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Operator’s Use of Power Probes Identifies
Inefficiencies and Reduces Electrical Cost.

1. The power
measurement
system Is deS|gned :
to give 2.
Instantaneous
power values
within 5% of actual
values.

2. Electrical cost is
one of the highest '-,,
expenses in
operating a well




MOTOR POWER SURVEYS ANSWER THE
FOLLOWING QUESTIONS:

What is the overall electrical efficiency of the pumping system?
Is the surface electrical efficiency less than 80%?

Is the overall electrical efficiency above 50%7?

SRRCORRID R

What is the power consumption, $/month, $/BBL, and power
demand, KW?

o

What is the motor current? Does the motor overheat?

6. Does the motor generate electricity at some time during the
stroke? Is credit allowed for generation?

7. Isthe gearbox overloaded?
8. Isthe pumping unit properly balanced?
9. Required movement of counterweights to balance unit?

10. What are transmission line losses In relation to power

consumption ?

3
LSS



Electrical Safety

1. Most power measurement devices require the
operator to open the electrical switch box to install
Sensors.

2. The operator is exposed to DANGEROUS HIGH
VOLTAGE electricity.

3. The cabled portable power transducers installation
procedure Is safe when the operator exercises
precaution and follows the recommended procedures
In the attachment of the voltage and current sensors
and uses proper safety equipment.

4. Permanently installed WIRELESS connector for
power/voltage/current sensors eliminates risk of
contact with electrical components inside panel.




Power Measurement Eqmpment

1. Acquire:
« RMS (thermal) motor
current
 Average (real) motor
current
« KW during a pump
stroke cycle.

2. Three voltage sensiig
leads “RIGHT",
"CENTER" or
“LEFT".

3. Two current sensors. Bl B




Portable Wireless Power Probes
with Cable Harness

Used for
wells that are
not outfitted
with
permanent
external
power
sensing
connector.




Permanent Internal Power Probe Sensors

Requires:
mounting two
current
transformers
around powe
wires and
attaching three
voltage sensing
leads to electrical
lines and
Installing safe
external
connector in
switch box.




Sensor connection may
be done while pump\ng
unit is operating.

Sensor is powered up

then data acquisition "‘

and transmission Is

. .. . \("

Initiated by depressing -

“Acquire” switch. _ |
Generally power/current ‘_e B ’

are acquired
simultaneously with
dynamometer data but
stand alone power
acquisition is also an
option.




Type: API Unit Description '\Ii':r)]”:;]”m Isntgﬁ::
A -AIR BALANCE
B - BEAM BALANCE C-320D-256-100

C - CONVENTIONAL
M- MARK 11

Structure Rating
In 100s of LBS

Peak Torque Rating
Thousands of IN-LBS

Wellhead Viewed to the Right:

Crank nearest Is #1 crank

On opposite side #2 crank

Counterweights on the Crank
On top #1, On the bottom #2

CCW
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At speeds faster than 1200 RPM motor produces power

At slower speeds the motor is using power to do work.

—— Mechanical Net Gearbox Torque (Existing) ( Kin-lb) — Power | KW )
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Phase Angle Causes
3 Positive Peaks

Echometer Online : Motor Power Analysis 22 : Markll

Elapsed Time (sec) |

ﬁ
— 40
2| 400-
£
E 200 20
&
= \ .00, -1.2)
Tf: 0 L - -
E 1 18.00n0.7) "
3 '4 IMotor rotates under -'

- Ino load at 1200 RPM

] [ |IIEIap5E.=IdTIimEI.==‘II.EEIJDE|e::I —

0 1.667 3.333 5 6.667 8.333

([ Af ) Janio 4

11



Balanced Torgue Provides Uniform
Loading Throughout Stroke

Mechanical/Torque (in-lbs) or Electrical/Power (kW)
Signatures for a Unbalanced or Balanced Pumping Unit:

|#———Mechanical/Electrical Unbalanced »€— Balanced —»j
«——Rod Heavy »|€—Weight Heavy ——}«—Corr. CB Moment —»]
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Gearbox Torque from Motor Power

