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




transportation tubing well heads

headers (test- and bulk) separators
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Production Relation forz an Oil Well

WELL MEASUREMENTS

Surface — and Sub-surface

THP, THT,
FLP, LGF etc.
Selected Well on Test Test Separator

imitating production
circumstances:
‘deliberate” disturbances

output = function of inputs
output =
input

variables of polynomial function {

TEST SEPARATOR
MEASUREMENTS

physical relation between inputs
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production = 2.9232 « (/(DHP, — DHP,,) « DHP;,) * FLP) —
2.7075 (\/((DHP1 — DHP,,)* DHP,,) « DHP,) +
29517« /(DHP,, —THP)+«THP) —
1.2158 (\/((DHPM THP)«THP)+THP) +
0.3856 % (/((TTHP — FLP)« FLP) « DHP,,) +
«((DHP, — DHP,,) * DHP,,) * DHP;,)

L
Q
O ™

Gross Production (scaled)
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Motivating Example >

production well A total

production well B production

transportation
Line Bulk Separator;

production well C (8'Phase)

‘Ion >
,

Water

production well D

measured

!

constructed polynomials construct polynomial

T'otal Production € Ideal Generated by Separate Productions

prOdtota.l — gAprOd'lL.?ell A+ Dp?“Odwell D

polynomials: interactions between productions
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((DPT - Pt-u.b'i-ng)Ptvu.b-in,g ). e

production polynomial f has to be fitted to a set of points:

X = {pl,...,ps} C R"




different polynomials f,, ‘equivalent’ evaluations

Gross production {scaled)
E=N [y
T T

(5]
I
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| | | | |

Hifhiig

measurements
poly,
poly,
poly,
poly,

« different polynomials (supports, degrees)
« evaluations close together

| | | | |

500 1000 1500 2000 2500
Time over individual production well 1

3000




Shell Exploration & Production

relations in the data, among the indeterminates

P polynomial estimated from noisy data

P — R evaluation homomorphism : h — h(p;)

]R+
{9€ Pllg(p) — f(p) <dvpeX
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r € P small polynomial < |1,(r)| <oVpe X

Vanishing Ideal

I(X):={g€ P|py) =0Vpe X}
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example

=) UNivariate polynomial

=) DOlyNnomial of degree 5 vanishing on points

» remove the purturbations first before constructing the polynomials
e construct polynomial allowing it to pass ‘close by’ prescribed points
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delta-Approximate Vanishing Ideal

[5(X) . 3G with normalized coef ficient vectors
st. |gp)| <ovpeXandge G

dg € 15(X), [g(p)| >0, for somep € X
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Best thing one can do:

Empirical Polynomial:

e




Shell Exploration & Production




Shell Exploration & Production

The Buchberger—Moller algorithm:
. Set O =0, Eval(O) = () and G = 0.

. If T\ Lt,(G) = 0, stop; otherwise let ¢ be the set’s minimal element.

. Compute v = (t(p1),...,t(pm))T via evaluating t on the point set X.

. If v € Fval(O), find a representation of v and add the corresponding
polynomial to G. Then go to Step 2.

. Add t to O,v to Fval(O) and go to step 2.
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Drawbacks:
» The found relations are far away from vanishing on the points:
* numerical error prevent accurate calculation
 exact solution would result in an O with #0 = #P (1000 here!!)

» The exact relations (for the perturbed data) are usually of very high degree

How to overcome these problems:

» Do not force the relations to pass through every point, but demand passing ,close
by“

« Allow points which lie “close together” to be “melt together”
« “Divide the good ones from the bad ones”

» Process blocks rather than single elements to (hopefully) prevent sub-optimal
solutions and speed-up computations
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An approximate Buchberger—Moller algorithm:

1.
2.

Set O = (), Eval(O) =0,G = () and d = 0.

If T"\ LT,(G) = 0, stop; otherwise let T' = {tq,...,ts} contain the set’s
polynomials of degree d.

Compute the matrix V = (v(t1), ..., v(t,)), where v(t;) = (ti(p1), ..., ti(pm))T
is t;’s evaluation on the point set X.

Compute the singular values of the matrix (V' Ewval(Q)) and a basis of
all singular vectors with singular values < . Represent these basis as a
set of (reduced) polynomials and add them to G.

. Add all terms in T\ LT,(G) to O and their evaluations to Eval(O),

increment d and go to step 2.
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Truncate below
eps = 0.001
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Truncate below
eps =0.01
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Truncate below
eps=0.1
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Truncate below
eps=0.5
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Classical Version

Truncate below
eps =0.7
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An approxrimate Buchberger—Moller algorithm for border basis:

Set Os =), Eval(O) =0,G = () and d = 0.

(O Az, ..., 2, })a 1s empy, stop; otherwise let T' = {t1,...,ts} contain
the set’s polynomials of degree d.

Compute the matrix V' = (v(t1),....v(t,)), where v(t;) = (t:(p1),. ... t;(pm)) T
is t;’s evaluation on the point set X.

Compute the singular values of the matrix (V Eval(Q)) and a basis of all
singular vectors with singular values < . Represent these basis as a set
of (reduced) polynomials and add them to G.

. Add all terms in T\ LT,(G) to O and their evaluations to Eval(O),

increment d and go to step 2.
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-I # in basis | max deg max me-error  mean m-error | calc. time

6.9260 - 10_‘
9.0761 - 10’o

—

S o0T s[4 TsT 10" Lols 0" i)

3] mwml wl & iemwrl LesmT] aws
7| 000001 125 4| 84620-10°

300 (Rl) | 20| 5| 46954-101| 20193-10"

TABLE 1. Results (real-world data set) for calculating a DegLex Grobner basis




Shell Exploration & Production

# in basis | max deg | max m-error | mean m-error | calc. time
1.72 8

4.19 s
4.60 s

223 —
306 6] 48458 10 2.4311-10°F 13.55 s
7 | 345 8.4620 - 10 ° 3.4753 - 10~ 20.52 s
800 (I)| 539 5] 3.6442.10 7| 1330810 37

TABLE 2. Results (real-world data set) for calculating a border basis
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empirical polynomial of a well
T

measured production
polynomial mapping
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Calculate relations for the productions...
Typical datasize: 2000-5000 points in up to 15 indets
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Application fields:

* predict production quality
» automated quality assurance

Typical datasize: 10000-15000 points in 10-15 indets
* solution time < 238.73 s
* #G = 464, #0O = 391
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C. Fassino and J. Abbott worked in parallel on an algorithm which also computes almost
vanishing ideals, but with a different approach... See:

C. Fassino. An Approximation to the Grobner Basis of Ideals of Perturbed Point. Preprint (2006)
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Thank you! !




