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Live Uncertainty

- how accurate is your flow measurement?
NFOGM Fagdag — March 19, 2026
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Updated NOD regulations for fiscal metering 2023
GUIDANT

(Maleforskriften)

or
Il 1, dersom

§ 10. Malestorrelser og usikkerhetsgrenser

det kan dokumenteres at oppfyllelse av angitte usikkerhetsgrenser ikke er teknisk mulig eller vil fere til urimelig heye kostnader.

Tabell 1 (Krav til malinger av mengder produsert petroleum)
Type maling: Malestorrelse ( Usikkerhetsgrense N\
Netto mengde (standard volum eller masse) olje i en leveranse eller i en 0.30 %
maleperiode pa en maned ' ’
Leverings-maling | Mengde (standard volum, masse eller energi) gass i en maleperiode pa en 10 %
maned i
Mengde (masse eller energi) LNG i en leveranse 0,5 %
Netto mengde (standard volum eller masse) olje i en maleperiode pa inntil 0.5
) . en maned =
Allokerings-maling - - - e
Mengde (standard volum eller masse) gass i en maleperiode pa inntil en 159%
maned \ = y,
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Uncertainty - Traditional Calculation Method
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 Offline calculation in project
phase (before start-up) for 1
to 3 process cases

* No uncertainty calculation
or evaluation during
operation

3.2.5 Results

[ Parameter / Unit ==
Expanded / . | Minimum flow | Normal flow | Maximum flow |

326 Comments

The flow measureme, nty i
t uncertainty 1s withip h !
€ Project requirement for g
evaluated cagses
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Updated NOD regulations for fiscal metering 2023
(Maleforskriften) GUIDANT

Requirements for measurement A
uncertainty T
Section 15: ‘; LOV D A

 The licensee shall establish and
maintain uncertainty budgets to

demonstrate compliance with Forskrift om f:ig\m A
TS . , 5
uncertainty limit requirements in petroleUl=r i
Section 10. P

Departemet e

12-
Siat endect 1234 06.11.653&35-‘-0“"‘990'
FOR-2001-11-0125 062

Endret - 54-10, FOR-
1996-33_’;9'0_5‘3_21-1229

§.1515

1997
1991.06-17-653&26,?0& 199

LOV-
Hjemﬂle‘ 21-712-85: F
25042023
Kunngort )
MﬂeﬁOﬁh"ﬁm

Korttittel
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Measurement uncertainty is NOT STATIC!

GUIDANT
Gas export station (example)
200 Animated Mass Uncertainty vs Pressure
- 1.6
Pressure 175 -
= - 1.4
2
= 125 - e
3 L 12 5
v 100 - 5
2 g
wv pe= |
£ 75- L 1.0 9
=
Mass flow 50 -
uncertainty - 0.8
25 -
0 ; 0.6
5 10 15 20
Hour

Project example using NFOGM uncertainty tool, Al animated Live Uncertainty | 5



Measurement uncertainty is NOT STATIC!
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Density calculation uncertainty

Temperature, °C

=130 -60 -4
40,000 . I 280
Region 4 — 1.0 %

10,000 70
Pressure, Region 3 - 0.5 % Pressure,
psia MPa
2,500 — »|17.2

Region2 - 0.3 %
1,500 — »|10.3
Region1 — 0.1 %
See Table I Range A for composition ranges.
0 0
-200 -80 25

Temperature, °F

Source: AGA 8_2017 Figure 1

1.60

1.40

N
N
(@)

N
o
o

Uncertainty (%)
o o
o o)
o o

Pressure uncertainty

Emerson 3051S1TG4
Calibrated span 0 — 200 barg

50 100 150 200 250
Pressure (barg)
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Online Live Uncertainty Calculation for -
- Custody Transfer Gas Metering Station

FLOW COMPUTER

Qstd = Qﬂctual = ;:d = Tstd ‘%" std/Z
s

CURRENT UNCERTAINTY

+0.62% ...

