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INTRODUCTION

The use of simulation in petroleum engineering
is not new; pipeline and refinery simulation and
simulation of reservoir performance have been
widely used in the past. However, in recent years
there have been majorimprovements in the ability
to simulate rod pumping situations, such as the
use of mathematical expressions and equations
(derived from API RP 11L) to capture succinctly
complex interrelationships which heretofore could
not be easily related. The model is then
manipulated on the computer to see what might
happen in reality if the relationships were fixed or
varied in specific ways.

Because every system is in some state of
dynamic adaptation to its environment
(everything outside the system boundaries that
has some influence on the system), there will
ailways be problems to be solved. This is where the
use of an abstract system simulation model proves
advantageous. Simulation is just a numerical
method used as a means of finding successive
states of a situation or system by repeatedly
applying the rules by which the system is
operated.

SYSTEMS APPROACH
Definitions

Since the use of system simulation is a form of
systems analysis, which is relatively new, it might
be useful to discuss the “systems approach”
briefly.

Simply put, systems analysis is the analysisofa
total system. The following terms are used to
define a total system:

1. CONSTRAINT - a limitation placed on the
operation of the system. Some control may be
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exerted on some constraints.

2. COMPONENT - an object, or entity, des-
cribed by a fixed collection of parameters
called attributes. Components exist and have
numerical values (attributes) that describe
the state of the system.

3+sATTRIBUTE - a property of a component—
they describe with numerical values.

4, SET - a collection of individual components.
. RELATIONSHIP - bonds that link compo-
nents and attributes in the system process.
6. ENVIRONMENT - the set of all components
outside the system that can influence the
system. For practical purposes, environ-
ments are limited by specific boundaries;
otherwise they might be considered infinite.

7. STATE - the complete description of a sys-
tem’s components, attributes, constraints
and relationships at a point in time. System
dynamics are represented by changes of
state.

8. TOTAL SYSTEM - an on-going process com-
posed of a set of components with given re-
lationships between the components and
their attributes and a given number of con-
straints with the objective of producing a
specific result in a given environment.

9. SUBSYSTEM - a component process of a

total system—may be further subdivided into

more detailed subsystems.

OBJECTIVE-defines the purpose for which

all system components, attributes, and rela-

tionships have been organized.

10.

A total system may best be illustrated by
considering a rod pumping situation as a system
as shown in Table 1. Notice that many of the
attributes can become constraints and vice versa.
For instance, consider a well with a high fluid level



and operated by a 456 pumping unit. If the torque
is only 345,000 in-]b and the rod stress is near the
allowed limit of say 33,000 psi, then the 456,000 in.-
1b capacity of the gear box is an attribute, and the
maximum allowed stress is the constraint. If the
measured torque were 455,000 in.-lb and the stress
were only 28,000 psi, then the 456,000 gear box
capacity would be a constraint, and the maximum
allowed stress of 33,000 psi would be an attribute.

There are other parameters of a system to be
considered which are not shown in Table 1.
Nothing has been mentioned of the system
objectives: feedback and control, or systems
management. With the exception of objectives,

these are beyond the scope of this paper. Rod
pumping objectives are generally considered to be:
(1) “x” barrels of fluid per day; (2) “x” cents per
barrel; (3) “x” dollars per month operating cost; (4)
“x” months of pump life; and (5) “x” months of rod
life. The immediate concern using simulation is
the barrels per day objective. Properly applied,
simulation will help achieve the other four.

SIMULATION OF ROD PUMPING SYSTEMS

Basic Rod Pumping Model — S*PRED*A or
C*PRED*A

The basic rod pumping model, S*PRED*A
(sucker rod predictions - API) is based on API RP

TABLE 1—SYSTEMS APPROACH TO SUCKER ROD PUMPING

Well Depth (PBTD)

Deviation

Casing

Perfs or 0-H

Type of completion

Location

Climate

B.H.T.

B.H.P.

Inflow Performance
Relationship

COMPONENTS

Sucker rod string*

couplings &

pins subsystems
centralizers or
scrapers subsystems

Pumping Unit*
gear box*
beam*
geometry*

Tubing:
Anchored*
or
Un-anchored*
seating nipple
Down-Hole Pump
Plunger*
Barrel

Balls & Seats
Hold down

Fluid Level*

G/0 Separator

Stroke* & SPM*

Chemical Treating

*(Jsed in simulation models.

