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Abstract 
This paper presents an overview of the Zaafarana oil 

field development and a more detailed concentrating 

on the unique artificial lift method which has been  

applied in this field (CDPS). 

 

CDPS (Cable deployed pumping system) is a 

unique system among the others ESP (Electrical 

Submersible Pumping) artificial lift systems. In the 

CDPS system the E.S.P assembly has been designed 

to be easily replaced in short time without using a rig 

workover. 

 

This system is being utilized in one of Egyptian 

Heavy oil field (around 23 API) located in the Gulf 

of Suez offshore area, and is successfully applied for 

more than fifteen years, since all field development 

wells were designed to be artificially lifted by E.S.P 

through that system.  

 

The paper discusses the whole system 

components and the encountered trouble shooting 

problems occurred during running and pulling of the 

E.S.P. pump assembly over the past operations 

period. 

 

A draw work unit designed to be used during the 

running and pulling the ESP pump assembly which 

is very efficiently manner through 7ò completion 

size, to replace the E.S.P assembly when failed. The 

system efficiently work to produce about 2500 ï 

9000 BFPD per well. The producing reservoir has 

showing considered good permeability (0.3 - 4 

Darcy) with an active water drive mechanism.    

 

CDPS is designed to use support cable (equal 

torque balanced cable, specially manufactured for 

this system) to replace the tubing  in the 

conventional E.S.P completions or to replace the  

coiled tubing in some spatial ESP completion similar 

to this system.  

  

Mostly all of the CDPS troubleshooting 

problems such as, assembly stuck down hole  and 

cable fishing, have been successfully  resolved either 

using the conventional fishing operations  with some 

new modifications and/or using snubbing unit to 

make use of its  higher pulling capacity to clear these 

troubleshooting encountered with this system. Not 

only solutions are given for the E.S.P assembly 

troubleshooting, but also recommendations will be 

discussed for how to improve such system for the 

sake of prolong the down hole pump life time and 

the CDPS system for cost effective utilization to 

minimize the ESP replacement cost, increase the 

production and recovery as well.   

 

Introduction 
The Zaafarana Oil Field lies within the North 

Zaafarana block in the north Gulf of Suez off the 

coast of Egypt (Fig. 1). British Gas Egypt, holds the 

rights to this block. The field was discovered in late 

1990 and has estimated reserves of 40-50 MMBO. 

The field was developed by Zaafarana Oil Company; 

which is a joint operating company owned by the 

Egyptian General Petroleum Corporation, British 

Gas Egypt S.A., Union Pacific Petroleum Suez 

Limited and Yukong Limited.  

 

The Zaafarana development comprised a 

wellhead platform and an FPSO (Fig. 2). The 

platform is located about 1 km from the south bound 

shipping lane, approximately 6.5 km east of the coast 

in 57m of water. The platform consists of a 4 leg 

jacket supporting a 2 -level deck for wellhead and 

production test equipment. It operates as a not 

normally manned platform. Oil is transferred from 

the platform to the FPSO via a subsea pipeline. All 

power is supplied by subsea cables from the FPSO. 

 

The FPSO is a dedicated tanker which is 

planned to be located in the field for at least 10 years 

subject to periodical inspection by international 

authorities. The tanker being used is the óAI 

Zaafaranaô. The vessel is a steam turbine tanker and 

is classed with DNV as a floating production and 

storage unit. The FPSO is permanently moored 

approximately 800m south-west of the wellhead 

platform, processing and storage of the crude is 

conducted onboard. 

 

Treated oil is stored in the tanker prior to sale 

via export tankers. Current production is about 8,000 

- 7,000 BOPD of 23API oil and the gas to oil ratio is 

very low, averaging about a GOR of 6 SCF/STB. 

Associated gas is cold vented from the deck 

processing equipment. Particular safety concerns 

were evident once an FPSO had been selected as the 

development option. These were the large stored 

inventory of crude oil, deck process equipment, 



marine and production system interfaces, platform 

manning, proximity to the south bound  event 

transfers between FPSO and platform, safety standby 

vessel support, and mixed marine and production 

crews of different cultures. 

