycle and the 
approximate cycle frequency. The design calcu- 
lations are normally terminated when the next 
valve depth exceeds the total tubing length. 

Well Data 
A sample of the well data sheet used for the 

intermittent lift computer program is illustrated 
in Fig. 4. The majority of the items included on 
this data sheet are identification and control data 
for the program. The actual well data required 
are items numbered 5, 6, 7, 9, 18, 19, 23, 25, 30, 31 
and 33. The remaining items are used for identi- 
fication and control of the computer calculations. 
These assumptions are normally used for hand 
calculations. The instructions for accurately com- 
pleting this data sheet have been previously pub- 
lished.g 

Data such as injection pressure, wellhead tub- 
ing pressure,’ desired top valve depth (static 
fluid level, Item NO. 22), desired producing rate, 
etc., can be varied for the same well and result- 
ing installations calculated with little effort. Var- 
iations in control data such as maximum and 
minimum intermittent spacing factors, depth at 
which the design spacing factor should begin, 
minimum distance between valves and desired 
decrease in surface closing pressure between 
valves, make possible the selection of the best in- 
termittent lift installation for the well data sub- 
mitted, 

The value of the static fluid level, Item No. 22,: 
will be the top valve depth if it is greater than. 
the calculated top valve depth based on kickoff 
pressure, flowing wellhead tubing pressure and’ 
static load fluid gradient. To let the computer Cal-; 

4. D.,* 

MYENTI: 
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ulate the top valve depth, the value of the stat- 
1 fluid level should be set equal to zero or less 
ban the previously hand-calculated top valve 

epth. 
The minimum intermittent spacing factor, I- 

?rn No. 12, is used in the calculation of the dis- 
mce between valves above the depth at which 
rawdown first occurs. The depth at which draw- 
own first occurs is the first changeover depth 
n the printout (see Fig. 5). The minimum inter- 
littent spacing factor is always used to calculate 
le second valve depth. In a \Tery low bottom 
nle pressure well, with low desired rate, it is not 
ncommon for the minimum spacing factor to be 
sed for spacing all valves (see Fig. 5). 

Previously published spacing factors are calcu- 
ted by the computer program for the desired 
ites and tubing diameters. I,* The calculated 
lacing factor for a design is compared to the giv- 
1 maximum spacing factor (Item No. 34) and 
ie lower value is used. If a lower spacing factor 
preferred for the desired rate, it may be placed 
Item No. 34 and used in the calculations. Item 

3. 35 of the data sheet, depth at which the spat- 

ing factor for desired operating conditions should 
begin, is the second spacing factor change-over 
depth on the printout if the P.I. is not given. 
When the P.7. and static bottom hole pres- 
sure are given, the computer will calculate the 
minimum depth at which the desired producing 
rate can be obtained. This depth is compared to 
the value of Item No. 35 and the shallower of the 
two is the second spacing factor changeover 
depth. One can therefore control the depth at 
which the spacing factor for the design condi- 
tions is used. By selecting the minimum distance 
between valves (Item No. 361, the number and 
spacing of valves in an installation can be con- 
trolled. When the calculated distance between 
valves becomes less than the desired minimum 
distance between val\ves, the program instructs 
the computer to space the remaining valves 
based on the minimum distance between valves. 
Since the Lralve specifications are used primarily 
for the calculation of the valve opening pressure 
in a tester, installation designs for the well data 
submitted for different valve types or port sizes 
will have exactly the same valve depths. There- 
fore, a design can be obtained for each valve type 
or port size to be used, and a composite instaila- 
tion can be selected from the different computer 
runs. 

Printed Results 

A sample printout for the intermittent lift com- 
puter program is illustrated in Fig. 5. The print- 
out contains on one page the well data used as 
input for the calculations, and a tabulation which 
includes all intermediate calculations and the fi- 
nal design. Such input information as whether 
the well will be loaded prior to running valves 
and whether the well will be unloaded into the 
pit is printed with the well data and installation 
design. 