ATTRIBUTES

Length & Design*

Tensile Strength*
Max.Allow.Stress*

Goodman Diagram*
Delta Stress Level*

Torque Capacity*
Beam Capacity*

Size & Length*

Size & Type

Size & Type

Size & Length¥*
Size & Length
Size & Type
Size & Type

Feet to surface

Size & Type

Length* & Speed*

Dosage
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CONSTRAINTS

Tubing Size and:

Tensile Strength*
Max.Allow.Stress*

Goodman Diagram*

Delta Stress Level*
Couplings and pins

failure history
rod-coupling-piston effect
rod-tubing friction effect

Torque Capacity*
Beam Capacity*
Restricts Max SPM

Casing restricts size

Restricts plunger size

Restricts Rod Coupling Size
Anchor may restrict free

gas movement, may scale up
Un-anchored - increases loads,
torque; decreases plunger stroke

Restricted by tubing size
Material selection critical to
all components

Pump-off condition

Casing restricts size,
Downward velocity of fluid
and upward velocity of gas
CRITICAL parameters

Max SPM* for a given stroke
and geometry.

Fluid Properties: Corrosion,
scale, paraffin, emulsion



11L. The curves from this bulletin have been
mathematically described to the computer as high
order polynomial equations. This is the raw
material for the model. The user of the program
actually completes the model, describing it to the
computer in the form of input. The input required
by the computer to complete the model is: (1) BPD
or SPM (the user enters one, the computer solves
for the other); (2) depth and fluid level; (3) specific
gravity; (4) stroke length; (5) torque capacity; (6)
plunger size; and (7) API sucker rod or Corod
number. In addition to the normal description,
there are several options to further refine the
model: (1) unit geometry—conventional, Mark II,
air balance; (2) sinker bars; (3) anchored or
unanchored tubing; (4) speed variation of the
prime mover; and (5) a design option on the
rods—enter your own option or the computer will
use an API design for each plunger and rod string
combination. This particular model has only three
constraints: a maximum SPM for the unit
geometry and stroke length; a rod stretch factor
(Fo/Sk) of 0.5 and a maximum dimensionless
pumping speed factor (N/No’) of 0.5. (It is assumed
that the reader is familiar with the API RP 11L
and its terms.) An annotated sample run of
C*PRED*A is presented in Illustration I. The first
part of the run shows the input as it was entered in
conversational mode. The small italic print
discusses the input.

Test of Correspondence

No matter how sophisticated a solution may
appear, since it is based on a model which is itself
but an abstraction of concrete events from the real
world, its usefulness will be proportional to the
“goodness of fit” between the model and the events
abstracted. Table 2 shows four case histories used
to test the correspondence (degree of variance)
between the real (measured values from Delta II
dynamometer surveys) and the models
(S*PRED*A and C*PRED*A). All of the options
available in “building” the models were used at
one time or another in the four cases.

The purpose of using the case approach is to
reveal the general nature of the simulation method
in a semi-realistic setting. In reading the cases, itis
important to look beyond the particular problem
setting to the broader possibilities that this
method opens. There are new possibilities of
exploring before the fact which might happen if
certain actions were taken, if certain systems were
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installed, or if certain events were to occur by
chance or through direct cause.

In Table 2, the correspondence between the
measured values of the pumping systems and the
models is very good. The general model used
(_*PRED*A) is a descriptive model which is
flexible enough to represent almost any
conceivable rod pumping system. Some facet of
that versatility is demonstrated in each of the
examples. The basic model used in _*PRED*A is
the basis for the other models: *OPTM*A,
*MBPD*A, *DHSA*A. It is reasonable to assume
that the correspondence achieved
with _*PRED*A would be carried through in the
other models.

Optimization of Rod Pumping Systems

Change, and the effects of change, are of
paramount importance in many problems that
concern us. In most engineering problems, there
are many variables to be considered. It is not often
that we wish to consider the effects of all of them
varying simultaneously, although this could be
done with the computer. But, frequently we are
concerned with the effects of changing more than
one; sometimes one at a time, sometimes several at
once. At times the only “right” analysisisone that
assigns the changein a variable which depends on
two others, to each of those separately, and to the
pair jointly. For example, the problem could be to
calculate the relationship between polished rod
horsepower, SPM, and plunger size in trying to
pump a given amount of fluid per day. It is
precisely this matter of joint variation that makes
multivariable problems (such as optimizing rod
pumping) difficult to think about. Often the
problem is to find among many possibilities the
alternative which is “best” according to some
criterion. Such models can be built (and they have
many forms), but they all share the common
property that within them is an explicit criterion
for measuring ‘‘goodness” and some means for
finding which of a number of choices is the “best”.
Models having this property are called
optimization models. In the case of the general
optimization model _*OPTM*A, it was necessary
to find some index that would provide a means of
comparing the numerous ways to get, e.g., 300
BFPD from 5500 ft. Here are the obvious objectives
in a given pumping situation: (1) We want to pump
a certain number of barrels of fluid per day; (2) We
want to get them with a minimum number of
strokes; and (3) We want a minimum stress and