 
In order to select the proper artificial lift 

method, After initial reservoir evaluation determined 

that artificial lift would be required, the operator 

elected to utilize submergible pumping systems. It 

was deemed that ESP were the most attractive 

method for lifting the wells due to several reasons 

that include, but are not limited to : low GOR (5-10) 

SCF/STB, low API (23)  in   addition to the other 

fluid properties. The challenge becomes how to 

select efficient method of ESP system which should 

be showing significant cost effective margin. CDPS 

was specially designed by REDA and selected to be 

installed on Zaafarana platform since the initial 

development plan of the field till then. Since the 

CDPS system is made specific to Zaafarana Field. 

CDPS (cable deployed pumping system) is the 

system where the ESP will be deployed down hole 

using a special cable (equal torque balanced cable) 

specially designed and manufactured for this system 

through the draw work unit which designed and 

manufactured to activate the system.     

 

Background 
The Zaafarana oil field, offshore Egypt, is the first 

international oil field development undertaken by 

British Gas (BG) E&P as operator, from the 

acquisition of the exploration acreage through to 

field startup. During the exploration phase BG Egypt 

was operator of the North Zaafarana concession, 

which contains the Zaafarana field. The concession 

was acquired n June .1989 with Union Pacific 

SuezLtd. And Yukong Ltd. as the other partners, 

each with a 25% working interest. Following a 

detailed 3D-seismic program, the field was 

discovered by the first well in December. 1990. Four 

subsequent appraisal wells were drilled, and the 

discovery well and two of the appraisal wells tested 

oil at rates ranging from 2,000t o .10,100 BOPD. 

The final well was suspended without testing, as a 

future producer. Initial development plans called for 

use of two conventional platforms with a pipeline to 

a shore-based-treatment-and-storage Terminal.  

 

Subsequently, data acquired from later wells of 

the 1991drilling program were incorporated into the 

mapping and reserve estimates, and estimated 

recoverable reserves were downgraded sharply. This, 

along with a revised pricing scenario by that time, 

resulted in the need for an amended development 

plan with significantly lower costs. This plan, based 

on the use of an FPSO facility and a single 

drilling/wellhead platform, connected by a pipeline 

and electrical and control umbilical, was approved in 

October 1992 in addition to not conventional 

artificial lift system to assure producing the 

maximum oil recovery lower cost specially for such 

low API (23).  

 

Agreement on the development plan was 

reached with the partners and the Egyptian General 

Petroleum Corp. in January 1993. The joint 

operating company, Zaafarana Oil Co. (Zafco), was 

established in February .1993 to develop and operate 

the field. First oil in February 1993 to develop and 

operate the field. First oil was achieved on 16 

November 1994. The field was producing 

approximately 18,000 BOPD, and cumulative 

production reached 6 million bbl of oil in the first 

year of operation. The current total amount of 

cumulative production exceeds 45 million bbl of oil 

out of 8 producing wells. These amount of 

production cannot be achieved during this period of 

time unless effective and reliable producing method 

has been utilized taking into consideration the huge 

amount of the associated produced water (the current 

field water cut is 82%).     

 

Field Description 
The field is located in the northern central Gulf of 

Suez off shore Egypt approximately 6.5 Km from the 

coast in 57 m water depth.  It was developed by a 

drilling/wellhead platform and an FPSO. The FPSO 

is located 800 m from the platform and is used to 

process store, and export the oil, and to supply power 

to the platform l by means of subsea cables (Fig. 2). 

The design life for the field is 15 years. 

 

Phase 1 development drilling of four wells was 

carried out using a cantilever jack-up drilling rig 

over the preinstalled platform. The existing 

suspended well was also tied back as a producer. The 

Phase 2 drilling program consisted of two additional 

wells and was completed in June 1996. The wells 

have gravel-pack completions and include a cable 

deployed electric submersible pump. Because of the 

specific nature of the reservoir regarding the fluid 

and rock properties lift pumps were required from 

field startup and the cable-deployed pumps represent 

the first permanent application of such units. 