—— UNCERTAINTY CONTRIBUTIONS —

M = Q. > Pstq e 3

@ Flow Meter

Pressure

@ Temperature
——

GAS
ULTRASONIC FLOW METER CHROMATOGRAPH

ol

PRESSURE & TEMPERATURE

@ Gas Composition
@ Z-Factor

CUMULATIVE UNCERTAINTY
1-DAY AVERAGE +0.75 %

A\ ALARM LIMIT 1.00%
/A WARNING LMIT 0.70%

i i/ Real-Time Diagnostics =— | Detailed Reports Audit &
- Calculation & Alarms =~ | Reports Compliance

Source: Al generated

Live Uncertainty | 7



Ay A

,

-

Wiy

5
Z, &
i

GUIDANT

Live Uncertainty Calculation

Features
Online uncertainty of:

» Mass
Standard volume

* Energy
Uncertainty of mass, standard volume and

energy reported on hourly, daily, monthly and
batch reports

Source: Al generated
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Live Uncertainty — Output Data

\\llu,,,

,

Wiy

n

5
7 )
i

GUIDANT
2024.12.01 11:00 Hourly Reportfrom 2024.12.01 10:00 to 2024.12.01 11:00 Page 1 of 2
Production Previous Hour
Stream Mass Ref. Volume Volume Energy
[t] [kSm?] [m?] [GJ]
1 34.560 39.304 604.505 1739.892
2 34.560 39.304 604.505 1739.889
3 34.560 39.304 604.505 1739.890
Total 103.680 117.912 1813.514 5219.672
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Live Uncertainty — Plans and Partners GUIDANT
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» Co-operation with Kjell Eivind Frgysa,

Functional design specification
NORCE

for live uncertainty calculation on
gas metering station (USM / GC) « Collaboration with working group with
representatives from oil/gas companies

Implementation of live
uncertainty calculation on gas

metering station

Specification and implementation
for oil metering stations
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Live Uncertainty — Fiscal Gas Metering GUIDANT

Metering configurations included

« 1xUSM, 1xGC, 1xPT, 1xTT » Average or single pressure measurement
* Average or single temperature measurement

2 x USM (series), 2xGC, 2xPT, 2xTT
* Average or single gas chromatography

[ ] 0 i
2 x 100% USM (parallel), 2xPT and 2xTT in each . AGA-8 DC1992 and GERG 2008 actual density
stream, 2xGC calculation

« 3x50% USM (parallel), 2xPT and 2xTT in each « IS0 6976-1995 and ISO 6976-2016 standard density
stream, 2xGC and energy calculation

Source: https://nfogm.no/

o0 060
o0 060
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Live Uncertainty — Calculation Principles

Standard volume flow rate:

PT,Z, To\ (P (2
Qo = W‘h’ = (Fo) (F) (?) Qv

X
®o0® oo

Umodel (ZD:)'):

Standard volume flow rate uncertainty
o= [Zouta) + (L) +(Za) +(Louton) 4t (Zouton -+( “""‘"’“(Z)'):‘u(
u-lgul) = 'aq"u qy) | + 'apu _‘ + 'a,ru . + _3¢L u ¢L‘ 4 4 _3¢m u qu.l .Q;.-o 7 | ..on Z
\
Y Compressibility Compressibility
Flow Pressure  Temperature Gas composition Line conditions Std. conditions
(USM) (PT) (TT) (GC) (AGA-8) (1SO 6976)

Expanded uncertainty, k = 2, approx. 95% confidence

U(qyo) = 2 * Ju?(qyo)
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Live Uncertainty — Input Data GUIDANT

Input data for uncertainty calculations

» Data from the measurement system  Manually entered uncertainty data
* Hourly accumulated actual volume, standard » Ultrasonic flowmeters
volume, mass and energy per line
* Pressure meters
. :;Inoeurly flow weighted pressure, temperature per . Temperature meters

« Hourly flow weighted gas composition * Gas chromatographs

i
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Live Uncertainty — How Live?
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Discussion points

How “live” should it be?