TABLE 2—RELATES THE CORRESPONDENCE (ACCURACY) BETWEEN THE
MODEL (*PRED*A) AND THE REAL WORLD (MEASURED VALUES FROM THE
DELTA II DYNAMOMETER TECHNIQUE)

*CONDITIONS C.R.L. 21 PNL 24-31C TW #1 UpH 47-11S

*

*

*Pumping Unit C-228 M-456 M-912 AB-1500

*Rod String 86 SKROD 62 COROD 86 SKROD 86 SKROD

*PLGR X STK X SPM 1.75 X 64 X 14.0 2 X128 X 10.0 1.5 X 216 X 9.5 1.5 X 192 X 7.89

*Depth 6356 8714 6571 8005

*F.L./Sp.G. 5771/1.0 7764/ .92 6571/1.0 7900/1.0

*Sinker Bars No No No 200' of 1.5"

*Speed Variation No No No 13.5%

*Tubing Anchored Yes Yes No Yes

*

*

* REAL MODEL DIFF. REAL MODEL DIFF. REAL MODEL DIFF. REAL  MODEL DIFF.

*

*Peak PRL (1bs) 19740 19159 -581 27035 27745 +710 25981 25523 -458 28399 27780 -619

*Min PRL (1bs) 9020 8301 -791 10447 10986 +539 5060 4530 -530 10065 10948 +883

*PRHP {Hp) 11.3 10.4 -.9 20.3 21.9 +1.6 47.1 46.4 -.7 28.3 29.9 +1.6

*Torque(1000 in-1b)177 167 10 438 441 +3 1190 1165 -25 906 912 +6

*Pigr Stk (in) 54 47 -7 95 94 -1 Unk. 211 --- 178 182.0 +4

*BFPD (bb1) 190 224 +34 435 440 +5 560 525 -35 365 376 +10
w/gas

The usefulness of the output from a model will be proportional to the “goodness’ of fit (correspondence) between
the model and the events abstracted. The goal in model building is to construct a reliable representation of the
real world. A model said to represent a real world phenomenon must yield, in its intermediate and end results,
output that justifies this claim. Correspondence, or failure of correspondence, is judged through the
discrimination of differences in output (measured values) and output model (predicted values), evaluation of
observed differences, and articulation of differences. In the table above, the correspondence (or goodness of fit)
between the measured values of a rod pumping situation and the model is very good. The model used
(*PRED*A) is a descriptive model which is flexible enough to represent almost any conceivable rod pumping
system. Some facet of that versatility is demonstrated in each of the four examples shown. The basic equations
used in *PRED*A are the basis for the other models (*MBPD*A, *OPTM*A, DHSA*A). Itis safe to assumethat
the correspondence achieved with *PRED*A would be carried through in the other models.

stress range on the rods, minimum torque on the
gear box and minimum horsepower consumed.

The following optimization index is a means to
these ends:

OPTIMIZATION INDEX = (BPD/SPM) /(Stress x
DSL x Torque x (PRHP/SPM) )

Where:
BPD = fluid production required

SPM = strokes per min. to get the BPD
Stress = maximum stress on rods
DSL = Delta stress level
= max stress + stress range
Torque = in-lb peak torque on gear box
PRHP = polished rod horsepower

(It is necessary to minimize hp on
a per stroke basis because of the
multivariable relationship between
PRHP, plunger size and SPM)

Illustrations II(a) through II(g) represent a set of
sample runs of S*OPTM*A and C*OPTM*A. The
thought processes of the authors are shown as
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numbered remarks, as the reader progresses
through the samples. The user has increased
flexibility with the S*OPTM*A and C*OPTM*A
models. In addition to the options used in
_*PRED*A, the user can control the constraintsin
the model. He can derate the rod string in case he
has slim-hole couplings or corrosion, by reducing
the tensile strength, maximum allowed stress,
Delta stress level and Goodman Diagram
(represented mathematically in the model).