“Net Torque Acting on a Pumping Unit Gearbox ", Ask (((Echometer))) Online Seminar #12 — August 5, 2020 — www.echometer.com

| 03/1372018 12:45:50F M |
TestInfo | e , ;'-; Comments: |Power Probes hooked up before the switch [ Report ]
| Field I Details I Chamber I Power Torque I Power Analysis [ Analysis Plots [ Raw J

Balanced Torque Calculator

<= S - ~ Measured Torque

0 Stroke Per Minute (SPM) 8.4
Motor to Gearbox Efficiency (EFF) (0.8 | [ Reset |

mu_' Speed Variation (SV) 0.92 | [_Iﬂn_a_gﬂ_j

' Torque = 84.5 * P[KW] * EFF/(SPM * SV)
1004 ~ Vary Counterbalance

1 _ ‘ Increase | ‘ Decrease l

. ~ Counterweight Movement Needed to Balance Torque

0 .

: ‘ Weight of Counterweights | To Be Moved Ib

1 Move Counterweights IN 5.9 in
1907 to DECREASE Counterbalance by 31.3 Kin-Ib

00:00
BOTTOM TOP

| Torque = 84.5 * P[KW] * EFFI(SPM * SV)

l* Replay] [ﬂ Events]

[il Stroke 2 of 24 ]:]

Move 5308 Ib
of Counterweight
IN5.9in
for Balance

Gearbox Hating

320.0 wnno

bleasured Upstroke Peak

228 Kin-Ib

Measured Downstroke Peak

286 Kin-Ib

Balanced Upstrake Peak

256 Kin-Ib

Balanced Downstroke Peak

256 Kin-Ib

I I Power Gearboo Torgue Caloulstor




Electric Power (kW) and Current (Amps) Input

to the Motor over the time of a Pump Stroke
DATE @7-12-1995 TIME 11;14

Ao STROKE 1 ----------- o= STROKE 2 ------------- -

-22.8

— T A N (Fm&:g) Cursor at 6.6 (sec)
—  Power -1.34 (KW

Echometer Online : Motor Power Analysis 22 : Light Load Motor g
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Nature of the Load

Torque required to breakaway and accelerate a pumping unit is high

Breakaway torque is a function of the pumping-unit size and well
conditions.

Conventional Pumping Unit net gearbox torque during a stroke has two
max (peak) and two min (valley) power demands for each stroke.

Peak torque or power are approximately equal for balanced operation.

A balanced pumping unit reduces motor thermal load, because of:
a) Reduced peak torques imposed on the motor
b) Reduced peak power delivered by the motor,
c) Reduced peak current drawn by the motor.

Polished-rod horsepower will vary depending on the well conditions. If
Polished-rod horsepower changes then the balanced condition of the
pumping unit change.
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Motor Performance Data NEMA D -40 HP
Output torque from the motor varies as motor speed varies
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Motor Performance Data NEMA D -40 HP
Relationship between current drawn and motor speed.
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Motor Slip = (Sync RPM - Running RPM) / Sync RPM

Instantaneous RPM computed from measured acceleration

| 03/13/72015 12:45:50PM | 03/13/2015 01:33:17PM

S\l DYN History |
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INDUCTION MOTORS OBJECTIVES

 Understand the performance characteristics of a typical
electric prime mover.

 Understand the nature of the load imposed on an electric
motor, the torque required from the motor to break away
and accelerate a pump jack.

« Pumping unit gearbox load presented to the prime mover,
and the motor torque characteristics should have similar
"signatures"” to that of the gearbox torque.

