USE AND APPLICATION OF DYNAMOMETERS
FOR SURFACE ANT DOWNHOLE ANALYSIS

By: T. A. Hudgins, Delta-X Corp.

INTRODUCTION

Dynamometer analysis and well analysis are becoming far more com-
mon terms in the o0il producing industry than in recent years. These
terms are becoming well known because oil producers encounter substan-
tial costs and lost production if their beam pumped wells do not
operate efficiently. Dynamometer analysis is one important technique
used to expose inefficiencies and provide information for the analyst
to make recommendations for improvement.

PURPOSE

The purpose of this paper is to present an objective non-technical
discussion, describing and comparing surface and downhole analysis.
Previous discussions of surface and downhole analysis have been offered
with only casual reference to each other. Both surface and downhole
analysis can play an important role in practical well analysis programs.

DEFINITIONS

SURFACE CARD - This term will be used as another name for the load
vs. displacement graph (dynagraph) as it is ob-
served at the surface. Surface dynamometer card is
another term used having the same meaning.

DOWNHOLE PUMP

CARD __ This term will be used to describe the load vs.dis-
placement graph (downhole dynagraph) as it would
appear at the pump (as if it were measured at the
pump instead of the surface).

PURPOSE OF WELL ANALYSIS

Simply stated the purpose of well analysis is most often to pro-
vide information that can guide the operator to the most efficient
operation of the well that is practical. Likewise, the most efficient
and practical analytical methods and techniques are most desirable.
Well analysis can provide many different facts about a producing well.
Various conclusions and recommendations can be formed based on data
gathered. No attempt will be made in this paper to cover every possi-
ble application of dynamometers. Only the more common applications
will be discussed in the interest of space and time.

Following is a list of important items a qualified well analyst
cah observe using either surface or downhole analysis techniques:

334 SOUTHWESTERN PETROLEUM SHORT COURSE



Traveling valve check
Standing valve check
Fluid pound

Gas compression
Polished rod loads
Counterbalance effect

* ok ok ok ok

These items can be observed visually by studying the surface dynagraph.
Additional important information about the operation of the well can be
determined by simple mathematical techniques using data taken from the
surface card and well data files. Examples include:

Pump efficiency

Pump intake pressure
Fluid level

Downhole rod stress
Pump fillage

Pump stroke length
Gearbox torque

Prime mover load
Tubing movement

* ok % % ok ok % F

Of the many items that could be included, these are the most often used.

To determine how efficiently a pump system is operating, the
analyst must have a reference point for comparison. The most widely
used references for beam pump systems are the API standards and bul-
letins related to beam pumping. These standards offer the analyst
a means of determining approximate loads and capacities of a pump
system if the system is operating normally. The API techniques are
based on certain assumptions which are rarely all satisfied in actual
practice. However, the technique is sufficiently accurate and simple
to use. By comparing data measured in the field (loads, capacities,
dynagraph shape) with a reference (API predicted loads, capacities,
dynagraph shape) the analyst, can often determine whether or not the
well is performing normally. Opportunities for improved performance
can also be discovered by this comparison of actual and predicted data.

METHODS OF ANALYSIS

Two fundamental approaches to dynamometer analysis are currently
being used widely to determine well performance. One is thorough
analysis of the surface card. The other is thorough analysis of the
downhole pump card. Of the two approaches the more widely used is sur-
face card analysis. Downhole pump card analysis is actually an exten-
sion of surface card analysis. The downhole card is generated as a
result of mathematical manipulation of surface card data. Downhole
pump card analysis is becoming more popular as a result of industry
awareness and recent developments in availability of computer software
to allow the o0il producer to do his own well analysis.

SURFACE CARD ANALYSIS

The analysis of surface cards has been a profitable effort for oil
producers for years. Some companies have set up departments for the
specific purpose of surface card acquisition and analysis. Many of
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these companies are using the earlier referenced API comparison tech-
nique.

Once a surface dynamometer card has been obtained the analyst can
study loads on the pumping unit gearbox, prime mover, rod string and
pump. (See Figs. 1-5) Downhole stress at each taper of a tapered rod
string can be determined. Rod parts and pump problems such as leaking
valves, split pump barrel, gas interference and fluid pound can often
be identified.

