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Executive Summary
Deepwater, HPHT, and depleted reservoir formations have broken conventional drilling economics for most

operators. Non-productive time (NPT) costs $1–4M per day in deepwater operations alone. Narrow pore

pressure and fracture gradient windows make conventional overbalanced drilling economically unviable — too

many casing strings, lost circulation events, and expensive well control interventions. Managed Pressure

Drilling (MPD) converts these uneconomic intervals into productive footage by maintaining pressure within a

precisely controlled window, eliminating the NPT spiral that destroys economics on complex formations.

The operators achieving measurable MPD returns — Shell (Malampaya), BP (HPHT), Saudi Aramco (Khurais),

and Equinor (Barents Sea) — did not purchase the most advanced equipment. They designed MPD as a well

economics decision, not a technology selection. They validated pore pressure predictions before well spudding.

They integrated real-time LWD data with surface controls to close the engineering response loop within

minutes. They deployed MPD as the default approach for narrow-window, HPHT, and deepwater formations.

The result: 30–50% NPT reduction, $2–8M cost savings per well, and the conversion of previously marginal

prospects into commercial projects.

This paper outlines the three non-delegable decisions — pore pressure prediction methodology, real-time data

integration architecture, and 24/7 operating model — that separate MPD programs that deliver planned returns

from those that generate expensive equipment rental. It details the 18-month deployment sequence, the four

MPD configurations and when each applies, and the competency requirements that determine whether crews

execute or merely operate. For VP-level drilling and COO leadership: MPD is not an optional technology. For

the right wells in your portfolio, it is the only economically viable path.
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Conventional Drilling Economics Are Broken in Complex
Formations — MPD Changes the Equation

Conventional overbalanced drilling — maintaining mud weight above pore pressure to prevent influx — is the

industry standard for well control. It works in formations with wide pressure windows. It fails in formations where

pore pressure and fracture gradient separation is <0.5 ppg, where NPT costs explode, or where influx events

drive well abandonment decisions. Deepwater riserless intervals, HPHT formations, depleted reservoirs with

narrow windows alongside normal-pressure sections, and naturally fractured carbonates all share the same

characteristic: conventional mud weight management generates NPT events that are individually economically

expensive and collectively economically catastrophic.

MPD maintains bottomhole pressure precisely within the narrow pore-pressure/fracture-gradient window —

typically within 25 psi of target — by adjusting surface backpressure in real time. This converts formations that

require multiple casing strings into single-run operations, eliminates lost circulation cycling, and reduces well

control event frequency by 60–80%. For operators with significant exposure to complex formations, this is not

an optimization. It is the difference between commercial and abandoned wells.

The Economics of Conventional Drilling in Complex Formations

These are not theoretical costs. They are documented across deepwater, HPHT, and carbonate drilling

worldwide.

NPT Costs in Deepwater: $1–4M per day in deepwater; well-wide NPT of 15–25% adds $5–20M to well

cost

Lost Circulation Events: Single event costs $500K–$2M; narrow-window wells experience 3–7 events

per well

Multiple Casing Strings: Narrow windows force additional casing strings; cost per string is $2–5M; ROP

reduced 40–60%

Severe Formation Damage: Differential sticking and permanent permeability damage in depleted zones

cost $1–5M in lost productivity

Well Abandonment Risk: Severely lost circulation in carbonates creates unrecoverable sunk cost of

$8–15M per well
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The Five Well Conditions That Make Conventional Drilling
Uneconomic

Not all wells require MPD. MPD is expensive — it requires specialized equipment, offshore-grade offshore

support, and crew expertise that adds cost and complexity. But in formations with these five characteristics, the

NPT cost of conventional drilling exceeds the cost of MPD. In these cases, MPD is not a technology choice. It is

the only economic path.