 Cyclic loads translate to peaks and valleys in the power
demand at the motor.

e What the Gearbox demands the motor provides.

 |dentify and distinguish between an electrically unbalanced
and balanced pumping unit.
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Startup Motor Power Consumption

12/19/2018 03:33:07PM | 12/19/2018 04:25:22PM 1 121192018 04:44.23FM [T DYN Histary |
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40
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1. During start-up L

12. Motor start-up KW

30 Hp Mator = 22.4 KW
Starting HP = 2.7xMotor = 2.7x2.4 = 60

the motor uses
about 3x full load
Kw for ~0.7 sec.

usage is less than
electricity usage

stroke

during one normal \

I T T T T I T T T I T T T T
155.55?’ 1i"l:l 173.333 \1?5.65? 180 183.333 186.667 190
LT

Start

to control run-time once each (
15 mi

charge less than 0.2 %
compared to continuous J ‘
operation. _

Echometer Online : Motor Power Analysis 22 : Power Probe Testing

ing a beam pump motor VYRV IV VYV YNV NV

Inutes impacts demand

183.I333 EDD 216 EET 233 333
Time sec




Simultaneous Acquisition of Polished Rod Load, Polished Rod Position,

Motor Power, Motor AMPs and Motor Voltage while Performing Valve Test.

Kb
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Voltage and Current during Motor Startup

Current peaks at 95 AMPs

! \-\\_\_—/‘r’l\
@ \

= Yoltage | Yoits | = Current [ amps |

.
'l' \\‘

im0, 4228 \ /

(1000, 520

/
J

/ \“'\»N\'\—'\

Yy, V
Elapsed Time » 1000 s0¢ |

!

Voltage drops from 488
to 340 during starting

.

Elgsad Time (46

The voltage and current
are analyzed in
software to determine
the line loss. The
voltage drop and the
current usage during
startup are used to
determine the
resistance of the
distribution electrical
line. Then, the current
and calculated
resistance are used to
calculate the line loss
power. This data is
acquired when the
operator is acquiring
the traveling and

standing valve tests.
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Operating Cost and Power Line Loss Cost

From above, Line Loss = 0.8015 KW

The Gross Input Power to the Motor i1s shown below as 9.7 K\W

Avg. KW for stroke 16 is = 9.7 + 8015 = 10.502 KW @, $0.1/KWH)30 Days = $756.11 / Mo
Line Loss = 0.8015 /10.502 = 7.6% of Power Bill thus Line Loss Cost = $57.72 / Mo

Power Analysis

Monthly Operation Costs (30 Days/Month) Recommended Min NEMA D Motor 13.3 KW
Run Time 24.0 hriday Rated HP c24 KW
> ~re o C 4
Cost With Gen. Credit 31941 3 Rated Full Load AMPS 39
Cost No Gen. Credit 34897 $ s i
e i Thermal AMPS 22.0

Demand Cost 84.12 S

: ) - it i Gross Input 9.7 KW

Qil Production Cost 206.2 ¢/bbl Net | ' 89 KW

Liquid Production Cost 13.5 ¢/bbl DH ”PS 1‘0‘ - KW

Oil Production 7 BBL/D AeTén/_ 9 ?J KVA

Water Production 100 BBL/D verage .

Power (KW) e Current (amps) Average FPower

With Generation Credit 8.9 KW
No Generation Credit 9.7 KW
Average Power Factor 73.5 %
System Efficiency 53.3 %
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Cyclic Loading on Motor

Amp (current) signatures of an electrically or mechanically
unbalanced or balanced pumping unit:

*RMS Amps shows thermal loading on Motor
Compare Acquired Thermal Amps to Motor Name Plate Amp Rating

* Overloading a Motor with Current is the Typical cause of Failure.

|»———— Electrically Unbalanced ————. s+ Balinced — =
Rod Heavy —--—a+— Woight Heavy ——=}+=— Corr. CB Moment—={

| Down

P — P s

One Pump Cycla Oz Pump Cwle




Motor Thermal Loading Characteristics

Echometer Online : Motor Power Analysis 22 : Motor - Burn Up

— Power (KWV)

—— Current (amps)

100+

NEMA B 40 HP

1) 4% - 5% Slip
2) 180% Starting -

Torque ]
3) Lower Cost

80+

20 -

NEMAB

4) High AMPs
5) Constant Load

-20

40

L/ v\'_,
M% Thermal AMP Load
— Power (KW) —— Current (amps)

NEMA D 30 HP

1) 8% - 13% Slip

2) 275% Starting
Torque

3) More Efficient
w/ Cyclic loads.