Detailed or “overall” uncertainty inputs for
flow, pressure, temperature?

Handling of fallback values?

Handling of flow rates outside calibrated
range?

Drift calculation / calibration date?

Live Uncertainty Calculation

Data Value Model Confidence Uncertainty Level

54.1 A\ £2.8 %\, Low

50.3 N~ +4.7 % High
603+=__ -~12.8% v— Medium—
55.7- +5.3 % -\~ Low —

Current Estimate: 56.1

Source: Al generated
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Live Uncertainty — Pressure Input Parameters GUIDANT

NFOGM pressure transmitter - “Overall Input Level” NFOGM pressure transmitter - “Detailed Input Level”

Line Conditions A, Pressure

Line Conditions A, Pressure
[J overall Input Level

Overall Input Level
Properties and Constants

Input Variable Uncertainty Unit Confidence ) )
Max Calibrated Static barg

Uncertainty 0.3 % 95% (norm) v Pressure

Min Calibrated Static barg

Pressure

Upper Range Limit barg

Time Between Calibrations Months

Ambient Temp At Calibration °C

Input Variable Uncertainty Unit Confidence
Transmitter %Span
Stability %URL/yr
RFI Effects %Span
Ambient temp. effect %Span/28C

Atmospheric pressure bar 99% (norm) v
Misc. D bar 95% (norm) v

Live Uncertainty | 15
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Live Uncertainty — PT & TT Input parameters

Temperature transmitter — Input parameters

Pressure transmitter — Input parameters
Uncertainty of

Uncertainty of Uncertainty of Uncertainty of
pressure transmitter fallback pressure temperature fallback temperature
(bar, k=2) (bar, k=2) transmitter (degC, k=2)
(degC, k=2)
0.15 0.5

0.13
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Live Uncertainty — USM Input Parameters
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Ultrasonic flow meter — input parameters

—e " 25 F k) —— a5 e a Verfication === Client specification
2.50
200 |====a
]
H
1.50 d
]
L 1 S ———
® 050 I < I
E oo = : .
s
4
8 050
-1.00 ’
]
150 .
]
]
200 | =————-
-2.50
0 200 400 600 800 1000 1200
Flow [m?/h]
Calibration Resuit
Calibration /| ~ Applied | Number of Observed | Deviation
Verification | Reference repeats Q Vgasmal deviation Afer Ad|. Uit Uiy
Test run Standard [ [m*h] [m/s] [%) %] [%] [%]
Cali 10 S 16.541 0.30 -0.94 0.16 0.37
Calibration 10 S 111.62 202 0.32 0.068 0.21
Calibration 10 6 28259 511 0.47 0.07 0.21
Calipration 8 S 462.79 8.37 0.38 0.02 0.17
Calibration 3 s 786.79 14.24 0.43 0.04 0.19
Calibration 3 S 1123.9 2034 0.49 0.05 0.19

Test Flow rate Deviation Uncertainty from Overall
point (m3/h) (%) repeatability calibration
during uncertainty,
calibration, Usor
Unnut/dut (%’ k=2)
(%, k=1)
1 16.541 -0.94 0.16 0.37
2 111.62 0.32 0.06 0.21
3 282.59 0.47 0.07 0.21
4 462.79 0.38 0.02 0.17
5 766.79 0.43 0.04 0.19
6 1123.9 0.49 0.05 0.19
7
8
9
10

Uncertainty from repeatability
during operation (%, k=2)

Uncertainty from field installation
effects (%, k=2)

0.25
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Live Uncertainty — USM Input Parameters
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— 25 FOUNG" e a5 | eft" & Verfication www=e Client specification ===
2.50
200 |=emm
|
:
1.50 "
|
1.00 lcscsssscsssscccssnsncsscsssssscsscsscsssasscssnssan

Deviation [%]

Deviation

0 200 400 600 800 1000 1200
Flow [m*h]