When the productivity index and static bottom 
hole pressure are given, the program interrogates 
whether the desired producing rate can be ob- 
tained. If the desired producing rate cannot be 
obtained, the computer calculates an obtainable 
rate and the following printout appears above the 
tabulated results: “DESIRED PRODUCING 
RATE CANNOT BE OBTAINED BASED ON 
THE DATA GIVEN, CHANGE PRODUCTION 
RA’i’E TO ~ BLPD AND RECOMPUTE”. 
Should the static bottom hole pressure be so 
low that it cannot be reduced based on the calcu- 
lated spacing factor for the desired producing 
rate, the following is printed and no installation 
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is calculated: “NO DRAWDOWN IN BOTTOM 
HOLE PRESSURE IS POSSIBLE BASED ON 
TIlE DATA GIVEN”. 

If the well tito be loaded prior to running 
valves and the top valve is spaced based on the 
value given for the static fluid level, the follow- 
ing printout will follow the tabulation: “SINCE 
WELL WILL BE LOADED PRIOR TO RIJN- 
NING VALVES, IT MAY BE NECESSARY TO 
SWAB TO NEARLY TOP VALVE DEPTH”. 
The same printout will occur when retrievable 
valve mandrels ha\re previously been installed, 
the well is to be loaded and the top mandrel is 
deeper than the computer-calculated top valve 

depth. 

Only the tubing inside diameters given oppo- 
site Item No. 6 on the data sheet can be used in 
this program. Any variation will result in no in- 
stallation being calculated and the printout will 
read: “TUBING I. D. OF ~.__ CANNOT BE 

IJSED IN PROGRAM”. 

The spacing factor used to calculate a valve 
depth is printed in the spacing factor column op- 
posite that depth. The spacing factor is increased 
proportionately with depth between the given 
minimum spacing factor and that for the desired 
rate. When the calculated distance between 
valves is less than the minimum distance be- 
tween valves, the minimum distance between 
valves is used to space the remaining valves and 
the spacing column factor is left blank for each. 
Accordingly, the following is printed above the 
tabulated results: “A BLANK IN THE SPACING 
?ACTOR COLIJMN INDICATES THAT NO 
;PACING FACTOR HAS BEEN IJSED TO COM- 
PUTE THIS VALVE DEPTH”. 

With mandrels in place, an attempt is made to 
)lace the necessary valve at the mandrel depth 
‘ollowing the same procedure used in the design 
)f complete installation with no mandrels previ- 
msly installed. The resultant printout could 
lhow mandrels skipped with the valves placed 
n-&y where necessarv. If this occurs, the compu- 
er will print: “NOT IJSED”, opposite the man- 
Irel(s) skipped. \f’hen the mandrels are too far 
[part for the desired producing rate and the cal- 
ulated distance between valves is less than the 

istance between mandrels, the following print- 

ut will occur below the tabulated results: 

VALVE CALCULATIONS TERMINATED, 

SINCE CALCIrLATED DISTANCE BETWEEN 

‘ALPES NUMBER _____ AND ___ IS LESS 

THAN THAT BETWEEN MANDRELS NUM. 

BER --~ ANI) .-- --I’. Both of the abovk 
printouts can be eliminated by special instruc. 
tions. It may be desirable to have no mandreG 
skipped and/or not have the calculations termii 
nated based on too wide a mandrel spacing. If the 
former is requested, the printout will be: “IG, 
THIS PROBLEM NO MANDRELS ARE 
SKIPPED BELOW THE TOP VALVE DEPTH”,: 
When the latter is preferred, the printout wiI1 
contain: “PROVISION HAS BEEN MADE TO 
CONTINUE CALCULATIONS EVEN THOUGH 
THE DISTANCE BETWEEN MANDRELS E-X-.: 
CEEDS CALCIJI,ATED DISTANCE BETWEEN- 
\‘A LVES”. 

