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What is Integrated Reservoir-to-Facility Modeling?

Treating everything from the subsurface (reservoir) to the surface (production facilities) as one coupled model,

a method that evaluates and optimizes while reconciling pressures and rates across wells and facilities.

Reservoir Surface facility

Pipeline network & gathering system

Reservoir simulation Multiphase pressure loss in the
’ wellbore

Nodal analysis of IPR / VLP
Artificial lift (ESP, gas lift)
Represented with VFP tables

Separators, compressors, pumps

~

Pressure, saturation and flow —
Production / injection facilities —

predicting their change over time

(ECLIPSE / INTERSECT / CMG, etc.) e network analysis

Core: Rather than solving the three separately, they are coupled through boundary conditions (WHP, BHP, flow rate).

This lets you evaluate both 'reservoir behavior that accounts for well/facility constraints' and 'facility design that reflects
reservoir response’ at the same time.

Source: Integrated asset modelling (Wikipedia); SLB, The Defining Series: Integrated Asset Modeling



Why is it needed? — the limits of silos

Conventional: fragmented models
Challenge Reservoir, wellbore and surface built by
separate teams / separate tools

Challenge Capturing interactions needs manual
iteration — slow and person-dependent

Challenge Unrealistic production forecasts that ignore
facility constraints

Challenge Stacking local optima never reaches the
global optimum

Source: SLB, The Defining Series; Application of Integrated Modeling in the Oil & Gas Industry (2021)

Integrated: evaluate the whole as one

Benefit Interactions reconciled automatically —
iterations greatly reduced

Benefit Realistic production / injection forecasts that
include facility constraints

Benefit Consistent decisions from field development
through operations

Benefit Cross-cutting evaluation of energy efficiency,
cost, CO2 and environment

— Across majors, independents and NOCs alike, integrated modeling is becoming an essential practical skill.



Coupling basics: nodal analysis finds the balance point

Coupling starts by finding, for a single well, the point where 'the reservoir pushing fluid out' balances 'what the wellbore and
surface can take in'.

BHP IPR (Inflow Performance)

The relation between the rate the reservoir can supply to the
bottomhole and BHP. As production depletes reservoir pressure, the
whole curve shifts downward.

VLP (Vertical Lift Performance)

The BHP needed to carry fluids from bottomhole to the surface
facilities. It varies with surface backpressure, choke, pipe diameter
and artificial lift (e.g., ESP).

IPR (inflo Intersection = operating point

The rate and BHP where the two balance — the actual production
point at that instant.

Flow rate (production rate) —

— The integrated model solves this "balance" simultaneously for every well x every facility x every time step.

Source: Mach, Proano & Brown, SPE-8025 (1979); H.D. Beggs, Production Optimization Using Nodal Analysis



The coupling loop: what the reservoir and surface network

A .‘.

The two models exchange boundary values and iterate until the calculation balances, then advance to the next time step.

STEP 1 Reservoir simulator

Wellbore & surface-
network model

STEP 3 Hand_ c_>ff the boundary
conditions

STEP 4 Convergence check —
next step

Computes the current average reservoir pressure and
each well's inflow performance (IPR, productivity index
PI).

From surface conditions (separator pressure, choke,
pumps), computes each well's BHP and production /
injection rate.

The resulting rate (or BHP) is fed back as the well
boundary condition on the reservoir side.

Iterate STEP 1-3 until rate and pressure stabilize, then
move to the next time step.

Source: Coats et al., SPE-79704 (2004); Ghorayeb et al., SPE-79702 (2003); SPE-65159 (2000)

Key values exchanged

Reservoir — surface network

- Average reservoir pressure

- Inflow performance IPR / productivity
index PI

- Bottomhole pressure BHP
- Production / injection rate

- Constraints such as wellhead pressure
WHP



What is a VFP table? Turning wellbore flow into a 'lookup table’

A VFP (Vertical Flow Performance) table = a precomputed lookup table of pressure loss in the wellbore.

Wellhead
Water cut | Gas-oil ratio

1,000 . 20 bar -
2,000 0.10 800 20 bar -
2,000 0.30 800 20 bar -
3,000 0.30 800 20 bar -

Inputs (rate, WCT, GOR, WHP, artificial-lift setting) — output (BHP) obtained instantly by
interpolation

Source: New interpolation model for explicit coupling using flow tables (2025); Petroleum Experts IPM

Why it is fast and widely used

e The reservoir simulator doesn't re-solve
wellbore flow each iteration — it just looks up
(interpolates) the table

e Greatly speeds up computation — practical
even for large assets with many wells

e Artificial-lift and choke settings can be
baked into the table

e The practical mainstream — the
standard coupling method in many
commercial workflows



Three coupling schemes

Methods differ by when, and at what accuracy, the reservoir and the wellbore / surface network are coupled.