 

The platform is a four-pile "not normally 

manned" facility. It consists of a four-leg jacket 

supporting a two-level deck, required for wellhead 

and well-testing equipment [including a test 

separator and associated equipment sized at 7,500 

B/D of fluid and office emergency quarters. Deck 

dimension is 86 x 73 ft and the structure weighs 

1,020 tones. T he well bay has 15 slots. Much of the 

top deck is taken up by the office, a 25 x 25 ft 

helideck and the pulling unit for the cable-deployed 

electric submersible pumps. This unit is 50 X 7 ft 

and weighs 24 tones. Processing and storage of the 

crude oil is conducted on the FPSO, which was 

purchased and permanently located in the field. The 



oil has a low gas/oil ratio (GOR), 5 to 10 SCF/STB, 

and a gravity of approximately 23
o
 API.  

 

Processing facilities lies on the FPSO  and 

designed to cope with the requirements of stabilized 

separation of, and crude desalting equipment sized 

for 25,000 B/D of fluid. Produced-water treatment is 

also installed, and provisions were made for possible 

retrofitting of water flood equipment. The plant is 

sized for 30,000 B/D of total fluids. Treated oil is 

stored in the tanker before sale by export tankers of 

opportunity. The FPSO is capable of storing 799,000 

bbl of stabilized crude. Ballast water is segregated 

from crude-oil storage (Fig. 3). A pipeline, from the 

platform to the FPSO, consists of a 980 m (total 

length), piggable, 8 in. oil flexible flow line. A 

flexible riser connects the flow line to the FPSO. 

Additionally, two power cables with a design load of 

2 MW supply the platform power requirements 

(which include the electrical submersible pumps) 

from the FPSO. There is 5.78 MW of generating 

capacity on the FPSO. Distribution of electricity for 

each well made through separate transformer 

installed on lower deck of the platform to maintain 

the electrical power supply stability for each well 

and cover higher range of different ESP design for 

future redesign.  

 

Benefits Of CDPS Pumping 
The CDPS pumping system was designed to be used 

as simple as possible while providing an attractive 

economic alternative to the other high cost 

alternatives. Many areas of the world experience 

extreme work over/operation costs due to the nature 

of the operating environment. The CDPS pumping 

system is designed to alleviate that cost through the 

utilization of smaller, lighter draw works unit. 

cutting the expenses of mobilizing and 

demobilization an expensive workover rig, operation 

costs can be lowered. ESP lifting methods would 

than allow an operator to operate the field at a lower  

cost while recovering large amounts of the oil in 

place.  

 

Further, CDPS pumping system can reduce well 

down time by reducing the run and pull periods and 

get the benefit of production during his lost time. in 

addition to the required time for the mobilization and 

demobilization of the conventional workover rig . 

 
CDPS Components: 

1. Draw work unit. 
2. Horizontal Tree. 
3. CDPS Hanger. 
4. CDPS Completion.  
5. BOP & Commy unit. 
6. Power Cable. 
7. Support Cable. 
8. CDPS assembly. 

 

1. Draw work unit 
Draw work unit is replacing the ring in the CDPS 

system which used for spooling the two power and 

support cables during the running and pulling of the 

ESP assembly (Fig. 4). The unit is designed and 

fabricated especially for CDPS system. It is run 

through a diesel engine fixed on specific structure 

equipped with two big sheave wheels. The unit is 

capable to pull at maximum of 100,000 pound over 

pull.  

 
2. Horizontal Tree 
The horizontal tree was designed and fabricated 

specially to cope the CDPS by one of the tree 

manufacturing company. The horizontal tree was 

designed to  give freely deploy the ESP assembly 

and adapted with certain profile to hang the top 

hanger of the system. The horizontal tree capped 

with tree cap equipped with  sealing gasket to protect 

any pressure leakage from below the  system hanger 

and to tie down screws on the tubing head to secure 

the hanger. Electrical power penetrator will feed 

through the system hanger before will be set in place 

with the running tool.  

