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Petroskills PRI an S P& A baae < sl GERIE - SRfE ey TR
AR FERENRE ,  (Flow Assurance for Offshore Production) °
SEE H R b/ UBAE S8 HE)E (PARKROYAL Kuala Lumpur ) #2%# » N
FPUREFEER -

F—RENENSHERIE - BIBDRBIORE Z W72 HsE 77148 - 2L
1L Piper Alpha /& ESTUHFEHYRE 77 S8 ERIRIEZ B R
MENORIE Z EEEEM: » SoE IR EERAILGERATEFE 720 SR E A
SRR [EH BT R S E TR B B2 e -

FREEURNGHFIREE - AT & MR 8 Or b R R L0
(Wax) ~ JEE'E (Asphaltene) ~ EEfH4EIEY) (Scale) ~ HIEE/KEY)(Gas
Hydrates) ~ AAE¥)(Emulsion) ~ EEEH (Erosion) K&k (Corrosion)
T G R R EEFE B A A PR AR AR - TR IPRET KA
TS - Hor LUK EYI(Gas hydrates )M 4HARIER S IR
BRI H AR S — RO H AR /KOl R &I - K2R
RKEYHEES PP Z AL EA Z e ARG R M » R4
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3.1 SRR

Day One

Percent Involvement

Start Duration .
. . Activity ] : Individual Grouy
Time | (minutes) i Lecture Discussion . P
Exercise Exercise

General Information. Introductions. Course Outline. Course

08:00 60 Objectives, Participants’ Enhanced Capabilities from the 60 40
Course, Acronyms and Definitions
09:00 20 Pre-Course Questionnaire 10 90
09:20 15 Offshore Production Layout and Offshore Platform 80 20
09:35 15 Break 100
09:50 30 Flow Assurance Study Components and Reports 30 70
10:20 20 Flow Assurance Design Process & Design Basis Checklist 30 70
10:40 15 Conversion Factors and Equations 70 30
10:55 15 Break 100
11:10 20 Offshore Safety and Environmental Preservation 70 30

Fundamental components of Flow Assurance Studies

Flow Assurance Issues
o PVT analysis and fluid properties

o Steady state and transient multiphase flow
modeling

11:30 30 70 30

o Hydrates, paraffins and asphaltenes control

o Scale. corrosion, erosion and sand control

o Flow System and Operations consistency with
reservoir evaluation and with topsides design

Noon 60 Lunch

Day 1 — cont’d

Fluid Properties and Phase Behavior

13:00 30 Exercise]l — Determine the solids free flowline conditions. 10 90
Exercise 2 - Perform simple calculations involving commeon
13:30 30 oilfield-metric conversions. power. API Gravity. flowline + riser 10 90
volume
14:00 15 Break 100
Types of Reservoir Fluids
o Dry Gas
~ o Wet Gas _
1413 30 o Gas Condensate 0 30
o Volatile Oil
o Black Oil

Exercise 3 — Match the composition with its fluid type and with

14:45 30 10 90
its phase diagram.

15:15 15 Break 100

PVT Laboratory Testing
o Constant Mass Expansion
o Differential Vaporization
o Separator Flash Test

o Compositional analysis (H2S. CO2. gas GC
analysis, simulated distillation to Cse+ on liquids)

o Oil Densities and Viscosities

o SARA Asphaltenes, WAT

14:00 30 Review Day 1 50 50

AHFE BRI 2 KRG ELN
| BB BN PRI Z B FE T TR BVE RN A AR F R Z Bl
2 WA SRR A B B A A SR el 2 R i B PRI 72
3. IEE R SR AR A SR Y E SRt 2070k
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4 BRI FERRE S PSR B R RE S AR UM EN <
thermohydraulic °
5. MR S sr BN IRIE Z [NZR ~ P i ik
iRl N A& R BPRIEIEEE ~ JRAGTEE & PVT oifrasds ~ & Rse
BB RIE 2 T B #E )74 ~ B EAE T 4 R B A R T
R RENRIERTTE S -

P()trOSki!'s

-/ "‘
Exercise 26 ';

F—RSIENGFERIE - BRBORE 2 b 72 A E 7048 - Se AR
& Piper Alpha /& FSEHPEINERE 77 F44RKEE > 165 ASET
ZHBF o SR ERRF RS TR B SF 2 B o AP B A R
#8 A TR HPTERIE N BRETTHEE - TfShR A R R 2 224 > ik
58 FER N ARSHES - TR DEERE N BH20E B 2R » Wialhy A R AT LA
HE B T ARERCARBKERERR  ELSRNVARSE BRG]
VRS A B R TE B4 [ 88 RN - 52 LR IR A EE R 2 b
BAREET ~ BLSPHF B e S B Ry B L



RENRIE ) —sEGRIE AR OHRE S LIS T E B SR E AR
s TAERET ~ AR RS S AR A ZE S H SR A e A HAY - 5%t
FEHIH KO RGBT T R ~ BMEIE R A AL CRTR R RS ) &
SR o S BRI B R B ERSERR 1B 1 5E B S AN PAER A > AE
HR e EEES (ATTED) - RSR[5 S P b
AT EE R A FEE A S Y ~ BRAERASRI g a5/ IME > tELEIFTRBIOR
[ fRs% 2 HHY

“Maintain flow from pore to process

' Challenges - Offshore/ pwater
Colder temperatures
Greater hydrostatic head
Longer tiebacks, and hence complex thermo-
hydraulic fluid behaviour
Gas condensate production

Organic/Inorganic solids precipitations
Commingled production — complex fluid systems
Reservoir Complexity - shallow reservoir, HPHT,
compartmentalised, ...

