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ARSTRACT 

With oil prices at an all time low, production companies are making every effort to reduce operating expenses. Much of this 
reduction is not entirely on cutting production output, but in utilizing available new artificial list technology. Once such 
technology is ESPCPs; or Electric Submersible Progressing Cavity Pumps. By combining the technologies of  both ESPs and 
PCPs, the operator can reduce their operating costs while increasing the lift system efficiency often resulting in an increase in 
production. By eliminating the sucker rods used in a conventional PCP application, the frictional losses can be reduced. In 
the case of heavy oil production, these losses can be substantial and if eliminated, can result in higher system efficiencies and 
increased production. When compared to a conventional ESP, the overall system efficiency is higher by the pure nature of 
the pumping technology (centrifugal vs. positive displacement). 

A prime example can be seen in the ESPCP installation in MPG-202 in the Morichal District in Eastern Venezuela. The 
producing formation is the Morichal-7. Production is around 1 100 BFPD (22% H,O) of 9” API gravity oil and the pump 
setting depth is 3259 feet. The well has a producing GOR of 625 SCF/STB. Prioito its installation on February 5 ,  1998, a 
conventional ESP system had been operating. Overall efficiencies of this system were extremely low as a result of the fluid 
viscosity and free gas at the pump intake. The decision was made to try an ESPCP system as an alternative lift  method to see 
i f  the production rate could be increased without causing more problems from additional free gas at the pump intake. 

Once installed, the production rate increased as a result of the increased efficiency of the ESPCP system in viscous fluids. 
One additional advantage of  the ESPCP system is the pump’s ability to handle the free gas at the pump intake. Calculations 
done for intake conditions showed the percentage of free gas at the pump intake to be 45%. 

This paper will elaborate on the production advantages of installing the ESPCP system in this Eastern Venezuelan heavy oil 
well. 

INTRODUCTION 

In the Morichal District, 26%, of the wells use Progressing Cavity Pumps (PCPs) as the primary method of artificial lift. 
From PDVSA’s standpoint, PCPs posses a larger capacity to handle the gas produced in this area (<SO0 scElstb) as well as the 
sand produced (0.1-0.15%) in comparison to conventional sucker rod pumps and electric submersible pumps (ESPs). 

In view of the demand to explore new technologies and variations to conventional lift systems, the evaluation of the ESPCP 
(Electric Submersible Progressing Cavity Pump) was appropriate. The system offers the following advantages: 

is Reduction of power requirements 
3 High volumetric efficiency 
4 Handling of solids and abrasive particles 
s Handling viscous fluids 
e Does not create emulsions 
sj Reduces “Gas Locking” problems 
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Additionally, it provides the following improvements that are unique to the ESPCP system: 

Casing 

Tubing 
Liner 

Diluent 

- Elimination of rod and tubing problems 
Eliminates stuffing box leakage 

5 High torque capacity 
i* Reverse flow capability at low speeds to flush sand 

Reduction of Bottom Hole viscosity due to exchange of heat from the downhole motor to the fluid 

7” 
4 %” 
3 %” 

20% injected in flow line 

Apart from these characteristics, we can predict the dependability and adaptability of this  system is  high in wells having 
productivity indices (<I .5 bpdpsi) that allow the attainment of the desired production rate. 

This paper will show the feasibility and evaluation of the Cenfrififr ESPCP system installed in MPG-202. The paper will 
discuss both the advantages and disadvantages of the system with regard to the conventional PCP system used. 

The components of the ESPCP system installed in MPG-202 are shown in Fig. 1.0. 

WELL DATA 

MPG-202 was completed in the Morichal-7 formation with the producing interval from 3823’ - 3961’. Initially the well was 
to be produced by conventional sucker rod pump. In 1993, this well was chosen to be re-completed with a horizontal section 
of 2147’ (TVD 3870’) with a 4 %” liner. 

The well conditions into which the ESPCP was installed are shown below. 
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Considering the characteristics of this well, it offered an excellent opportunity to evaluate the ESPCP system. The well’s 
completion profile is shown in Fig 2.0. 

BCPIN SIMULATION 

BCPIN is a Nodal Analysis program for Progressing Cavity Pumps developed by Intevep, S.A. which allows the user to 
simulate to simulate the operating conditions using equipment from different manufacturers. The program BCPIN 2.3 uses 
Nodal Analysis to find the optimum operating point in order to gain maximum production within the well’s capacity and the 
operational capabilities of the pumping system. Additionally, it allows the usr the opportunity to conduct a sensitivity 
analysis with regard to flow, pump RPM as well as percentage of diluent necessary. The simulation of the RCPIN 2.3 
program is shown in Fig 3.0. 