Flow rate outside
calibrated range

Q > Qcalmax

* Deviation (%) follows slope of two
highest calibrated flow rates

Q < Qcalmin

* Deviation in flow rate (m3/h) for
lowest calibration point constant for
lower measured flow rates

e Limited to +/- 100%
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Live Uncertainty — GC Input Parameters
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Gas chromatograph — Input parameters

yd N\
Component Calibration gas | Calibration gas GC uncertainty GC uncertainty GC uncertainty
composition uncertainty from from linearity of fallback value
(% mol) (% mol, k=2) repeatability (% mol, k=2) (% mol, k=2)
(% mol, k=2)
C1 83.8390 0.02600 0.0047 0.0408 0.5
C2 8.8490 0.02200 0.0021 0.0173 0.2
C3 4.0700 0.01200 0.0030 0.0147 0.1
iC4 0.6547 0.00200 0.0005 0.0013 0.1
nC4 0.6557 0.00200 0.0004 0.0011 0.1
neoC5 0.0000 0.0000 0.0000 0.0000 0.1
iC5 0.0763 0.00048 0.0009 0.0003 0.1
nC5 0.0565 0.00038 0.0009 0.0002 0.1
C6+ 0.0501 0.00060 0.0009 0.0001 0.05
N2 0.3134 0.00140 0.0001 0.0025 0.1
CcO2 1.4333 0.00270 0.0008 0.0062 0.1
) - > 4 . o
Composition 1 From calibration = From NORSOK User entered

entered on GC

gas certificate

[-106 GC Test

Live Uncertainty | 19



Wy,

-

Wiz,

5
Z, &
“hpay

Live Uncertainty — Features GUIDANT

2024.12.01 11:00 Hourly Report from 2024.12.01 10:00 to 2024.12.01 11:00 Page 1 of 2

Included functions
Stream Mass Ref. Volume Volume Energy
. It [kSm?] [m?] [GJ]
® Re pO rtl n g 1 34.560 39.304 604.505 1739.892
2 34.560 39.304 604.505 1739.889
. . . . . 3 34.560 39.304 604.505 1739.890
» Production report including uncertainties for Total 103,680 17.912 1813.514 5219.672
mass, standard volume and energy (hourly, Uncertainty (k=2) 0561 0811 5,010
dally and monthly) Relative uncertainty (k=2) 0.83% 0.69% 0.82%

° Deta'led Uncertalnty repOI’t (hourly, da”y and 200 Animated Mass Uncertainty vs Pressure

monthly)
* Uncertainty parameter report “

- g
E125 >
« Trendi E
rending
g 5
& 75 Lo @
. =
« Alarming =
0.8

* Audit trail : : . .

Hour
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Live Uncertainty — Detailed Uncertainty Report
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Exam ple Date Hour from Hour to
2024.12.01 10:00 11:00

Uncertainty Contributions Previous Hour

Mass Uncertainty (%, k=2)

Stream Flow Pressure Temperature Composition Model
1 0.xx 0.xx 0.xx 0.xx 0.xx
2 0.xx 0.xx 0.xx 0.xx 0.xx
3 0.xx 0.xx 0.xx 0.xx 0.xx
Total
Reference Volume Uncertainty (%, k=2)
Stream Flow Pressure Temperature Composition Model
1 0.xx 0.xx 0.xx 0.xx 0.xx
2 0.xx 0.xx 0.xx 0.xx 0.xx
3 0.xx 0.xx 0.xx 0.xx 0.xx
Total
Energy Uncertainty (%, k=2)
Stream Flow Pressure Temperature Composition Model
1 0.xx 0.xx 0.xx 0.xx 0.xx
2 0.xx 0.xx 0.xx 0.xx 0.xx
3 0.xx 0.xx 0.xx 0.xx 0.xx
Total

Total
0.xx
0.xx
0.xx
0.83

Total
0.xx
0.xx
0.xx
0.69

Total
0.xx
0.xx
0.xx
0.82
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Thank you for listening!

Questions / comments?
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