A typical thorough analysis of the surface card involves some
calculations prior to taking field data. These calculations provide
the analyst with predicted polished rod peak, minimum, traveling valve,
and standing valve loads. API dimensionless constants can be calcu-
lated to allow the analyst to use the API bulletin containing surface
dynagraph shapes. From that bulletin the predicted surface card for
the specific well to be analyzed can be selected. With these predict-
ed loads and knowing the approximate dynagraph shape to expect the
analyst can make some initial judgements in the field when the surface
card is run at the well. For example, if the actual measured loads
are all within 5 percent of their calculated values and the shape of
the surface card compares favorably with the shape obtained from the
API bulletin, the analyst can conclude that the well is performing
approximately as predicted. This does not mean that there are no pro-
blems nor does it mean there is no room for improvement. Further cal-
culations of stress analysis, torque analysis, pump efficiency, etc.
must be performed before final conclusions and recommendations can be
made.

On the other hand if the measured loads and actual surface card
shape does not compare favorably with predicted lcads and shape, the
analyst can conclude that something is wrong. It is important that
this comparison be done at the well such that any further investiga-
tion or tests can be performed immediately if advisable.

The advantages of surface card analysis are that it is a widely
known technique; it is more economical than downhole pump card analysis:
it can be done without the use of a computer. With a hand-held pro-
grammable calculator and dynamometer the average field technician can
perform a fairly complete well analysis.

Disadvantages of surface card analysis are that each set of well
conditions produces a slightly different surface card shape. If the
surface card shape does not appear in the API bulletin, the analyst
can have difficulty in determining how the pump is performing.

DOWNHOLE PUMP CARD ANALYSIS

Many years ago it was suspected that loads measured at the pump
could be meaningful to the well analyst. Early efforts to determine
loads at the pump involved installing load measuring equipment down-
hole in a well at the pump. The downhole pump card that resulted did
have value but was far to difficult to obtain to receive wide accep-
tance. Recognizing the potential value of the downhole pump card Shell
0il developed a computer program using the wave equation to mathemati-
cally determine the downhole pump card using the surface card as input.3
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The polished rod load and displacement as a function of time is re-
quired to satisfy part of the input requirements of the wave equation.
Shell's computer technique for developing the downhole pump card re-
gquires this data to be digitized (Surface dynamometer cards are analog
representations of load and displacement) .

While downhole pump card analysis has not been widely usz=d as
long as surface card analysis, the former is a valuable technique.

A surface card must be obtained first. The surface card data
must be digitized. The digitized surface card and appropriate well
data must be entered into a computer for a solution to the wave equa-
tion and a downhole pump card to be developed. Once the downhole pump
card is available to the analyst, accompanying calculations must be

performed (manually or by computer). These calculations include pump
stroke length, pump capacity., expected through put of the pump, down-
hole rod stress, gearbox torque, etc. (See Figs. 5-8) If the analyst

is only performing a downhole pump card analysis, no predicted surface
loads are calculated for comparison purposes and the predicted shape
of the surface card is not determined.

When all calculations and the downhole pump card are available to
the analyst, conclusions about the well's performance can be drawn and
appropriate recommendations can be made.

The advantages of downhole pump card analysis is the similarity

of shape of downhole pump cards. When a well is operating without
mechanical problems and the pump if filling properly, the downhole
pump card shape should be approximately rectangular. Based on varia-

tions from the rectangular shape the analyst can form conclusions and
make recommendations.

In some cases, surface cards have unusual shapes that do not allow
the analyst to be confident in his evaluation of well performance. 1In
these cases., capability of downhole pump card analysis is advantageous.

Disadvantages of downhole pump card analysis are cost, a computer
is required, and there are fewer gqualified analysts than in the case
of surface card analysis.

COMPARISON

Surface or downhole analysis techniques can be applied to most
rod pumped wells. The rare exception would be where the analysis
equipment could not be installed. Many wells can be satisfactorily
analyzed using surface card analysis techniques. When surface card
analysis yields logical conclusions there is generally no need to use
downhole card analysis techniques.

