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OverviewOverview

Traditional ResearchTraditional Research
•• Exploration: GeophysicsExploration: Geophysics
•• Production: Reservoir EngineeringProduction: Reservoir Engineering

A First Turning PointA First Turning Point
••Production OperationsProduction Operations

A Second Turning PointA Second Turning Point
••Production Operations RevisitedProduction Operations Revisited

••The Decomposition ProblemThe Decomposition Problem (D. (D. HeldtHeldt, A. , A. KehreinKehrein, S. , S. PokuttaPokutta))

The Dortmund The Dortmund –– Shell connectionShell connection
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A refraction shot in 
West Texas. 2,000 
pounds of dynamite 
shot by Humble Oil & 
Refining Company 
(now Exxon), 1930.

Geophysics
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From: Petroleum Handbook (Shell, 1948)



Shell Exploration & Production

Modern technologyModern technology
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The Interpreter at workThe Interpreter at work
(Jaap van der Toorn, NAM TGS-S)
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wave equationwave equation
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wave equation operator

pressure field
source

Laplacian

c is sound velocity; c = c(x,y,z)

)(mΩ=Ω
specification c for different layers is velocity model m 

physical model imposed upon the data
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Inversion

)
fvmts =Ω )(.,.

Find the best model m that explains the data
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General approach too difficult, J has local minima

Migration:Migration: an initial model, m0, is assumed known

with
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A large number of approaches for the Migration problem
Here just one example

wave equation Helmholtz equation
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•Discretization:        A v = F

•Solution:                    A = L U

•L is lower triangular, U is upper triangular

•back substitution:  v = U –1L –1F

final stage of ‘physics’:
expression in Numerical Linear Algebra
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t

δt

production

δA

4D seismic amplitude and timing changes with production

The Geophysics of seismic 4D 
survey1 survey 2

oil water
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Time-lapse Seismic

Monitor

Base

Difference

1990

1998
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The Brent oil field in the North SeeThe Brent oil field in the North See

Flow through porous media
Reservoir Engineering
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QuSt +⋅∂=
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divergence
total flow 

source (injection)

saturation

Saturation EquationSaturation Equation

Flow Equations, to be solved numerically
Can be derived from Navier Stokes Equation

)()/( hgppKku pcaprelp ρμ ++∇=

‘rel perm’
(depends on S)

permeability
(rock property)

viscosity
gradient

pressure
capillary pressure

hydrostatic pressure

DarcyDarcy’’s Laws Law

phase flow 

)()/( hgppKku pcaprelp ρμ ++∇=

‘rel perm’
(depends on S)

permeability
(rock property)

viscosity
gradient

pressure
capillary pressure

hydrostatic pressure

DarcyDarcy’’s Laws Law

phase flow 

physical model
imposed on measured
I&B conditions

systems of 
equations in
Numerical Linear
Algebra
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little success with ‘physical’ modeling

Alternative:
construct physical models from observations

(planet orbits of Kepler and Gauss)

physical laws aim to describe the ‘internal state’

•• relation original physical parameters and parameters in   relation original physical parameters and parameters in   ‘‘numericalnumerical’’
expressions difficult if not unknownexpressions difficult if not unknown

• physical objects – measurements, laws – are scale 
dependent

•mismatch between scale_laws and scale_measurements

• correctness of state description cannot be decided
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Production Operations

The ‘Champions Field’, South-Chinese Sea, offshore Brunei
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separatorsheaders

transportation tubing well heads
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Build Models using Well Test Build Models using Well Test DataData

Selected Well on Test Test Separator
(3 Phase)

Gas

Oil

Water

WELL MEASUREMENTS

THP, DHP, THT, 
FLP, LGF etc. TEST SEPARATOR

MEASUREMENTS

imitating production circumstances:imitating production circumstances:
‘‘deliberatedeliberate’’ disturbancesdisturbances

Surface – and Sub-surface
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well productionwell production

input(s)input(s)

shift mapshift map

positive orbitpositive orbit
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Bulk SeparatorBulk Separator
(3 Phase)(3 Phase)

Gas

Oil

Water

transportationtransportation
tubingtubing

REAL TIME WELL 
PRODUCTION
ESTIMATES

header
header

transportationtransportation
tubingtubing

the orbits for each well give the production estimates for each the orbits for each well give the production estimates for each wellwell
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Gas

