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Abstract— Managed Pressure Drilling (MPD) is an enclosed 

and pressurized system, which is operated in conventional 

and unconventional reservoirs in which the drilling window 

is narrow and to reduce fluctuations in BHP. The technology 

provides reduced drilling cost, NPT and certainty in 

operations. This paper mainly describes the equipment 

required, functioning and applications of MPD. The MPD 

technology is an advanced drilling optimization process 

which uses an advanced kick detection and well control 

approach. Variations of MPD are listed among which CBHP 

is discussed in the paper. The methods for achieving of 

CBHP are DAPC services, Rig diverter system are 

discussed. The applications of MPD in ERD and HPHT 

wells are briefly discussed in the paper which provides the 

improved performance of this technology. In addition with 

all this increase in safety, economical feasibility and 

wellbore stability is attained from the MPD which makes it 

as a selected application in drilling industry. 
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I. INTRODUCTION 

To overcome sudden change in formation pressure which 

allows the influx to enter into wellbore and would result 

well control incidents, most of the drillers practice Over-

Balanced Drilling (OBD). In which, hydrostatic pressure of 

drill-fluid is greater is than the pore pressure. By 

maintaining positive differential pressure, the well would 

lose its integrity and formation damage may incur. To 

minimize formation damage, wellbore instability problems 

and lost-circulation issues in terms of greater hydrostatic 

pressure and irrespective of formation effect, Under-

Balanced Drilling (UBD) works more effectively. While 

Under-Balanced Drilling (UBD) proceeds with the 

hydrostatic pressure of mud or drill fluid is almost equal or 

below to the formation pressure or pore pressure. Due to 

slight pressure difference between mud and formation, the 

formation influx may enter into the wellbore when drilling 

takes place from low to high-pressure zones or through 

abnormal zones or sudden reduction of Bottom Hole 

Pressure (BHP) (e.g. in case of hole-cleaning due to dilution 

and solid removal equipment during recycling of mud which 

will led to decrease in mud weight). As BHP is a function of 

mud weight and height of mud in the annulus. To encounter 

the problems occurs with both under balanced and over 

balanced drilling, a new drilling technique was practiced 

known as, Managed Pressure Drilling (MPD). It is a 

controlled pressure drilling system. The variation among 

UBD, MPD and OBD has been shown in below fig.1. 

MPD technology is generally, applied to reservoirs 

where margin between fracture gradient and pore-pressure 

referred as “drilling window” is very narrow. In case of 

conventional resources there, would be enough gap between 

pore pressure and fracture gradient appropriately not same 

for all reservoirs while drilling. Whereas, in case of 

unconventional resources there was a very narrow drilling 

window in which MPD application has shown very 

successful solution to encounter down-hole pressure 

problems.  

 
Fig. 1: Area of operation for different drilling      techniques 

These down-hole pressure problems are common in 

over-balanced drilling in case of unconventional energy. 

During drilling operations, the addition and removal annular 

friction pressure creates variations in BHP when 

maintaining the primary control with hydrostatic over 

balance. Mostly impulse in BHP variation is due to mud 

pump turns off and on. In conventional drilling (OBD), the 

primary well control has ability to withstand against BHP 

fluctuations when mud pump is static or dynamic, still the 

variation in BHP occurs. As a result, of narrow drilling 

window, the fluctuations in BHP, caused by mud pumps 

operation for unconventional drilling (e.g., shale, CBM) is 

very high, can result an inability of primary control. MPD 

technology provides an effective solution for fluctuations in 

BHP created by mud pump operation, and variations in 

bottom-hole pressures occur during drilling in case of both 

conventional and unconventional energy. This paper mainly 

discuss on MPD equipment operated by M-I SWACO@ 

balance services, Haliburton and National Oilwell Vacro 

(NOV), MPD functioning and its applications. 