After completing the simulation with BCPIN 2.3, it was estimated that a production rate of 755 BFPD at a pump speed of 243 
RPM was necessary. The represented a production increase of 55% over a conventional PCP with sucker rods. In order to 
simulate this “rod-less” system and stay within the limitations of the program (it does not simulate systems without rods), a 
sucker rod diameter of  %” was used and a tubing size of  4 %”. This in effect “fooled” the program but resulted in acceptable 
predictions. It was also assumed that a BHT of 170°F resulted as a product of the submersible motor adding some small 
temperature increase to the fluid. 

RESULTS 

The well’s production prior to installing the ESPCP system was one in which the average production rate for the period from 
January 1997 through January 1998 was 563 BFPD ( 1  1% H 2 0 ) .  The pumping system installed during this time was a PCM 
400TP1350 operating at a pump speed of 300 RPM. It was observed that a rapid loss of efficiency of the downhole 
equipment in a very short period of time thereby not taking full advantage of the well’s potential. The performance of the 
PCP system in MPG-202 is shown in Fig. 4.0. 

Following the pulling of this system in January 1998, the ESPCP system installed with the average production rate for the 
period from February 1998 through September 1998 of 1238 BFPD (1 6% HzO). The operating frequency of the system was 
37.5 Hz which equates into a pump speed of 243 RPM. The percentage of incremental production obtained with the ESPCP 
over the conventional PCP system was 74%. This can be seen in Fig 5.0 & Fig 6.0. 

When comparing the production between both lifting systems, we can say that the efficiency of the rod-driven PCP system 
drastically diminished over a short period of time going from 78% to 28% efficiency whereas the efficiency of the ESPCP 
system only dropped to 75%. The explanation of the increment in efficiency in the ESPC system is largely due to the absence 
of sucker rods. In a conventional sucker rod driven PCP system, the rods cause severe flow restrictions in heavy oil resulting 
in a large increase in flow losses and increased TDH to the system. Another factor that was thought to contribute to the 
increased production was the incremental temperature due to the downhole motor. Although this temperature contribution 
maybe slights and may not be substantiated by other industry papers, there did seem to be a reduction in the downhole 
viscosity. In a conventional PCP system installed at a depth of  3219 ft., it should be operating at a temperature of 125°F 
resulting in a downhole viscosity of 2627 cp. With the ESPCP system, a downhole temperature of 155°F was obtained 
resulting in a downhole viscosity of 745 cp. This is a difference of 1881 cp and is shown in Fig 7.0. The incremental water 
production was approximately 25% and is primarily due to well conditions since the current pump intake pressure (PIP) is 
858 psi. This indicates that that the differential pressure (P,,,t- PIP) is not high (549 psi) and allows us to optimize the well’s 
production controlling variables such as sand production, water coning and gas being produced through the pump. 

With regards to the electrical portion of the system, the voltage remained constant at 262 Volts throughout the operating 
period whereas the amperage gradually increased from 53 Amps to 79 Amps operating the motor at 27% if it’s nominal 
rating. 
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CONCLUSIONS 

An incremental production increase of 74% was obtained with regard to the conventional rod-driven PCP system. 
4 The small temperature addition as supplied by the submersible motor improved the separation of the gas as well as 

assisting in lowering the fluid viscosity to the point that the pump handled it better. 
The efficiency of the ESPCP system was more stable in comparison to the PCP reaching an efficiency of 75%. 

* The power provided by the motor during the evaluation period did not exceed 28% of  the nominal power thereby 
demonstrating the lower consumption of the of the downhole equipment. 
Leakage of the stuffing box was eliminated thereby reducing the environmental impact. 

RECOMMENDATIONS 

Based upon the results of this evaluation, the following recommendations were made in the Morichal operating area: 

4 Recommend the use of ESPCP systems in the Traditional Operating Area of the Morichal District. 
* To determine the base profile of MPG-202 so as to use it to evaluate other potential wells. 

To continue evaluating the system in order to establish operating parameters. 
To compare the behavior shown by this type of system between amongst other manufacturers so as to obtain similar 
indicators allowing for further acceptance of this lifting system in the Morichal District. 

4 To adapt the simulation software; BCPIN; to this type o f  system with the purpose of predicting the system's behavior 
while varying the variables that effect them. 

4 To continue training of the production personnel in this type of lifting system 

Proeressine Cavitv Pump 
High efficiency pump for handling 

high viscosity fluids and sand. 

