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fF = ch + WW N equations

C N + 2 unknowns

WCW VCV + |L N equations

+ 1 unknown

2 eqguations total flow balance
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Simplified Example

3.2 Simplified Example

To illustrate that the method works numerically, a simplified example is presented
below. Only three components are included to improve the clarity of the
calculations. The flows and compositions are presented as though in molar terms,
though they could equivalently be read as mass units. Though fictitious and
simplistic the example proves the method works and the limited amount of
numerical data presented allows the reader to readily confirm the calculations
independently.

The example assumes the same configuration of separators and measurements as

presented in Figure 2. The true flows in each of the streams are presented in Table
1:

Table 1 — True Molar Component Flows

Component Wellstream 1! Stage Gas | 1°' Stage Liquid | 2" Stage Gas |2™ Stage Liquid
C 69 58 11 10 1
C, 47 20 27 7 20
Cs 84 2 82 3 79
Total 200 80 120 20 100
Stream ID F G W \ L

The stream identifiers in the bottom row are in accordance with Figure 2. As can
be observed there is a perfect molar balance at a total and component level through
the process, hence the use of the term “true” flows with reference to these values.

In practice, we would not have direct access to all these figures and would have to
calculate them from the available measurements. In the scenario being considered,
the 1% stage gas (G) and 2™ stage liquid (L) total flows are measured and these
are highlighted with purple text. One objective of the calculations is to determined
F highlighted in red. As can be observed, F is not directly obtainable as it would
require either V or W to be measured.

Additional measurements in the form of stream compositions are available and
these are the purple figures in Table 2:

Table 2 — True Molar Compositions

Composition 1D fe B We Ve I
(o 34.5% 72.5% 9.2% 50.0% 1.0%
C, 23.5% 25.0% 22.5% 35.0% 20.0%
Cs 42.0% 2.5% 68.3% 15.0% 79.0%
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vaiues 1ormn fagie L danu ltaie .

First a is calculated according to Equation (3), the terms of which are calculated in
Table 3:

Table 3 — Calculation of a

B ¥/ we B ¥ ve/ we
Cy 0.0791 3.9545
C, 0.2222 0.3889
G 0.0289 0.0055
Sum 0.3302 4.3489
o 0.1667

The wellstream composition fc, can be obtained from Equation (4), W from (5) and
finally F from (6) as presented in Table 4:

Table 4 — Calculation of Wellstream Flow and Composition

fC
C 34.5%
C 23.5%
G 42.0%
w 120
F 200

As can be seen the calculated wellstream flow and composition, obtained from the
measured data values only, correspond with the true values presented in Table 1
and Table 2.

The method is extensible to any number of compeonents and conversions to a mass
basis can be performed using component molecular weights.

3.3 Extension of the Method to Incorporate Process Simulation
It is possible to extend the method to incorporate process simulation calculations.

In the real system, this was driven by the lack of availability of the 1% stage liquid
composition (w.) which was found to be difficult to obtain in practice.
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N, 1.2% *0.1%
CO, 5.4% *0.1%
Gcl 73.0% *1.0% |f—m"" |
1" © :
Callater 1 - . .
Wellstrea Se C,+ 0.06% +0.01%
MW Tc Pc w BIP @
kg/kmol K bara ' Compression
C1 16.043 190.97 46.380 0.01149
(£0.01%)
0.076 @

C20+ 300 800 14 0.7
(£10% = Qil Product>
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Iter Infer’l Dir
(te/d)

2,080

2 2,075

3 2,083
[ |

4 2,094 2070 2075 2080 2085 | 2090

5 2,087 | '
- *.
6 2,085 1 -20>+20 |
| : ! U, :
000’s 2,076 | +11.5 te/d |

+0.55%
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| - I
2,076 - |
2 2,074 ! :
, ¢
3 2,084 | b
= I : —
4 2,091 2070 2p75 2080 2085, 2090
l |
5 2,089 P >
6 2,088 I -20>+20 |
| : | U,
000’s 2,081 | +8.2 te/d |
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Case Inferential Direct
Data Method Method
Feed Flow (tonnes/d) 2,080
Uncertainty (abs) (tonnes/d) 11.5 8.2
Uncertainty (rel) (x %) 0.55% 0.40%
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Product Values