II. MPD IMPORTANCE 

The importance of MPD is to minimize pressure related 

drilling problems. The primary objectives of MPD are to 

provide advanced kick detection, avoid pressure losses 

while drilling, and avoid NPT and to reduce ballooning 

effect and to achieve constant BHP. The use of MPD will 

not only reduce the mud losses but also provides the 

capability to drill within the „drilling window‟ by using 

constant bottom-hole pressure method. Dynamic Pressure 

Management (M-I SWACO @balance) has utilized their 

Dynamic Annular Pressure Control (DAPC) service which 

provides an automated annular pressure control to manage 

the bore-hole annular pressure profile in MPD. This DAPC, 

in turn manages the fluctuations in the BHP. By maintaining 

an overbalance over the constant bottom-hole pressure will 

provide a safer and efficient method to drill the hole by 

maintaining the bore-hole pressure at same level when 

pumps are on and off. By using accurately applied annular 
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pressure during connections and pump off events, the BHP 

is kept very near pressure as when circulating. This constant 

BHP in turn eliminates the bore-hole instability, formation 

ballooning etc. MPD allows drilling with an overbalanced 

drilling fluid while staying with-in the pressure or drilling 

window.  In MPD, static BHP is always above the 

maximum pore pressure.  

III. MPD TECHNIQUES 

There are four variations of MPD. Combining these 

variations on the same prospect is excepted to become more 

frequent as technology been increasing to reduce cost and 

time. The four key variations of MPD with their sub-

categories. 

1) Constant Bottom Hole Pressure (CHBP) 

 Friction management method 

 Continuous-Circulation Method 

2) Mud Cap Drilling(MCD) 

 Controlled Mud Cap(CMC) 

 Pressurized Mud Cap Drilling (PMCD) 

3) Dual Gradient Drilling(DG) 

 Annulus Injection Method 

 Riserless Dual Gradient Method 

4) Return Flow Control 

This paper discuss on the CBHP method which describes the 

equipment used and their functioning.  The required 

equipment for this method and their functioning is based 

mostly on the M-I SWACO @balance services. This 

services uses DAPC system to manage CBHP method to 

achieve MPD in various drilling locations.  

B. Benefits of MPD: 

Advantages of MPD include 

1)  Safely drilled with light mud weight. 

2) Advanced kick detection and Enhanced well 

control. 

3) Simplified casing program 

4) Improved productivity index 

5)  Less mud cost 

6) Reduced ballooning effect 

7) Reduced reservoir damage 

8) Less drilling- related NPT  

 High ROP 

 Less time utilized in trouble- some zones drilling. 

IV. OVERVIEW OF MPD EQUIPMENT 

MPD equipment comprises of different tools, among which 

some are optional while others are mandatory. The usage of 

optional tools depends on budget and space available on rig. 

With the use of this specialized equipment, MPD is an 

adaptive drilling technique, which can reduce drawbacks 

than compared with over-balanced drilling. The normal set 

up of MPD shown in fig.2 in which some addition tools are 

represented with red color. These additional tools show 

variation between MPD and over-balanced drilling. 

Three devices that are utmost, required for 

achieving closed circulating system are: 

 Rotating Control Devices (RCD) 

 Non Return Values 

 Chokes 

 
Fig. 2: MPD and its basic equipment 

A. Rotating Control Devices (RCD) 

For MPD operations, the RCD are most important device. It 

main function is to seal off annulus, achieving the closed 

system in during drilling, tripping and making pipe 

connections. There are two types of RCD, namely active and 

passive. The difference among them is activation, passive 

RCD is activated by well pressure whereas active ones 

activated by force from hydraulic ram. Passive RCD‟s are 

provided with packer, which is fitted on to drill string and 

sealing can achieved by annular pressure exerted from 

annulus. Basically in RCD, sealing element is mechanically 

energized through its stretch interface between the element 

ID and drill pipe. The seal diverts flow towards the choke 

manifold. 

 
Fig. 3: RCD providing sealing mechanism 

Apart from this, RCD is necessary to conduct MPD 

operations and to achieve diversion of flow to the DAPC in 

M-I SWACO, by converting flow system to closed loop 

system. The RCD is attached on to the top of the annular 

preventer of BOP.  This is shown in figure 4.  
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Fig. 4: RCD on Annular preventer 

B. Non-Return Values 

These values, installed inside of drill pipe. The aim of the 

value is to prevent the mud from going up into the pipe.  

The device only allows the mud to flow-down. The NRV‟s 

shown in below figure 5. 

 
Fig. 5: Non-Return Value 

NRV‟s two types of non-ported valves will run in 

BHA namely, 

 
Fig. 6: Mod G Flapper type NRV 

 
Fig. 7: Mod F Plunger Type NRV 

C. Chokes 

In MPD, the ability to control the annual pressure profile 

throughout the wellbore is achieved by choke manifold. 