When data is changed for the same well, 
(Items 18 - 36), the next page will have the fol- 
lowing heading: “NEW’ DATA FOR THIS PROB- 
LI2M”. This is followed by the data which has 
changed and the tabulated results. 

RESULTS OF COMPIJTER DESIGNS 
FOR FIELD STIJDIES 

In the design of closed rotative gas lift systems, 
the desired injection gas pressure and volume 
must be determined before the compressor can be 
selected. The requirements for any system will 
vary depending on differences in well conditions, 
and all data available must be taken into account. 
The complexity of such a problem depends upon 
the axrailability of accurate well data and the 
number of wells involved. When little data is a- 
vailable, it is necessary to over-design the system 
based on assumptions while the installations can 
be custom designed for *each well when ac- 
curate data is available. When the productivity 
indices, static bottom hole pressures and decline 
are known. it is possible to accurately predict 
the gas lift requirements for both present and 
ultimate conditions. Should this information be 
unavailable, it must be assumed and an accurate 
engineering evaluation is not possible resulting 
in an over or under-designed system. Regardless 
of the amount of data obtainable, these calcula- 
tions must he made. For a large system, all cal- 
culations can be made in one day with the aid 
of high speed computed design and the results 
will be reliable, eliminating human error in the 
actual calculations. 

Fig. 6 is a tabulation of computer results used 
in a closed rotative svstem design for 12 wells. 
Since P.I.‘s were not available, the problem was 
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to select an injection pressure which would per- 
mit lifting 600 to 1000 BLPD from total depth 
(4600 ft) with 2-3/8 or 2-7/8 in. tubing. Only con- 
tinuous flow was considered due to the high de- 
sired producing rates, The majority of the wells 
(10) under consideration contained 2-3/8 in. tub- 
ing and an injection pressure of 850 psig was se- 
lected. Had pmductivity indices been available, 
the injection pressure selected may have been 
much less and other valuable results could have 
been obtained. This inchrdes whether the desired 
producing rate could be obtained, injection gas 
requirements, etc. The same type of calculation 
is possible when intermittent lift is necessary. 

FUTIrRE WORK 

Development of a computer program is now be- 
ing studied which will allow the calculation of an 
entire closed rotative system including the eco- 
nomics involved. The results will include individ- 
ual installation designs, compressor sizing, line 
sizing and costs. 

In the near future, computer programs will be 

available for the design of tubing pressure-opera- 

ted valve and chamber installations. Work is now 

progressing on a program which will design a 

composite installation where continuous flow is 

used for lifting from the upper valves in a string 

and intermittent lift employed below the depth at 

which continuous flow cannot be used. This is 

possible at present only by making several de- 

signs for both continuous flow and intermittent 

lift and combining them. 
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APPENDIX 

NOMENCLATIJRE USED IN CONTINlJOUS 
FLOW DESIGN 

COMPUTER PROGRAM PRINTOUT 

The second page of the printout (Fig. 3) is a 
tabulation of depths, pressures, temperatures, 
etc., which are used by the computer in the cal- 
culation of a continuous flow installation. Some 
symbols noted in the following list will not ap- 
pear on the second page of all printouts. For ex- 
ample, PRODR and GLR are only shown if the 
desired producing rate cannot be obtained based 
on the given data. 

HNMl - Depth of lift in feet based on the un- 
loading traverse above the point of gas injection, 
flowing bottom hole pressure and unloading tra- 
verse below the point of gas injection for zero 
gas-liquid ratio. If the P.I. is not given, HNMl is 
based on the unloading traverse above the point 
of gas injection, full operating injeetion gas pres- 
sure at depth and a pressure difference at HNMl 
of 100 psi or is set equal to the total tubing length 
when HNMl exceeds this depth.. ._ 

-’ *.,* 
HOVM- Maximum depth of lift‘in feet based on 

the flowing bottom hole pressure, traverse below 
the point of gas injection :for.’ operating condi- 
tions, full operating injection gas pressure at 
depth and the given pressure drop across the 
valve. If the P.I. is nut given, HOVM is set equal 
to HNMl. 