o

Same Well with

Different Motors

i | i
00:00
BOTTOM

T T
o008
BOTTOM

T T T T T
00:04 0006

TOP

T T
00:02

Ww__"58% Thermal AMPJU.oad

< Stroke 5 of B

Fun Time

-

24_0 hriday
Rated Current
55 amps
Thermal Amps
50_0 amps
Motor Rating
40.0 HP
Recommen ded hMinimurm
MEMA, D Motor
38.2 HP
S0 Day Cost to Run
1043.23 =
Svstermn Efficiency
84.2 %

<| Stroke 5 of 5 |=—J

Fun Time
24_0 hriday
Rated Current
75 amps
Thermal Amps
43-4 amps
Motor Rating
30.0 HP
Recommen ded Minimum
MERMA, D Motor
41.7 HP
30 Day Cost to Run
1139.48 s
Systern Efficiency
28.9 %
26




Prime Mover Selection

Two basic types:
1) electric motors and 2) internal combustion engines.

Advantages of electric motors over gas engines:

1) Lower initial cost

2) Lower maintenance costs.

3) Electric motors also provide dependable all-weather service
4) More easily fitted into an automatic system.

Advantages of over gas engines over electric motors:
1) More flexible speed control
2) Operate over a wider range of load conditions.

3) Fuel costs for gas engines may be lower than comparable energy
costs for electric motors

Selection of one type of prime mover over another depends upon:
1) local availability 2) fuel supply 3) local conditions

4) availability of maintenance 5) personal experience or preference.
27



A ) 010

Min API Unit Rating el L ———
Design Inpuls Resulls . :,:E . 9 I ]
& (100% pmp volumstric off ) 182 BELJD & gono | 4 — o e Bl
Linik CW_ony 0% purnp vohumetric eff ) o .sﬁf‘m e ey T A
Pump Depth 3-:!:96 v —may| |2 o ”
Torque
200000 )
— ! "-I H.'F“ 1 -'_x—\\..
o {\ FR Y
S qo0000 |/ N\ A £ N ook RMS
@ / J 1 d N \
= III-' I'| "_‘_,_'"’"-‘ ‘.k’ AVG
? —""x‘ ! ;-"; "\_,.-*-"' -
= 0 = —
L i “‘x\ P 4
. -100000 w,
0 100 200 300 400
Angle (degree)
Peak GearBox Torgue 204 Kinlb ~
Counter Balance Moment S09 Kin-b -
Courter Balance Effect 10,222.6 Ib ~
Echameter Company Phone: (940) 767-4334 E-Mal: infoechometer .com E&:ﬁ:?ﬁm 505 Kb - 28
Copryright 1994-2012 Echoeneter Company. All Rights Reserved. Courder Balance Effact 10,2226 b .




Sizes Minimum Required
NEMA D Motor Horsepower

Computer: HP = CLF * PRHP / Unit Efficiency
QRod uses:

CLF =RMS Torque/ Average Torque

RMS Power/ Average Power is OK.
(don’t use CLF based on motor current)
OR:

Gault: HP = 2. * PRHP

Unit Efficiency: 95 % for “Large” Units
80 % for “Small” Units

AS




: .l O 'l C 9

HP=CLF * PRHP / Unit Efficiency

YT

1

Y i
Rate [ 100% pump volumetric eff ) 182 BELD ~= = gooa | A
S CWConv ¥ Rate (90% pump volumetric eff.) e - || Jdpee.
Rod Taper 4,00, 65, 0% & |
Pump Deplth 3,896 ¥t - Top Rod Loading EE g, E _
=i

Surface Stroke Length 10500 » in -
Pump Ciameber (D) 1.500 w -

.

