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Metering Igsninger
som danner grunnlag
for ressursforvaltning

av olje og gass -
Erfaringer fra Goliat




Apr 6, 2018
aﬂenporten Amagasinet  Osloby ~ Sport  Meninger Bliabonnent | Meny =

“Goliat: Historiéﬁ'onki
mllllardove skndelser
alvorlige nestenulykker

og et bakteppe avded og
mulige forbrytelser.

r}'r""a-‘ %

I arevis ble norske myndigheter fm‘t bak lyset avdet
italienske oljeselskapet Eni. Hvordan Kunne det skje?
Her er historien om hva som skjedde i kulissene da
Goliat ble en skandale.

Man ma gjgre feil
for a laere og derav
bygge kompetanse

Kompetanse ???

var energi



PL229 Goliat Lokalisering og eierskap

0W

Hudson

By @

[
0

The Arctic reglon Is ofte
average temperature for

< 4

/ Reykjavik

North Atlantic Ocean

Scale 1:39,000,000
Azimuthal Equal-Area Projection

500 Kilometers

500 Miles.

fined as that area where the
the warmest month s below 10°C

3

. ’“)”fi)“l/ 8

/@’ Sakhalin /\
G Sea of

"“N’\\ G.?
s 'C'C’c r‘ ,/ . \‘ \

e )
- 4 Oymyakon "\

2d N /N 2

\ JUIy

Ocean

SEVERNAYA
ZEMYA
£

e Nizhni
(i B i,

*St. Petersbul
\ j Moscow ¢ o
-\
&

e 1807 . = RIS LA 150 o L a
SRR ) ‘s = O
5 M ‘;‘; mwwh/sawjuw Ix -l
8 Ny /
0
ing

v ,f/ /“J/, okh otsk [é /K}m rovsk
LN

L.

e 4 X vakusk \ |
East - A R o 120”
2 DO
“’I“ é velkl\oyansk\ N P
3 RS AN
R\,’,\q‘ \ W o )
. Y o . \ )
- o,
3 i é« N,
RIAN
\
\
\

10%C (50 F) lsotherm, (

Samara E

U mua

'Rostov

E 20°E

Lisens tildelt | 1997
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Reservoar karakteristikker for Goliat |Oppdaget | ar 2000

Klargjoering for PUD

Realgrunnen ~1150 m
formation 120 bar, 32°C

GOR = 63 Pre-engineering by Chicago Bridge & Iron
| Company.

CB&I was a large engineering,
procurement and construction (EPC)
company with its administrative
headquarters in the Woodlands, Texas. CB&l
specialized in projects for oil and gas
companies. CB&l employed more than 32000

N

Kobbe formation ~1830 m people worldwide. In May 2018 the company
180 bar, 48 °C merged into McDermott International.
GOR = 220
Shallow Reservoir Crude oil API gravity (@ 15°C)
= 1100-1850 meter below sea level = Realgrunnen: 32-34
= Reservoir temperature: 32-48°C = Kobbe: 42-45

= Reservoir pressure: 120-180 bara

% var energi



Statlig organisering av petroleumsvirksomheten

Hovedmalet i petroleumspolitikken er a legge til rette for Isnnsom produksjon av olje og gass i et
langsiktig perspektiv. Verdiskapingen skal i stgrst mulig grad tilfalle det norske folk, forvaltningen
skal skje innenfor forsvarlige rammer nar det gjelder HMS og hensynet til det ytre miljg og
sameksistens med andre naeringer skal ivaretas

Forskrift til lov om petroleumsvirksomhet

EU MRR CO2 - Quotas

Goliat godkjent for
produksjon 18.06.2009

- Forskrift om maling av petroleum for fiskale formal og for
_- beregning av CO2 -avgift

M var energi

Oljedirektoratets
hovedmal er a bidra til
stgrst mulige verdier for
samfunnet fra olje- og
gassneeringen gjennom
ei effektiv og forsvarlig
ressursforvaltning. I
dette arbeidet tar man
hensyn til helse, miljg,
tryggleik og til andre
brukere av havet.




Engineering -> Start up

350-400 meter water depth

Detail eng

ineering,

construction, procurement,
MC, etc. by Hyundai Heavy

Industries

(HHI) in Ulsan,

South Korea.
HHI decided June 22, 2018 to

temporari
offshore s

y shut down its
nipyard due to a

lack of orc

ers

Production start up 12 March 2016
dvs nesten 7 ar etter godkjent PUD og
16 ar etter oppdagelse.
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Goliat FPSO Design Basis