Condition Well Signature Economic Impact

Narrow Pressure
Windows

Pore pressure and fracture gradient
separation <0.5 ppg across target
interval

Multiple casing strings, lost circulation events,
$500K–$2M per incident

Depleted
Reservoir
Sections

Reservoir pressure depletion >30%
from original; sub-normal gradients
alongside normal or high-pressure
sections

Severe lost circulation; potential wellbore
abandonment at $8–15M sunk cost

HPHT
Formations

Bottomhole temperatures >300°F;
static pressures >15,000 psi

Conventional mud weight management inadequate;
high risk of well control events

Deepwater
Riserless
Intervals

Water depth >1,500m; equivalent
circulating density (ECD)
management critical throughout

Riser margin constraints render conventional
overbalanced drilling economically unviable

Naturally
Fractured
Carbonates

Dual porosity systems with
unpredictable fluid loss to fractures
during circulation

Lost circulation costs of $1–5M per well; conventional
mud programs cannot manage differential sticking

"Conventional drilling on narrow-window wells is not just slow. It is economically suicidal. MPD is the
only viable path."
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MPD Is Not a Technology Choice — It Is a Well Economics Decision

The most common MPD failure — after equipment rental ends and wells revert to conventional practices — is

treating MPD as a technology purchase rather than an economics decision. The decision to deploy MPD should

flow from a quantitative analysis: What is the cost of conventional drilling on this well? What is the expected

NPT reduction from MPD? Is the cost of MPD services lower than the expected cost of conventional drilling

NPT? If yes, deploy MPD. If no, drill conventionally and accept the NPT.

Organizations deploying MPD on wells where the economics do not justify it consistently abandon MPD after

the first well because the cost is perceived as excessive. Organizations deploying MPD only on wells where

NPT cost of conventional drilling exceeds MPD cost consistently expand the program because every well

delivers documented ROI.

MPD vs. Conventional: Where Economics Favor MPD

The comparison that matters is not technology cost; it is total well cost including NPT.

Dimension Conventional Drilling MPD Approach

Pressure Control Static mud weight across entire section; influx
and loss events trigger trip or well control
response

Dynamic backpressure adjusts within minutes
to formation changes; maintains BHP within 25
psi of target

ECD Window Wide window required; narrow windows force
extra casing strings or well abandonment

Precise ECD management converts undrillable
to drillable; eliminates casing string redundancy

Formation
Damage

Overbalance-induced damage in
narrow-window wells reduces permeability
50–80%; permanent loss

Near-balanced or underbalanced drilling
minimizes formation damage; improved well
productivity

NPT Events 15–25% NPT typical on narrow-window, HPHT,
and deepwater wells

<5% NPT on equivalent MPD wells through
proactive pressure management

Real-Time
Response

Well control team response to influx/loss 2–4
hours; well suspended or tripped

Engineering response to pressure anomaly <15
minutes; well maintains productive operations

Cost Structure Fixed rig cost + NPT cost; NPT cost often
exceeds rig cost in complex formations

Fixed rig cost + MPD services; MPD cost
typically <30% of conventional NPT cost

The decision rule is simple: Deploy MPD when (NPT cost of conventional drilling) > (cost of MPD services + cost of crew training + cost of

real-time engineering support).
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The Four MPD Configurations and When Each One Applies
Not all MPD is the same. Four distinct configurations exist, each designed for specific well characteristics.

Matching the right configuration to the right well is the critical engineering decision that determines whether

MPD delivers planned results or becomes an expensive failure. Engineers who understand when to apply

CBHP, PMCD, DGD, and RFC make the difference between a competent MPD program and one that destroys

the business case through misapplication.

Configuration Application Key Advantage

Constant Bottomhole Pressure
(CBHP)

Narrow pore pressure/fracture
gradient windows; HPHT wells

Maintains precise BHP within 25 psi
— eliminates kick/loss cycling

Pressurized Mud Cap Drilling
(PMCD)

Severely lost circulation in naturally
fractured carbonates

Drills through total lost circulation
without returns — converts
undrillable to drillable

Dual Gradient Drilling (DGD) Deepwater riserless intervals and
narrow window deepwater wells

Eliminates riser margin constraint;
enables deeper casing points

Returns Flow Control (RFC) Wells requiring continuous
monitoring without full pressure
management

Early kick detection; reduced well
control event frequency by 60–80%
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Pore Pressure Prediction Is the Foundation of Every Successful
MPD Program

MPD is only as good as the pore pressure prediction that underpins it. If pre-drill pore pressure estimates are

wrong, the MPD engineer operates with no baseline — making reactive adjustments instead of proactive

decisions. Organizations deploying MPD without rigorous pore pressure prediction are gambling with rig time

and crew safety. Organizations deploying MPD with validated pore pressure predictions achieve measurable,

compounding returns.

