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Introduction / Overview

e Typical workflow in field allocation studies

e (Case: Field allocation uncertainty before and after a new
tie-in

* Allocation uncertainty over field life time
—> input to risk-cost-benefit analysis

* Key lessons learned
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Typical workflow in allocation uncertainty projects
|

* Allocation method: Is this already decided or should project give input to
decision?

— Total hydrocarbon or separate oil and gas phase?

— Component based or total?
— Mass or volume or calorific value?
— Allocation principle (pro-rata, by-difference, phase-split based on simulated ORFs or
measurements)
e System modelling

— Metering stations, test separators

— Gas lift, water injection, gas injection

* |Input data both for host and tie-ins: What is available and what must be
estimated?

— Metering station uncertainties

— Production profiles
— Hydrocarbon or gas & oil composition if allocation is performed on component level

e Allocation simulation: Over field lifetime
- Risk
- Sensitivity to different input parameters

» Risk-cost-benefit analysis: Need CAPEX/OPEX estimation from project
crmr (operator)
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Allocation system — before tie-in
|
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Allocation system — after tie-in
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Input: Metering station uncertainties - QUANTITY
|

* Host metering station: Assumed in line with NPD
requirements (a detailed uncertainty analysis was outside
project scope).

* Existing tie-ins: Topside multiphase flow meters (MPFM)
to be installed, with regular calibration against test
separator (TSP).

* New tie-in: Allocated by-difference, no measurements
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Input: Metering station uncertainties - QUALITY
|

Gas composition:
Uncertainties based on NORSOK I-106, annex F, but take into account
additional uncertainty related to sample representativity

Oil composition
Uncertainty related to sample representativity and handling
Analysis uncertainties according to Intertek WL reports

* Host: More frequent and higher quality of sampling 2>
lower uncertainties
e Old tie-ins: Only sporadic and lower quality of
cmr sampling and input to and update of PVT-simulation -
G higher uncertainties




Input: Production profiles

Host production profile (mass)

8 000
6 000
4000

2 000

() T —
2018 2019 2020 2021 2022

e (il rate (tonn/sd) = (335 rate (tonn/sd)

e Produce d water (tonn/sd)

Old tie-ins production profile (mass)

10000
8 000
6 000
4000
2 000
0 — e —
2018 2019 2020 2021
s Produced water (tonn/sd) e il rate (tonn/sd) = Gas rate (tonn/sd)

cmr

Chnstian Michesssn Research

2022

New tie-in production profile (mass)
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Input: Compositions

HC composition (wt %)

N2 [CO2| C1 [ C2 | C3 [iC4 | nC4]|iC5 [ nC5 | C6+

New tie-in 1,01 10 100 20|20 (10| 10| 1,0 ( 1,0 | 80,0
Host 2,0 | 3,0 [50,0{200]200f210]10] 1010 ] 1,0
Older tie-ins| 2,0 | 4,0 |150,0 15,0150 1,0 | 1,0 | 1,0 | 1,0 |/10,0

cmr

wistian Michetsan Resaarch




Field allocation uncertainty analysis - Method

Framework used for field- and ownership allocation calculation:
* Modular

* |SO-GUM compliant

* Numeric Monte Carlo method
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Field allocation uncertainty analysis - Method

Input parameters

Meter selection

Sampling frequency
Water content

Measurement
Calibration frequency uncertainties

S\

Flow rate variations
P&T variations in
production process

PVT-simulation frequency

Simulation

- uncertainties

Allocation method

- Pro rata/ by difference
- Component-based

- Single phase/total HC
- Volume/mass

Field
allocation
uncertainty

J\

Ownership
matrix

Take any
correlations
into account!

=)

Owner /
company
allocation
uncertainty

S\

2

> 2

Financial
considerations

Production value (S)
Model for uncertainty / risk
conversion

3 3§ 3 3

Economic exposure ($)
associated with risk of
misallocation
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Results: Field measured and allocated relative uncertainties
]

Host measured and allocated relative uncertainties (confidence level 95 %)

Year N2 CO2 C1 [o7) C3 iC4 nC4 iC5 nCs | C6+
2018-2022| 1,0%| 1,0%| 1,6%| 1,0%| 09%| 09%| 08%| 08%| 08%| 1,4%
Old tie-ins measured and allocated uncertainties (rel.exp, conf.level 95 %)

Year N2 CO2 C1 C2 C3 iC4 nC4 iC5 nC5 | C6+

2018-2022[ 10%| 10%| 10%| 10%| 10%| 10%| 10%|f 10%| 10%| 10%

New tie-in allocated relative uncertainties (confidence level 95 %)

Year N2 CO2 C1 [o7) C3 iC4 nC4 iC5 nCs | C6+
2018[F 14 %[ 8% 3w BA%[IE 3% 7wl 7w 7w 7w 2%
2019 9% 5% 2% 33%[F 33w 5% 5% 4% 4% 2%
2020 11 %[ 7%l 27%|[l 0% 0% 5%l 5% 5% 5% 2%
2021F 11 %[ 8%l 27%[l 41 %l 40%| 5% 5% 5% 5% 2%
20228 17 %[l 12 %[ 43 %[l 64 %53 %[ 8%| 8w 8%[ 8% 2%