Reduce uncertainties and minimize risks > CAPEX
versus OPEX

Bk
l

FURTERRE TR ERTR - R —E BRI B ) FOm (L
RS S H AT ELIRRRER R S A [F AHRR 1 - N R RS T 2 e


http://gcaptain.com/maritime/blog/wp-content/uploads/2007/09/piper-alpha-before.jpg
http://gcaptain.com/maritime/blog/piper-alpha-disaster-19-year-anniversary-of-tragedy/the-piper-alpha-after-the-fire/

RE < & MR HE R (rbE R L EE F g AR - CLURKER

55 o NI Ry SURDZOK IS 2 RO AE R TE - B - TR R R R

7 FURUR A EE ST - AIREES A R AR RENT Ay 2 fHRE

& - B E P RCEFE (Asphaltene) ~ #{7 (Wax) ~ HGE/K &9 (Gas

Hydrates) ~ BUHA4EIEY) (Scale) K MR BN TS [#EELZE (S1ug Flow)
SR ENIHBERE -

Reservoir P&T Start

Pressure

Temperature

Asphaltene Wax

Inorganic scale Hydrate

~ Common deposits that form in tubulars during hydrocarbon production.
Wax and hydrate deposition mainly result from a temperature decrease,
while asphaltene precipitation may be triggered by changes in pressure,
temperature and composition. Inorganic scales arise from changes in
pressure, temperature and composition of aqueous fluids that accompany
hydrocarbon production. (With kind permission of Springer Science and
Business Media.)



T E R R AR - S E SRR R AR T T R K
FriE batETR > A PVT slBR ot Bal i BBl Rl Z [N 2R (A8
HE W8~ KK EVIREST) > BT DA SR TAH ]
W Zf A - PR PARRR S IR RE T VBT AGAE B SR TR B T i
B "B T LISECE S TREAThataT - &P B A E IR IE A i
A RS KRR BN BRI IR RO ~ S EE A AR b e/ M b #E
T EaHE L -

,C:@Ew AND FINALIZE DESIGN BASIS i INTERFACE WITH
. ' . [ IMECHANICAL DESIGN
' [Flaid Properties [Reservoir Behavior| [Flowlines/Well Host Facilities

Productivity Index | |Routing Separator Prass ' Flowlines, Pipelines & Risers

Production Profiles || Bathymuetry Amval Temperature H N S_ubsc_a Equipment
Press. vs Depletion || Ambient Temperatures! |W1 Pressure ! L'l'nbﬂlClh
Temperature Air MeOH - P & Rate i Wellbores
Injectivity Index Sea Chemicals P & Rates| ! I
Injection Profiles Formation :
OPERATING
i STRATEGIES
il THERMOHYDAULIC DESIGN & FLUID BEHAVIOR i $S, SD & SU Procedures
‘ [Valve Sequences
: Assess Fluid s
i y esign® »Thermal Design « g piActivity Durations
! 41y draulicDesig g b Behavior Pump Sequences
Model r—. fodel | Model VT Chemac:l‘ln;cclwn Rates| \
Flowknes Wells owdines Hydrates Remediation
Wax ‘ /Resen az \
Asphaltanes - ,‘\._/ Flow System >
Estimate Insulation| Scale, Sand \ & Host Design
and Select Tubing Select Tubing Comosion Erosion HOST FACILITY
& Flowlkne and Emulsions DESIGN
Diameters and Fowiine % = o
4 ocessing Capabilities
e — ASSESS TRANSIENT rcs ASSESSSYSTEM
l 1 [THERMOHYDRAULICS Woval P& T ECONOMICS
/ N\ P Shutdown Cooldown [Slug Handling Capacity
/ N\ X Start up Wamup [Topsides Blowdown Capital Cost
! No /Maximum &\ Yes o X Depressurization »{Rare Gas Liquid Capacities Operating Costs
i EOL conditions ”— ] No / ono- "\, Shuggng |Gas Lift Gas Injection Net Present Value
' fe——<_ hydraubes
satisfied’ "OK / [Water Injection
N\ \\ / [Storage Capacities / L
' -\V/ / PN ('ht@cal Inyection Pumps 50 3‘ stem L \
H / Thame\ PMetening Yo 4 Econemics P
s No / “Hydraubes &\ Yes [Remediation “\Optimum?”
QRIRRERTS: 40 | o seopmimie - \ Fhaid Behavio D [Expont Requirements N
X y [Utikty & Emergency Power s
{ N\ OK? / Yes
| /. ]
: N/ S DONE
BRI Sl o iy S AL B4 vy A vy by v e o e 2 e s i i e 5 i Sl iy i iy 5 0

HAE RS PVT(Pressure-Volume-Temperature )& EHYH R
HBHE A EAGZE - PVT BEE R 7R alSoh mieid - TR
T ~ R EE TR SRR SR S LR AR RERCRE T
HEVA HESIER Z S0 S E G E R 2 EF DL ROR B iR fEass
IVEHERE SRR S — RS HRE MRS 5 S PVT &l
T3 AR 2 Z TR T 4
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HRERAS PVT sl i A FR Mo G 75 BT A [E 8y aUTE
H#& DA r iR - RS vl 7o s TS > JBUH(Black O11) »
MM (Volatile O11) ~ 298854 (Gas Condensate) ~ JE&R (Wet
Gas) MEZSR(Dry Gas) > ifi—R& MR R #)4E 2wk (Gas-0i1 Ratio)
AETT T - M PVT BB THE H — %A € 4H B AR 088 (Cons tant
Composition Expansion, CCE) - 7 BR F& iy =\ B (Differential
Liberation, DL) ~ & &M IE i B (Constant Volume Depletion,
CVD) ~ 47 B 28 HI 5\ (Separator Test) fz %L F& & M (Viscosity