Tubing Size 2,875 (6. 40 bjft) 24417 ID »| S¥ioad 6,310

Min NEMA& D Motor Size 10.4 HP

«Slmn -

I::e 1 t-'i-:-" bin -
Polished Rod Power S.9HP S e e P oo
Rod Bumber % v Rate — &0
o JHS I - -
L - L] ﬂj
Surface Unit Efficiency 95 o
CeTaun SN e =
(3 40 =
Toksl Sirker Bar \Weight 0.0 T b - Diarmiping F 0.07 -
&0
Fhud Specific Gravity 1.00 @ Sp.Gr.HZOw Surface Lint Efficiency e a I Position (n) -
Tubsng Pressurs 13,00 P » Pueng Yobumnetra: Effaciency &5, 78 f|-- % -
orfque
Casing Pressure .00 P =
5 oA n n CLF
You may enter Pump Entake Pressure directly, or caloulate & from Beservoir Pressurs and Produckieity Tndeo:, E ] A ! L
L
() Pump Intake Presoore | 116,80 pri = () Reservoir Pressure P i ; o
Productivity Index SthiDlpd =] | < 100000
1] 100 200 S0 400
Angle (degreg) -
Peak GearBox Torgque 24 Kb -
Echometer Compamy Phons: (940) 767-4334 E-Mal: infoechomster, com Coumner Balandce Moment 52 Kindb -
Copryright 1994-2012 Echoeneter Company. All Rights Reserved. Courder Balance Effect 10,2226 b *




Motor Power and Electrical Analysis

Power Analysis

Maonthly Operation Costs (30 Days/Maonth) ‘ Fecommended Min NEMA D Motar 19.8

g""‘*":hw"h;“”tcmf” ggggg COSES [ Rated Fuil Loas avps| P OWET 39
051 NO Len. L.redl : w
Thermal AMPS 23.4

Demand Cost 9267 % 5 nout 144
Oil Production Cost 2287  ¢lbbl M;ﬁﬁ ”f“ 17
Liquid Production Cost 15.0 ¢/bbl rp” L
0il Production 7 BEL/D Demand 1.6
Watar Production 100

BEL/D Average 10.3

Average Power

With Generation Credit 9.9
No Generation Credit 10.8
Avarage Powear Factor 76.3
System Efficiency | 56.9

= Powear (KW)

System Efficiency




What I1s High Efficiency?

Electrical Efficiency

. Total System Efficiency Should be greater than 50%

. Surface Efficiency should be greater than 80%

Mechanical Efficiency

. Pump, Rods, Pumping Unit Size and Balance

Reservoir Producing Rate Efficiency
. Should be greater than 97%, PBHP < 10% of SBHP
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Analyze Well
To Determine Efficiencies:

1.

Analyzes the well’'s inflow performance to
determine if additional production is
available. (>95% Eff.)

Determines the overall electrical efficiency.

. Analyzes the efficiency of the pump.

Analyzes the efficiency of the down-hole gas
separator.

. Analyzes the mechanical loading of rods and

pumping unit.

. Analyzes performance of prime mover.
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Vogel IPR Relationship

VVogel's IPR Curve
1.0

0.9
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0.6 \
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that the well is produced at more
0.2 =1 than 97% of maximum rate

0.3

0.1

0.0 +—
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Electric Power (kW) and Current (Amps)
Input to the Motor over the time of One Pump Stroke

— Power (KW} —— Current (amps)

(73.0,22.1)




Efficiency

1. Power Input into Sucker Rod Lift System

a) System Does Work to Add Energy to Fluids
b) Fluids then flow to the Surface

2. Surface & System efficiency

3. Use Fluid Level, Dynamometer, and
Power Surveys to Determine Efficiency

4. Low Efficiency Used to Identify Problems

5. How to maintain a high producing
efficiency in sucker rod lift operations
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Net Lift ~ System Efficiency Equation

T

Pressure

-

System _ __ HHP
Effieiency INPUT HP

= HHp = SG x BPD x (Net lift)
: ~. 135,800
'5 Ty INPUT HP = Motor Power

Net '!- ™~.. SG = Specific Gravity
e -, . of Fluid

~a Pump

~.  Discharge
oy

-y ~ l
e
L

Ny

Dp through Pump > @
Assumes Same Tubing and
Annulus Gradient

Pwi 1 HHP/D = 27 BPD x 5000 Ft

Pump Intake
Pressure
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Measure Motor Input = 13.9 kW

Acquire:

e RMS (thermal) motor current
 Average (real) motor current

« kW during a pump stroke cycle.

