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Model
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Observer Design - Assumption

— Measure top-side pressures and o
flow through main pump
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Observer Design - Assumption

— Measure top-side pressures and 0 0 -
. Po e ke o

flow through main pump —O o ; St

— measure/know the geometry of the o | B
well o

— all parameters except friction and e
density in annulus known #) bt

— Qres =0 N

— Qpit > 0, in reality gyt > 0
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Observer Design - Model

Same model, unkown friction and density
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Observer Design - Model

Same model, unkown friction and density

Pp = —a1Qpit + biUp
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Observer Design - Model

Same model, unkown friction and density
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@ =11 0 = v
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Observer Design - Model

Same model, unkown friction and density

Pp = —a1Qpit + biUp
Qvit = @2(Pp — Pc) — 01|9bit| Gbit + 02v3

) M
Poit = Po + MaQpit + (M1 — Fg)q5; + (pa — 592)hbir

_ Bq

&=y by = a
@ =11 b =—
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Observer Design - Transformation

Define £ = gpit + l1pp- 11 is a tuning gain.

\
\

www.ntnu.no

@. Stamnes, Adaptive Observer Design for Bottomhole Pressure 9/15



Observer Design - Transformation

Define £ = gpit + l1pp- 1 is a tuning gain. Dynamics for £

€ = —hayqpit — 01|Quit| Qbit + 02V + a2(Pp — Pe) +h b1 Up

\
\

www.ntnu.no

@. Stamnes, Adaptive Observer Design for Bottomhole Pressure 9/15



Observer Design - Transformation

Define £ = gpit + l1pp- 1 is a tuning gain. Dynamics for £
€ = —hayqpit — 01|Quit| Qbit + 02V + a2(Pp — Pe) +h b1 Up

A state estimator for gp;

€ = —hayQpir — 61|Qpit|Qbit + 02V + a2(Pp — Pe) + h by Up
Qbit =& — hpp
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Observer Design - Transformation

Define £ = gpit + l1pp- 1 is a tuning gain. Dynamics for £
&€ = —ha1Qoir — 01]Qbit| Gbit + 02v3 + @2(Pp — Pc) + b1 Up
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Observer Design - Transformation
Define £ = gpit + l1pp- 1 is a tuning gain. Dynamics for £
&€ = —ha1Qoir — 01]Qbit| Gbit + 02v3 + @2(Pp — Pc) + b1 Up
A state estimator for gp;
€ = —haiGpir — 01Qoit|Goie + 02V + @2(Pp — Pe) + b1 up
Qbit = € — hpp

Error dynamics for &€ = qQpit — Qpit

5 _/1 316 ‘91 (|Qb/t|let - |qb/t|qb/t) + 9 ¢(qb/t7 V3)
$(Qbit. va) = [~ |GbitlObits va]
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Observer Design - Lyapunov Analysis

Lyapunov type analysis

\
\

www.ntnu.no

@. Stamnes, Adaptive Observer Design for Bottomhole Pressure 10/15



Observer Design - Lyapunov Analysis

Lyapunov type analysis
— V:%€"2+%§Tr—19"

\
\

www.ntnu.no

@. Stamnes, Adaptive Observer Design for Bottomhole Pressure 10/15



Observer Design - Lyapunov Analysis

Lyapunov type analysis
— V:%€"2_|_%§Tr—19”
— V< —haé

\
\

www.ntnu.no

@. Stamnes, Adaptive Observer Design for Bottomhole Pressure 10/15



Observer Design - Lyapunov Analysis

Lyapunov type analysis

— V:%€"2_|_%§Tr—19”

— V< —haé?

— for the choice § = —T'¢¢
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Observer Design - Lyapunov Analysis

Lyapunov type analysis

— V=124 3T

— V< —haé?

— for the choice § = —T¢é
For which we can conclude
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Observer Design - Lyapunov Analysis

Lyapunov type analysis

— V=124 3T

— V< —haé?

— for the choice § = —T¢é

For which we can conclude

— |V| < VW, which gives |£] < ¢; og |d] < ¢
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Observer Design - Lyapunov Analysis

Lyapunov type analysis
— V=12 T
— V< —haé?
— for the choice § = —T¢é
For which we can conclude
— |V| < V, which gives |€| < ¢; og |6] < ¢
— Using Barbalat's lemma we get lim;_oo € = liM¢_.o0 Gpit = 0
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Observer Design - Lyapunov Analysis

Lyapunov type analysis
— V=12 T
— V< —haé?
— for the choice § = —T¢é
For which we can conclude
— |V| < V, which gives |€| < ¢; og |6] < ¢
— Using Barbalat's lemma we get lim;_oo € = liM¢_.o0 Gpit = 0

— We also get lim;_o0 87 ¢ = lims_.o0 (—51 Qbit + §2v3> =0
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Observer Design - Lyapunov Analysis

Lyapunov type analysis
— v=73&e+30Tr19
— V< —haé?
— for the choice § = —T¢é
For which we can conclude
— |V| < V, which gives |€| < ¢; og |6] < ¢
— Using Barbalat's lemma we get lim;_oo € = liM¢_.o0 Gpit = 0
— We also get lim;_o0 87 ¢ = lims_.o0 (—51 Qbit + §2v3> =0

— Gpit — 00g 87¢ — 0 enables us to get an estimate Ppit — Pbir
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Observer Design - Adaptive law

Problem: 0 = —§ = ¢
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Observer Design - Adaptive law

Problem: 6 = —f = [¢¢
Define: o = 6 + n(Qpit, v3) and differentiate w.r.t. time
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Observer Design - Adaptive law

Problem: 6 = —f = [¢¢
Define: o = 6 + n(Qpit, v3) and differentiate w.r.t. time
on

) ~ on .
— h(=a1qpit + brup)) + =—V
o= aqblt(§1 1(—a19bit + b1Up)) s 8
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— h(=a1qpit + brup)) + =—V
o= aqblt(§1 1(—a19bit + b1Up)) s 8

Let an estimate 8 be:
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Problem: 6 = —f = [¢¢
Define: o = 6 + n(Qpit, v3) and differentiate w.r.t. time

. on ~ on .
— h(=a1qpit + brup)) + =—V
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by on . an .
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Observer Design - Adaptive law

Problem: 6 = —f = [¢¢
Define: o = 6 + n(Qpit, v3) and differentiate w.r.t. time

. on ~ on .
— h(=a1qpit + brup)) + =—V
o= aqblt(§1 1(—a19bit + b1Up)) s 8

Let an estimate 8 be:

by on . an .
0= — —h(=aiqQpit + brup)) + =—Vv.
5%#(51 1(—a1Qpit + byUp)) Dvs 2

Observe that 5 = § og § = & = I a %Fqb,-t.
Solve pde: haj 877 = ¢
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Simulation - WeMod
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Initial conditions:
Goit(to) = p(o), Pa(to) = 2pa,
Fa(tO) = SFa, o= 50s
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Simulation - Data
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Conclusion

— A simple model for estimation has been presented
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Conclusion

— A simple model for estimation has been presented
— An observer has been developed

— Adapts to unknown friction and density

— Low complexity

— Good simulation results

— Tested on data from North Sea well
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