Experiment )& -

— AT R AR R Bt R e U B DR e R 2R T T A el 5
SATAN 0 S EETTIE U SARA FFMEAR AT o H OB A AT K
(Saturates) ~ 75 & J& (Aromatics) ~ féf 5 (Resins) ~ JEH &
(Asphaltenes)#EfTo0A » H A ATRIEAH AGEARTR R AR P K F E R
PEHETTIE T BNISIR R S R ~ 70 SRR TRtk @b &) -
77 R AN ER Ry &7 R ER S RS T B M - 1% W IH F 22 1& o AR i AE A A
R BERE B e TR B RN - Bh ot al A Bl g RO R B 2

TRENEDL BRI B U R -



3.2 FRIISRERE

Day Two

Percent Involvement

Start Duration - —
: 7 Activity . . Individual Group
Time | (minutes) Lecture | Discussion : :
Exercise Exercise

Fluid Properties and Phase Behavior — continued
Fluid Sampling

08:00 30 o Bottom hole samples 70 30
o Drill stem test samples
08:30 15 Black Oil Model vs Compositional Model 80 20
08:45 15 Fluid Characterization for Compositional Models 80 20
09:00 15 Break 100
Compositional Models and Equations of State (EOS)
o Ideal Gas

o Peng-Robinson (PR)
o Soave-Redlich-Kwong (SRK)

09:15 30 80 20
o Peneloux Liquid Density Correction
o Mixtures
o Properties calculated from EoS + molecular data
(p. w. IFT. Cp. Cv. AH)
09:45 20 Introduce Gas Density Spreadsheet and Exercise 4 60 40
10:05 15 Break 100
10 |4 e it 1V n | W | w
Flow Regimes for Flow in Horizontal and Inclined Pipes
o Stratified Flow
11:05 25 o Slug Flow 70 30
o Dispersed bubble flow
o Annular Flow
11:30 30 Exercise 5 - Calculate Vi, Ve, Va and Vg for 6 cases 10 45 45
Day 2 —cont’d
Multiphase Flow
Noon 60 Lunch
13:00 30 Exercise 6 — Match flow conditions with flow regimes. 10 45 45

Flowline Pressure Drop
o Frictional Losses
o Elevation Losses
13:30 30 o Acceleration Losses 80 20
o Errors in AP calculations
o Pipe wall roughness
o Drag reducing agents
14:00 15 Break 100
Liquid Holdup

o Causes
14:15 30 o Prediction 80 20
o Field/experimental data
o Three phase flow

Thermal Modeling

Insulated Pipe Heat Transfer
o k-value and U-value
14:45 30 70 30
o Calculating U-value from insulated pipe
designs — PIP vs Wet Insulation
15:15 15 Break 100
5: 5 Exercise 7 - Calculate U-values for various single layer tubes 10 90
Exercise 8 — Calculate U-values for tluee pipe designs:
- Wet Insulation: GSPU (k = 0.160 W/m*/K)
15:45 45 - PIP: Aerogel (k=0.013 Wm¥K) 20 80
- PIP: Aerogel With Vacuum (k = 0.008 W/m*/K)

FR BRI EE PR R TR R
Al > BERITHUS RV A - RS TIEsGETE O ITEA =



% FPAEAEAOK Z RS T H R B 5 & — APk -

g EEED - IRRE TR SR IR BT T FEORHE REAE 1T B SRt RS
P B EN: » FLr 50 F ple (Rt < B IRA SEAT Y e R RS AR T T
By ISV (Volatile O11) R 545 H (Gas Condensate)
K RSN HAH R B2 B T ~ JRIE B B T R » BUE
JH iR EACH fE ALIRRE TR U R A 1T 2 » RO AR R
R EALEVIFTAHRL - BURAIREE TR R E R = PVT Bt &
1E > AR BRI 255 - et B e PVT s BT S Bl o ke
S A5 e e HAL TR RV TE S TAF < IRRE TR0 PVT B
BEE NG E < Bty ~ JREERIER ST - BRITEAMETT & ~ B8 ~ i RE
RS ARMENEE - BMFERNFRE RN FSHAF LR
HA B UETT PN - — A ST AR S N e ¥R (Expor t Pipelines)
seet b FEFDHAFEAMAIEE SR T DL A 2L - SR A R - 28
1405 & HF M RGO 28 3t =% Bl s Ot e AR A o B EC S MR DR
& BAERFUROT B LR ER ) BAHEE - ATRTER Rty e 7 =0
{TRE (B¢ (Composi tion Tracking) » MREMRE 45 o H SRSl () PR L
FIPEREE > S bR % -

ARSI B R RS E IR E 4R » FTii 2 2 S0REHIER
TigE s A RITNE L ORI R S =P F B L M BUE
HANESRARE N EEEM - MR - BRVHREE SR T —E
RE o AR 2R R BRI e M RERE A G
R A AR - A 7 By P KRB 73 Bl R Jg ik m (Stratified
Flow) ~ E&ZE/4i (Slug Flow) ~ JERJR (Dispersed bubble flow) IR
IR (Annular Flow) e

10



Annular Flow

o
oA

AT & &7 5% 1w}

“ Dispersed Bubble
H Flow

Slug Flow

W O A 5T 8N 15 ¥5 &7 AT

"\ Annular Flow

I I L I T T T I T I I T

&
1,
3
<
:2
B
3
b
‘:
g

5
8
5
¥
R
R
5
R
R
8
8
B

'

FERIOKBLEE 55 RRE AR - B EEE TR/ TR
JRED o PR R AR AR BORAE R (Superficial Liquid and Gas
Velocity) BURBNAIT 2 Bi % - B A UL IR S8t R J10R B RO G
MHE B ERERAEAR - LR L Excel BREEGERIAMER
A 1 BEpoReiZiztz A E -