Field \ Details \ Chamber IENEY eI R [ Raw ]
Torque Analysis Plots
Power and Current Analysis W Replay | [T Events |
—Power (KW) — Current (amps) ["l Stroke 2 of 7 |:"J
Fun Time
50 240 hriday
Rated Current
75 amps
(-0.0, 42.0) T A
40- 2rmal AMps

. 44.7  ames
] Iotor Rating
- -0.0,21.9

I i 600

Recommendead Minimum
MEMA D Mator

- 33.1 HP
0 30 Day Cost to Run
LY/ 45221 !
i System Efficiency
201 91.2 %
T T T T T T T T T T T T T T
00:00 00:02 00:04 00:06

BOTTOM TOP BOTTOM




Pump Intake Pressure = 730.7 Psig 133 BOPD

Tubing Fluid Gradient = 0.335 psi/ft 241 BWPD

Gas Interference Dynamon:ieter Test Info | i Comments: |Gas Interference - Gas Interference | [ Report
. Chamber { Power Torque lPowerAnalysis I Analysis Plots { Raw
Fluid Level |
Feak Load Min Load Fower [* Replay [ﬂ Events
Above PUMDP Lo [17.83 w[ 7.97 wi 16.4 w [ S tor [)
F& . . J
= Net Lift 94 Ft? Furp | 5,00 k| -0.64 k| 9.1 wp
BLIFT | SirokeLength=158.UU1n | Adj Pump Displacement @ | 240 BBLD
— | Calculated Fluid Load Max| 7.29 Kb
7 o'l I [ el Rt L e e Y I _| Surface Eficiency] 86.46 -
S | Pumping Speed| 8,571 spm
| Dynamometer 2 | | Matar to Pumnp Efficiency] 47 .82 %
Pump Intake Pressure| 684 psi(g)
______ fan Damp Up|  0.080
GDA Damp Down|  (0.121
Pum PDP = quivhlent Gas Free Fillage = 49.56 in Adi Fillage @ 30.10
p 1833 psi (g) =0 ___ _FoMax-7.29b ndi EFT@ 47.5 n
—_— i Enter Tubing .
Depth_ ; o] | FoMvell || ressurel 138.0 | psilg)
ey 1 | L _ ||
| 1 m Flui i 1
5059 ft R Tubing and
F11 i ] : .
istay.. 2 : 'I|Annulus Liquids
2o ]
[ = -20
Gl o ] 1| Are Not Same!
Production: 04/09/98 M [F12 s LER . —
133 BOPD Utilities e, 40 ] il | Open ! n| |
241 BWPD 700 psi (g) —Hrs e i e )
5 0 20 40 60 80 100 120 140 160 in
LL:05/01/98 01:23:17PM ﬁg_l‘gpngli_;} ‘ a1 g Stroke: 1 01:29:07 PM clock [ Annotations
[ Zoom | [ Edit ——— Unanchored kt| 884  bin krl 299 Ibin [ Pump Card Analysis

Echometer Online : Motor Power Analysis 22 : Gas Interference
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T system = (Q,sr0) (Depth — PIP/.433XSG) (SG) (7.368 E-06)

Surface Efficiency 1->2
Fumping Unit

Sheaves
and Belts

Frime Mover e
\‘ i
1@

System Efficiency 1-> 3

Vilhis 44
el

(Kw / 0.746)

2 Clamp and

Carrier Bar
Folished Rod
Stuffing Box .
Determine:

Flow Line
——(_asing
1. Input Kw

}—Tubing

2. PR Hp

3. Pump Hyd
Hp

sucker Kods

+——Tubing Anchor
4+—5Sinker Bars

Fump 3

zas Anchor
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System Efficiency Calculation

Theoretical amount of work required to lift the
liquid from the intake pressure at the pump to
the surface divided by the energy supplied to
the motor.