. Flowlines
Main Topside Systems Process Capacities:
e Gas processing: 3.9 million Sm3/day Production Loop: 12" ID
e Oil production: 16 500 Sm3/day (104 000 bbl/d) Gas Injection: 10" 1D
e Produced Water: 12 000 Sm?3/day (76 000 bbl/d) Gaslim: 61D
Water iniecti incl. PW): 20 000 Sm3/d 126 000 bbl/d Sea Water Injection: 10” ID
. ater injection (incl. ): m>3/day ( /d) Produced Water
Injection: 10" ID
Oil Export Specifications: W-' g
e TVP: < 0.965 bara at 35° C [ Reservoir | Type of No.
e Water in Oil: < 0.3 vol % BS&W : well of wells
e Max temperature: 50° C Prod. /
e Max salt content: 150 ppm Kobbe Wi >
GI 2
Oil Storage capacity: Realgrunnen | Prod. 3
Main/Central | w1 3
~ 1.036.000 bbl (95% filling grade)
Realgrunnen | Prod. 1
. . South
107 meter in diameter and i W .
75 meter tall Total wells | (All types) 22

% var energi



Resource management, Norwegian Ministry of Petroleum and Energy

Quotas co, Fiscal Metering / Mdling?
(Exported) | Omfattende kompetanse krav!
Ez(haUSt Diesel o [CO2tax |, Styrlngssystem (QA)
B Gas Receiving | y51yes
Flare Fuel terminal Mal / krav
Gas Gas Export = Data flyt
I = Usikkerhetsanalyser
S M M FP .. )
o i ] Floa?i(r:\)g = Risikovurdering
gg Production = Fysiske malinger
£ Z Storage Norwegian " Meng_de
= E Offloading Pt_etroleum = Densitet
c S Directorate = Trykk
'qg;’? Compression (NPD) - Eemperatur
: = Eftc
S r\\ = Kalkulasjoner
Gas injection Gaslift Gas / Oil / Water Sea . = Computere
SI ~N 1 Water » Datakommunikasjon
ubsea Template(s) inclusive meter(s), etc. = Rapportering
Recovery |® Kvaliteskontroll
optimizing | = Forbedringsprosesser

var energi
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Reservoir management

The reservoir drainage is The overall mass balance is only as
continuously optimized based on accurate as the input data

the observed reservoir response = Fiscal offloading data

both on a field and a well level = Cargo tank inventory level transmitters
= Pressure response = Qil production well multiphase flow

= Gas-to-oil ratio meters o |

= \Watercut = Gas- and water injection well venturi

= Recovery factor flow meters

= Topside gas injection meter

= Topside gas lift meter

» Fuel and flare gas meters

= Separator flow measurements

Accurate rate allocation is
essential for effective reservoir

management

» Understanding the reservoir : : :
response J Dosing of production chemicals also

= Implementing correct production require accurate flow rate
optimization actions measurements

