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Total Flow Balance
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Component Flow Balance
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Component Mole Fraction
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Install a New Meter?
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Mass Balances around both 
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Find Ratio Unknown Flows
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Calculate Wellstream Composition 

and Flow
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Unavailability of 1st Stage Oil 
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Unavailability of 1st Stage Oil 
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How accurate is the Inferential 

Method?
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Flow  700 te/d ± 1%

Flow  1,300 te/d ± 0.25%

P 11.4 ± 0.5 bar

T 14    ± 3°C



How accurate is the Inferential 

Method?

Callater 
Wellstream

Oil Product

Compression

2nd Stage 
Separator

Compression

1st Stage 
Separator

L

G

lc

vc

gc

P T

mol%   ±abs%

N2 1.2% ±0.1%
CO2 5.4% ±0.1%
C1 73.0% ±1.0%
C2 12.0% ±0.2%
…
…
C7+ 0.06% ±0.01%

MW Tc Pc ω BIP
kg/kmol K bara

C1 16.043 190.97 46.380 0.01149
(±0.01%)

…. 0.076
C20+ 300 800 14 0.7

(±10%)



And Direct Measurement Case…
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Monte Carlo Simulation



Iter L

(te/d)

G

(te/d)

… Infer’l

(te/d)

V

(te/d)

Direct 

(te/d)

1 1,274 702 2,080 110 2,076

2 1,265 701 2,075 111 2,074

3 1,270 706 2,083 109 2,084

4 1,284 707 2,094 110 2,091

5 1,281 706 2,087 110 2,089

6 1,273 701 2,085 113 2,088

: : : :
000’s 1,278 704 2,076 110 2,081

Monte Carlo Simulation



Iter L G … Infer’l

(te/d)

V Dir

1 2,080

2 2,075

3 2,083

4 2,094

5 2,087

6 2,085

: :
000’s 2,076

Wellstream Feed Uncertainty

Inferential Method

-2σ→+2σ
±UF

2070  2075  2080 2085  2090

±11.5 te/d
±0.55%



Iter L G … Inf V Direct 

(te/d)

1 2,076

2 2,074

3 2,084

4 2,091

5 2,089

6 2,088

: :
000’s 2,081

Wellstream Feed Uncertainty

Direct Method

-2σ→+2σ
±UF

2070  2075  2080 2085  2090

±8.2 te/d
±0.40%



Callater Wellstream Feed Value 

Uncertainty, Year 1



Product Values
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Product Values

Product Units Value

Gas £/therm 0.50

LPG $/te 231

Naphtha $/te 402

Gas Oil $/te 423

Vacuum Gas Oil $/te 321

Residual Fuel Oil $/te 140



Callater Wellstream Feed Value 

Uncertainty, Year 1

Difference 

reduces to 

0.06% or 

$535/d

Exposure to 

Loss & Cost 

Benefit 

Analysis
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Callater Wellstream Feed Value 

Uncertainty, Year 1

𝐸 =
$𝑈

8𝜋

Stockton, 2009

OGA Guidance Notes



Integrated Risked Exposure to Loss
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Callater Wellstream Feed Value 

Uncertainty, Year 1

𝐸 =
$𝑈

8𝜋

Stockton, 2009

OGA Guidance Notes

Case Inferential Direct

Data Method Method

Feed Flow (tonnes/d) 2,080

Uncertainty (abs) (tonnes/d) 11.5 8.2

Uncertainty (rel) (± %) 0.55% 0.40%

Value ($/d) 706,631

Uncertainty (abs) ($/d) 3,281 2,746

Uncertainty (rel) (± %) 0.46% 0.39%

Loss Exposure (E) ($/d) 655 548

Δ𝐸 = $107/d



Callater Wellstream Feed Value 

Exposure to Loss, Life of Field

Year bpd Sm3/d mmscfd mcm/d

1 10,000 1,590 28 0.80

2 5,000 795 40 1.14

3 2,000 318 27 0.77

4 1,000 159 14 0.38

5 700 111 9 0.27

Oil Gas

Year $/d $/y

1 $107 $38,988

2 $228 $83,347

3 $190 $69,281

4 $95 $34,517

5 $66 $24,243

Total $250,376

Increased Exposure to Loss

$ ?,???,???

Inferential Method 

adopted and been 

operating 

successfully since 

2017
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Observability
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“A variable is said to be observable if it 
can be estimated by using the 
measurements and steady state process 
constraints”
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Balance around 1st Stage Separator
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Balance around 1st Stage Separator

Fc W wcFc G gc



Balance around 1st Stage Separator

Fc G gc= Wwc+-



Balance around 1st Stage Separator

Fc G gc=Wwc-



Balance around process

Fc G gc=Wwc-
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Balance around process
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Balance around process

Fc G gc=Wwc-

Fc G gc L lcV vc =- +



Matrix?