Measure:

 Pump Intake Pressure from Acoustic Liquid Level
Net Lift = P Depth—PIP/ .433xSG

= 5059 — 730/0.335 = 2880 ft

 Fluid Volumes and Properties

e Motor Input Power Measurement
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51% System Efficiency

| PDOF || Email]DﬂU% <| Stoke20i7

Power Analysis
Monthly Operation Costs (30 Days/Month)

Run Time 24.0) hriday
Cost With Gen. Credit 356.08 §
Cost No Gen. Credit 452.21  §
Demand Cost 17408 §

Qil Production Cost 15.7 ¢/bbl
Liquid Production Cost 5.6 ¢/bbl
Qil Production 133 BBL/D
Water Production 241 BBL/D

= Povyer (KW)  ++e« Current (amps)

-"J |Wnrd Dl:u:J | & DYN | | i Turque| | &' Power | | & Ansiysis Plot |

Recommended Min NEMA D Motor 33.1 HP
Rated HP 60.0 HF
Rated Full Load AMPS 75
Thermal AMPS 44 7
Gross Input 24.1 HP
Net Input 18.9 HP
Demand 21.8 KW
Average 19.9 KVA
Average Power
With Generation Credit 141 KW
No Generation Credit 17.9 KW
[ 078 %
I System Efficiency 51.2 % |
42
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Why Is Efficiency a Useful Benchmark?

 Measure of work input (power
requirements) relative to useful
output (liquid production).

e Directly related to operating costs
 Relatively easy to measure

 Generally accepted guidelines

Efficiency
= System Efficiency should be > 50%
= Surface Efficiency should be > 80%
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Losses ~ System Efficiency

T] BEAM, system= T] surface T] motor T] unit T] rods T] tubing friction T] surface pressure

Input HP = Kw/0.746 E output

surface

m—

Surface Motor Unit
Losses Losses Losses
Rod Tubing
Losses Flow
Friction
Pump
Output
T”/: Q x AP
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Motor Performance Data — Efficiency vs. Output Hp

Comparison of NEMA D Motors

100

a0

80 -

70 —-#

60 -

50 ~

Efficiency %

40

M fF
30 1

20 WF

7

B

11,

10 -,
o
[

0 10 20 30 40 50 60 70
Motor Output Horsepower

] 7.5 10 15 20 25 30 40 50 60 75 100 45




60 Hp NEMA D Motor (Surface Efficiency)

Motor Performance Data — Efficiency vs. Output Hp

100

20
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-----
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60

50

40

Efficiency %

30

20
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?Other Motor Manufacturers Effijciency may be Different

0

0 10 20 30 40 20 60 70

Motor OQutput Horsepower | .. oo od Horsepower can

NEMA D MOTOR HORSEPOWER RATINGS: be used to estimate for Motor




OLOor Perrtc ANCE A L O1C
A
L/
Motor HP - NEMA D 5 | 75|10 |15 |20 |25 |30 |40 |50 60
Motor Efficiency (30%-80%) Load 78 |80 |84 |85 |88 |91 |88 |91 |9 |86
Minimum Surface Efficiency 70 (72 |76 |77 |79 |82 |79 |82 |81)77

< O30 T0 T ==l

s

Robbins-Myers 60 HP/U444 Frame 220/440/760 Volts 1200 RPM

100+ - = - 100
] Tk

El'ﬂ'_ J{%\“g._ !-"'H B b

B0 J""F;-; !_‘H ..r"'._-m-"_ 20 I
: il 0% Pt fea My EfTiaT

70 - 7 = = - 70 n
] [F’ 2 Oad [LToss JokE tsear@'l/ C p

80 T—f7 B F 60

50 ; = Ll
; < EA

40 :_i = 40

30 - - 30
i, ”j Y H
-Il _..-""" L

20 4 3 E [ 20 P

10 :i_;—*"' 10

Dﬂ"'_'w""zﬂ"”a{r””m > .
Polished Rod - Motor Output (Hp)

Measured: = Surface Efficiency = Input Hp
Published: — Motor Efficiency — Input Hp 47




Example of Low Surface Efficiency

Echometer Online : Motor Power Analysis 22 : Bad Tail Bearing Peak Load Min Load Power

Polished Rod | 16.01 kb 6.28 k| 15.8 we
Kib Furp | 4. 77 k| =2.35 kn| 9.1 wp

Bad Ta” 16 Stroke Length = 168.00in | Adj Pump Displacement @) 288 BBLD
Bearl ng 14_: (27.63,15.47)
Resulted % Before