= MEG, corrosion inhibitor, wax inhibitor,
scale inhibitor

M var energi




Eksempler pa metering punkter pa Goliat FPSO

Orifices[ 4 FT BET |Qrifices

43AT3022 43FT3050 43FT4050 43AT4022

43 Flare gas HP (Fluenla FGM 160) o D rmemrs (Fluenta FGM 160) @
O o« HP Flare ] LP Flare 24" O, 43Flare gasLP
- N

a4
%

USM USM

Knock-out dru Knock-out drum + —
3236 - 514273 kg/h, > oarTa3ia . - 350 - 35483 kg/h Pressure =ABB 266 GST/MST
Pop = 4,8 —6,7 bara Orifice |- N2 Purge | Orifice |-2—84FT4315 | pop=0,3—1,0bara  lemperature =ABB TTH300
Bop =_67? - 171204 }((:,f 5 | 2 45FT4303 = Fuel gas 2" 45FT4304 'gop =_-222— 267,8k (f X Condition Based Maintenance (2x)
op=0,1—-1/, g/m Orifice [~ Purge T VA > op =<,9—9o,/ Kg/M Roxar water Solartron 7835
27 Gas lift —ac _ cut meter
asiit  Pop=85-113barg ™, 5173001 4523002 45FT3080 45 Fyel gas 45JX018
27FT9950A/8 Top = 150-226°C 45AT3050 FMC MPU B0  5_ 7 97 t/h 45AT1101/1102
27GI6429 Dop =30-50 kg/m3 S&H —@ Siemens 3 chords P’ _ 40 5b S&H k - _“, Calorific analyzers
4" MicroSam 4> TOP = aU,obarg
—]{V-Cone [« r USM ' GTG
Max 23 t/h H20 Dewpoint 45AT6244 / 45U16245 Tob = 617 °C
Com status DP 45U16244 p= ! - . .
27G16329, 27FT9850A/B Gas Dop = 40,1 kg/m3 33 Fiscal Qil Metering
o 8" c ion [ Fiscal oil 33JX001
- ompression -
Orifice [ 7745 tn System | 20FT2031 L 2OFT6031 — Analyzer ~ Pop=121barg
= V-Cone »|V-Cone Top =35°C
Pop = 226 barg, 20" 20FT2030 18 Produced >Ystem Dop = 826,5 kg/Sm3,
Top = 30-50°C, | Krohne 3030 33J2001 Viscosity = 2,5 ¢St
_ s ——— e o oy = e o = o = = =
Dop =220/265kg/m3 o Inlet separator | 14’ USM > LI;gsgzr(;:ztor : I | 33FT9500, 9600, 9700 |
c 44FT2052  IVER 20VA001 | 4 | 11 1 meter = 100-1000 m3/h :
:g meter 3,8— 174, 5t/h @ e 20FT7003 Y I ' 3x 8” FH TZN |
[5] - - o
9, —— Pop=9barg, Top=30-55°C, A | oone V-Cone| V-Conel ! Model 200-1000 !
E _ Dop = 8,4—-9,7 kg/m3 L -T 16" : Master turbine meter| :
. 20FT4060A/H 20FT7013 20FT6030
3 From test manifold 1 8" [P OFT4064A/BL | W[~ 16" t v !
N @ —V-Cone - 4x 12" USM :
0-625m3/h 6 chords)
_ Test separator saFT2052 VYAtersystem | ( ) !
Dop = 996 kg/m3 ¥ Ultra 6 FMC |
System 29 20VA003 20FT1021 | prypeys | 2191000200 |
Sea water | _ 0 - 280'm3/h o] | Heater : 33FT 9300,9400 I
Produced 44FT2080 20FT4084 44 ; Each 1
water 20FT4080 & UsM 1 » Coalescer y 3022400 m3m )|
- " 16,8— 807,5 m3/n ' -« . .
4X10 , ome 5030 (E{USM et B, oo [T v
Mag meters A4 T2084 2 0-1200m3/h Krohne Altosonic Il 798 - 7921 o V-Cone l NMVOG v
20FT8504A/B ®) tsa';'ﬂf
q—;lq - E
Kobbe and Realgrunnen reservoirs
LI — A—l Subsea production templates (8 templates each with Siorage AL
ol B [ e i cels | @l 33FT40dasiop o .
= 14 production wells (FT = MPM MPFM on each) — tanks
Lt lzlly — 8 water injection wells (FT = Venturi on each) g————— . : Ma rr @ ﬂ @ rrg "
j 3 gas injection wells (FT = Venturi on each) | Strip/COW/ Pig pump
» 14 Gas lift on all production wells (FT = venturi on each)




Goliat FPSO Oil Flow Overview Avvik ?

20FTa0saA/B GOLIAT FPSO - Oil Flow Overview Ver 20190314 { """""""""""""""" '
Inlet 2OFT2031 Se T::tor ':_;\ 8” Fiscal Metering Skid Crude Oil
Separator "¢ 20‘\’IA003 M 2°:T4°5°A/ B 33)x001/33)z001  ___---
20VA001 ¢ A i + Quantity and Quality , __---"""
el ECH S 5
M ' Loading
20FT2030
0-1000 m®/h 20FT4080(8”) USM = Krohne Altosonic Il
USF 0-1200m3/h

3030

44FT2052 44FT2080
14”7 2x
<«—\AG NP 0-280 m3/h y FQ
_ 44FT2084 Recirculation 33LX010
) 53FT2052 l
Water - & 4 MAG 20FT8504A
A Coalescer | Cx=56,89 ,\%0 Stolzage
LP Separator »orr6031 20FT7003 0-317,24mbar__ g Tanks Shuttle Tanker
20VA002 # (x=60,61 33FT2081/ Voya g e
wrt 0-277,12 mbar 82/83 >

E

oL =— s

| =

-

KM

FIC & a gi _I

20FT7013 VSD 56TX002(E)
" F:‘ Cx=60,61 33PA001A/B/C
87FT2071 AN ‘ 7 0-774.62 mbar " 56LT8102
. b -w_p 20FT8504B 33FT4044

- Clamp >OFTE030 T M — Cx=56,01 Cx=29,07 »| Slop Tanks

il Cx =98,72 "5 0-318,73 mbar 0-500 mbar
0-102,6 mbar 0-650 ,le/h 56L18102

NB! All V-Cone liquid FT = 0-1000m3/h

~ 56LT8002
@ F\k -6 b Slop Tanks
Reservoirs = o l
56L18002
Stripping/COW/Pigging Pumps Re-injection
MultiPhaseFlowMeters 56TX001(W)




Inlet separator

15 °C versus 55 °C
due to broken
heater

Hydrocarbon fluid
—
¢

\

1410372019 08:32:17 14032019 163217
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Oil Production
Producer Oil Production Tag NO 20FE8504A