Maximization of Rod Pumping Systems

As more and more production comes from
waterfloods, and as pumping units and tubing
become more and more difficult to purchase, it
becomes increasingly important to maximize
production without overloading the present
pumping equipment. One such method for
maximizing production is found in the models
S*MBPD*A and C*MBPD*A. These models are
used to calculate the maximum BFPD attainable
with a given pumping unit, stroke length, depth



and fluid level without exceeding any of the
constraints the user builds into the model. It will
test from one to four rod strings with several
plunger sizes. Here again these models have all the
modeling options discussed in the _*PRED*A
and the constraint options of _*OPTM*A.
Illustrations III{(a) through III(d) show the
thought processes as the runs of S*MBPD*A and
C*MBPD*A were made.

The reader should be cautioned against
extrapolating the results of these sample runs to
other systems. For example, shortening the stroke
will not be of any particular benefit if the limiting
constraint on production is anything but a torque
constraint.

CONCLUSIONS

The range of potential activities that can
profitably employ simulation is very broad.
Simulation can be used to predict future possible
behavior, to understand the effects of change in a
system, to compare systems, to examine the
relationships which exist in a system, and to
investigate the facts about a pumping system
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before even running a dynamometer.

Simulation can be used to optimize pumping
conditions by finding the best way to pump a given
BFPD with minimum rod stresses, stress range,
torque and horsepower consumption. Another
example would be to maximize BFPD in a
waterflood without exceeding the allowed limits
(constraints) on torque, rod stress, etc. Another
approach would be to make comparisons between
certain systems: (1) anchored or unanchored
tubing; (2) high slip vs nominal slip prime movers;
(3) Corod vs sucker rods; or (4) combinations
thereof.

The cost of experimentation in the real world is
prohibitive compared to simulation with a
computer model. Second, actual changes and
interactions often take much time before their
effects are recognized. Third, simulation models
help engineers to better understand the multitude
of interacting variables and interrelationships
involved in rod pumping systems. And finally,
simulation can be used to find the “best” of all
pumping conditions or maximize production with
present pumping equipment.
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S*OPTM*A 16139MDT  02/14/74

UNIT ~(1-C,2-M,3-AB)? L

INPUT BPD OR SPM? BPD

ENTER BPD,DEPTH,FLUID LEVEL? 300,5500,5000

ENTER PLNG-SMALLEST,LARGEST ,NAX TOROUE? [,25,2,320

MIN TENSILE STR, MAX ALLOWED STR? 115000, 34000

TUBING ANCHORED? NOQ

TUBING SIZEt (1) = 2 IN., (2) = 2-1/2 IN., (3) = 3 IN.? 2_
API ROD DESIGN-~YES/NO?

INITIAL SKROD NO., FINAL SKROD NO., STK? 76,76,100
DESIGN 1D? UBSCURITY PETROLEUM

HI-SL1P? NOQ_

CONSTRAINT CHANGE? NO_

Truivusteatron II(a)

Diyective - Produce SO0BFPD
Environmant - 5500 ‘eep, 5000 FL.

(:320-100 vni?.
SUCKER ROD PUMPING OPTIMIZATION TABLE

DATE: 02/14/74

LOADS, PRUD., ETC. BASED ON API-RP-11L, MODIFIED FUR GEOMETRY AND/OR
SPEED VARIATIONS WHEN NECESSARY.

DEPTH= 5500 FT FLUID LEVEL= 5000 SP.Ge= 1
A At

:BPD 300 MAX ALLOWED STRESS = 34000 SYSTEN DERATOR = 1.00
A

MAX ALLOWED NSL= %7500
e

CONVENTIONAL PUMPING UNIT WITH A 1OQ INCH STROKE AND
320000 INCH PUUNDS TORQUE CAPACITY.

w4k {UTEs CALCULATIUNS MODIFIED FOR UNANCHORKD TUBING. @ Use vnanchored tubing

first try.

COMPUTED FOR O3SCURITY PETROLEUX f‘/

SKRUD  PLNGR  SPM MXLOAD  WXSTR PCTRNG  DSL TOROUF INNEX

SKRUD 16 W/ 1,25 PLUR==#X TURDUE = 4N25R5
D [Uhoops,y Nothing worked.

SKHUD 76 41/ .o PLUR==YX TOROUE = 369225 Try sgsin will tueng ancne, o,

SKRQD /6 i/ 1.T5 PLGR-=¥X TURQUE = 360264

SKis 16 W/ 2 PLGR=-="X TORGUE = 336444
Tirvstearion I (b)
(Tnput delatec - space limitotrons)
@ Eserything same assbove, ¢ Pt
SKRUD  PLNGR  SPr MXLOUAD MXSTR  PCTR'G  DSI TOROUF 1MNEX ‘ubing s
nchorec.