These are cases that surface card analysis will not yield com-
pletely satisfactory results. These cases are ideal candidates for
downhole card analysis. The additional expense of performing downhole
analysis is justified if the technigue provides the analyst with
enough additional information to form logical conclusions and recom-
mendations. There are cases that cannot be satisfactorily analyzed
using either technique.
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It is recommended that the analyst first apply surface card analy-
sis techniques to evaluate well performance. If downhole card analysis
is necessary or desirable in a particular case, it should follow.
Downhole card analysis begins with obtaining a surface card. It is
desirable to obtain all surface cards in a manner that allows use of
downhole card techniques.

EQUIPMENT AND SERVICE

Well analysis equipment is available to the industry from inde-
pendent suppliers. Well analysis is also offered on a service basis
by various companies in the industry.

Equipment including dynamometer, surface data recorder and data
input units can be used to gather and input the data into computer
software available on the timeshare network. This makes it possible
to perform any degree of analysis (surface or downhole) right in the
field office if desired. 1If only surface analysis is desired, this
can be performed at the well site with dynamometer and calculator.
SOFTWARE

Software is available and designed so the average technician can
use it. Computer operators are not required to run many of the pro-
grams available. Some producing companies have their own software.
Most have chosen to use software available on one of the timeshare
networks because of broad geographic availability.

CONCLUSIONS

The availability of equipment, technology, and computer software
has made it possible for large and small producing companies to take
advantage of well analysis techniques. Surface analysis 1is generally
less expensive than downhole analysis and can provide the analyst with
satisfactory results. While downhole card analysis 1s more expensive
and requires a computer, it is justified when surface analysis fails
to provide the analyst with enough information to form logical con-
clusions and recommendations.

Software for downhole card analysis has been made available for
use by oil producers recently. As more analysts become trained in the
use of downhole card analysis software, the techniques are becoming
more popular. Well problems that were left unsolved can now be re-
solved in many cases.

Both surface and downhole pump card equipment and techniques can
be used in house or on a service basis from a contractor.
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FIGURE 1—SURFACE DYNAMOMETER CARD
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WELL IDENIFICATION: HUM1

PREDICTED SYSTEM LDADS (PSL)

CALCULATIONS FOR CONVENTIONAL PUMPING UNIT

PLUNGER STROKE PRODUCTION PUMPING FEAK POL  MIN POL  TRAVEL STAND

SIZE LENGTH SFPEED ROD LDAD ROD LDAD VALVE VALVE
2.295 75.5 543. 13.58 12618. 587%. 13497. B7464.
ROD SIZE LENGTH MAX STRESS MIN STRESS % MGDA
B 1188. 22934, L4842, 83.7
7 1958. 23735. 517%. ?1.7
& 1438. 19988. 1844, 53.46
MAX IMiM PUMPING
FEAK THDRIUE CEE FOLISHED ROD HF ACCELERATIDN DRDER
274273, 12237 14.788 B.195 4.543
Fi3/SKR  N/ND N/NOFP FC WR ER ET
191 238 L2192 1.1422 2.2873 LBAT7E-84
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FIGURE 2—PREDICTED SYSTEM LOADS
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WELL IDENIFICATION: HIJM1
DOWN-HOLE STRESS ANALYSIS (DS&)
CALCULATIONS FOR CONVENTIONAL PUMPING UNIT
PLUNGER STROKE PRODUCTION PUMPING FPEAK POL  MIN POL  TRAVEL STAND
S1ZE LENGTH SPEED ROD LDAD ROD LOAD VALVE  VALVE
2.25 75.5 543. 13.50 19208. 3968. 13497. 8764
ROD SIZE L.ENGTH MAX STRESS MIN STRESS % MGDA
8 1188, 23176. 4944 . 89.4
7 1958. 23973. 3783, 97.1
3 1483. ZB115. 1384 . 844
MAX IMUM FPUMPING
FEAK TORAUE CBE FOLISHED ROD HP ACCELERATION ORDER
285545, % 11713, 14.247 $.195 4,563
FO/SKR N/ND N/NDP FC WR ER ET
L1911 L2510 L2192 1.1422 2.2873  (ASATE-@4 .
FIGURE 3—DOWNHOLE STRESS ANALYSIS
WELL IDENTIFICATION: TEST DOWNS TROKE
TORAUE CALCULATIONS FOR CONVENTIONAL UNIT CRANK TORAUE PERMISSIBLE ACTUAL
WITH COUMTEREALANCE EFFERT = 13244, ANGLE LOAD LA
195, @ £TE4T . R FEETN 11479,
UPSTROKE * 210.0 rT- T SESE.
Z25.8 TLISZ. TREL .
CRANK TORBUE FERMISSIBLE ALTHAL ZAE B LESLEL . SAEE .
ANCGLE LAD LOAD 755 @ S2EES. S48,
278.8 24375, SIEe.
15.% £573. 29454, EGETN 705 @ LETOR . 7727,
8.8 79332, 17998, 14134, 3. B ZLSGE . L7481, 1B9SE.
45,8 122731, 154273, 14371, 21i5.# 11292, S1Rg. 1B587 .
LB . F4143. 13574, 13712, 33I@.8 -12578. 2541. 18416,
7.8 57184, 1L754. 137468 345 .4 -32344. -2581. 1651,
D, 38983, 12784, 14877. ThE B -35544, -SLSEG . 12553,
1@5 .3 -571. 21874, 15152,
1788 -51851. 23544, 14211,
135.8 -LZ318. 2LBZ2. 13584, _ R
- + INDICATES PEAK TORSUE.
158.8 -39338. 28755. 1350 . * INDICATES PEAK TORAUE
145.8 -12369. 33847 LZ5B7. npak TORGUE WHEN COUNTERBALANCED....-= 749
126.8 25238 . LTLEG . 11574,
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FIGURE 4—TORQUE ANALYSIS
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GEARBOX TORAQUE VE. ANGLE