Mud return flow is directed through a choke with an 

adjustable closure element, which increase or decrease the 

backpressure by adjusting the flow path narrow or wide 

respectively. Therefore, backpressure is function of flow 

rate. Backpressure pump is a combined with choke generally 

operated to increase the backpressure if circulation is 

stopped. During the period of damage to choke, alternate 

choke can be operated. The flow control system discussed 

below shows operation of chokes. 

 
Fig. 8: Choke manifold 

V. FLOW CONTROL SYSTEM (BY DAPC MANIFOLD) 

M-I SWACO @balance provides DAPC system to control 

BHP and perform real time BHP during drilling operations. 

The DAPC system provides safety control over bottom-hole 

pressure within drilling window to maintain wellbore 

stability, lost circulation and ballooning. The flow control 

system actively control DAPC choke manifold to manage 

the annular backpressure to maintain CBHP. It is also able 

to call upon its own dedicated pump to circulate mud and 

actively supply back pressure when the drilling flow rate 

drops to insufficient levels.  This flow control system is 

capable of making immediate adjustments to choke 

manifold which can respond to well control events. During 

the connections the pump will be off and starts up after 

making connections, the flow control system stabilizes the 

back pressure by pumping the drill fluid into choke manifold 

through an active choke which is done when pumps are off. 

The process would be reverse in case which pumps are 

turned on to continue drilling. Using Safety critical process 

technology to stabilize and control the bottom-hole pressure 

and also to manage and monitor backpressure by direct 

control of the pump and choke manifold. Flow is routed 

from the RCD to 6 inch flow line (2000 psi) to manifold 

inlet.  The choke manifold of DAPC has three independent 

flow paths through choke A, choke B and through the 

manifold bypass or “gut line”.  The choke A and B are just 

names of chokes according they can be represented some 

others terms in different companies. On the choke manifold 

downstream side, the flow is routed through the “Coriolis 

return flow meter” and on to either the shakers or trip tank. 

The DAPC pumps takes suction from rig active mud system 

and discharges into the manifold upstream of the chokes and 
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from there fluid circulates into wellbore. The rig coke 

manifold is totally independent from DAPC manifold 

system. The manifold description is discussed below. 

The flow control system operates a pressure relief 

choke in addition with the two chokes on the MPD manifold 

that is used to mitigate over-pressure due to flow system 

plugging. 

Backpressure can be applied by flow control 

system by manipulating chokes in two different ways. 

1) The flow is routed to through both choke legs and 

both chokes are controlled simultaneously. 

2) The pressure can be controlled with one choke 

closed and other choke is operated independently to 

control backpressure. 

A flowmeter is connected on the low pressure side 

of the choke manifold which provides the flow out data that 

is continuously monitored with flow in data for kick 

detection.  The flowmeter here refers to Coriolis flow meter. 

Apart from advanced kick detection, Coriolis flowmeter 

provides a real-time data of fluid density, return mud 

temperature and volumetric flow.  The fig.10 shown below 

represents the Coriolis flow meter. 

 
Fig. 9: Coriolis flowmeter 

The vital part of flow control system is “DAPC 

pump” which is a well servicing triplex type pump. This 

pump permits the flow to be passed through the chokes 

when downhole circulation is halted by providing means for 

dynamically controlling chokes and the backpressure they 

impose on annulus. A spare rig pump will be tied into the 

manifold inlet and used as a backup such that if for instance 

M-I SWACO @balance DAPC pump fails. A reliable mud 

suction supply that is available 100% of time for DAPC 

pump performance. A pneumatically actuated value is 

installed on the DAPC pump suction line which is 

configured to open when pump starts and close right after 

pump stops. A pump pressure relief valve, with discharge 

line tied in downstream side of manifold and also tied in 

common with DAPC pump to protect the pump. The 

importance of DAPC pump is that it delivers approximately 

130 gpm of flow through choke manifold in case of decrease 

in downhole circulation below a preset valve. 

VI. MANIFOLD DESCRIPTION 

M-I SWACO @balance uses 5000 psi working pressure 

DAPC choke manifold to be used during drilling a well. The 

manifold description includes of a choke manifold with two 

redundant chokes, a remote hydraulic power unit and a 

programmable logic control panel (PLC). A gate valve 

which is used to control the gut-line or bypass line that 

contains in the third flow path. The choke manifold 

actuation speed and control accuracy can be operated with 

the operating system and hydraulic power unit. A pressure 

relief choke is also present on the MPD manifold in addition 

with the two chokes which is used to mitigate over pressure 

due to flow system plugging. Both manifold chokes will be 

well-appointed with 3 inch trim. Return lines are connected 

from the choke manifold or trip tank to discharge the mud 

from the annulus to the trip tank and to shale-shakers. The 

return line is connected to the trip tank in order to conduct 

both static and dynamic flow checks. Two analog pressure 

sensors (4-20 milliamp) are installed on the flow control 

system one on the RCD and other on the manifold inlet 

upstream of the chokes. 