Dispersed Bubble Flow Dispersed Bubbie Flow
F 4
Slug Flow
LogVsL
Long{‘ Annular Flow Superficial SlugFlow
Superficial LiquidVeloci Annular Flow
Liquid Velocity ty
Stratified Flow
LogVsg. Superficial Gas Velocity LogVsg. Superficial Gas Velocity

AR AR o B A U B R R R > HL P AR S
ZEHEE SR PR B HBIET R T AU AR BRI [E] > — R Ry
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fEsTE = H— 2RSSR Z1E (Empirical Correlations) » BE3H
AR R R NER Tt B Bl & DASE R A = il s B
(B ANSRFTIE ] 2 HE R RS BR T k8 H 22 A B [ EE K - B IS Rk

iRz o SRR ERRE - (HREEAH R U T E R 2
st > FLLEE R B -

Project Data
Project name: Oil Flowline
Location: Offshore
User Name: | JDoe Flow Pattern Map
Date: 201512/22 10
SRR K AR O
- - FHHCKC AR K K KK 2 2 K DK K DK K K 2K 2 KK K K KK XX X
Plpellne PRI RO K K DK SR 3K DK D 8 88 KK K X X
|D:ITI) 0903 & 5| Units FRORCIC RO K K DK 0K K D 0 0 KK K K KK
Inclination angle,8, ° ] |7 Field Units
Fluid Properties
1
pu (kgim?) 800.0 £0.000
w {cP) 1.000 | (cP) 0.0200 -
 (N/m) 0.030 E
o
@
> -
Operating point 04 g
[vsitmis) [ 0.0504 vso (mis) | 03041 e e 08 8EEEEEER T
lesssssvossesssscves
fesssssvssossasenonasn
feosssssvsssnsverosssn
feesessestaisitiiides
fesssssnsossossnoansaes
IPPIPSPPPPPPPPRPRI
Lasssiiseteiieseisil
asissisatosiiiiiis
ooy BEEEIIEIIIIIIIIILS
(X)) 01
If 6<0=y downward flow vse mis)
a + Stratified Smooth = Stratified Wavy Annular Slug
xDispersed Bubble  « Bubble « OPERATION POINT
Project Data
Project name: Qil Flowline
Location: Offshore
User Name: I J Doe Flow Pattern Map
Date: 2015/12/22 10
RACHRACKCA KA KR KRR KR e — ———— — — — —
- - KK KKK KK KK KK K K
Pipeline AL LA XKL AL KA
|D|ITI} 0.203 * S| Units ES S S S8 5S4 S 4
Inclination angle,8, ° ‘ 1 h " Field Units
Fluid Properties
1
po (kg/m®) 8000 |pe (kg/m®)| 60.000
i (cP) 1.000 Jua (cP) 0.0200 -
o (N/m) 0.030 E
=
Operating point  ~ bl
[vsi (mis) | 0.0304 Jvss (mss) | 03041 |
[ ]
.
0.0 3 R it et J
0.01 01 1 10 100
If & <0=) downward flow Vss (m's)
0 +Stratified Smooth = Stratified Wawy Annular Slug
xDispersed Bubble «Bubble * OPERATION POINT

HELTEIR AT - T HERER - BRI IE AT - LA
LR ~ BRJTAIEERE 2 B ERAR > TR BRI A E KBS
o A
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Vertical Highly Vertical oil Gas-
il Wells Deviated Gas- PFipelines Condensate
0il Wells Condensate Fipelines
' Wells _
Duns & Ros X X X X X
Orkiszewski X x 3
Hagedorn & T
Brown X X
Beggs & Brill s
Original . . A X N - X
Beggs & Brill |
Revised ) B i X i x
Mukherjee & Brill X X x X x
Govier, Aziz & 1
Fogarasi X X X X &
OLGA-S L X X X X
Ansari X X ]
AGA & Flanigan X
Qliemans B X X __
Gray X
Xiao x X
L YWINRN 4 2 N2 /_’ HH N S \\ﬁ: _\:. S ALz,
HRAEZEF O SF 2 R L T 2R 25t E  HE R

HY4 Schlumberger Z\NEIAY OLGA Kz PIPESIM #kE& » BRYMAIEAHA
B ERHZE  ETERESE SRR B RESG TS -

OLGA

Multiphase Steady-State and
Transient Flow

Individual Slug Tracking
Compositional Tracking
Corrosion Module
FEMtherm Module (bundles)
Multiphase Pump Module
Wells Module