 

3. CDPS Hanger 
It is hanger (Fig. 5) made to hang the CDPS system 

inside the X Tree where the support cable will be 

hanged at the bottom of its rod (1" rod) with the 

splice made for this reason and the electrical power 

cable penetrator will be feed through before the 

system will completely seated into the X Tree. 

 
4. CDPS Completion 
All wells were equipped with completion size of 7ò 

X 4 İò  (Fig. 6) latched  inside 4 İò gravel pack 

system. The 7ò X 4 İò completion run inside the 9 

5/8ò casing to the bottom. The average well depths 

range from 6500 ft to 8500 ft MD. The crossover 

(size 7ò X 4 İò) usually located at the depths range 

from 3800 ft to 5000 ft MD. The pump seating depth 

seated at about 100- 120 ft above the crossover 

depth.  

 

The main important piece of tool is the CDPS 

system is the seating shoe which usually set lower 

than the dynamic fluid level depth as part of the 

completion. The seating shoe is used to 

accommodate the CDPS system. Seating shoe is 

designed to have landing profile to protect the 

assembly from moving upward and seal section to 

accommodate sealing gasket that will be installed 

into the discharge head of the pup assembly also the 

seating shoe have corrugated teeth to protect the lock 

from rotating inside the seating shoe.     Tow control 

lines run out side of the completion. The first one is 

dual Nylon encapsulated control line. One branch 

(size 3/8ò) is used for the chemical injection 

(Demulsifier and Corrosion Inhibitor) lower to the 

intake of the ESP assembly  and very close to the 



perforation depth to let the chemical effectively react 

with the formation fluid as much as possible and the 

other branch (size ıò) is used for telemetry 

connections to connect the pressure and temperature 

reading up hole and also usually set as deep as 

possible  to be very close to the perforation (gravel 

pack packer)  to reflect the down hole pressure and 

temperature conditions.  The Second control line 

(size ıò) is used for the SSSV control line which 

usually set lower to the crossover(size 7ò X 4 İò). A 

appropriate landing profiles are usually used to 

facilitate Completion run in hole (testing  the 

completion during running) and for future slick line 

operations utilization.  

 

5. BOP Unit & Commy unit 
The CDPS BOP unit is manufactured to especially to 

cope with the horizontal x tree, since the x tree did 

not rigged down during the workover procedures. 

The top and bottom of the pressure control unit 

(BOP) are flanged end size 7 1/16". The unit is 

designed to work up to 5000 psi. It is equipped with 

two rams the bottom one is shear ram and the top 

one is rapper ram.   

 

The main important feature of the pressure 

control unit is the rapper element since the rapper 

element need to be used to control the well head 

pressure in case of under balance condition   

occurred during the pulling / running of the CDPS 

system, where the rapper element will subject to the 

two adjacent cables (power cable and support cable). 

None reachable area between the two cables may not 

covered in case the well flows to surface. Therefore, 

the subsurface safety valve (SSSV) will be always 

shut in during the workover procedures in addition to 

close monitoring for the bottom hole gauges installed 

dawn hole. 

 

6. Power Cable 
Conventional power cable (Fig. 7) of round type is 

used in the CDPS system. The power cable selected 

of size one (1) to show longer cable life time since 

the cable will be directly in contact with the 

formation fluid all the time. The outside diameter of 

the cable is 1 3/8". In many cases the power cables 

utilized more than one time depending on the cable 

test reading after every pulling procedure occurred. 

Reuse of the pulled cable will be decided based on 

the obtained results of testing check on site. 

Alternate new cable need to be available on site in 

case the cable tests result showing poor performance.    