SKRUD /6 1/ 1,25 PLGR-=-MX TOROUE = 369113

SKRUD 76 4/ 1.5 PLGR==4) TORQUE = 329041 .

@ Not mucir sather, but one roa/plinger
comoo &.d work.

I 2,00 #.3 18185 26930 9.9 43052  2R0516  507.4R&m

® Since torgue 18 the limiting constramnt
lers shorten the stroce.

SKRUD /6 i/ 1. 1% PLGR==MX TOROUF = 321612

CHANGE STK? YES
ENCER STK LNGTH, MAX TOURQUE? 86,320

® Now we're moviryg, Only frovble .o
#1¢ high index s with @ in. plunge:;

; TecvsTearon IL(e)
In 2%’ fubing that would require a fubing PUmpP.

SKRUI  PLHGR  SPM  MXLDAD MXSTR PCTRNG  DSL TORQUR INDEX
16 1.25 18,3 17541 29187  AL.0 52818 317543 154,86 7 .78 avt“
5 o' yro
16 1.50 14.8 17115 28478 74,0 49548 298021 229,20 L‘*ma mw‘*;
p(l o) ol
16 1.75 11,9 17430 29002  6B.7 48914 278234 206,61 4= L ‘mi

wio
16 2.00 10,1 16670 27137 63.0 45209 251904 453.09¢T _5[19

SOPTH*A  I5153NDT  02/14/74

UNIT ~(1-C,2~M,3-AB)7 |

INPUT BPD OR SPM? BPD

ENTER BPD,DEPTH,FLUID LEVEL? 300,5500,5000

ENTER PLNG-SMALLEST ,LARGEST ,MAX TORQUE? 1,25,2,320
WIN TENSILE STR, MAX ALLOWED STR? 115000, 34000
TUBING ANCHORED? YES

API_ROD DESIGN--YES/NO? YES

INITIAL SKROD NO., FINAL SKROD NO., STK? 76,76,100
DESIGN I1D? OBSCURITY PETROLEUN, M

HI-SL1P? Y,YES

% SPEED VARIATION? 18  [User enfers pt speed varghon)
CONSTRAINT CHANGE? NO

I ti5TRaron ILld)
SUCKER RUD PUMPING OPTIMIZATION TABLE

DATE: 02714774

LOADS, PRON., ETC. BASED ON API[-RP~11L, MODIFIED FOR GEOMETRY AND/OR
SPEED VARIATIONS WHEN NECESSARY.

DEPTH= 5599 FT FLUID LEVEL= 500Q SP.G.= 1

:>BPD 300  MAX ALILOWED STRESS = 34000 SYSTEM DERATOR = 1,00

MAX ALLOWED DSL= 57500

CONVENTIONAL PUMPING UNIT WITH A 1OQ INCH STROKFE AND
320000 INCH POUNDS TORQUE CAPACITY.

PRINE MOVER WITH 18,0% SPEFD VARIATION oy ) e b0 ho
—— y Z S, o Varierion S
been crarged from I (c).)

SKrOD PLNGR SPM  MYLOAD MXSTR PCTRNG NSt TORQUE INDEX

COMPUTED FOR OBSCURITY PETROLEUM

SKROD /6 W/ 1,25 PLGR=-=MX TORQUE = 334375

6 1.50 12,2 16260 27056 67.0 45181 305066  2R8.0R8
76 1.75 9.7 16851 28038t 67.5 469541 3043024 321.Ac e B
6 2.00 8.2 15864 263974 60.7 424104 264444 536.56 &= |

@We//, that rarsed slf the ndices
Lag?ts shorten the stroke. The arrows(t)
indicate chonges from the line above.

