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Production Allocation Deployment

 Allocation system for 200 kbpd oil development balancing to <0.5% of
throughput (recently verified with client)

« Equitable mass allocation of Crude Oil, Condensate, and LPG export
products to fields and field owners

« Basis of Design states:

"The facility design will fundamentally accommodate the metering
systems required to transfer fiscal custody, and to allocate volumes
(mass), and operating costs associated with the products streams. The
metering system will provide the required level of accuracy, reliability,
and operability that is commensurate with the principle requirement for

the meter”.



Production Allocation Requirement

« 30+ years ago field developments were predominantly single
field with a dedicated pipeline with only a basic requirement
for allocation of production

 Now developments with multiple fields each with different
ownership’s and several product streams, processed in
common plant, have become the norm

« Equitable allocation of product exports to fields and owners

 Allocation of exports to field production impacts revenue for
field owners

« Owners may be heavily exposed or for those with multiple
field interests exposure may be very low



Field Development

« 2 X Gas Condensate fields, 2 x Crude Oil fields, and Wet Gas feed

* Final development for Gas Condensate field & 2 x Crude Qil fields
 Allocation for exports to LPG, Condensate, and Crude Oil pipelines
 Allocation requirement included in FEED after process design

« Early involvement ensured all allocation measurements included

« Initial study for allocation of products to fields to examine options

« Uncertainty study to find field & field owners allocation exposure



Simplified Allocation Measurement Overview
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Allocation Methods Considered

« Mass Component - all measurement stream mass
fraction components are prorated from the export product
by component to each field

- Multistage Flash - field production gas is flashed at
each pressure stage and hydrocarbon liquid shrunk to find
the liquid production at export. These quantities are then
prorated to export and then fields for each product

 Process Simulation - a process simulation model with
mass allocation factors using a PSM (Process Simulation
Model)



Allocation

Selection
Criteria

Criteria Mass Multistage Process
Component Flash Simulation
Number of plant Medium Low High

measurements by
meters!

16 Hydrocarbon Gas
14 Hydrocarbon Liq.
3 Produced Water

9 Hydrocarbon Gas
14 Hydrocarbon Liq.
3 Produced Water

16 Hydrocarbon Gas
14 Hydrocarbon Liqg.
3 Produced Water
30+ Instruments

Material balance Good Poor Moderate
Redundancy Good Poor Good
Field flow sensitivity Low Medium High
Plant sensitivity Low High Medium
Composition sensitivity Low High Medium
Computation Medium Low High
Data entry Medium Low High
Data processing Medium Low High
Process support Medium Medium High
Allocation bias risk Low High Moderate
Overall rating? 28 21 17

1. Not including flare meters or paralleled meters

2. Rating: Good/Low=3, Moderate/Medium=2, Poor/High=1




Mass Component Allocation System Design 1

* No recycled fluids to 1st Stage separation simplifies design
« Measurements identified:
» Gas Condensate Slugcatcher & Separator both 3-phase
« 2 X Crude QOil Slugcatcher 3-phase
« 2 X Oil Train Associated Gas to NGL Plant input
 NGL Plant Condensate (C5) to Oil Plant Condensate

« Oil Plant Condensate by difference with Condensate to
Stock & CT

* Crude Oil Stock & CT
e LPG Stock & CT



Mass Component Allocation System Design 2

e Other Measurements

* Fuel Gas Allocated
» Gas Lift Allocated to Crude Oil fields
 Flare Not allocated initially; added later

» Gas Injection — Gas Lift; not allocated

« Wash Water Not allocatec

» Water Disposal Not allocatec



Mass Component Allocation System Design 3

Redundant measurement, with degraded performance

« Liquid parallel Coriolis meters, also reduces DP derating to prevent gas break-out

Two pairs, one pair to each of the 2 Oil Plants for hydrocarbon liquid

USM 2-path, one path fail, horizontal paths ensure sensors not in liquid
« Slugcatcher Gas x 4
« Gas Injection x5
- Gas Lift x9