 
7. Support Cable 
Support cable is a very special cable (equal torque 

balanced) (Fig. 7) of round shape which has been 

designed and manufactured to hang the CDPS 

system. The idea of  the support cable (equal torque 

balanced) specification  is to keep the pump 

assembly in one direction all the time during the 

running / pulling procedures to avoid rotating the 

two cables  (power cable and support  around each 

other which may damaged the power cable).  The 

support cable can carry more than 100,000 pound 

over pull. The support cable will be  spliced with rod 

hanger through special splice made to connect the 

support cable to the rod hanger directly before set 

inside the X Tree. Both power cable and support 

cable are spliced together at every 15 ft length using 

1" clamps activated by air hoist machine. 

  

8. CDPS Assembly 
It is a reversed ESP system where the motor set in 

the upper position where the power cable will be 

connected through the connection chamber  and the 

pump will be in the bottom. The support cable will 

hang the whole assembly through the rope socket 

part (Fig. 8). Discharge head will be set in the 

middle of the assembly. Motor protector is used to 

protect the motor and pump protector is also used 

(Fig. 9). The CDPS equipment outside diameter is 

5.4ò. 

 

CDPS Installation procedures 
 
Pulling Procedures: 
Killing the well with the appropriate killing fluid 

density and ensure that the well went on vacuum. 

Disconnect the SSSV control line connection from 

the pneumatic surface unit to avoid human error 

malfunction. Disconnect the X Tree cap and rig up 

the BOP unit and connect to the commy unit. Test 

the BOP rams. Rig up the pulling tool and screw into 

to the CDPS top hanger.  Start pulls the ESP 

assembly. The normal over pull weight for the ESP 

assembly which seated at the range from 3500 to 

5000 ft MD is about 16,000 to 22,000 pound. The 

maximum over pull will be due to the higher pump 

depth and due to higher well deviation as well. The 

draw work unit is capable to unset the pump in most 

of the cases. Pulling step is the main important step 

which confirm the following ESP replacement 

procedures will continue smoothly otherwise further  

arrangement need to takes place specially when the 

old assemblies was run for long period of time or the 

assembly is seated at high deviation angle.  The 

average weight of the ESP assembly is about 4,000 

pound. The weight of the two cables (power and 

support) is about 10,000. Therefore the total weight 

of the whole assembly is about 14,000 pound. The 

normal aver pull due to pump seating friction is 

about 1,500 to 2,000 pound in normal cases. When 

the pump confirmed unseated continue spooling out 

till rig down the pulling unit. Splice the support 

cable with old part of the support cable part existed 

on the empty reel. Splice the power cable with part 

of handling part of power cable existed on an empty 

reel prepared for pulling the power cable. Continue 

spooling both the power and support cable till the 

ESP reaches the surface. Visually inspect the 



conditions for both cable and test the power cable 

every 1000 ft pulled out. Collect any bottom hole 

data need to collected like saturation log bottom hole 

pressure survey in case the existed gauge is not 

working properly before run in hole with the new 

ESP assembly. Be sure that well head control for the 

slick line or E. line equipment is connected and 

tested before collecting the required information and 

be sure that is the SSSV is completely opened   

before run through. Stem bar or gauge cutter could 

be used to identify the well bore accessibility.  

 

Running Procedures: 
Prepare the new ESP assembly and writ down all the 

new information of the new equipment like part 

numbers, serial numbers, technical data for the pump 

and motor...etc. The old power cable could be reused 

if test reading showing good performance. The old 

support cable is usually reused unless the visual 

inspection showings sever external corrosion. New 

support cable rob socket need to be made every two 

workovers unless high over pull (more than 35,000 

pound) was applied on the old rob socket. Connect 

the power cable and support cable. Be sure the well 

still on vacuum before open the shear ram to run the 

new ESP assembly. Assemble the new ESP 

equipment till connect the power cable to the 

assembly. Start to run in hole with the new ESP 

assembly. Test the power cable every 1,000 ft of 

running depth. Be sure that the ESP assembly is 

properly seated in place as per the indication of the 

mechanical latch into seating shoe profile. Unset the 

pump and reset again to measure the space out 

calculations.  Connect the rod hanger with the 

support cable using the support cable splice. Screw 

the electrical power cable connection through the top 

hanger after install the top hanger into the running 

tool. Set the ESP finally in place. Be sure the top 

hanger located in place into the X tree. Connect the 

tie down screws on the top head to secure the hanger. 