CHANGE STK? YES
ENTER STK LNGTH, MAX TORQUE? 86,320
- - —

Iiiusreation IL(e)

SKAUD  PLNGR SPM MXLOAD MXSTR PCTRNG  DSL TOPQUE INDEX
76 1.25 17.6 16361 27223 75.3 47126 281530 200.15
76 1.50 14,7 16585 27596t 75.4 48404t 2766731 252,55
16 1.75 12.0 17081 284211 70.4  4nap2t 2650644 311,174 4
16 2.00 10.2 16407 272994 64,6  4a9244 24139”{ 4a71.44 & 2

@ Nohe'p ot 8/, Sure hote Touse & Ffubmg pump Jus:
to orsim-2a. (8o using soma humen -Tyx  yucgemeny,
Le78 Jo wrr the 2o be:* " ise 729&//5@ #3) se7
the 175" X 100" X 9.78PM,

CHANGE STK? NO
RUN AGAIN? NO

95
42
034



6l

¢

UNIT ~(1=C, 250, 3-A1)7 2 S*UBPD*A 09157HDT 02/15/74

INPUT BPD DR SPM? £PD

ENTER BPD,DFPTH, FLULD LEVFL? 300,55%00,5000 UNIT TYPE#(1-C,2-M,3-AB)? 3

ENIER PLNG-SMALLEST,LARGEST ,MAX TOROUE? 1.25,2,320 DEPTH,F*.L..S_TK.MAX TORQUE,NO. OF STRINGS? 8500,4A500,192,912,2

TUSING ANCHURED? YES e INPUT MIN TENSILE STR, MAX ALLOWED STR? 125000, 34000

API RUD DESIGN=-YFES/NU? YES DESIGN 1.0.? OBLIVIAN OIL .

[NITLAL CORUD NU., FINAL COROD M., STK? 52,42,100 TUBING ANCHURED? YES _Tuusrearion No. IIL ()

NESTGN 10?7 USSCURITY PHTROLEUN SKROD STRING NUMBERS? 86,76

MI-ubIp? NOT T HI-SLIP? NO :

Codn TRAINT CHANGF? 20 CONSTRAINT CHANGE? YES Objective: Oblivian Ol needls
gNng'&I‘»t?ng gegémn. S.Guy INITIAL PLNGR, MAX PLNGH 30 oy 3601 from 800 (sri%1a!
k¢ . . . - " 4 /
= = D Usina 1" skrods w) &/im -powc FL st ¢B00 ’) . Fond maxmenl

Ceuplings, rocsove HoreT 15K, ororcr 1o STEISO L v
an AB.912-192 , 2% "tvbing.
JTriusrearron IL(F) ) .
Cuauh LYSTHY UPTDI7ATION TAFLC SUCKER ROD PUMPING SYSTFEMS
LA, @), STO, BASED O APT=RPTIE, “IDLFIFD FORGROVETRY ALD/ON MAXIMUM PRODUCTION TABLF
5P ED VARTATI R GE NECFSSARY,
LUADS, PROD., ETC. BASED ON ARI-RPIIL, WODIFIED FNR GEUMFTRY ANN/OR
PATE: ap/ziaszia SPEED VARIATIONS WHEN NECESSARY.
DAJE: 02715774
Sp iz GhO0 FLORLUT Y [Rvils booo SPuite=
b - COAPUTED FUR OBLIVIAN OIL
PO o= A0 PAX ATLL STRUSY = 34000 SYSIEN PEUATIN = 1,00
B4 YT e P DEPTI= 8500 FLUID | FVEL= 6500 FLUID SP.G.= |
SAL LT ATt = e i — -
o —~——— Lreen” “or fng Joroe ann Tow SYSTEA NDERATOR= 0,85 MAX STRESS= 34000 “AX ALLGAFD DSL= 53105,
ST a Vs TD g T n 0wmBESy 7 ‘
v, A e 8 BT 10 WALANCE PUSPLIG ULIT uITH A [92 INCH STRAKE ALD
R R i S AL 912000 INCH PULINS TURGUE CAPACTTY.
peToe ag RTINS Loy SKROD PLEHGR  SPM BPD wAYSTR NS TIROUE  FN/SK /0P
R Aela o144 0 e “rona PR B6 1.2 9.2 329 32069 52mpA P25404 1110 L 32A9
. . (414 . I (3.0 el 2 Y
o I N 1 AN T S B TS SR R P ST 86 150 ses 3isds 33025 [B3067]  c27902 L1450 L270R
5 1.5 5.9 351 33014] 62737 199921 .220n L2112
i Lot 1.2 15052 2140A&, A4.1 3w jon, 257057 0K 94 \ s pooA6  2.00 2.5 166 33022) am410  A6TIAA L2000 0920
10 1.5 o3 aann sarant aoli atara sratus ¥ 443,30 <@ L s Died U 2
o Lo wau 1ADAD 23040, A1.4 e, 272037, Gon.iv e @ /4 1.5 &2 @ 208 33930] KO8N0 48431 L1280 L2207
a2 Lofn 9.0 1H0LY Donad aneavent Suanis 200,57 /6 i '|‘-;)<> 3.6 154 33907) artas donams L1300 L1R0e
5P Doday TH 2 @ The &€ sirar wy the 1500
2 2.0 . 1/o0h L399 A ana 201120 aco, 9 , ol el
42 IR fod tanin  ownae b oaals asnor ! ok AfinL AR e o ‘l”f’ SETeaM
BRI P
SUCKER RUM PUMPING SYSTEYS
CHALGE HTK? Yoy @ Jince fcr;yz WSan & DU, HAX [#UM PLODUCTION TARLF TiLovsTenron EZ'/b)
FalEr 5ri LuoT, "AY ToestE? 120,300
- Lets lengthen the strote. LOADS, PRON., ETEC, PASED O API=RPUIL, HMODIFIED FOR GEOMETRY AHN/OR
SPEED VARIATIONS (@i NECESSARY.
TirusteaTion No. JT(g)
COdiL PLIGY  SPr GXLGAD UXSTR POTRNG Ny [Ppous [Ex ) DALET 02/15/74
52 Lo2n 12.3g 0 144aa 20006 A1 3A9L) . 20830A ana, 12 CUMPUTED FUR ORLIVIAN OIL
42 1.o% 12,20 datws 23410Y 3.0 40nn3¥ 314000 240, 49 .
DEPTH= 8500 FLUIN LEVEL= 8200 FLUID SP.G.= | @ Sanc wsebore exces” o
52 a0 9.4y Hacad 21500y A0L7 AdBhA L 204104 0 504,04 &2 - Ity
42 1,50 0.4% 14460 240487 An,4 30/6( 7 304076 453,00 SYSTEM DERATUR= 0,85 MAX STRESS= 34000 “AX ALLONED NSL= 53125,
CURDY HE 52 aIT 1T T PINOR = POROGE=E 305398 DB This 2nd best index s on) AR BALANCE PUMPIHG UNIT alTH A 192 INCH STPCKF AND t}
J) NU. 42 WI1TH 1. VL PIHGD - TORGUK= 320527 | T 4 912000 INCH PUOUDS TURQUE CAP . "