Qil
2#’ PLO1 PLO2 Sm3/h
B-1 KP6 QO ® O 222
B2 KPS O O @ 3377 Inlet
83 RrRVP3 @ Q @ 3214 PL-O1__253.9Sm3/h 254.2 Am3/h
B4 RVPL Q@ @ (@ 5835
c1 svorr @ @ @ o.00 697.8 Am3/h 426.1 5m3/h
3 rRPr Q@ @O @ 3682
LP El Coalescer
c4a rvMP2 Q@ @ @ 4691
D-1  KP9 16.26
©e0 PL-02  193.0Sm3/h
D-3  KP1 © © @ 238
182.4 Sm3/h
-4 krie @ @ @ 2522
E1l  KP7 QO O @ 3454 Test
B3 RP1 Q@ @ @ 1815
E-4 KP4 © © @ 4304 Previous Day
Total Vol Rate 446.83 Wells 10652.8 Sm3
PLO1 6518.0 Sm3
200 PLO2 4134.2 Sm3
0
14/03/2019 08:32:17 14/03/2019 16:32:17 Inlet 6472.2 Am3
435 Test 4237.0 Sm3
—— LP 815.8 Am3
1410312019 08:32:17 14/03/2019 16:32:17 ’
Coalescer  10515.8 m3
Tank Diff 9764.0 m3
14/03/2019 08:32:17_14/03/2019 16:32:17 TankDip  10233.8m3

/0196/PWVision/ ||
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Dataflow

Reporting hub /
License2Share

AN
Goliat FPSO , i P NS
Matricon OPC o Fiscal/CO2 tlax Field Mechanical
(logic?) | basedmetering 1@ | imentation skids M
control system ek
» Connectivity Servere—» £ Logic . :
y 9 Functgi!onal N Field Mechanical Statoil (Partner)
ABB < % Designer Instrumentation skids
Q
Process a8 g
Insight o=
(ogic?) @ Logic sarey -
Fibre-cable gic ¢ < S Control |ep] Instrumentghon Mechgmcal Goliat -
3 Builder + gas turbine, skids DPR / MPR g
etc.
l Authorities
Other Eni Norge Systems
i.e Excel, Trace, etc
——
/_' ——
>
— e
—— ——
> (@ osi >
: - ——a — Avocet VM Eni
: Nu-u DPR HQ
ABB Pl real-time ASLB
Data Historian Data Historian vocet
ABB -
Linea trend =S
Eni Norge Eni Corporate
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Dataflow

Flowcomputer

Mf = K,/ K Qv3
. Lab 1/Kn L Mf | C > C Gm )=
K:,=Kfactor nominell ] (1/6000(" _ o 99g TLM PLM
K. =Kfactor true p/m3) ' :
Pulses/s LN
00)
<
)
v m

0-1000 Hz | -~ T PT
0-600 m3/h | o7

Output = 1 puls / 0,166 litre

% var energi




Tag no 20FE8504A

McCrometer, Inc.
V-Cone - Calibration Report

V-Cone meter

Serial Number: = 11-5577 Meter Inside Diameter(inch): | 12.094
H = Calibration Date: | 06-06-2012 Cone Outside Diameter(inch): | 8.968
Goliat Development Project
p J Report Date: | 06-06-2012 Beta Ratio: = 0.6709
Model Number: | VW12-136-PED Average Cd: = 0.8150
%‘)ﬁ Description: | Null
\ Sold To: | Null
GOLIAT
Temp Time Weight Actual Rate AP Reynolds
EOMPANY RETURN CODE: 5 sec LBS GPM iNWC /1000 cd
Foreped g 1| 840 31.078 | 10017.00 | 2327.75 | 45399 | 72195 | 0.8251
fecepted with comments incorporated - 2 D 2 | 84.0 | 30651 | 7629.00 | 1797.52 | 27.381 557.50 0.8204
revize and Resubrmit 3 | 84.0 30.427 5712.00 1355.75 15.666 |  420.49 0.8181
ot Acospted - Fistize and resubrmit s [:l 4 84.0 30.876 3903.00 912.91 7.145 283.14 0.8157
epted - Wse and resul T T T T T
5 | 84.0 31.757 | 2920.00 | 66404 | 3.853 | 205.95 0.8079
Issued for Information 4 [:I 6 | 84.0 30,705 | 1825.00 | 42924 | 1.631 133.13 0.8027
7
terface information as douded iz accepted g [:‘ 8 I
and fozen
9 4
Signed: ... Date: ......oeoen 10
T REVIEWED []WITNESSED
| FAN . L7
12 £ BY:
13 | I AR 7/
14 | |
15 |
16
17 | [ REVIEWED& WITNESSED
18 | I | “rorrbenall oF B854
cm 26.05.2014 I5sued for Information ANMO JUSO PBCH 19 25 0KT 2012
R Date Description Frepared Werified Approved 20
D acument Title Certified By: | P. Hobbs Certification Date: | 6-6-12
m Calibration Fluid: = WATER Record Filename: | 11-5577
eni
norge HEAIY INGUSTRES Ca,41D, Calibration Certificates
V-Cone Flow Meters Thls calibration was performed on a gravimetric flow stand, traceable to the National Institute of Standards and
Technology, USA. The flow measurement uncertainty of the facility is estimated to be +/-0.15% of reading based
“ . ' AB B AS on the cumulative uncertainties of time, weight and temperature measurements combined with other systematic
" . ' Dosument Number uncertainties.
PO Ne.: fagno: McCrometer, Inc.
WEIDMMAZ ABDT See Pagez 229A-HHI-EJ301-J-vB-2207 co1 3255 W. Stetson Avenue, Hemet, CA 92545-7799
Supplier Sup. Rev. _ arig. FO Dise Doc. | Seq. _Phone: (951) 652-6811 Fax: (951) 652-3078
Do No | P08-CAL Proj Code | code | P49 | code | type | no Rew e-mail: info@mccrometer.com Web Site: http://www.mccrometer.com
et Hours: 8 a.m. - 4:30 p.m. PST, Monday-Friday
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Functional designer