 Flare Gas x7

LPG, Condensate, & Crude Oil stock and CT tank/sphere x 2 & stream redundancy

Fuel gas dual Coriolis

Redundancy not required for Wash Water or Water Disposal



Allocation
Measurement
Classes

Mass uncertainty
derived from
volume and
density
uncertainty

Class |[Description Measurement Measurement Range Uncertainty
1 Custody Transfer Volume < +0.3%0MV
Temperature =< #+0.3°C
Crude Oil, Condensate and LPG Pressure < 1Mpa < +50kPa
hydrocarbon liquid shipped by = 1Mpa < 4Mpa < +5%O0MV
pipeline to other facilities must = 4Mpa < £200kPa
conform to OIML R-117 Class 0.3A | pensity < +1.0kg/m3
s&w! < 0.5%wt/wt < +0.05%wt/wt
2 Liquid Mass = £1.0%0MV
Temperature =< #+0.5°C
Hydrocarbon or Produced Water Pressure < 1Mpa < +50kPa
shall be measured by mass to =1Mpa < 4Mpa < +5%O0MV
conform to OIML R-117 Class 1.0A = 4Mpa < £200kPa
Density < +2.0kg/m3
s&w! < 10%wt/wt < +0.1%wt/wt
> 10%wt/wt < +1.0%wt/wt
OIW! - Sample < 1.0%wt/wt < +0.1%wt/wt
- (1-S&W) > 1.0%wt/wt < +1.0%wt/wt
3 StOCk Volume < £0.3%0MV
Temperature? < #0.5°C
Crude Oil, Condensate and LPG Pressure? < 1Mpa = £50kpa
stock shall conform to OIML R-71 | (tPE°nlY) S agpa < adpa S Taoomey
! - = 4Mpa < +200kPa
tank calibration of < £0.2%O0MV — .
and OIML R-85 level gauge Density = £1.0kg/m
uncertainty < £2 mm Ss&w! (Not LPG) | =< 0.5%wt/wt < +£0.05%wt/wt
4 Gas Volume <10:1 turndown < +2%O0OMV
>10:1 turndown < +4°%0MV
Shall be measured by Standard
Volume to conform to OIML R-137 Temperature? < +0.5°C
Cladsi :lIi In-service, restricted range Dressurc? < 1MPa < £10kPa
and full range > 1MPa < 4Mpa < +1%O0MV
= 4MPa < £40kPa
Density?2 < £1%O0MV
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Allocation Uncertainty Model

* Allocation Uncertainty Model design based on original field proposal
using composition with 6 pseudo components

* Monte Carlo Simulation (MCS) used due to the large number of inputs
(1,000’s) with strong dependency within the allocation equations

* HMB for two scenarios Peak Liquid Summer, & Peak Oil Winter

 Sensitivity Analysis by introducing deliberate measurement and
composition errors to the model inputs to look at bias and random
uncertainty

e Uncertainty results for field, field owners, field owners total interest,
and unitisation



Mass
Component

Pseudo components
later replaced with
components to C20+
using a Liquid Analysis
chromatograph

i | Compound Formulae Molecular Wt. kg/kmol
1 |Nitrogen N2 28.0134
2 (Carbon Dioxide CO2 44.010
3 |Methane C1 16.043
4 |(Ethane C2 30.070
5 |Propane C3 44.097
6 |i-Butane iC4 58.123
7 |n-Butane nC4 58.123
8 |[i-Pentane iC5 72.150
9 |n-Pentane nC5 72.150
10 [n-Hexane nCé6 86.177
11 [n-Heptane nC7 100.204
12 |n-Octane nC8 114.231
13 [n-Nonane nC9 128.258
14 [n-Decane nC10 142.285
15 |n-Undecane nC11 156.312
16 (Hydrogen Sulphide H2S 34.082
17 (Water H20 18.0153
18 |Pseudol P1-Stream Sample analysis
19 |Pseudo2 P2-Stream Sample analysis
20 |(Pseudo3 P3-Stream Sample analysis
21 |(Pseudo4 P4-Stream Sample analysis
22 |Pseudo5 P5-Stream Sample analysis
23 |Pseudo6 P6-Stream Sample analysis a




Typical Allocation
Uncertainty Input

Dry mass
Wet Mass
Standard Volume (Wet)
Standard Density (Wet)

Mass flow rate by
molecular component

Stream name

Procedure name Dry mass used with the

dry mass uncertainty to find the
mass component flow rate and
uncertainty

HMB/PFD No.
PFD Doc. No.
HMB Doc. No.

Standard Volume flow
rate by molecular
component (not used)