Pore pressure prediction requires four distinct data sources: offset well logs that establish baseline formation

signatures, seismic velocity data converted to pore pressure via established transforms, real-time LWD

measurements that update predictions during drilling, and formation pressure tests that ground-truth critical

intervals. Each source reduces uncertainty. Operators that integrate all four achieve pre-drill accuracy of ±0.3

ppg and real-time accuracy of ±0.1 ppg — the precision required for tight ECD windows.

Pore Pressure Data Sources and Accuracy

Reducing uncertainty requires integrating multiple data sources into a unified prediction model.

Pore Pressure Input Data Source Accuracy Impact

Offset Well Logs LWD gamma ray, resistivity, density
from offset wells in same formation

Baseline accuracy ±0.3 ppg; foundation of pre-drill
prediction

Seismic Velocity
Data

3D seismic interval velocities
converted to pore pressure via
Gardner/Eaton transforms

Pre-drill prediction accuracy ±0.5 ppg; critical for
frontier wells

Real-Time LWD Downhole measurements while
drilling — resistivity, sonic,
pressure-while-drilling

Reduces uncertainty to ±0.1 ppg; enables real-time
decision adjustment

Formation
Pressure Tests

MDT/RCI tests at key formation
tops; connection gas monitoring

Ground truth calibration; critical for high-risk
intervals
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Real-Time Data Integration Separates High-Performance MPD from
Expensive Equipment Rental

The equipment — rotating control device, automated choke manifold, real-time surface pressure monitoring —

is mandatory but insufficient. The difference between an MPD program that delivers planned savings and one

that generates expensive NPT is the quality of real-time data integration and the speed of the engineering

response loop. Organizations that integrate LWD pore pressure data, formation response indicators, and

surface pressure measurements into a unified real-time model and empower drilling engineers to adjust

parameters within minutes achieve consistent NPT reduction and ROP improvement. Organizations that rely on

manual interpretation of data and require approvals before parameter adjustment turn MPD into an expensive,

unresponsive rig upgrade.

The 18-month program in this paper builds the real-time data integration capability in Stage 1. This capability is

the difference between Stages 1–2 succeeding or failing. Without it, Stage 3 (scaling MPD to the portfolio)

becomes impossible because each well requires dedicated engineering support and each well becomes a

learning curve instead of compounding knowledge.

"The difference between an MPD program that delivers planned savings and one that generates
expensive NPT is not the equipment — it is the quality of real-time data integration and the speed of
the engineering response loop."
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The Operational Model That Determines Whether MPD Delivers
Planned Returns

MPD is a 24/7 operation. The well does not respect business hours, time zone boundaries, or rotation

schedules. If the onshore engineering team that manages real-time decisions works on a 7 AM–6 PM schedule,

the program will fail because the rig operates around the clock. The operating model decision — whether to

staff a dedicated 24/7 MPD engineering center with authority to make decisions without approval waiting, or to

rely on contractor engineering with approval delays — determines whether the program succeeds.

Organizations that operate successful MPD programs make an explicit choice: internal 24/7 engineering

authority with documented decision protocols, OR partnership with a specialized contractor who owns the 24/7

responsibility. Organizations that attempt to split this responsibility — onshore engineering for approvals,

offshore contractor for execution — consistently generate response delays that destroy the economics.
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Workforce Competency Is the Constraint That Limits Every MPD
Program's Upside

The most underestimated failure mode in MPD deployment is crew incompetence. Not because rigs are staffed

with incapable people, but because deploying MPD without a formal competency training program for drilling

supervisors, well site leaders, and rig crews guarantees poor execution on every well. MPD requires a different

mental model than conventional drilling: thinking about pressure as a dynamic control variable instead of a

static mud weight, understanding the engineering signals that indicate formation response, recognizing when to

escalate to the onshore engineering team. Crews trained on conventional drilling do not intuitively possess this

knowledge. Organizations that skip crew training or treat it as an optional workstream consistently experience

lower-than-expected NPT reduction and poor well control management.

The 18-month program in this paper dedicates Months 3-6 of Stage 1 to formal, competency-validated crew

training. This is not optional. This is the constraint that limits the program's ability to expand beyond the first 3-5

wells.
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If You Can't Measure It in NPT Reduction and Cost-Per-Foot — It
Doesn't Count

The most destructive MPD conversations happen when success is not measured. "The well went well." "Drilling

was faster." "The team learned a lot." These are not metrics. These are opinions. Organizations deploying MPD

without a CFO-validated measurement framework for NPT reduction, cost per foot, and well control events

consistently fail to expand the program because they cannot demonstrate that the first well generated value.