In Low I - I (R A I A
Surface Purmnp Intake Pressure| 444 2 psi(g)
Efficiency | namp Up| 0,147
of 66% TR e e e e Y vamg oown|_ 0,147

Feak Load Min Load Fower

Polished Rad | 16.38 k| 5.92 kb 16.0 wp
Furp | 4.59 kin/| =1.50 kn| 10.0 wp
Stroke Length = 168.00in | Adj Purnp Displacement @] 355 BsLD

Of 83% % I A D Dt P R i et _[ - Calculated Fluid Load Max| §.57 ki
Surface Eficiency. 83.314 ¢
After 12 Jwrf = 11,09 Kib

N V=11.09Kb | . _| ] Pumping Speed) 7,059 spm
Repalr Of 10‘: Matar to Pump Efficiency) 54.88 s
Bad Tall 3

Fump Intake Pressure 9?9 psi (g)
Bearing : parmpUp| 0,119

||||| T |I|
0 20 40 60 8 100 120 140 160 i 48  DampDown (0,119

Calculated Fluid Load Max| 5.61 Kb

Surface Efficiency] §6.65H v

Purnping Speed @, £ OU spm
Matar to Pump Efficiency] 38.37

I I I 1 1 I 1
140 160

Surface
Efficiency JRisieaaym
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Use Both Producing Fluid Level Survey
and Dynamometer Analysis
to Answers the Following Questions:

1. Is the well being produced at its
maximum production rate?

2. Does a fluid column exist above the
pump intake?

3. Is the pump completely filled with liquid?

4. |Is low efficiency caused by incomplete
pump fillage due to over-pumping the
well or due to gas interference?
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Acoustic and Power Surveys Show
System Efficiency Less Than 35%

Low Low High
Producing Producing Producing

—) BHP or Low | BHP or Low | BHP or High
Fluid Level | Fluid Level | Fluid Level

nvnamomeler Pump Full Low Pump | Low Pump
— Fillage Fillage

Low Priority | Potential to | High Priority
vﬂur loh Study Surface| Improve Study Gas
— Efficiency | Study Control | Interference

Tubing Leak ? Run Time




Acoustic and Power Surveys Show
System Efficiency Greater Than 35%

Low High High
nrawunwn Producing Producing Producing
—— BHP or Low | BHP or High | BHP or High

Fluid Level Fluid Level Fluid Level

Pump Full Pump Full Low Pump
ey | |

Well OK Potential to | High Priority

vﬂur loh Improve Study | Study Gas

—— Pump Capacity | Interference
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HOW TO MINIMIZE ELECTRICITY USAGE?

 Maintain a high pump volumetric efficiency:

« Match pumping unit capacity with wellbore inflow.

« Pump a Full Stroke of liquid by controlling run time with a POC
or Timer

e Eliminate Gas interference.

« When System Efficiency is low, find and fix problem.
« Mechanically/Electrically balance pumping unit.

 Properly size pumping unit, rods and pump to match
well loads.

« On severely over-sized motors where surface
efficiency falls below 50%, reduce motor size.
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Periodically Monitor Well’s
Operations To Maintain Efficient
Operations

Check pump for proper operation
Produce all available liquid from the Wellbore

Operate well with high volumetric pump
efficiency

Use POC or TIMER or VSD to reduce run time
If pump capacity exceeds production rate
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Low Efficiencies of Sucker Rod Lifted Wells
Are Often Caused by Partial Pump Fillage

 More efficient operations and lower electrical
power usage will result if wells are operated

with

a pump filled with liquid.

 Full pump fillage also requires an efficient
downhole gas separation that results in a full

DUIM
DUIM

e Full

0 If sufficient liquid is present to fill the
0.

oump fillage generally requires controlling

the run time of the pumping unit to match the

pump capacity to the maximum well inflow

rate.

54



Maintaining High Efficiency
In Sucker Rod Lift Operations
Results In:

1. Reduced Electrical Costs

2. Reduced Mechanical Operating
Expense.

3. Increased in Oil and Gas
Production.

4. Longer Run Times Before Failure.
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