Wax Module

Hydrate Kinetics Module
Inhibitor Tracking Module
Complex Fluid Module

13

PIPESIM

Multiphase Steady-State
Flow

Slugging Characteristics
Network Analysis Module

Well Design & Production
Performance Analysis
Gas Lift Optimization
Module

Pipeline and Facilities
Design and Analysis
OLGA-S



3.3 B=Ki/IRHRE

Percent Involvement

Start Durati i
ar uraton Activity . . Individual Group
Time (minutes) Lecture Discussion = =
Exercise Exercise
Thermal modeling - continued
08:00 15 Cool down times to hydrate formation conditions 80 20
rcise 9 — d te =d C V: i 3
08:15 15 EXelCllze 9 : C'llcu!ate the gas filled cool down times for the 10 00
exercise 8 pipe designs.
08:30 15 U-values for Flexibles 80 20
08:45 10 Cold Spot Analysis - CFD 80 20
08:55 15 Break 100
Steady State Multiphase Flow modeling
¢ Flowline pressure drop
¢ Flow velocity
09:10 20 . .. 60 20 20
e Line Sizing
+ Flow in networks
09:30 45 Exerglse 10 - (?ﬂlculare the frictional pressure drop for a gas 20 40 40
flowline at various pressures
10:15 15 Break 100
Exercise 11 — Determine optimum flowline ID from reservoir
10:30 30 pressure, PL wellbore hydraulics data. flowline hydraulics data 20 40 40
and required rate and arrival pressure.
11:00 15 Exercise 11 — Discussion. 100
Transient Multiphase Flow Modeling
¢ Transient multiphase flow simulators
e Startup
11:15 45 * Shutdown and blowdown or depressurization 30 20
+ Ramp up and Pigging
¢ Slugging: hydrodynamic. terrain induced & ramp up
Noon 60 Lunch
Day 3 —cont’d
Transient Multiphase Flow Modeling - continued
Slug catcher/separator
o Functional requirements
13:00 20 ) . 70 30
o Design
o Types of slug catchers
e g H a1 ara - Q] 3 v .
13:20 30 Exercise }_ Dgte1111ule separator size. pump off rate and level 20 40 10
controls for the input slug sizes and frequencies.
b, e 3 — H o - el
13:50 15 Exercise 1‘ Determine tl_l'e fn}ce on an elbow from a hydrate 20 80
mass moving at 100 and 270 fi/s.
Gas Hydrates
14:05 15 Break 100
e Nafural gas hydrates chemistry and crystal structures
* Hydrate equilibrium curves
* Hydrate inhibitors
o Thermodynamic inhibitors
14:20 20 *  Hanunerschmidt equation 80 20
= Methanol partitioning into hydrocarbon
phases
o Low Dosage inhibitors (kinetic and anti-
agglomerant)
i 5 Exercise 14 — Determine the methanol. MEG and LDHI rates for
14:40 20 . . . " 10 20
given produced fluid rates and flowline conditions.
15:00 15 Break 100
15:15 10 Exercise 15 — Estimate the methanol lost to the gas phase at 20 50
T 40°F and at 100°F for 30 wt % methanol in the aqueous phase. B
* Hydrate mitigation
15:45 10 ¢ Hydrate remediation — depressurization, heating and 70 30
chemicals
15:55 20 Exercise 16 — Estimate the time required to free a hydrate plug 30 70
16:15 15 Hydr?te Engmegm]g Handbook by E. D. Sloan: Rules of Thumb 20 30
and Case Histories

14




B RKAIGERE ETIERE (Steady State) BB (Transient)Z%
FERIE SR N R K PR S iRiERZE 2 /4 -

BRI/ NE B OERZETEZE - oAlE 1 ERREERES)
2. A[AEFHRBR S 3.0l feEF R R 4. ERZER - —fR(EFIBAEE
TTERRRAT 2 2845 o BRI AN 2 ARG E T BRI By 1. AR E
FEsE M Ry 15-35psi 2. JFUH R st B 50-250 psi o R E AR
BE RS Z PR ZERI Sy 1. DURBSRENS T © 6-8 m/s 2. DURHESR
5 0 15-21 m/s - EHEHPREEEEE/NG SRR E (Liquid
holdup) ¥EANEGE/K AT HE RARAE B SR THEEL L E - 05 [REEERE
[ - RIS S R 55 [ ah R -

RS HAUE BT PG G BE T ~ RS ~ SRR RR AR K
HAMEE A G R RZ(L - A RIRREEE]  Srn] DSBS (R EL IR
SUREN ~ BN MEERE ROBE (Pigging ) FR(F - BRZERAE E &M
B B SRR E R Ha A RN ATRE A B 4Rt 2 S
{bEE M2 - SOB KRB BIE T mPIRE)/ (Z5 ~ BE - TER
RPN R - B TURASHIE RPN EREEIP R - RS E 67
TR B E IR - AR ARG - & SAAG RIS
T

A. Slug formation C. Gas penetration

ﬂ ﬂ
B. Slug production D. Gas blow-down

§|\
\\
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N E 7 R B SR AN [E RO G R 2 KRR > BRI ER AR
12 BT AT SEERAE R H AP 5 TR 2 B E - BRI S e Z B &
A[EEREH 36,000 - MBI 2 B B E Sl R B A A

B4R
E&% °

e ing at 10kbopd
slugging at16kbopd Sluggi
Average productionrate \ Average productionrate

S DR S ———
p & 10% w
WC =10% sl % .
WC =80% il ISR | wc=80% - ’
Max liquid rate = 16.3kblpd o \ Max liquid rate = 20kblpd ||| !

Slugging at15kbopd
Average productionrate
Wce =10%

WC =80%

Max liquidrate = 15.4kblpd i}

‘ Slugging at5kbopd

| Average productionrate

WC =10%
| Wc=80%

Maxliquidrate = 36kblpd |

Liquid Prod. Rate (STB/d) | 5,000 10,000

Water Cut (%) 10 80 10 80 l‘

Slugging Frequency (1/hr) 0.5 0.8 22 0.72

Max. Slug Volume (bbl) 330 279 242 257 .
|

— M AR IR e 2 (S1ug Catcher » LT IE ) #EFTHE
s £ H ARLEERF AR E ) > R o] DL (e Sy 2= Fal (U 2R
BIZUE > S5hhle n] DR ISR e - DUy Bl e B eR

>El§g£l:

Gas Outlet
/21 I Highlander's Slug Catcher at the Base of Tartan A
Mist Eliminator o—— - / Water Injection, Gas Lift, Utilities & Umbilical Riser
= ; / I\
Fluid Inlet ———> | Impingement 3
,T Device / \ Gas Lines
\

Pig Receivers

AN AP

- A~
Vortex
Booakar / Oil Lines
[_ Test & Production Risers G
1 Slug Catcher Chambers

Crude Oil Pipelines from Highlander

Liquid Outlet

Tartan A Platform Slug Catcher Module
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RIRRKEY(Gas Hydrates)