Balance around process

Fc G gc=Wwc-

Fc G gc L lcV vc =- +



Matrix Format

Fc2 G gc2=Wwc2-

Fc2 G gc2 L lc2V vc2 =- +

Fc1 G gc1=Wwc1-

Fc3 G gc3=Wwc3-

Fc1 G gc1 L lc1V vc1 =- +

Fc3 G gc3 L lc3V vc3 =- +

Fc1 GW =+ Fc2 + Fc3 -

Fc1 G LV =+ +Fc2 + Fc3 -



Matrix Format

Fc2

Ggc2wc2-

G gc2 Llc2vc2- +

Fc1

Ggc1wc1-

Fc3

Ggc3wc3-

G gc1 Llc1vc1- +

G gc3 Llc3vc3- +

G

W

=

G L

V

+

1 0 0 0

0

0

0

0

0

0 1 0

0 0 1

1 0 0

0 1 0

0 0 1

1 1 1

1 1 1 0

0-1

-1

Rank of this 

matrix 

determines…

…if these 

variables are 

all observable

5 variables 

requires rank 

of matrix to be 

5



Matrix Format

Fc2

Ggc20.23-

G gc2 Llc20.35- +

Fc1

Ggc10.09-

Fc3

Ggc30.68-

G gc1 Llc10.5- +

G gc3 Llc30.15- +

G
V

=

G L

W

+

1 0 0 0

0

0

0

0

0

0 1 0

0 0 1

1 0 0

0 1 0

0 0 1

1 1 1

1 1 1 0

0-1

-1

Rank of this 

matrix is 5

Variables are 

all observable

vc



Matrix Format

Fc2 Ggc2
0.23-

Fc1 Ggc1
0.09-

Fc3 Ggc3
0.68-

G

=

G L

W

+

1 0 0 0

0

0

0 1 0

0 0 1

1 1 1

1 1 1 0

0-1

-1

Rank of this 

matrix is 4
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V



Matrix Format

Fc2 Ggc2
0.23-

Fc1 Ggc1
0.09-

Fc3 Ggc3
0.68-

G

=

G L

W

+

1 0 0 0

0

0

0 1 0

0 0 1

1 1 1

1 1 1 0

0-1

-1

Rank of this 

matrix is 4

Variables are 

not observable
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Matrix Format

Fc2 Ggc2
0.23-

Fc1 Ggc1
0.09-

Fc3 Ggc1

G
V

=

G L

W

+

1 0 0 0

00 1 0

0 0 1

1 1 1

1 1 1 0

0-1

-1

Rank of this 

matrix is 5

Variables are 

all observable

0.15-0 Llc1+



Matrix Format

Fc2 200.35-

Fc1 580.50-

Fc3 81

180W

=

80V

1 0 0 0

00 1 0

0 0 1

1 1 1

1 1 1 0

0-1

-1

0.15-0

-1



Matrix Format

Fc2 47

Fc1 69

Fc3 84

20W

=

120V

fc2

fc1

fc3

F

=

=

=

=

0.235

0.345

0.420

200
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“before investing in new 
measurement equipment, 

check if you can infer what 
you want to measure from 

data you already have”
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Evaluation Reports



Best Worst

1. Lies

2. Response

3. Integrated

4. Stabilities

5. Profile

6. Installation

7. World

8. Uncertain

9. Learned

10. Effects

1. Pipe

2. Facilities

3. Fluid

4. Implementation

5. Change

6. Topside

7. Heavy

8. Sampler

9. Calibration

10. Pressure



Best Worst

“Learned Lies in 

Response to 

Uncertainty”

“Calibration of Topsides

Heavy Fluid Sampler”



Which meter?

1. Orifice 4.38

2. Coriolis 4.26

3. Ultrasonic 4.14

4. Multiphase 4.09

5. Venturi 3.98



Best time to present?



Norway vs UK

Summary statistics:

Variable Observations Minimum Maximum Mean Std. deviation

Norway 43 3.340 4.900 4.193 0.346

UK 34 3.410 5.100 4.223 0.379

t-test for two independent samples / Two-tailed test:

Difference -0.029

t (Observed value) -0.355

|t| (Critical value) 1.992

DF 75

p-value (Two-tailed) 0.724

alpha 0.05

Test interpretation:

H0: The difference between the means is equal to 0.

Ha: The difference between the means is different from 0.

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 

hypothesis H0.

Difference not 

statistically 

significant