Oil

Water

transportationtransportation
LineLine

Header PressureHeader Pressure

production well Aproduction well A

Bulk SeparatorBulk Separator
(3 Phase)(3 Phase)

production well Bproduction well B

production well Cproduction well C

production well Dproduction well D

Daily Reconciliation
compare and adjust individual 

Estimates against bulk metering.
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linear span of individual productions 

set of admissible 

set of admissible 

combinations

combinations

1.1. project total production onto spanproject total production onto span
2.2. project projection onto project projection onto ‘‘admissible setadmissible set’’
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number of wellsnumber of wells
bulk productionbulk production

reconciliation coefficientsreconciliation coefficients

otherwise reotherwise re--testtest

(chain recurrent set)(chain recurrent set)

consistencyconsistency

adaptadapt

dealing with
uncertainty

admissible linear combinationadmissible linear combination

best approximation

signal-to-noise ratio

continuecontinue
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Brunei – Iron Duke and Champion Oil Platforms

blue print of operations blue print of operations 



Shell Exploration & Production

blue printblue print
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‘Best’ linear
combination
components

‘Best’ linear
combination
components

Vector
Spaces
Vector
Spaces

Data:
Measurement
Sequences

Data:
Measurement
Sequences

Numerical
Computations
Numerical

Computations

Multi-
component

system

Multi-
component

system

E&P
Problem
E&P

Problem

EndEndEnd

strong
interactions

strongstrong
interactionsinteractions
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interactions between wells??!!!

interactions between wells??!!!

Interactions between reservoir and surface??!!

Interactions between reservoir and surface??!!

are we not m
iss

ing so
mething here

are we not m
iss

ing so
mething here

where are the interactions??where are the interactions??

Result:Result:

parametersparameters
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no no ‘‘naturalnatural’’ choice for weighing functionschoice for weighing functions
•• good fits, bad predictionsgood fits, bad predictions

‘‘functionsfunctions’’ catering for interrelationscatering for interrelations

in vector in vector 
space space 
settingsetting

FieldField
RingRing
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FieldField
RingRing

Polynomial RingPolynomial Ring
casting the casting the ‘‘Decomposition ProblemDecomposition Problem’’ in terms of Polynomial Rings:in terms of Polynomial Rings:

““physical meaning associated with physical meaning associated with indeterminatesindeterminates””::

ordering choice has ordering choice has 
physical consequencesphysical consequences

substitution homomorphismsubstitution homomorphism

then e.g.then e.g.
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usefulness of Decomposition problemusefulness of Decomposition problem

total productiontotal production individual individual productionproduction withwith
contributioncontribution from from ‘‘otherother’’ wells zerowells zero

approximationapproximation of the total production in this Idealof the total production in this Ideal
Leads to a decomposition in terms of individual productionsLeads to a decomposition in terms of individual productions

another physical interpretation:another physical interpretation: zeros polynomials related tozeros polynomials related to no production pointsno production points

Ideal generated by individual productionsIdeal generated by individual productions



Shell Exploration & Production

example example empiricalempirical polynomialpolynomial

‘‘lowlow’’ degree, degree, ‘‘largelarge’’ number of number of indeterminatesindeterminates
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example: empirical polynomial total productionexample: empirical polynomial total production
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breaking open the interrelationships problem:breaking open the interrelationships problem:
onon--going research, under debategoing research, under debate
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starting activities of an ambitious Research Program starting activities of an ambitious Research Program 

In 2004 eIn 2004 e--mail contact with Prof. Martin mail contact with Prof. Martin KreuzerKreuzer
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Algebraic 
Subject

E & P Application

Syzygies Interrelationships
Sub-surface Surface Relationship: Ultimate Recovery

Differential
Gröbner Basis

Dynamical Systems
Including long-term changes=>Forecasting, Reservoir management. Special 
activity: Good Slugs, using the energy generated by slugs for production –
and exploration (see last pair) applications

Elimination 
Theory

www2.m
Acronym for 'Where, when, what to measure'. Minimal requirements technical 
infra structure.

Invariant
Theory

Generic elements
Global exchange of information

Homotopy Test versus Production/Short-term versus Long-term
The changes are viewed as continuous deformations. Of importance for 
Starting-up sequences and Ultimate Recovery

Automated 
Theorem Proving

Diagnostics and Decisions
Including relationships between processes that run on different time scales, 
e.g. early recognition of building-up water break through. Subject may be 
considered as next generation Artificial Intelligence.