RARKEVH y—fiR e T (EE R - Zke ~ ke ~ =
AR EE) - HEEEIRGE REEREHK D TaTEE > PR K
INVE > HIP AR E ZonB R EEREF ESE - (fnHE2E
ESRARIVEREE T - MBI IR T - RINROK SV RIS IE S E 4R
o AR RO AR TP BB B AL A 2 [EHG > 19 RE H &
EAFAE AR 6 7 A g S5 KR YRR -

RIRFOKEV) L BB AL R B S a8 > SEHRR
o PEE > A AR B EOR Z AR R - TCHRAEROKES, - QA
A ALELNHIRZER K S YL - JRENE -8 B Z IR - 40
g~ Z B RS o TEISFIOKEMERREREBR G T 2812
HIE > FERR B T K E VIR R TR 2 s AR - BIRF R SRAE 2%
B 0 (BFRR L EERFL R R K SV R ] -

Gas Hydrate Dissociation Lines for Live Oil with inhibitors

10%MeOH+10%NaCl

20%MeOH+10%Na P
»
| g PoY 5%MeOH [
Al 5%NaCl
» Fresh
5 R 4 ( Water
R 7
e

-

Hydrates form at
conditions to the
left of the curves.

Pressure (Psi)

Symbol ... Experiment
Line ... Simulation

H oK B SR GE - FRCE NIFMETE R/ FE
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BB T KA B R B R TR AR B AT (R R
BRE B 5 2 K &) » SATT R B e PR LA K &7
IR R <

Hydrate Curves and Wellbore Shut-in Conditions

12000 T— 7 T ‘ : o B ‘ . R 1
800 | _— | I :
| | Cond pors L ] 73R

e =
| Shu“n“e“bo —® 5130 so7om 5516 ‘L
| | .~ 5505 3 nn 20680 BML  BML evu
| , ‘

——,n £07 # BML BML B”L]
{

| |
| Hydrates form at
| conditions tothe [1
| left of the curves.
| ‘ ] |
! ||

0 5 10 15 20 25 30 _ 35 40 45 50 55 60 65 _70 8% 85 920 95 100
-10 0 10 20 30 C

Temperature (F)

G KEVIGETTE > — R SRR SI R SRS CEARUKEL
BENE) BUERBRE - BHEREE T o BE R ERIET > H
o SR ) L [N R NN SN LGS s e v e 7P a Vel Vs
& RRGOKEYAR - HIHARGRERA ZHE AR E > I el
AT BB - — BAERIERYI(Plug) & > — & el TEAM
HIH > LI E SR IRV E - 5T SRR B  (EHEIERE - 24
TITRPGEERY B - SUESTATESE AR - B2 A BRI TR - 28
TEAZHEE > T5ZH B -

BIRHOKIRED e 1% SNRARSURE RTRE A 40°F
HKEPIVGE - TR E R IRENESGET IR g & E 4R (Pipe in
Pipe) » FEEENER - SECEHNHIR] - DLEESIIARR -
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3.4 FIURFRERE

Day Four
Start Duration Percent Involvement
- . Activity ) . Individual Group
Time (minutes) Lecture Discussion 2 :
Exercise Exercise
Paraffin (Wax)
08:00 15 ¢ Chemistry 0 0
. z
’ - o WAT and gel point
< < Exercise 17 — Calculate the flowline wax volume and AP during
08:15 15 - . = 20 80
pigging of a wax buildup.
08:30 15 Mitigation — chemicals and pigging 80 20
08:45 15 Exercise 18 — Calculate the flowline AP for a gelled oil. 10 90
09.00 15 Break 100
09:15 15 Remediation — pressure surging, heating and solvent flushing 80 20
Asphaltenes
*  Chemistry
09:30 15 * Precipitation conditions 70 30
* Mitigation and remediation
Emulsions
* Rheology
09:45 15 * Mitigation 70 30
* Remediation (calcium naphthanates)
10:00 15 Break 100
Scale
e Chemistry and formation conditions
10:15 15 * Mitigation 80 20
* Remediation
10:30 25 Exercise 19-Determine the Barite scaling tendency for 2 waters 10 45 45
Corrosion
e Chemistry
10:55 20 . 1\-11r1gat‘1011 - mz?lerl‘als. inhibitors 50 20
e Corrosion Monitoring
* Corrosion Allowance
Day 4 —cont’d
Solids Transport and Erosion
. _ Exercise 20 — Determine wmbilical tubing sizes for treating N )
11:15 45 chemicals 20 40 40
12:00 60 Lunch
e Solids Settling Characteristics
e Solids (sand) control
13:00 30 * Solid/Liquid and Solid Gas systems 70 30
* FErosion parameters: fluid properties. velocity. sand size
and shape, piping geometry
13:30 15 Tulsa Erosion Model 70 30
Exercise 21 — Calculate erosion rates using the Tulsa Erosion
13:45 30 Model equations. Vary the flow velocity and the sand rate. size 20 40 40
and shape.
14:15 15 Break 100
14:30 5 Discussion of Exercise 21 100
Exercise 22 — Determine the treating chemicals usage rates and
14:45 30 storage volumes. Assume ATs = 35°F for hydrates during 10 80 10
startup.
15:30 15 Break 100
e Types of pigging and frequency
o Clear flowline of wax or sand
15:45 15 o Liquid buildup in gas or gas condensate flowlines 70 30
o Smart pigging — corrosion/erosion monitoring
e Effects of pigging on production
16:00 30 Exercise 23 — Determine the pig acceleration down the riser. 5 95

FVURGN SRR Ty ~ BEE ~ &5 ~ IR RE R B orleE
NERZRA ~ D sE 57k -
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L7 (Wax)