POVM - Flowing tubing pressure at HOVM in 
psig and is based on the conditions noted for 
HOVM. 

P AT HOVM - Flowing tubing pressure in psig 
at HOVM based on the traverse above the point 
of gas injection for operating conditions. It is 
printed only when the given producing rate can- 
not be obtained based on the data given. 

PRODR - Given desired daily producing rate 
in barrels of liquid per day. 

GLR - Total producing gas-liquid ratio in cubic 
feet per barrel for the traverse above the point of 
gas injection for operating conditions which in- 
cludes the maximum injection and formation gas 
volumes. 

GRADP - Pressure gradient in psi per foot for 
traverse below poitit of gas injection for unload- 
ing conditions based on static load fluid gradient 
and a zero gas-liquid ratio, or GRADP may be gi- 
ven. 

1 

PROD1 - Gross productivity index in total bar- 
rels of liquid produced per day per psi drawdown 
in bottom hole pressure. If it is not given, PRODI’, 
is printed as zero. 

DCOMP - Depth at which drawdown first oe- 
curs during unloading based on the static bottom 
hole pressure, static gradient of the load fluid: 
and the traverse above the point of gas injection ‘1 
for unloading conditions. The static load fluid; 
gradient is used for valve spacing above this : 
depth and the calculated or given GRADP below. ; 

NO - Valve number with number one being the : 
tovalve. 

MINPT - Minimum flowing tubing pressure at 
valve depth in psig based on the flowing wellhead 
tubing pressure and the unloading traverse above 
the point of gas injection. 

PBHF - Flowing bottom hole pressure in psig -- 
based on GRADP or static load fluid gradient and 
MINPT at valve depth. GRADP is used if valve 
depth exceeds DCOMP. 

BLPD - Calculated daily producing rate in bar- 
rels of liquid per day based on the PBHF and sta- 
tic bottom hole pressure if the P.I. is given. When 
the calculated PBHF during unloading exceeds 
the static bottom hole pressure, the drawdown is 
numerically negative and a minus BLPD is indi- 
cated on the printout. BLPD is equal to the given 
desired daily producing rate if the P.1. is not gi- 
ven. 

IGLR - Injection gas-liquid ratio in cubic feet 
per barrel required to attain MINPT during un- 
loading. 

MAXPT - Maximum flowing tubing pressure 
at valve depth in psig which could occur while 
lifting from the next lower valve. 

PCAS - Operating injection gas pressure at 
valve depth in psig based on the reopening pres- 
sure of the valve above except for the top valve. 
PCAS for the top valve is based on the kickoff in- 
jection gas pressure if the top valve cannot be an 
Operatihg valve and is based on the operating in- 

jection gas pressure if the top valve could be 

an operating valve. 

TV - Temperature of injection gas at valve 

depth in “F based on the given temperature of 

the injection gas at the surface and the bottom 

hole temperature. This temperature is used to cal- 

culate the valve port size. 
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IDPORT - Port size of the valve in 16ths of an 
inch. 

PBT - Bellows charge pressure in psig at opera- -- 
ting temperature in the well. PBT is calculated 

using the valve specifications for the calculated 

IDPORT, PCAS and MINPT. 

REOPL - Minimum reopening pressure of 

valve at valve depth in psig based on MAXPT, 

PBT and the valve specifications. 

REOPS - Minimum reopening pressure of 
valve at the surface in psig. 

TVALVE - Temperature of valve in the well in 
“F under operating conditions based on the given 
flowing wellhead tubing temperature and bottom 
hole temperature. TVALVE is used to calculate 
the valve opening pressure in a tester. 

PVO - Valve opening pressure in a tester in 
psig. This set opening pressure is calculated for 
a valve temperature of 60°F unless specified oth- 
erwise. 

L - Calculated valve depth in feet. - 

L NEXT - Calculated depth of next lower valve 
in feet. 
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