{Cuwb) 0. 42 W1T 4 1,05 L. PLIG TANGUR= 329527 0 el i 7 shown 2 TUR ACTTY c*“’ y)(OY\D

COR05 K. 52 W1TH 2 IN. PLEGR = TURDUE= 350430 wth the 100" stroée plus SK2UD  PLNGK  SPM HPD  wAXSTR - NSL TOROUE  FO/SK N/NOP bv? o' \ﬁ(

CoRul NOL 42 W1 2 [N, PLLGR = TORGURE= 358004 It runs seRr - DSFI Slowuns, ’XW Y\@O%g- (o

b 86 1.25  BR.5 291 30224 _[G2r50]  e31346 L1490 L3004 & ?)Q
85 150 6.6 2914 [33442] 52027  wioass o090 L2358
85 1./15 3.6 R4 33026] 50222 718505 L2/R0 L1304 A
CHANGE 5TK? 1O SPY HoRK TU 2 a0
RUN AGAIN? KD b
16 1,25 4.9 153 [33007] aomi7 spioma Lis20 L1761

SP4 DUwN TO 2



¥al

‘CHMBPD*A 10104MDT 02/15/74

UNIT TYPEs(1-C,2-M,3-AB)? 3

DEPTH,F.L.,STK,MAX TORQUE ,NO. OF STRINGS? 8500,R3_200,192,912,2
DESIGN 1.D.? OBLIVIAN OIL

TUBING ANCHORED? YES

CUROD STRING NUMBERS? 72,62 ® Everything asbefore excent
HI-SLIP? NU
CUNSTRAINT CHANGE? NO we sre vsing Corod @nd withovt

fezzzaoz== &y OPngS, o de-rating s neeteo.