Explicit (loose) coupling Implicit (tight) coupling VFP-table approach

(the practical mainstream)

e Solve each simulator in turn, e Solve both together iteratively e Wellbore flow represented by a

e passing the previous step’s boundary e Reconciled at the Newton-iteration precomputed table

conditions level e Embedded in the reservoir simulator
e Low compute load, flexible e Stable, high accuracy e Fast and easy to implement

e Prone to rate / pressure oscillation e High computational cost

Compute efficiency < numerical stability <> accuracy. Choose per purpose (design study, sensitivity

analysis, real-time optimization).

In practice, the 'explicit + table' approach — reducing wellbore flow to a VFP table coupled into the reservoir simulator — is widely

Source: Dynamically Coupled Reservoir & Wellbore Simulation: A Critical Review (MDPI Processes, 2022); Coats et al., SPE-79704 7



The current tool landscape

GAP (surface network), PROSPER (well / artificial lift)
MBAL (material balance), PVTP, REVEAL

RESOLVE integrates reservoir-well-surface

De facto standard for well & artificial-lift design

Petroleum Experts — IPM suite

e PIPESIM: steady-state well / network model & nodal analysis
e ECLIPSE, INTERSECT: reservoir simulators
e Strong in sensitivity analysis and subsurface-surface integration

SLB (Schlumberger)

Reservoir: ECLIPSE, etc.

_ _ _ Wells / network: PROSPER, GAP / PIPESIM
Mix-and-match is the reality Coupling different tools together is common

Increasingly linked with real-time automation data

* Commercial tool names are trademarks of their owners. Shown to convey industry trends, not to endorse specific products.

Source: Petroleum Experts IPM / SLB PIPESIM & ECLIPSE technical materials; SPE-113904, SPE-167557



Applications: the digital oilfield & real-time optimization

Linking real-time measurements into the integrated model to monitor and auto-optimize daily production is accelerating.

.. ' Automated production . . e
Digital twin S Digital oilfield (DOF
9 optimization 9 ( )
e A virtual replica of the asset, updated in e Optimization algorithms (e.g., simulated e Predictive maintenance & well-
real time annealing) performance optimization
e Continuously searches for optimal e Tunes artificial lift, chokes and well e Flow assurance
operating set-points on/off over thousands of iterations e Used in daily production operations &
e Linked with IIoT sensing (pressure, e Balances lower water production with maintenance
temperature, vibration) sustained oil output

Case: KOC North Kuwait — a digital twin of a complex surface network with 1,400+ producers

e Integrated with real-time data to curb water production while sustaining / increasing oil
e An optimization workflow auto-adjusts artificial-lift parameters and choke settings
e From 'model as a design tool' to 'model as the daily operational decision platform'

Source: Digital Twin with Real-Time Data, KOC North Kuwait (OPES 2025); SLB, The Defining Series



Applications: extension to CCS & energy-balance domains

Beyond oil production, integrated methods are expanding into the design and evaluation of COz injection / storage (CCS /
CCUS).

Why integration matters in CCS
e Surface facilities and reservoir properties (heterogeneity,
permeability, porosity, etc.)

e — their interplay sets total storage capacity and maximum
injection rate

e Evaluate the system-wide effects of CO:2 injector transients
on the surface network

e Flow assurance (phase behavior, precipitation) drives
project viability

e Aquifers, depleted reservoirs, and onshore / offshore
transport can be studied as one

Implication: The ability to also evaluate energy efficiency, power cost and CO2 emissions across domains

directly informs CCS viability decisions and the narrowing of operating conditions. Integrated methods become the
implementation basis for energy-balance assessment.

Source: IAM in CCS Applications (SPE Europec 2024); CO2 Injection Well Transients on CCUS (SPE ATCE 2025); Surface-Subsurface Integration in CCS (SPE ETS 2024) 10



Value of adoption, challenges and barriers

Challenges & Barriers

e Realistic production / injection forecasts — better e Cost of data quality and keeping models updated

development plans
P P e Managing coupling stability and compute load

e Less rework, faster decisions e . . :
e Difficulty of tool interoperability (coupling

e Cross-department global optimization (subsurface to heterogeneous simulators)

facilities
) e Shifting away from a siloed, divided-work culture

e Sensitivity analysis efficiently narrows down promising

operating conditions e Securing and developing specialists with integration

skills
e Real-time use improves daily operations — more output

/ lower cost e Requires a clear strategy tied to business goals

e Integrated evaluation of cost, CO2 and environmental
impact

Source: SLB, The Defining Series; compiled from various SPE papers and industry surveys 11



Summary and outlook

Integrated methods are becoming an Solving reservoir x well x surface as one is becoming standard practice

'essential skill'

Implementation is mostly 'explicit +
VFP table’

Toward real-time use and digital
twins

Expanding into CCS and energy-
balance assessment

across majors, independents and NOCs.

Widely adopted for its balance of efficiency and practicality; implicit or fully
coupled schemes are used as the purpose demands.

Its role expands from a static design tool to a decision platform that optimizes
daily operations.

Essential for judging COz injection / storage viability; applicable to energy-
balance problems.

Data, people and organization decide The key ahead is developing talent skilled in model upkeep, tool

success

interoperability and integrated evaluation.
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* SPE numbers are OnePetro conference / paper IDs. Product names are trademarks. See the separate list for URLs and full bibliographic details.
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