Rig down the running tool and rig down the BOP. 

Install the top Tree cap and tested to 3,000 psi. 

Connect the electrical power surface connections. 

Connect the SSSV control line to surface panel. Start 

the ESP pump assembly and measure the amp., Volt 

and HP. Be sure that the pump is running in the 

normal rotation condition.   

 

Pulling Trouble Shooting: 
The main trouble shooting event occurred when the 

pump will be in running conditions is the pump stuck 

down hole and the pulling unit will not be capable to 

release the pump form its seating shoe. The down 

hole pump assembly usually equipped with shear 

screws each one of 10,000 pound. Usually the pump 

run with four screws which will be sheared in all 

cases within the draw work unit capacity to leave the 

well without the two cable in wrest scenario. Fishing 

tools will be requested to pull the ESP assembly 

stuck down hole in the assistance of internal spear 

(Fig. 10) or over shot and hydraulic jars. This 

problem successfully resolved several time. In case 

the two cable are slipped down hole very near to 

surface, the draw work unit can be used also with the 

assistance of fishing tools to catch the slipped cables 

and continue pull out with the assembly. This event 

also was successfully resolved several times. In case 

the draw work unit is not capable to retrieve the 

slipped cables or the ESP assembly stuck during 

pulling out of hole due high drag, the snubbing unit 

was utilized to retrieve either the slipped cables or 

the ESP assembly either from inside or outside the 

assembly using overshot fishing tool (Fig. 11).  This 

events was successfully resolved more than three 

times.  

 

Running Trouble Shooting: 
The main trouble shooting event occurred when the 

pump will be in running conditions is the pump will 

not properly seated in place. The resolution is to try 

again till confirmed the pump seated in place. Only 

one time during the past fifteen years the pump was 

pulled out and rerun again to be sure the pump 

seated  in place. Another trouble shooting event is 

the amount of the two cable slack is more the 

required due to error in the space out calculations. 

The resolution of this problem is to unset the pump 

and calculate pump space out again and reset the 

pump in place. In case the support cable will be cut 

shorter the required, this problem will end up with 

the pump will not reached the setting shoe, therefore 

it is mandatory to pull out about 500 ft and add 

another part of the support cable longer than the old 

part and re run the pump to reset it again in place. 

 

No wells kept shut in for mechanical problems 

beyond the draw work capabilities or some time with 

the assistance of snubbing unit utility. The average 

pulling / running procedures (ESP pump 

replacement) time is from 3 ï 4 days working in day 

light only.   

 

Conclusion: 
 The CDPS system shows cost effective method to 

replace the conventional ESP assembly whenever the 

appropriate condition will be exists, especially for 

the offshore operations when the rig workover will 

be difficult to be mobilize and very costly as well.  

 

The average CDPS replacement cost is about 

1/5 of the other conventional replacement cost. The 

CPDS system completed more than 180 ESP 

successful replacement trial in the past fifteen years 

which directly reflected on the total field expenses 

and saved a huge value of ESP replacement cost 

could be spend compared by the other conventional 

ESP system. This system also prove that there no 

need to mobilize workover rig to run and pull ESP 

pump weighted about 4,000 ï 5,000 pound seated in 

the depth of 3500 ï 5000 ft.  
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Figure 1: 
 

Zaafarana Field Location. 

 

 
 



 

Figure 2: 
 

Zaafarana platform and FPSO Drawing Schematic. 

 

 
 

Figure 3: 
 

Zaafarana FPSO.  

 

 

 



 

Figure 4: 
 

Draw work unit.  

 

 

 

 

Figure 5: 
 

CDPS Hanger. 

 

 

 