Product Units Value
Gas f/therm 0.50
LPG S/te 231
Naphtha S/te 402
Gas Oil S/te 423
Vacuum Gas Oil S/te 321
Residual Fuel Oil S/te 140
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Case Inferential Direct
Data Method Method
Feed Flow (tonnes/d) 2,080
Uncertainty (abs) (tonnes/d) 11.5 8.2
Uncertainty (rel) (x %) 0.55% 0.40%
Value ($/d) 706,631
Uncertainty (abs) (S/d) 3,281 2,746
Uncertainty (rel) (x %) 0.46% 0.39%

Difference

reduces to

0.06% or
$535/d

Exposure to
Loss & Cost
Benefit
Analysis
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Case Inferential Direct
Data Method Method
Feed Flow (tonnes/d) 2,080
Uncertainty (abs) (tonnes/d) 11.5 8.2
Uncertainty (rel) (x %) 0.55% 0.40%
Value ($/d) 706,631
Uncertainty (abs) (S/d) 3,281 2,746
Uncertainty (rel) (x %) 0.46% 0.39%
$U

Stockton, 2009
OGA Guidance Notes
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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 (S/d) 706,631
Uncertainty (abs) (S/d) 3,281 2,746
Uncertainty (rel) (* %) 0.46% 0.39%
Loss Exposure (E) (S/d) 655 548
$U
(S)tg(;kgn_, 2009 AE = $107 / d
uidance Notes
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Increased Exposure to Loss

Year $/d $/y Inferential Method
1 $107 $38 988 adopted and been
2 $228 $83,347 operating
3 $190 $69,281 successfully since
4 $95 $34,517 2017
5 S66 A 2/

Total @

$ 2,272,277
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Matrix Format

Fep - WWe; =G g

I:(:2 ) WWCZZG Jco

Fc3' WWC3:G Oc3

Fcl' \Y Ver = G Ue1 +L Icl

|:(:2 -V Veo = G Jco +L ICZ

Fc3' \ Vez = G Ucs +L IC3
Faat Feo i - W= G
Fo,o+ Fo, +F5 -V =G +L



Matrix Format Rank of_ this

deten:rarllt irr;)c(es. .
100 -w, O
010 W0 [ (F
001 W0 [ |p

C
1 O O O 'VC]_ FCS —
010 0 Ve W
O O 1 ﬂ -Vr" V
5 variables

111 require_srank |
1 1 1 ofmatrfl)xto be
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matrix is 5
1 0 0-0.090

01 0-0230 =
cl

0 0 1-0.680 =
c2

|l
11w
11V

1 1 1 -1 O Variables are
1 1 1 0 -1 all observable
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1 0 0-0.090 =
0 10-0.230 Fol 1GOe
0 0 1-0.680 F

111 -1 0 W G
111 0 -1 Vv



Matrix Format

Rank of this
matrix is 4
1 0 0-0.090 Gg,.,
01 0-0.230 Gg.,
0 0 1-0.680 =1 Gg,;
111 -10 G
111 0 -1 -

Variables are
not observable
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matrix 1s 5

1 0 0-0.090 =
0 1 0-0.230 Fol 1Go.,
0 01 0 -0.15] |F,|=|Gg,+LI,
111 -10 W G
111 0 -1 \ -

Variables are
all observable
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0 0-0500 58
1 0-0.350 20
0 1 0 -0.15]]81

11 -1 0 130
11 0 -1 80

T1

cl

-

c2
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F.q 69
Foo 47
Fal=]| 84
W 20
V

120
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Execution

Please evaluate the following matrix

Answer forms  Caption Answer count Answer rate Weighted average
77 The conference hall 73 94.81% 5.22
77 Food and bevarage during the short breaks 73 94.81% 5.04
77 The lunch 73 94.81% 5.25
77 The Banquet 73 84 81% 5.30

‘The conference hal

Food and bevarage during the short braaks

The lunch

The Banquet

0 20 4 60 80 100
Respenses (%)

BN iVerybad WM ? EEN3 WEEN4 WEN S N G\Verygood N Nocomment
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“Learned Lies in
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Uncertainty”
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Orifice
Coriolis
Ultrasonic
Multiphase
Venturi

4.38
4.26
4.14
4.09
3.98
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Average Ratings

Early morning

Late morning

Early afternoon

Late afternoon

3.95 4.00 4.05 4.10 4.15 4.20 4.25
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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 i

t (Observed value) -0.355 D|fferen ce not
|t| (Critical value) 1.992 StatiStiCa”y
DF 75 . -

p-value (Two-tailed) 0.724 Sl g n Ifl cant
alpha 0.05

Test interpretation:

HO: The difference between the means is equal to O.

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

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

U U.ou 1.uu 1.oU £.UU £.oU J3.uUu J3.oU 4.0uU 4.0U