 
Fig. 10: DAPC Manifold description 

A. Backpressure Pump: 

The importance of backpressure in DAPC system is to 

supply a backpressure pressure when there is a change in 

BHP to maintain the constant BHP. The change in BHP can 

be detected by the change of pressure or flow rate in the 

pressure gauges or BHP can be detected from the additional 

surface pressure valve. One pressure gauge is associated 

with the flow in line, which discharges the mud from mud 

pits to wellbore passing through the RCD. Other pressure 

gauge is connected on the flow out line as this line passes 

though the choke manifold and Coriolis flow meter. This 

flow out is a return line to shale shakers through the 

manifold and flow meter. Finally third pressure gauge is 

connected on the line, as this line is connected to 

backpressure pump and attached to the choke manifold 

which applies the backpressure. The back pressure pump 

and choke manifold connected together with each other by 

this line. The backpressure pump is connected in parallel 

with the choke manifold when there is change in flow rate is 

detected the back pressure can be applied. 

The back pressure pump description and features 

are adopted from data of the National Oilwell Varco 

Company.  This company provides a backpressure of 185 

horsepower 5” stroke intermittent duty single acting well 

service plunger pump. The pump speeds up-to 450RPM. 

The pump is capable of maximum discharging pressure up 

to 10,000 psi.  

B. Well Control  

MPD reduces the occurrence of well control incidents by 

utilizing the information about the pressure related issues 

are real time monitored or real time control.  Basically in 

conventional drilling once the kick is detected, the BOP is 
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closed and pressure are interpreted to mitigate the kick and 

can safely circulated out.  The rig BOP system is operated to 

circulate out the detected influx during this the well would 

be shut-in. While in MPD, due to advanced kick detection 

services which detects the kick quickly and within no time it 

will increase the pressure to stop the influx and later 

discharged safely. In onshore and platform applications in 

which the BOP is used the fully automated MPD response 

had proven effective in detecting, controlling and safely 

circulating out the kick. Driller‟s method is mostly preferred 

to circulate the influx out of the well, when dealing with 

MPD in land and platform applications. RCD‟s pressure 

rating is very crucial in calculation of MAASP (Maximum 

Allowable Annular Surface Pressure) or it can also 

calculated from fracture gradient.  Most of operators if well 

control is the issue then MPD equipment is isolated and 

flow is diverted to the rig‟s well control system. 

C. MPD Functioning 

1) By Backpressure: 

MPD technology creates the closed atmosphere in the 

wellbore. Its closed atmosphere operates additional surface 

pressure valve, which can calculate the bottom-hole 

pressure. In order to maintain the bottom-hole pressure, 

MPD adjusts the surface backpressure. As discussed in the 

above about the backpressure, is dependent on the flow rate. 

When mud pump starts up, for addition of annular friction 

pressure back pressure pump reduces the backpressure. 

While the pumps are shut-off, an increase in backpressure in 

order to reduce annular friction pressure. Due to increase or 

decrease of backpressure that would result in maintaining 

constant bottom-hole pressure (CBHP) and achieving the 

wellbore stability.  

2) By Diversion Mode: 

Although MPD adjusts surface backpressure during addition 

and removal of annular friction pressure in the well profile 

but still the minor variation of bottom-hole pressure occurs 

which deviates the system from the CBHP. This fluctuation 

in bottom-hole pressure normally takes place during making 

of connections or when pumps are turned on or off. As a 

solution for this fluctuations in BHP, MPD can re-direct 

fluid flow away from standpipe, providing the proficiency to 

maintain mud pumps in operation at all times. This 

functioning is commonly stated as „diversion mode‟. During 

this practice, drilling fluid is re-directed away from the four-

inch standpipe along the alternate flow path. This flow path 

is routed to the „rig pump diverter‟ from here the drilling 

fluid is then conducted through the MPD choke manifold 

where the necessary surface backpressure is provided across 

wellhead.  The ability to keep the mud pumps running 

during connections on the rig floor helps to maintain the 

constant bottom-hole pressure, which leads to improved 

wellbore integrity. The rig pump diverter is operated by 

Halliburton GeoBalance® services in CBHP method to 

achieve MPD. 