Total Stream Value |/ Units Uncert Alt Value Units  QUncert
Stream Mass (wet) 14365424.00]ka/d 0.325% 14365.42]tonne/d 46, 78
Stream Mass (Dry) 14,365,424 |kg/d 0.325% 14365.42|tonne/d €
Standard Volume 17803.22[m%d 0.30% m*/d
Standard Density 806.90]kg/m’ 1.00 kg/m®
SEW 0.0000%|%omass 0.000%
# [Desc Formula X; Ux; USXi MW, UMW, USXi MX; AUy Ux;
%mol %%mol % mol kg/kmol Y% mass tm“m %0OMV
1[Nitrogen N, 0.0000%| 0.0000% ( 0 0.000% 0
2|Carbon Dioxide CO, 0.0000%| 0.0000% 0.000% 0.00
3[Methane C1 0.0000%)|_0.0000% 0.000% 0.00
4[Ethane c2 0.0000%)| _0.0000% 0.000% 0.00
5|Propane C3 0.0018%)| 0.0005% 0.06
B[i-Butane ic4 ] 0.0105%|_0.0026% 0.49
7|n-Butane nC4 0.1201%|_0.0300% 5.57
8|i-Pentane iC5 1.6902%| 0.4226% 97.30
9[n-Pentane nC5 3.3532%|_0.5000% 193.02
10[n-Hexane nC6 55145%| 0.5000% 379.15
11[n-Heptane nC7 8.4950%| 0.9 P00% 679.15
12[n-Octane nC8 8.7412%| 0.| P00% 796.66)
13[n-Nonane nCy 6.6127%| 0. DO0% 676.67
14|n-Decane n¢/ 5.8112%| 0] p00% 659.69
15[n-Undecane Y 4.8426%| 0] p00% 603.93
16| Water 0.0000%| |
17|Hydrogen Sulphide 0.0000% q IIDO% 34.08 0.000% 0.00 0. o
18[Psuedoi(Stream) i) 26.2309%| ( )00% 200.8Q 200.00 28.137% 4185.62] 800.00] 0.20%
13|Psuedo2(Stream) ) 18.8418%| ( |00% 250.00\.0.10% 250.00 26.161% 3758.19| \900.00] 0.20%
20[Psuedo3(Stream) S) 97343%| | |00% 300.00\\10% 300.00 16.219% 2329.03 \ 00.00 0.20% 0] __2329.93
21|Psuedod(Stream) (S) /0000%| |  |00% N\ 0% 0.000% 0.00 0.00] 0.20% 0.00 0.00)
22|Psuedo5(Stream) 5(S) 7[0000%[ |  [00% 0N\ % 0.000% 0.00 \.00] 0.20% 0.00 0.00]
23|Psuedo6(Stream PE(S) [0000%[ ]  [00% 0.1\ .0 0.000% 0.00 \ \00| 0.20% 0.00 0.00]
Totals i [.0000%] |  [M: SKIN OK OK 143654 0| 17547.61]
[Total Hydrocarbon 1\ §JTonne/d 0.32%]
Pure compound mole
fractions
Re-normalised
after deducting
water
Molecular Weight
Mole fractions
uncertainty .
Equivalent

-
Pseudo Component Standard Density

mole fractions




EPC Contract Awarded 1

« Detailed design of the allocation specified in MathCAD and tested with
a 3 day allocation model populated with 6 HMB scenarios using
composition to C20+

« AGAS8, BSW etc. calculated in PAS to simplify mis-measurement
calculation

« Instrumentation processed through DCS, and process historian with
LIMS hand-off to historian, and daily hand-off from historian to PAS

« Real time DCS calculation of FWA, applying MF, totalisation etc.

« Instrumentation Requirement Specification for EPC detailed design and
construction

Note : EPC (Engineer, Procurement, and Construction)



EPC 2

» Flare Allocation Variation required with no additional
iInstrumentation

* Novel approach using PCV'’s, slugcatcher liguid level,
BDV's with real-time DCS calculation every 5 seconds to
allocate flare gas meter quantities to fields

 Variation for improved stock allocation

 Variation to add "Plant Material Balance” enabled easy
diagnosis of allocation problems



EPC 3

* Allocation FAT’s with software vendor using 3 day allocation model
and scenarios, for each variation, with final FAT at DCS vendor with all
partners or their representatives present

* Commissioning and Oil Plant SAT
e Commissioning and Final SAT with NGL Plant

e Measurement Audit in 2015 of 70% of instrumentation



Allocation Performance

« Plant Material Balance (mass) consistently <0.5% of throughput
(recently confirmed with client)

 Imbalances >0.5% indicate an allocation problem

« Examples:
« Recycle for gas dehydration to Gas Condensate Separator
« Unpressurised liquid sample, associated gas zero components
« Crude slugcatcher gas outlets connected at different pressures
« C20+ analysis error due to use of wrong solvent

« Gas Lift reporting standard volume not observed volume



Project Outcome

Plant operating for over 5 years with material balance consistently
<0.5% of throughput (recently confirmed with client)

Excellent performance due involvement at an early stage

No recycle to 1st stage of separation simplified design

EPC contractor closely followed the instrument requirements

« Commitment of the operator and partners a significant factor in
the project success.

« Development project came in early and underbudget



Thankyou for listening

Questions ?
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