HC composition (wt %)
N2 CO2 C1 [o7) C3 iC4 nC4 iC5 ncs | C6+

New tie-in [ 1,0 1,0 10,0 2,0 2,0 1,0 1,0 1,0 1,0 80,0

Host 2.0 3,0 50,0 | 20,0 | 20,0 1,0 1,0 1,0 1,0 1,0

Dider tie-ind 2,0 4,0 50,0 | 15,0 [ 15,0 1,0 1,0 1,0 1,0 10,0
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Analytical expression of tie-in allocation uncertainties

Mi,by diff — Mi,exp _Mi,meas — Mexp Ciexp — Mmeasci,meas

(U(M i,by diff))z

M; by aiff
2 2 2
. < Mi,exp ) u(Mexp) n <u(ci,exp)
M Lexp M i, meas Mexp Ci,exp

2

2 2
M i meas u(Mmeas) u(ci,meas)
+ +
M Lexp M i, meas M meas C i,meas
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Results: Tie-in allocated mass and absolute allocation uncertainties
]

New tie-in allocated mass (generic units)

Year N2 CO2 C1 C2 C3 iC4 nC4 iC5 nCcs | C6+
2018 144 144 1444 289 289 144 144 144 144|F 11552
2019 125 125 1246 249 249 125 125 125 125[0 9963
2020 64 64 641 128 128 64 64 64 64/ 5126
2021 40 40 396 79 79 40 40 40 40 3165
2022 19 19 195 39 39 19 19 19 19| 1557

New tie-in allocated absolute uncertainties (confidence level 95 %), mass, generic units

Year N2 CO2 C1 C2 C3 iC4 nC4 iC5 nCs5 | C6+
2018| 21 11|80 513|F 155[f 153 10 10 10 10[0 243
2019| 11 78 272 82| 81 6 6 6 6L 189
2020| 7 af 171 51| 51 3 3 3 3 103
2021 4 3 108 32| 32 2 2 2 2| 63
2022 3 2| 83| 25| 21 2 2 2 2| 33
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Lessons learned — allocation per component of HC mass

of different qualtiy streams
I —

When allocation is performed per component of HC mass and the HC
compositions of the measured and non-measured flows are very different,
then:

cmr

If new tie-in is allocated by-difference:

Host mHC; allocation uncertainties remain unchanged as measurement
is used directly for allocation

A by-difference allocation uncertainty is expected to be dominated by
the export station uncertainties

If the new tie-in is measured (MPFM) and allocated pro-rata:

The host and older tie-ins allocation uncertainties for mHC; are
expected to increase as a high MPFM and sampling uncertainty of the
new tie-in will «xcontaminate» the more accurate measurements

Requires a MPFM metering solution with a low uncertainty and close
follow-up, combined with representative sampling.
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Risk of loss due to misallocation — Background / Theory
|

Statistical expected loss (Stockton, 2009):

0
Exposure to lost revenue,R = j (probablility - misallocation)

R=02-UQ -V

R: exposure to lost revenue due
to allocation uncertainty

Q: Allocated quantity

U*: relative expanded uncertainty
V: value per unit

Under/over allocated revenue
cmr
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Risk of loss due to misallocation — Method

In the case of allocation of oil and gas volume:

R~0.2: Ugas ans gas+02 Uozl Qoir * Voir

Production allocation Value distribution

Gas volume
Hydrocarbon mass
per component

Oil volume

— The uncertainties in Oil Recovery Factors (ORFs) and product densities
must be taken into account in order to calculate risk related to

misallocation
cmr
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Oil Recovery Factors - ORF

Field oil mass after

4 Processing, at fiscal
moil export conditions

ORF =
™~

Field hydrocarbon
mass

Uncertainties estimated based on a previous sensitivity study on a PVT-simulation
software together with assumed variation in process conditions, flow rates,
compositions.

* Host: More frequent and higher quality of sampling and
input to PVT-simulation = lower uncertainties
e Old tie-ins: Only sporadic input to and update of PVT-
cmnr simulation = higher uncertainties
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Risk of loss due to misallocation — Example calculation

Allocated VOil

U* Allocated
VOoil

Allocated VGas
(Sm3/day)

1,8

U* Allocated

VGas

1,8

1,9

2,0

2,3

Year

Allocated [USD]

Year

Allocation risk of
loss [USD]

Total

327 884 698

Total

2021

. 53559166
" 33125619

2018

2019

2020

2021

2022

16 273 948

2022
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Oil price: 80 USD/barrel
Gas price: 4 USD/MMBTU



Risk of loss due to misallocation
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Key lessons learned

* Quality matters!

* As metering uncertainties and
production profiles for both host and
tie-in(s) are vital input to the
analysis, it is an advantage if host and
tie-in(s) can cooperate or share data

* In order to assess the risk of
misallocation, the uncertainty
analysis must be carried out on the
exact calculations that are applied to

istri incom
cr distribute income
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Thank you

\
\

\
_— 3 -\\ ".H

-4
v

.
)

-
r& I‘S‘ﬂ il - Statoil ASA

a8
y

:

b ’
asjonsb

,omnfu ki