Computational
Homology

Surface characterization
Surface characterization of sub-surface through computation
of homology groups. Of particular importance for last pair.

D - Modules Non-seismic Exploration
This application is possible since this algebraic subject allows the consideration 
of spatial variation. This pair is coupled with the first – and second pair.
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The CoCoA Research Agreement

universityuniversity
of Dortmundof Dortmund

universityuniversity
of of GenovaGenova

sponsored by the Shell Research Foundationsponsored by the Shell Research Foundation
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Explaining our program to the algebraic community at Explaining our program to the algebraic community at CoCoA CoCoA Summer SchoolSummer School
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Algebraic 
Subject

E & P Application

Syzygies Interrelationships
Sub-surface Surface Relationship: Ultimate Recovery

Differential
Gröbner Basis

Dynamical Systems
Including long-term changes=>Forecasting, Reservoir management. Special 
activity: Good Slugs, using the energy generated by slugs for production –
and exploration (see last pair) applications

Elimination 
Theory

www2.m
Acronym for 'Where, when, what to measure'. Minimal requirements technical 
infra structure.

Invariant
Theory

Generic elements
Global exchange of information

Homotopy Test versus Production/Short-term versus Long-term
The changes are viewed as continuous deformations. Of importance for 
Starting-up sequences and Ultimate Recovery

Automated 
Theorem Proving

Diagnostics and Decisions
Including relationships between processes that run on different time scales, 
e.g. early recognition of building-up water break through. Subject may be 
considered as next generation Artificial Intelligence.

Computational
Homology

Surface characterization
Surface characterization of sub-surface through computation
of homology groups. Of particular importance for last pair.

D - Modules Non-seismic Exploration
This application is possible since this algebraic subject allows the consideration 
of spatial variation. This pair is coupled with the first – and second pair.

www2.m
Acronym for 'Where, when, what to measure'. Minimal requirements technical 
infra structure.



Shell Exploration & Production

Extracting information from Extracting information from ‘‘redundanciesredundancies’’
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‘Best’ linear
combination
components

‘Best’ linear
combination
components

Vector
Spaces
Vector
Spaces

Data:
Measurement
Sequences

Data:
Measurement
Sequences

Numerical
Computations
Numerical

Computations

Multi-
component

system

Multi-
component

system

E&P
Problem
E&P

Problem

EndEndEnd
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Term
Evaluations

Term
Evaluations

Numerical
Computations
(Approximation)

Numerical
Computations
(Approximation)

Measured
Data

Measured
Data

EmpiricalEmpirical
PolynomialsPolynomials

Vector
Spaces
Vector
Spaces

Multi-
component

system

Multi-
component

system

E&P
Problem
E&P

Problem

RingsRings

BeginBegin

zoom 
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approximation
theory

approximation
theory

commutative
algebra

commutativecommutative
algebraalgebra

approximate
commutative

algebra

approximateapproximate
commutativecommutative

algebraalgebra
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spreading knowledge within the cooperation:spreading knowledge within the cooperation:

studentsstudents

studentsstudents

First student: Daniel First student: Daniel HeldtHeldt
Next student: Matthias Next student: Matthias MachnikMachnik

direct confrontationdirect confrontation
with technologywith technology

commuting betweencommuting between
technology and mathematicstechnology and mathematics

within the international within the international CoCoA CoCoA teamteam
BM algorithm:BM algorithm:
to estimate an ideal forto estimate an ideal for
a a realisticrealistic set of set of ‘‘perturbedperturbed’’
zeroszeros
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Everyone going offshore has to pass the ‘HUET’ training:
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encountering 
basic engineering

also that can have its beauties ….
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Thank you! !Thank you! !
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RingsRings

Vector
Spaces
Vector
Spaces

Term/
Polynomial
Evaluations

Term/
Polynomial
Evaluations

Measured
Data

Measured
Data

Numerical
Computations
(Approximation)

Numerical
Computations
(Approximation)

RingsRings Structural
Results

Structural
Results

Numerical
Results

Numerical
Results

Empirical
Polynomials

back
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BackBack



Shell Exploration & Production

BackBack



Shell Exploration & Production

BackBack



Shell Exploration & Production

backback