FOR CONVENTIONAL UNIT RATED AT 148@98. INCH-POUNDS

TORQUE SCALE IN THOUSANDS OF INCH-FPOUNDS
175 I

149 1

78 1 i}

-35 1 o
0 [
- D
- U
-79
-185 1
~188 1
175 EACH TORQUE INCREMENT EQUALS 7848 INCH-POUNDS
DASHED LINES INDICATE RATED GEARBEOX TORAUE
FIGURE 5—TORQUE PLOT (DATA FROM FIG. 4)
WELL-TEST LEASE - FIELD- #% DELYA-3 PUMFP CARD #*»
MrBUY Y- CASE - DFER - RE R R T T )
-288 ~249 299 LRl 1378 1918 2449
X

X L 2 "

*
x
x
x
X L ]

=13

I e e X-mmemmann Xo-m-eme- Koo e X
-208 249 290 E38 1378 1919 2448 3889

LOAD (LBS.)

SEALE - 1LOAD=  S4. LBS, DISF» 1.2 IN.
DH
CHANGE DAMPING FACTOR(DCO) ... (YES/NO) ?ND

FIGURE 7—DOWNHOLE PUMP CARD BASED ON SURFACE
CARD IN FIGURE 6.
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WELL-TEST LEASE- FIELD- #% DELTA-3 SURFACE CARD v
MHDDY Y~ ZASE - DFER - FABERREARABI ARSI R RN S AR AR
18380 11030 11748 12492 13218 13949 14478 15498
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x
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x
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X
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LOAD (LBS.)
SCALE - LDAD= 73, LBS. BISF= 1.4 IN.

FIGURE 6—SURFACE CARD FROM DOWNHOLE PUMP
CARD COMPUTER PROGRAM OUTPUT
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SURFACE DATA

STROKE LTH PFRL MPRL TORQUE FLUID LOAD FLUID GRD

4.3 15309. 164898, 79813, 3291. #.427
ROD DATA
DIA MAX STRESS MIN STRESS HCD LMY %AMGD
&4 34437, 2IB44 35744, M.
S 38379, 14741, 32883, ®7.
TOTAL ROD LENGHT S46P.0 TOTAL ROD WEIGHT 11244.¢4
FUMP DATA
GROSS STROKE GROES PROD GROSS EFFN
53.8 128.4 81,3
NET STROKE NET FROD NET EFFN
29.1 L£b.2 142.1

FUMP FILLAGE S4.9%

AV MAX LOAD AV MIN LOAD AV MAX DISP
2718, -573. 22.1

MAX LDad MIN LOAD HAX DISF
2954, -777. 53.8

EEE R A A I I N A N N N T T B 2 R I |

DO YDOU WISH T RUN AGAIN...... ... . .THD
FROGRAM STOP AT 8

FIGURE 8—CALCULATED SURFACE DATA AND PUMP
DATA PUMPED ON SURFACE CARD IN FIGURE 6.
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