JERAH R AV BRI (Saturates ) A B 7 AY R AR R » H
B IR F 0 BHIERERE(N-Paraffins) ~ BERE&(Iso-Paraffin)fil
R (Naphthene ) AR AR - 4 MEIFTR ©

PARAFFIN STRUCTURES

St alght Chein (Hormmal) Pareffin

Branched Chain (Is0-) Parafn Cyclo-FParaifin (Naphthene)

SRR N ARSI AR i 2 R (B BRI B AR
FERRAR - G FUH TP R4S EIRRE IR NG BARAEMT LAY R
FE T By MTHECELE (Wax Appearance Temperature ° f57# WAT) - FHAAUE
e A 2T HE T 22 F IR > TR A% R & (Cloud Point) © #0f
J& AR 2 AIEY B R SR BI Y S (R0 R S AURE Ko it BRGSO AERT

(Pour Point or Jel Point) °

EF

AT P B i E 3 R i N AR D B T R R PRI B R

HEEEAEIMEED - A FEEB AR EE A FNESR - 52
B O BRORAEATTIRU RS T A2 Bly » INZERR IR KB IR 2 PR S8
i LAEI REES S o e - ZRJTERIRRE T RO 8606 FE B B P iEU R
> WA BRI R s B B R R P Z RS - IR
RELRARE B E BE ST N RE V- FAE Z i = i (WAT e ) » (BB BB
g e - RBEN RS R ImE (WAT e ) » ATIEUR ESTHY
BN AR - —fATZREST - IEEAR T - B i
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TN AT A EEIRME &R N 0 8 WATewm < WAT e ©

TREE

MINTIEORE 2 T30k - HERE(E FI R CBERAER R LA MR A =N M -

BHTE i i s
B | FEREE

PR LS R TEAGIER | 0 RS | &
e R (Cross 2. AR AT e

Polar Microscopy)

cross polar JE4RITES - BIZZHIRES

3. AFEECRHEE

il - SHEE T | 3. M RAE AR R
4 TR TS R JFUH
—— B s o 7 Bt R S LERUEEE LKQR%@@Z%‘;%
Infierod é’bjtT%EZﬂeaaaﬁﬁfﬂiL&ITEf %z 2 ke P T | &
(Infrared i - 3 ATEFARRIE | 2. TR
gs;ff;‘i’gé glght 2 B I  SLAR Ry | FERZIDH (Live | 3. AT TAORAH
(L AT TR, - 0il) B
| RS T | | B AR
. o 2. EB Lt HOB SRS 4 -
(Differential VBRI SEE | 3 A a R | 2 BEUEE - EEK
S RITE B R LT IR -
canning SSJR R LY
R R - 3. LR

Calorimeter)

ESIETEM
(Thermodynamic
prediction)

(PRI R S AT B S E T B2
B R SURR s M E FRUHIATIRD R
JE R R

TEBE IR AH R
[ TR BT
FoatgE

L B A
2 FEREERE

AR TR (7 Ry RSN IR 7

En

o1 FEE 2 B AT

U > RIEIRIEGEXE R T PGS S R BRI - & OB R N E

ik Mt T - PRSP i IR RE R (R B AU LU - 850
EEEA R BT

St P AR E -
HTZ R B0 O » A R L R R

oy HEER R E

T

<

BHARAS » AT ERT A HVIR (g IR E BE L > B9

7 UG R T A%

/)lL@J ffﬁ °

SFOHARENTT Ry

o BERRF B R B 2RO AL FE R T

B - LRI R RIS © TR M TR AT 7

BRI S BRI

Ak B

2~

S

TR HE

ES n == r S INE
SREETE R A IRV AR EH > TLHE A
Hier s B SR A 2 E R R K

EEL

TR SUE SR
ﬁqEEuH—J‘ A %%;ﬁ[

S
oz

TEA-TE R pe s S B J R AR

RE BRI D

7? E@ﬁ )&%@@FE ﬂe&n

()RR DA E TESEAAER - JFUH oAy 2 e S s AT el R s
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{1 H S SRR S SR A FITESE - R B RIVE
o W {8 £ B BRI A A 2 S8 R Ry R AHER - BETIIN 2 AR
AT TE R BN » S8 0 T UBA I R A TRE R > — BRI EER
gl BEEMAR R FIGIRRERE T R ER A N 2GR N -
B0 AT REAY R BN PRI TS > 8% /7 B S0l =R Uk 2 FA
E o R RATIROR T ~ SR ERLS PERIE T (B AEEE) -

RHSATIEUR S ~ JRENRE R0 RO M T Ry - P IROR R
Ay Ry =B (N - fEALAIT ¢ o 1. B FURE ST - i
A Ee TR Ry U BGT T Ry LA MR U 2 R\ » 2 O FE (R BBt LA
o ke e R B AR T R HFURAERFIIRRE T B AE
IBIR © 3 RE ST BT RO BN 2 f > HIAE E Jee PR B AR T T

o]

U

Key properties of waxy crudes

| ]
1 1
1 1
1 1
1 1
1 1
g Highly Non-Newtonian I Mildly Non-Newtonian : Newtonian
|
2 I
v
= ]
= I .
1
I 15-25 °C
1
:-C.' _'.»I
1 1 .
PourPoint _—" Cloud Point
Wax Appearance
Temperature (WAT)
Temperature

— A R B AR IFUH (Stock Tank O 1) & EfTHTIEUEE KO
BhEE 2 HIE - DUBTTIRENORIEAH BT o & S H0m & = PR R
MENELT - HVESRIF IR R ER - #BF LB S - (HEE L
R FH BB E 4tk - RN & B (R B RO BT - B 47
AR E EAREIIN ST