20FIS504A 3 o x
FL_CalculationType MA_AnaloguelnType
20FT8504A X: 4 refain 20FTS504A Y: &
[20FT8504A_sig: 1 1850 4A" | Name ReallO “T8504A"—{Name Y cV V2OFTEE04A Y
|==C02 Hardware.0.11.604.1 ‘Downstream Crude Oil Coolers' - Description ‘eam Crude Oil Coolers’—|Description 20FQIZ504A FuD20FQISS04A_X(1)
£ - Y ReallO X -
L X - 0.1—{PHys
# XYL 654 —PPiF
Filter: 0 56.89 4Cx 354 —|PRiH
Signal Range: 4-20mA, <2 85mA signal eror LessThan Typel_1:2 1000 -|POutRangeax 2 -{PDAF
Range: 0 - 218 mbar LessThan_Type 0 -]|POutRangehin True —|PELVV
= = Am*/h’ | FOutRangeUnit
W‘I\,O:,ﬂ* X20FT8504A_sig.Value =X ¥ 0 ~{POwtFraction
15.85XR

_ Qv _ 1000
X VAP /317,24

= 56,14

[Besston Tide  20FT8504A_FuD

1116/2016 4:02:34 PM
Prrered S Draft
por Title1> EN
ABB Automation Products 2

s var energi




Functional designer

1.3 Function block schematics

Inputs

Differential Pressure

Operational Temperature
Operational Pressure

Operator Station:

Parameters:

Tag number
Drescripticn

Close valve status
Factor used for calculation
Enable temperatura
compensation

Enable pressure
compensation

Max value for ¥ cutput
Min value for ¥ cutput
Unmit for ¥ cutput
Fraction for ¥ output
SCD Typical

SCD Mode

SCD Text field

FL

Name
Description
XYL

Cx

Tenbl

Fenkl

FPoutRangeMax
PoutRangeMin
PoutRangelnit
FoutFraction
Ptypical

Pnode
PiextField

Revhumber

Table 1.2 FB Schematic

Dutputs:

¥ | Mormmal function output,

connect to X on MA

Operator Station:

Others:
Revision number

Function block intended for execution of simple
signal as well as control variable processing. Flow
(Sm3/h) of gas/liquid is calculated based on
differential pressure with optional gas density
compensation for operational temperature and
pressure .

Algorithm:

Y = Cx *sqgrt(X *(P +1.01325)/(T +273.15))
Where:

Cx = Measuring constant given by the pressure drop
across the actual orifice plate.

X = Diff. pressure transmitter signal (mbar).

T = Temperature (degC).

P = Pressure (barg).

var energi



V-Cone meter

2 Dyt
Xk

p J1-p*

% APpq * (g

Qm_3 = Cy * \/Apmbar

n Qv 1000
C,=—

VAP 31724 4

‘av

14

Tag no 20FE8504A

V-Cone® Application Sizing

Serial# | 11-5577 Fluid | HYDROCARBOM LQUID
Tay | 20FE85044 Fluid State | LGUID
P.O. Ref. End User
Maodel | WyW12-136-PED Market MardApp
Code
Application
Description
Mote
Cd 08150 q ma. Flowrate | 1000 maH McCrometerEng.
Pf 33 barG Re max Reynolds | 6.137e+05
Tf 36 “C W A, Velocity | 3748 ms
p| TE2Z kaima3 = AP mex. Dp | 31724 mbar
w| 1.430 cP = aF min. Dp | 1.6185 rmbar
G D Meter 1D | 12094 in
Z d Cane 0.0, | 8.9680 in
hd ) Beta Ratio | 0.6709
k Turmn Down | 14
“p
Mw | 1500 - Velocty  Gas. Bxp. aF Florate
Re Cd Ims A mhar maiH
P
b 1| B137e+05 | 0.8150 3.748 3724 1000.0
T
b 2 | 5504e+05 | 0.8150 3,362 28515 896,93
Z
b 3| 48Te+05 | 0.8150 24975 199,82 793,65
Patm | 14696 psi
4 | 4238e+05 | 0.8150 2588 151.24 630,43
P
c 5 | 3609e+05 | 0.8140 220 109.42 a87.30
T
c 6 | 287e+05 | 0.8150 1.815 74,3583 48413
Fq| 1.000
7| 2338e+05 | 0.8150 1.428 46.038 380,95
aPE | DETe-06 dE.Te-06
8 | 1.7059e+05 | 0.8140 1.041 24.478 27578
P
i 9 | 1.072e+05 | 0.8150 0.6545 96713 174.60
Plogs | 1464 rrbar
10] 4.384e+04 | 0.8150 0.2677 16185 71.429
«—Entered value.
Tahle based on one flow condition (R, T 2, k.0 V40 Yersion 2.0
Record Start Date | 117282011
Print Date | 09232012 NICCROM
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Instrument tubing, valve manifolds, etc.