Flexshaft & Pump Intake 
These components convert the 

eccentric motion of the PCP pump 
to concentric motion necessary lor 

the seal gear reducer & motor. 

Seal Section 
The seal section isolates the motor & 
gear reducer oil from the well fluid. It 

also absorbs the thrust load generated 
by the pump as well as allowing for the 
expansion & contraction of the system 

oil due to heat. 

7 
r 

ear Reducer 
The gear redcucer reduces the motor 

speed (3500 ROM 62 60 Hz) to 
speeds acceptable lo the PC Pump. 

Electric Motor 
This utilizes a standard electric --. 

submersible motor as used on ESP 
systems. 

Figure 1 
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STMULACION EN BCPI A 243 RPM 
DATOS: 

POLO : M P G 2 0 2  
IP 2 . 7 0 0  
PROF PERFORA : 3 8 5 3 . 0 0  
ANG I N C L I N A C I O N  : 0 . 0 0  
CORTE DE AGUA : 1 5  00 
R G ?  2 1 0 . 0 0  
E F I C  ANCLA GAS : 60.00 
VISCOS CABEZAL : 1 2 5 0 0 . 0 0  
V i S C O S  YACIMIEN : 1 8 7 5  00 
GRRVE CRUDO : 9 . 0  
<>PAVE GAS 0 . 6 7  
ZROf BOMBA : 3 2 6 2 . 0 0  
P R E S I O N  E S T A T I C A :  1 4 0 7 . 0 0  
7 DE BURBUJEO : 1 4 8 6 . 0 0  
P 3E SEPARADOR : 4 0 . 0 0  
P UE DPSCARGA : 9 0 . 0 0  
L L I N E A  FLUJO : 6 0 0 0 . 0 0  
D i n t  L 'LUJO : 8.0'7 
'I' UE CABEZAL : 1 2 0 . 0 0  
'I' EN LAS P E R F  : 1 7 0 . 0 0  

I b n p d l p s  1 ) 
I p r e s l  
1 0 1  
1 % )  
( s c f / b l  
i % )  
i c p )  
ICP) 
( O A F 1  I 
laire-11 
1pres1 
( p s i )  
( p s i 1  
i P S 1 )  
( P S l I  
(pies1 
( P u l l  
1 ° F )  
(OF1 

FECHA : 10-16 - 1998 
6 . 1 5 6  l r n 3 / d / b a r l  

1 1 7 4 . 7 0  I m t s l  

3 7 . 5 0  l b / b l  

wo 
mo 
500 

300 

100 

BPD 

50 

.I00 0 

1 . 0 0 7  lg l  

994.51  lrntal 
9 7 . 0 3  ibarl 

1 0 2 . 4 8  ( b a r 1  
2 . 7 6  i b a r l  
6 . 2 1  lbarl 

1 8 2 9 . 2 7  i m t s l  
2 0 5 . 0 0  iml 

4 8 . 8 9  lOC1 
7 6 . 6 1  i ° C )  

SUMERG MINIMA : 2 0 0 . 0 0  ( p i e s 1  6 0 . 9 8  I m t s l  
P ANULAR CABZ : 0 . 0 0  IPS11 0 . 0 0  ibarl 
BOMSA: EMIPIKUDU 400TTJ1350 1 9 5 0  ( p s i 1  4500 lp iesH2Ol  1372 iMtSH2Ol 
x w r r n o  ROTOR : 1 . 5 7  iplgl 3 9 . 9 0  1-1 
I X C  .:N'I'l<ICIDAD : 0 . 3 5 4  ( p l g l  9 . 0 0  1mI 

. . , . . * s,,RTh UE 
TXL!!O No 1 LONGITUD? 3 2 6 2 1 p i e s ) .  DIAYETRO = 4 112 I P l g l  

.ZL FLUJO DE CRUDO ES POR LA T U B E R I A  DE PRODUCCION 

, , , , . * . r . . . f f f . * . f * f t * f I .  * f I I f f * 

_.**.* SARTA DE CABILLAS f f . f . f . .  l ~ f f . f . . . f f . . f f . . . f . l . ~  

','lUu+O 0" 1 LONGI'I'UD= 3262 l p i e s l ,  DIAMETRO = 1 / 2  l p l g l ,  ACOPLE 
~ RFDUCIDOI 