The measurement framework must be established in Stage 1, validated by the CFO, and applied consistently

across every MPD well. It must include baseline conventional drilling performance for the same formation,

documented cost-per-event data, and a clear definition of what constitutes an NPT event and how it is

calculated.

Key Performance Indicators That Define MPD Program Success

These KPIs distinguish an MPD program that delivers value from one that is an expensive rig upgrade.

KPI Definition MPD Target

Non-Productive Time
(NPT)

Hours lost to well control events,
lost circulation, stuck pipe, and
pressure management
interventions as % of total well
time

<5% NPT on MPD wells vs. 15–25% industry
average on equivalent conventional wells

Cost Per Foot Drilled Total well cost divided by total
footage drilled; normalized for
formation complexity

20–40% reduction vs. equivalent well without
MPD in narrow-window formations

Invisible Lost Time (ILT) Time lost to sub-optimal drilling
practices that do not trigger NPT
classification — slow ROP,
excess wiper trips, ECD
management delays

ILT reduction of 30–50% through real-time
optimization loops

Well Control Events Number of kicks, losses, and
pressure anomaly responses per
well

Target <1 well control event per MPD well vs. 3–5
average on equivalent conventional

Rate of Penetration
(ROP)

Footage drilled per hour;
normalized for formation and bit
type

15–25% ROP improvement from optimized ECD
and reduced trip frequency
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Four Blueprints: How Operators Unlocked Well Economics with
MPD

The path from MPD pilot to scaled program is documented. Shell, BP, Saudi Aramco, and Equinor have each

demonstrated a distinct but replicable approach to MPD deployment. The pattern across all four is identical:

identify specific, expensive operational problems in the well portfolio; select MPD for those wells based on

quantified economics; prove NPT reduction and cost savings; then expand systematically.

Shell — Malampaya Field

$45M in cumulative NPT cost avoidance from CBHP MPD across

12 deepwater wells

Deepwater Economics Transformed

Shell deployed CBHP MPD across 12 deepwater wells in the

Malampaya field — converting formations previously requiring

multiple casing strings into single-run operations. Average NPT

dropped from 22% to 4% per well, with cost savings of $3.75M

per well.

"MPD did not improve our deepwater program — it made it

economically viable."

BP — Gulf of Mexico HPHT

48% reduction in NPT across BP HPHT program using integrated

MPD and real-time pore pressure prediction

HPHT Drilling Rewritten

BP integrated real-time LWD pore pressure data with CBHP

MPD controls across its Gulf of Mexico HPHT program. The

result: 48% NPT reduction, 3 fewer casing strings per well on

average, and a $6.2M average well cost reduction.

"Real-time pore pressure integration is not optional in HPHT —

it is the MPD program."

Saudi Aramco — Khurais

62% reduction in lost circulation events using PMCD in naturally

fractured carbonate reservoirs

Carbonates Made Drillable

Saudi Aramco deployed PMCD across 30+ wells in Khurais

naturally fractured carbonates — formations previously

characterized by total lost circulation that rendered conventional

drilling uneconomic. PMCD eliminated wellbore abandonment

at sunk costs of $10–15M per well.

"PMCD did not solve our lost circulation problem — it made the

problem irrelevant."

Equinor — Barents Sea

$8.3M average well cost savings from dual gradient MPD in

narrow-window Barents Sea deepwater wells

Arctic Deepwater Unlocked

Equinor deployed dual gradient drilling technology across

narrow-window Barents Sea deepwater wells — formations

where conventional riser margin constraints made productive

casing design unachievable. DGD enabled deeper casing

points, eliminating one casing string per well.

"Dual gradient drilling did not improve our Barents Sea

economics — it created them."
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Three Stages, 18 Months: The No-Regret Sequence for MPD
Program Deployment

Sequencing is the difference between an 18-month path to production-grade MPD ROI and a 3-year journey of

perpetual pilots with inconsistent results. Organizations that succeed move in the right order: establish pore

pressure prediction and select MPD-candidate wells in Stage 1, deploy real-time data integration and crew

competency in Stage 2, and scale MPD across the portfolio in Stage 3. Skip Stage 1 and you drill the wrong

wells with MPD. Skip Stage 2 and you lack the crew competency to execute on later wells. The roadmap is not

optional; it is architectural.