&;“"%%8“ > Isolering [N
L Re "": W‘

g BolE,  venr/mes =

!s_,.ﬁ \: @ l(f“ 4 Utlikning -

— ,,,r . Normal operasjon

Transmitter

Transmitter

P4
I %

Prosess

Ikke i operasjon

Transmitter

e

X #oen

Stengt

Atmosfaere
2J2ejsouwy

S

Prosess Prosess

Transmitter

R

VLRIV Ji TR
S X/&Xs *A

Xs

Vent

N

Prosess
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Impulse tubes + valve manifolds, general recommendations

Liguid Gas Steam

Filled wet legs

Orifice % (water, glycol)
ot
Tap valve , Condensate:p B protect sensor
\ 4 9\4 from being exposed

Uf?lon e to excessively high
= ang temperature

Insulate and
heat trace so
lines don't
freeze in winter
shutdowns

3-valve
manifold

Transmitter is
under the pipe
to retain wet legs

Drain valve \i

¥_— Drain plug
F0406.ai

M var energi




Oil Production, oil out of LP separator, Tag 20FT6030

"11
|

Gass kan fanges og generelt
manglende stigning
; : l

var energi




Pressure transmitters with remote seal

Two Seal Assembly Single Seal Assembly

Pressure, Differential Pressure, or
/ MultiVariable™ Transmitter \ '

Seal Flange

Diaphragm

™\ Flushing Module Flange

t Connection Capillary

Lower Housing

Diaphragm I Capillary
Direct Mount

Remote Mount )
Clamp connection

(Hygienic)

Fill Fluid in Capillary, Mounting Flange
and behind Diaphragm

M var energi



Simplified gas flow measurement based upon DP

- — — .l 12 e — R —
E': 3y
- ‘B4FT3073:9
il FL_CalculationType
| 'B4FT3073' JName R
4 FOQUCTIOW' — SIECESIRRIE -« - <~ e e s e b e e - 64FT3073- Y10 | - -
2o o - | Tev] VB4FT3073.Y] - -
1 - X I 64FIC3073_FuDNB4FIC3073_X(1)] - -
Filter:Q : : R % s shshstsd | 22179236 1Cx
FS]g al'Range; 4-20mA; <3 signal error s 64FT3073 RORIO1:4 - G - - 600.0 —{POutRangehax
2|Rarige: 0 - 250 mBar- : ta - RealToReallO_Type Reallo |- - - - - - 0.0 {POutRangeMin
| | i R 'Sm3/h' -POutRangeUnit 7| £
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15| [evmis 1 {020 88
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Simplified gas flow measurement based upon DP

AP Po = Absolute pressure, Paa / bara AP x PO
QS = Cx % |— To = Absolute temperature, Kelvin QS — Cx % -
0

\ Ps \

Calculate Cx factor when Q. ,AP, p,, P, and T, are;
Q. = 750 Sm3/hr @ AP = 250 mbar, P, = 9,31325 bara and T, = 318,15 K (= 45 °C)

Q. 750
C, = = = 277,24045
AP * P, 250 % 9,31325
T, 318,15

K= ° .
% var energi



Simplified gas flow measurement based upon DP
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Customer: - ABE LSU Mame/Ref: ABB Norway
Customer Ref: - ABB FF Ref: TBA

Project Namae: Gaoliat Caleulation: (for info) D4/07/2018 23:14:13
Tag Mofs): G4-FE-3073 Calculated By: Rachae| Gorman
Item 1 FPD150 Qrifice Plate for Flow Measurement

Input data

Fluid Mliscture

Operating Pressure: 8,3 bar [G]

Cperating Temperature: 45 °C

Operating Density: 9,9279 kg/m®

Z Faclor: 1

Operating Viscosity: 1, 866E-05 Pa.s

|sentropic [ndex: 1,398

Design Pressurs: (nane specified)

Design Temperature (max). {none specified)

Design Temperature (min}: (nane specified)