CABILLAS GRRDO: X 

. . + . * * . l * f f . . f  T w l r , C C I O N  DE DILrJENTE . . . . . . . . . . . . . . . . . . . .  
'3 1.A L I N E A  3 E  F X I J O  (('ABEZALI . 2 0 . 0 0  8 
CRAVEDN) A P I  DEL 3 I L U E N T E  ' 2 9 . 0 3  ' 
V I S C O S I D A D E S .  (a  T c d b c i a l l  G0.0 cp. la lyacirnien):  1 0 . 0  c p  
IRESULTADOS : 
POZO : M P G 2 0 2  FECHA: 10- 16- 1998 
TZMP EN LA BOMBA : 1G2. 33 l"F1 1 2 . 4 1  13CI 
N T V X  DINAMlCO : --447.1'. (pies1 - 1 3 6 . 3 1  i m t s l  
SUMERGENCIA : 1 7 0 9 . 1 1  l p l e s l  1 1 3 0 . 8 3  l m t s l  

ICC en edcutor : 9 4 9 . 6 2  ( p s i 1  6 5 . 4 9  ( b a r )  
IUC e n  lir.ea : 3 9 . 6 8  ( P S I )  2 . 7 4  [ b a r )  
r o 1 ) E N  S U P E R F I  : 7 5 5 . 2 8  Ibnpdl  1 2 0 . 0 8  lm3/dl 

Qilig) EN S U P E R F I C I E .  1 1 6 1 . 9 7  Ibnpdl  1 8 4 . 7 3  lm3/dl 
0 1 1 1 q i g a s ) E N  30MBA : 1 1 2 2 . 7 4  ibpdl  1 7 8 . 5 0  lm3Idl 
,J do AGUA EN SUPER' : 1 7 4 . 3 0  l b p d l  2 7 . 7 1  l rn3 ld l  
p r le  3 I L U E N T S  SUPER?:  2 3 2 . 3 9  Ibpdl  3 6 . 9 5  im3/dl 
E S C J R R I M I E N T O  : 1 1 4 . 8 1  l b p d l  1 8 . 2 5  im3/dl 
E I . ' l C I E N C I A  VO',UMETRI. 8 5 . 8 8  1 %  V l l q / V f O t a l l  
VELOCIDAD DEL ROTOR ? 4 4 . 1 9  ( r p m )  
P R E S i O N  DE CABEZAL : 1 2 9 . 6 8  i P S l )  8 . 9 4  i b n r )  

LTA P EN LA BOMBA : 1 1 4 3 . 1 1  ( p s r )  7 8 . 8 3  ( b a r )  

ESTON DE SUCCTON . 8 4 3  4 4  ( p s i )  5 8 . 1 7  ( b a r )  
? P E S I O N  DE DSSCARGA : 1 9 8 6 . 2 5  i P S l )  1 3 7 . 0 0  ( b a r )  

. 5 L 7 . 4 9  110 p i e l  7 0 1 . 7 1  I N  r,) 

LT?. P EN LA BOMBA : 2638 29 i p l e s  H201 8 0 4 . 3 6  I M t  HZOI 

Ik  EN E;E : 2 4 . 1  l h p i  1 7  95  IKW) 
i CABEZAL : h 5 4 9 . 9  ( l b l  2 9 1 3 5 . 0 5  IN1 

29.0/.  1 p l g )  7 3 7 . 6 8  1:m) 
C I O N  1,IM:TANTE : RPM SUGZRIDO 

ES1,'UERLOS M A X I M U S  E N  CADA TRAM0 DE C A B l L L A S  

L O N G I l U D  UIAMETRO ESCUERZO VON M I S E S l * l  
TRM.IO N" lVre91 ( D L ( I 1  IKPSII (KyIcrn2 I 

........ ......... ....... ~ ~~~~~~~ . . . . ~ ~ ~ ~  
3262 1 / 2  4 3 9 . 5 0  3 0 9 0 0 . 6  

8 ' 1  S E  he aplicado ,a teoria de MAX1:U ENERGIA DE D I S T O R S I O N .  
E l  esfuerro de V o n  M i s e s  d e b e  c o m p a r a r s e  con l a  resistencia a 
ld fluencia [ y i e l d  pa in t1  d e  las c a b i l l a s  I S y ) .  

Figure 3 

Figure 4 - MPG-202 Production From 
January 1997 through January 1998 
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Figure 5 - MPG-202 Production From 
February 1998 through September 1998 

1000 

800 

9 600 

400 

200 

0 

. 
2 

PCP ESPCP 

Figure 6 - Production Before & After 
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Figure 7 - Viscosity vs Temperature 
Well MPG-202 