D. MPD Applications: 

The application of MPD provides an effective solution in 

ERD wells with long horizontal section. These ERD wells 

produce high ECD‟s which leads to the risk of exceeding the 

fracture gradient.  The risk of exceeding fracture pressure in 

ERD wells results from the continual increase in Annular 

Friction Pressure (AFP) along heel to toe of horizontal well 

section which is shown in fig.13.  

 
Fig. 11: ERD well with long horizontal section 

The ERD wells with long horizontal section shows 

high ECD in comparison with vertically drilled wells. This 

comparison between ECD in shown below in terms of ppg. 

               (   )

  [
                          

          
] 

If mud weight and annular friction pressure is same 

for both wells which is of 10 ppg and 478 psi. 

MD (TVD) for vertical well = 10000ft 

TVD for ERD well = 4,000ft 

Upon substituting values of given data the ERD 

wells with long horizontal well section shows high ECD 

than compared to vertical drilled well.  

To mitigate this problem in ERD wells, MPD 

allows the operator to drill with light density mud while 

holding back-pressure in order to maintain CHBP. 

Apart from ERD wells, MPD is applicable successfully 

 In HPHT wells both in offshore and onshore. E.g. 

HPHT well drilled in offshore Malaysia with @ 

balance services by converting the wellbore into 

closed loop automated MPD circulating system, the 

DAPC system and controlling wellbore breathing 

to maintain BHP.   

VII. CONCLUSION 

MPD which is a new technology used in the drilling 

industry. It has a capability of mitigating the drilling 

hazards, improving drilling performance and optimize 

production rates. It reduces the NPT in comparison with 

normal drilling practices. By using back-pressure, diversion 

mode and continuous circulation system which are used to 

mitigate various drilling problems and to maintain a 

constant BHP. As compared with other drilling practices, 

MPD has a greater efficiency over handling of annular 

friction pressure with respect to pumps turns off and on. It 

has a very good ability to reduce fluctuations in BHP while 

making the connections. It challenges the traditional drilling 

practices with over-balanced mud weight. The technology is 

an advanced drilling optimization process which uses an 

advanced kick detection and well control approach. It is 

used to maintain the controlled ECD by drilling with light 

density mud.  The applications of MPD is very effectively 

followed in very narrow drilling window, ERD wells, HPHT 

wells and drilling in un-drillable reservoirs. It shows a 

reduced drilling cost and improves certainty in the 

operation.  



Managed Pressure Drilling 

 (IJSRD/Vol. 3/Issue 07/2015/201) 

 

 All rights reserved by www.ijsrd.com 827 

ACKNOWLEDGMENTS 

We authors sincerely wish to thank M-I SWACO (a 

schlumberger company), Halliburton and NOV (National 

Oil Varco) for using their equipment and operational details. 

REFERENCES 

[1] Aadnoy, B., Cooper, I., Misca S., Mitchell, R.F., Payne, 

M.L., “Advanced Drilling and Well Technology”, SPE, 

2009. 

[2] Hannegan, D., “Managed Pressure Drilling in Marine 

Environment- Case Studies”, paper SPE 92600 

presented at the 2005 SPE/IADC Drilling Conference, 

Amsterdam, The Netherlands, 23- 25 February. 

[3] Jenner, J.W., Elkins, H.L., Springett, F., Lurie, P.G., 

and Wellings, J.S., “The Continuous Circulation 

System: An Advance in Constant Pressure Drilling”, 

paper SPE 90702 presented at the 2004 SPE Annual 

Technical Conference and Exhibition, Houston, 26- 29 

September. 

[4] Medley, G.H., Reynolds, P.B.B., “Distinct Variations of 

Managed Pressure Drilling Exhibit Application 

Potential”, World Oil Magazine Archive, Vol. 227, No. 

3, March 2006, 1-7. 

[5] “Optimized Pressure Drilling - White Paper (H06467)”, 

GeoBalance® Halliburton, 2009. 

[6] Saeed, S., Lovorn, R., Davis, N. 2012. Event Detection 

for Managed Pressure Drilling: A New Paradigm. Paper 

SPE 158491presented at the SPE Annual Technical 

Conference and Exhibition in San Antonio, Texas USA, 

8–10 October 2012. 