Matar Max Flow: TE0 SmYh

Maximum Flow: B75 Sm¥h

Normal Flow: GO0 Smih

Minimum Flow: 187,5 Sm*h

Fipe N.G. & Schedule: 2"M10s

Fipe D 54,8 mm

Pipe: Q0: 0.3 mm

Fipe Wall Thicknass: 2,75 mm

Fipe Material: 316/ 316L Stainless Stesl

Elemeani Material:
Flate Thickness:

Calculated Results (1ISO 5167:2003)

316/ 316L Stainless Stes|
3 mm

Plate Type & Tappings:
DP @ meter max:

DP @ maximum:

DP @ normal:

Concentric square edged - Flange taps

250 mbar
201,75 mbar
158,94 mbar

DF @ minimum: 15,285 mbar

Fermanent Pressure Loss (@ meter max: 185.35 mbar

Pipe |D @& 45 °C: 54,8226 mm

Flow Velocity @ meter max: 10.58 mfs

Beta: 0,4806

Co-eficient af Discharge: 0.6055

Expansibility Factor 0,5929

Reynolds Number & meler max: 308 640

Reynolds Mumber @ nermal: 246,910 ®

Minimum Plate Thickness: 0.4 mm .
Bore at Operating Temperatura: 26,8 mm va rr @ ﬂ e rrg "
Machined Bore: 26,89 mm



Anti Surge Control

SAS HMI
Flow
(Sm3/h)
LSA-S Anti Surge Controller
ogic )
FL Flow calculations

]

Inlet
Separator

r 1 SAS Al card range

Cooler

@

A 4

Test
Separator

Setpoint
i.e X.X
bar

Variable
Speed
Motor
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1st Stage HP Compressor A

J - —~gT=

\

var energi




Instrument valve manifolds + Block heater

Raychem® self-regulating electric
tracer lowers heat output as the
bundle gets warmer.

- High-temperature tracers are used to
maintain process temperatures
up to 250°F (121°C)

- High and low temperature tracing
models available,

- Features include ATEX, FM®, and CSA® approved
tracer for use in hazardous areas.

Fluoropolymer ie manifold to provide efficient conduction heating, with a self-
tracer jacket with tinned ipplied with a cable length of 1m.
copper braided shield

Attribute Value

Material Al i seawater r

Size 90x 40 x 30 mm

Voltage 110V - 265V

Rating 50w

Type of Protection 1P68, NEMA 4X

Explosion Proof 112GD EExdIIC T4

Certificate Number (PTB) 02 ATEX 1116X

MESC Description Part Number
609870.050.1 Electrical Heater CONTACT PARKER*

*Note: Heating requirements can vary depending on service. To contact the division, please telephone 00 44 1271 313131, or email
ipde_technical@parker.com

an
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Va_riable Area (VA) Meters \oumerate of flow

pv:pim*DS*\/g*mS*pm*( _P_m)

Vg:  Volume of float

- A: Annular gap area
!‘ Ag:  Cross-sectional area of float at the reading line
DK37 M8
mg:  Mass of float

& pg:  Density of float
* pm: Density of liquid product
- i. cw. Drag coefficient
b V! Flow velocity of liquid product
H250 M9 Dk: Inside diameter of cone at reading line
H250 M40R Dg:  Diameter of float at reading line

Volume Flowrate

Maling av kjemikalier, eks MEG

oo
Luft / gass - kompressorer, etc K, = 'I*::ﬂ :j!:' :j.
NP — P} P2

1, Kalibrert pa annet medium enn de maler pa
2, Manglende trykk og temperatur kompensering K¢ = Correction Factor

: . = Density of the float being used
Kan korrigeres for ved hjelp av software faktorer ET = [}ensg of the calibratiﬁﬁ liquid

pa = Density of the new liquid

var energi



Mag Meters, - High pressure

Kjelemedium

[ = 1= T |
i Midlertidig Piggslusa
o | avsender mottaker
) L, annimjeksin ]
BT
™ 014,
= e
3
o

Fra SBTXD01
Slopptank

Til LP-

29850005/6 2@ fakkel
Filter -<
29PA103 —
29PA102 e
29PA101
. TilLp- Vanninjeksjonspumper
o) fakkel
@5 k_f
N@)/ 29PP203
= 25PA202 Til produsertvann Fras
injeksjonsbrenn Fer
zopram Riser R6 —_—
= g P TilLp- Vanninjeksjonspumper
il System 56 1003 @ fakkel
Sloptank
o wt
. 29PA403 D= T |
29PA402 - Midlerticig Piggsluse
29PA40T | asvsender mottaker