Each stage gates the next. Stage 1 fails without a quantified pore pressure and fracture gradient analysis.

Stage 2 stalls without validated crew competency from the Stage 1 pilot well. Stage 3 cannot proceed without

the operating model and real-time data integration proved in Stage 2.

Stage 1

Establish the Foundation

Months 0–6

Conduct pore pressure and fracture

gradient re-analysis across target

formation portfolio — identify high-value

MPD candidates

Complete MPD equipment selection and

vendor qualification — evaluate CBHP,

PMCD, and DGD configurations

Deploy MPD on first candidate well —

instrument with full real-time pore pressure

integration and establish NPT baseline

Define cost-per-foot and NPT reduction

KPIs with drilling and finance — establish

CFO-validated measurement framework

Well Selection & Pilot

Stage 2

Operationalize & Expand

Months 6–12

Roll MPD to 3–5 additional high-value

wells — capture learning curve benefits

and compound ROP and NPT

improvements

Stand up the Drilling Technology Center

with dedicated MPD engineers and

real-time data integration capability

Implement integrated pore pressure

prediction workflow — LWD, seismic

velocity, and offset well data unified

Embed MPD competency into drilling

contractor qualification — make MPD

fluency a contract requirement

Scale & Systematize

Stage 3

Integrate & Differentiate

Months 12–18

Deploy MPD as default drilling approach

for all narrow-window, HPHT, and

deepwater wells in portfolio

Integrate MPD data into full well life cycle

— completion design, production

forecasting, and reservoir management

Develop proprietary pore pressure

prediction models calibrated to your

formation portfolio — a competitive

advantage

Institutionalize MPD knowledge

management — well reports, formation

logs, and lessons learned in structured

data asset

Portfolio Integration

"The organizations that succeed at MPD are not moving faster — they are moving in the right
sequence."
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Three Decisions Only the VP of Drilling and COO Can Make
MPD deployment succeeds or fails based on three non-delegable executive decisions. The drilling engineers

can design the program. The completion engineers can integrate the results. The rig crews can execute. But

only the VP of Drilling and COO can mandate the pore pressure prediction methodology that underpins the

program, authorize the 24/7 operating model decision, and validate the competency requirements that

differentiate successful from failed programs. These decisions cannot be made by engineering committees or

working groups.

Mandate pore pressure prediction as pre-well engineering requirement, not optional analysis. Pore

pressure prediction that reduces uncertainty to ±0.1 ppg requires integrated LWD, seismic, offset well

data, and formation testing. This is not optional. Organizations skipping pre-drill pore pressure analysis or

delegating it to contractors operating without quality standards consistently encounter unexpected

pressure regimes and well control events.

Fund the 24/7 operating model from the start — whether internal engineering center or dedicated

contractor. The well operates around the clock. The engineering team cannot operate

business-hours-only. The decision to fund 24/7 dedicated engineering authority is a VP/COO-level

commitment. Organizations attempting to split this responsibility between onshore approvals and offshore

contractor execution destroy the speed advantage that makes MPD valuable.

Require documented crew competency certification on a live MPD well before independent

operations. Training without proven competency is liability exposure and operational risk. The VP of

Drilling must mandate that every crew member involved in MPD operations — drilling supervisor, well site

leader, choke operator, pressure controller — must have demonstrated competency on a live MPD well,

not just classroom certification.
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Executive Action Checklist

1
Formation Analysis
Has a pore pressure and fracture gradient analysis been completed for every high-value target — identifying which wells are
MPD candidates based on window width and NPT history?

2
MPD Configuration
Have we matched the correct MPD configuration — CBHP, PMCD, DGD, or RFC — to each well type in our portfolio, validated
by drilling engineering?

3
Data Integration
Is real-time LWD pore pressure data integrated with surface MPD controls — enabling engineering response to formation
pressure changes within minutes, not hours?

4
NPT Baseline
Do we have a CFO-validated NPT baseline for each target formation — with documented cost-per-event data that makes the
MPD business case quantifiable?

5
Crew Competency
Are our drilling supervisors and rig crews MPD-qualified — not just trained — with demonstrated competency on a live MPD well
before independent operations?

6
Operating Model
Have we defined the 24/7 engineering support model — dedicated MPD engineers, real-time data access, and decision
authority to adjust parameters without waiting for approvals?
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