CURUL PUMPING SYSTEUS
rusrearion No
SAYTNUY PRODUCTION TABLE L ! Z

LUADS, PROD., FIC., BASFD DN API-RPItL, MODIFLFl: FOP GEJMETRY AND/OD
SPEED VARIATINNGS wHEN NECFSSARY,

DATES 02/15/14

CUPUTED Rl DL IVIAN DL

DEPTH= 3900 FILULD 1 EVEL 200 FLJID GPotu= 3
LY TR DERATIIR= | MAX GTRESL= 34000 MAX ALLMWFE DS = A2500

AL BALANCE PUMPING UNIT wIT'D A 192 THCT STURKE AND
212000 T pauiInG TuwUk CARACITY.
—

CD BLIne SR ERL eaNLTE Dy TORGUE  FO/ZSK w/eip
2 roon Qeon] aas o anmun wngyn sedtan_ L1au7 0 L3004
2 1oou 003 s12& 3e22a_ woo3s [ane]  Lonan oA
I T [fn'mv] haoas e00ppt pALY 21

SR il e 2
A2 1.2 q)./a a4 1A BRRAQ2 SO 1TRA Saed L2324
52 st e 2T aondl 3asa sy [09s020]  Lo1an L 2nan
52 Lots e agy o [B3909) sacon a1 owsn L0010

SPA DO T 2 _ J .
© o Mucht lcti use ssms e cenr
SOX W S Srortes Stemke : .

AL BALANCE PUSEING UNTT WITH A L6E THCY STIOEE AP LecosTraror JT ()

SAUOUC TNCH PuLL® [ICuE CapAcTTT,

COROLPLaGY 8P B WAYSTR  BSL TORCOE FO/SK nsvep

2 125 10T 34 20132 asa02  [a ;
. : k : 30048 L1610 Loeng

12 1,50 kis 3a0d8 3070 acans fazoron]  an oren

2 S WOIN 4794 A3GA5 Gosn L
SPA Lided Tit 2 ‘ a4l AARA) L3080 1820 () Thsscsman st

obrsnt oo C make /1.

COROD SYSTEM OPTIMIZATION TABLE

LOADS, PROD, ETC. BASED ON API-RPIIL, MODIFIED FOR GEOMETRY AND/OR
SPEED VARIATIONS WHEN NECESSARY.

DATE: 02/27/74
@ Ervironmaent €
con sIrEITYs same
as I (e
SPBPD = 375 MAX ALLOUWED STRESS = 34000 SYSTEM DERATOR = 1,00
———3 R

DEPTH= 8500 FT FLUID LEVEL= 8200 SP.G.= |
L ) b ad

MAX DSL ALLOWED = 62500
cn—

AIR BALANCE PUMPING UNIT WITH A 144 INCH STROKE AND
Q40000 INCH POUNDS TCRQUE CAPACITY.

COMPUTED FOR OBLIVIAN OIL
CaROD PLNGR SPM MXLOAD MXSTR PCTRNG DSL TOROUE INDEX

COROD NO. 72 WITY 1.06 IM. PLNGR - SP¥= 14,09
COROD NO. 62 WITH 1,06 IMN, PLLGR - SPM= 15,43

12 1.2 13,9 24906 29R2R 63.3 48710 &£109178 100, 44
62 1.25 13.5 240034 30602 6546 50687 610283 94,94
72 1.50 1.2 25854 30062 58,8 49]75, 580Q36¢ 121,182
62 1.50 1.2 24952 31749 AR 51413 580015 112,15
712 1.75 Gl 27609 33065’ 56.5 5|7A7f 5“02]2‘ 124.45c
62 1,45 9.5 26555 33710 4041 54117 566982 113.46

@ 7he 72 uf e 175" 15 1he st

CHANGE STK? N
RUN AGAIN? N

o

25 1.2% 10,4 34 20332 airns  fsyasgo L1740 .pR00 75,'9,( = =ae lmy P
’ 1,50 R.4  34a 3135 awppr ez | 2asn 2300 anstemnt dal ?
62 i b9 29 32402 aveio 1631505 3260 1560 0 < C e
Se D T 2 . . we shortes e Sthok 7
CHANGE STK? Yry
ENTEW STE LINGTH, “aX TORoUE? | 44,640
[EE SN
CURUD PLNGI SPY  LPh MAXSTW 6yl TAVGUE  FO/SK e
2 L2 (1309 20 0020 amiis miions Lioay e ©7ASTS bets The
2 oo 13.60 464 32020 Hpas| %3 7854 of AB 640-144 1, the

2 1.5 dC.A a4 3962] 54 T ;

. . bl i
o2 B3062] 54531 Th19605" 3860 L2000 62 Gorad wi Ao Mo

lets Lse CxOPTIMA

62 I.2o E3<;] 300 IRAO 130 spiema_ on3s sz BT Lestundy.
62 150 7300 avaQ 33057 95003 [m38007] L2870 L 3emn
62 Tefs  9.R 3907 [33946) Sana> 5714347 L3m00 L5720

SPY DUAN TH 2