. vanninjeksion __ .,

) . TilLPE- ‘Vanninjeksjonspumper
"@,Q\ @ fakkel

2ADD4ABIC @ @ | 29PA302

nsleftepumpe o — 29PA30

Til fremtidige o
‘Vanninjeksjonspumper

Pop = 180 barg

3000 - e o ‘ ,
2980 rpm e 50 m3/t l \ | J
(MIN) e te Aot I | : :
L 2980 rpm (MAX)
2s00 1 . i 1 | | Allowable:400 m3/h
Alarm ‘ - ! | | Alarm:416 m3/h
117m3/h ‘ Total Head | 2 Trip : 433 m3/h
2000 + Trip: 100 Ll - 712980 rpm 1 ‘ o7
m3/h A ‘/
- — t
i —==11TTT =400 b
i = 1] <d | Ptest = 4 arg
| R 2515 rpm (MIN) o T S 7| (— T
E3 Allowable :110 m3/h 12.51."1},?{.“.: | Q ~ | 2515 rpm (MAX)
Alarm: 98 m3/h ‘ Allowable:319 m3/h
1000 1 Trip: 84 m3/h ‘ : 1 Alarm: 335 m3/h
| | | Trip : 349 m3/h L d
: : | ! ! ! i | —
500 H Green - minimum and maximum allowable flows 1l NPSHr @ | ‘ 2@ il i
Blue : minimum and maximum alarm flows 2980 rpm ‘ = | ® : @ | ®
Red : minimum and maximum trip flows ! 4 | I ,‘ .
T ‘.- FI -k R ded inlet and outlet sactiol
e e e syt EEE} s e var energi
0 50 100 150 200 250 300 350 400 450 500 @ zzom
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Hvilken lazerdom kan vi trekke ut av Goliat utbyggingen!

« At det er behov for riktig kompetanse til enhver tid

« At det i slike prosjekt som Goliat er for sent a lzere i en hekstisk
hverdag, ref. at man ma gjgre feil for a lzere.

« Behov for gode kvalitetssikringssystemer, kvalitetskontroller og
kontinuerlige proaktive forbedringer

£ ° .
% var energi




Metering lifecycle concept Goliat
( Licens owners; Eni Norge AS (65 %) og Statoil Petroleum (35 %) : ) )
- Feedback / adjustment
Operator: Eni Norge AS S - Teﬂz’l License awarded in 1997
i - - - Uqy
|z FEED (Front End Engineering Design) | {Qc’&w ' 1| Discovered in year 2000
2 L , A i
(@ | Measurementdescription Quallty Control (QC) | .
O e Uncertainty determinF;tion PDO ’ | NPD / Licence Partner | Approved for productlon
g.- % Cost/ benefit analysis for alternatives l ~ I 18.06.2009
«Q e NORSOK |-104 / 1-105 www _standard.no ) : |
= % Standards, ISO, API, AGA, ASTM, efc.... | Ng ARProved? | Agﬁ}d Pgnt : Production start up
= Y
2|2 o 7 4 | 1 ||12March 2016
Q || 3 Engineering \/ S l :
— H $ N A—
= % Procurement and fabrication | S | I | Hvorfor omtalt som et
=ike! , : 7 I | skandale prosjekt?
< || Factory Acceptance Test's (FAT's) | _ Y lende k
3 Ho . Operation I anglende kompetanse
Q |I& | Installation & Mechanical Completion | | :
= Y 1 Yes I | Kompetanse hva er det?
9 Commissioning & CAT AoDlicat ! |+ Modnet / erfarings
(— ) pplication for consent to | | ]
Metering Quality Management system [ be se sent NPD latest : oppll(o yglfl I;c eore’ilsk °9
ﬁ NPD regulation, see www.npd.no 4 weeks before start up | praktisk kunnskap
p 3
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Measurement uncertainty requirements ref TR3032

Present
\—

Instrument

Flow measurement -
liquid petroleum

Instrument uncertainty
within calibrated span

at installation point
(Note 1)

+/- 2,0 % of measured
value

Instrument uncertainty
within calibrated span

(Note 2)

+/- 0,5 % of measured
value

Flow measurement —
Natural Gas

+/- 3,0 % of measured
value

+/- 1,0 % of measured
value

Flow measurements -
liquid water

+/- 2,0 % of measured
value

+/- 0,5 % of measured
value

Flow measurements -
steam

+/- 2,0% of measured
value

+/- 1 % of measured
value

Flow measurements - air

+/- 3,0 % of measured
value

+/- 1 % of measured
value

Flow measurements —
chemicals

+/- 2,0 % of measured
value

+/- 0,5% of measured
value

Temperature — inline

+/- 0,5 % of measured
value

+/- 0,3 % of measured
value

var energi



Konklusjon

- QA / QC system fra A til A

- Kompetanse krav og oppfglging fra A til A
+ Oljedirektoratets maleforskrift
« Petroleumstilsynet
« Aktivitetsforskriften
« §21
« Leer av EU sin MRR forordning

« https://ec.europa.eu/clima/sites/clima/files/ets/monitoring/docs/qu
iIcCk _guide operators en.pdf

« Er det behov for instrument guide lines i regi av NFOGM / Norsk Olje
og Gass ?

% var energi


https://ec.europa.eu/clima/sites/clima/files/ets/monitoring/docs/quick_guide_operators_en.pdf
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