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Overview

W

What does adaptivity mean?

What is stochastic adaptive control?

What does it have to do
with reservoir engineering?
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What does adaptivity mean?
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System change
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System change
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Adapt

W

Open-loop Closed-loop  Closed-loop  Closed-loop
(squeeze) (shift) (adapt)

Parameters

12 June 2023 DTU Compute Process control and optimization with stochastic adaptive control algorithms



=)
=
—

== Adapt
oo
Open-loop | Closed-loop | Closed-loop | Closed-loop
r (squeeze) (shift) (adapt) -
=
&
=
O
= Open-loop | Closed-loop | Closed-loop | Closed-loop
_% i (squeeze) (shift) (adapt) |
g { | &
O L
=
=
A=
=
%
=i

Time [h]

12 June 2023 DTU Compute Process control and optimization with stochastic adaptive control algorithms



=
—]
—

W

Subproblems in stochastic adaptive control
and relation to reservoir engineering
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Uncertainty

Uncertainty modeling \

t = f(xr,u,d,p)

e
!

O\

de = f(x,u,d,p)dt
+ o(x,u,d, p)dw

P

Examples of uncertainty:

« permeabilities
(parameters, p)

* Injection/borehole completion
(manipulated inputs, u)

« aquifer support/water drive

K (disturbances, d)

/Uncertainty quantification (UQN

- predict by stochastic simulation

A

e Linearization

2 -1 o 1 2

« Unscented transformation

-2 -1 0 1 2

« Monte Carlo simulation

-2 1 0 1 2

Examples of UQ:
 CO, plume location

* Risk/amount of CO, leaks
k Residual/structural trapping /

/ State estimation \

- Integrate UQ and measurements
de = f(x,u,d,p)dt
+ o(z,u,d, p)dw
y(te) = g(x(tk),p) + vk

For transport processes,
uncertainty grows over time

e Extended, unscented, and
ensemble Kalman filters

k + particle filters

/
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Adaptivity

Parameter estimation

\ME

de = f(x,u,d,p)dt
+ o(x,u,d, p)dw
y(tr) = g(x(tr),p) + vk

Examples:

« permeabilities
(parameters, p)

« aquifer support/water drive
(disturbances, d)

¢ uncertainty parameters

K (diffusion coefficient, o)

/ Optimal experiment design \

- generate informative data

Poor

excitation

4
Optimal
excitation

Examples:

* injection schedule
(manipulated inputs, u)

/

* well placement
(parameters, p)

/

/Optimization under uncertainth

- max. profit + min. uncertainty

Examples of optimization:

« Maximize CO, storage

* Minimize CO, leaks

« Max. residual + min. structural
trapping
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Stochastic adaptive control

W

Closed-loop reservoir management (CLRM)

Stochastic adaptive control

Noise >’ Input 5 Output >®< Noise
Optimization and
. . > Process Control
experiment design oot
Y
Optimizer ¥ Measurements

N

State and para-
meter estimation

Reservoir models
A

\4

A

Data assimilation
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== Flash separator example (UV flash)
A
/ \ [Feed (1 kmol/h) )
Details R o Composition:
 8h of operation - F \» & C, 60%
 Measure temperature and C, 10%
pressure every 5. min &‘ C; 5%
* Minimize energy consumption &o n-C, 23%
« Upper bound on H,S vapor — \st 2% Y

mole fraction (2%) Gas ]
phase

« Upper bound on pressure Liquid —
(7.5 MPa) phase { « g
 Unknown feed temperature

increase of 5 K after 2 h | = )»
« Adaptive nonlinear model

K predictive control algorithm

Ritschel, T.K.S., Jorgensen, J.B., 2019. Nonlinear Model Predictive Control for Disturbance Rejection
in Isoenergetic-isochoric Flash Processes. IFAC-PapersOnLine 52(1), pp. 796—801.
DOI: 10.1016/].ifacol.2019.06.159.
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Other processes | aim to work with

W

CO, storage Power-to-X Geothermal energy

Geotermisk

Electricity Methanol production anleeg

Biogenic CO2 Methanol
—_—

Hydrogen

| Transportation
Lo ===

Bz
H2 storage Ammonia production =535
Electricity  EleCtrolysis  Hygrogen _s_‘ =
" &= — ﬁii

Boliger

Ao

| P
Renewable ' H
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-
} Cryogenic air distillation 02 storage e e o
- Gxyaen "—E] Market Varmt vand Koldtvand
At ween ([ 9

Electricity
—

Nitrogen ~ N2 storage

W Tkm

Electricity I I I I I I I I il I I I I I I I I I I

Nuclear power Power grids

Control
rods

0 Generation

" Transformer
Power station

Coolant salt

Reactor

Chemical
rocessing
ant

i

Commercial facility
Emergency dump tanks
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Summary

W

Squeeze-shift-adapt

Stochastic adaptive control in reservoir
engineering: Quantify and mitigate risk

Numerical example of flash separation
w. unknown feed temperature change
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and optimization with stochastic adaptive co
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