Et
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AR SR U 2 e E RN R S e R
ERLVEGUR ARG R > JC RS MR R R RO E SR T
B RER - BN EIRD FURREN R 2 IR E GREE TR E] - 75 R
i AR BRI 2R ) iR fe s R duaat DU R
BT - BRI 2R E = ENZRATT . S
RN EIER 3. REMEE

SRS L RS aa i S Ol A R - — R Al RE e
REEETRE AN E - —MERHITER ¢ 1. alimA B (Available
Pressure) 2.4 K~ (Line Sizing) 3.4+ E (Insulation) 4.
tH% (Line Burial) 5.f0#%(Heating) °

MAGTEEDE © AR IRIRASTEE - PRI EVE 2t
ik R A TENERER - DU IRASE ~ JREhEL (pour point) LK
[ E T (Yield Stresses) Zuihe - —MEHGEAR - 1.1
(Dilution) 2. FL 1k (Emulsification) 3. 4% pE ¥ J£ (Thermal
Treatment) 4.5 4P (Microbes) 5. BEESEAII(Chemical ) » DAF
FHEECE R G A TR BT

1. Bz (Thermal Treatment) * fREFUAG R HUM S PRISFAEMTIEUR
F& DA bR m A o et (0 (R - (B RS2 RSB SR EE Rl » B (s 58 FH AR
EFRAE A - AR EL - (AR RARRCREAT 20 A HinfiEdy
AMEEA BT IRRG o $EL07 7RG - SEEVE SR TP Y EEUR B IEEE - [R48
wE AR 705 (B OAIRSE - fERIVEGUF LIRS - RS
R A R IR R R - [RAEHE n] R AR R - HFRFEE
GRERI(Restart)[ERE » MIEA K BURAGTEERL - Al RS BRI -
BFFEHNA K ASEE - (EHEURIGTEER - —M (8 B A A
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B E/K ~ B (A0SR ~ FAREGRAEETAG) ©

2. B EYE (Mechanical) © HEFR 240 T 2 AR AR FHFLECE 4%
S o —ACEL A SAA TS ES (Wireline Scrapers) KB 4REEE
*E(Flowline Pigging) » JEI57ASTAN (R G (FEEREIFE AR - H
RIS TR BT (AR - RS SRR - AR BEEEA DURT
TERRRIETIR BN AR R (TR R - BERRAVE12ZEY)
R A E TR - NILUEEIFEERENR - i iiErT
AE  AIFTRETE SN - RRESRSRIE BN HR nl & o b R E A

=
uﬂ{

3 ALERHIHIA] (Wax Inhibitor) @ (LEZHNMGIRRN o] iS22 7)) (R R
HRURORAER NS (RS RERET)) - WK A 2R
& > ] AR (L BT pas an ) - WA R 2R b S 28HE 0 &
AESE TR o & P AR A 5 A B R FE s B M s PRI
PN TR Ry BRI (Pour Point Depressants » PPDs) » —fi&¥f
TAINIITR 2 54 R o v 7 U288 © AT 2 B AR e
NI T RE S PR BN R B S A RE AR EOR B RS T » ol RE(E A
BLFPIE o EINEIRAREE 240 (BRI Ry T SR 42 SRS - 41
HE 2 NI E R SORE & TR S A g B8R EHSR  HRE/ R
50 E-Z 8 1500ppm » fRER(E ORI ZRERINE ©

(B AWTFTREE "R AR M R e i O [FORUR R 1 ) IR
A& b AfERE A RETFE o ile — 20T &3 [RER S
TR AN EFTR - FENTFTRR E e R AR U
HSR RS TETT Ry oA > HESSRUR T AR AR > KA H AL
ST~ BTG RO ERE Z BN - I RS S B IEMER M Z SR - 1R

[a

g
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EEETRHLZ RO R AR A R Z R b ot BB R A S
EARIFRE - SRR E R DRI E T TR B SRaaT R R & -

BT e —

4
= Standard PVT analysis
+ Define phase boundaries -
Thermodynamic Characteristics
= Compositions C90+

= Wax Content
« Cloud Point WAT @ Ambient/Line

A 4 Condition
- HIEEE TR @ AN

Condition
* Gel-Strength
+ Rheology

Thermodynamic Modeling

Transient Modeling

Deposition Measurements (not done for this
field example)

JEEE (Asphaltenes)

BEREERE T TESTESARY(ATTE) - aDERFZE > 24
MAEFOGERSIHR (RS / b)) ©

- Asphaltene Asphaltene Cluster
Asphaltene Nanoaggregate (made of ~7
Molecule (made of ~6 molecules) Nanoaggregates)

— IS > ADHERERR IR T - BEE BN TR
A AR AR F YR AE - AT R Y2 2 n R T T ik
b2 T (o A DR IR REFAERT - AIRBRAA R R E SR 4 T DA
ST UGN FOH T - TR E A R EEZ R 228 HA
PRIMECHRINZR » NI T UBAE R SR N ZEF LR R AR A
BRT > SMUFTRESRAAE M REERE T - FE3 Esa LPROH AR
o B IRARREAH TR ESF > N RARE 2P -
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SRBG AR IR 75 B ) (e T B e B = R T A AF e Lt g Pk
ZomERRTIRIFARE - EEEEZBNRNERZHE - HREE AR
JEA AR HE > SRR T RN - NHUR R ) S R4 FF AR W46
JERETTT - HIEAE R BN - SRRy H A T ATEL
HNGR RS 7B U774 (Near Infrared Red Light Transmittance
Method) - i FH [ HGIUIR AR AR ITHT A E » EHIEE E WIS
(Asphaltenes Onset Pressure, AOP)®{E - UFEEIESE VIIREE S
BT 0T TR0 RFIRIRAES Z BRI - P DAORRT Sl ERUBR 07 A 3 R
TIREE S < EEE 2 i A A BR A B InE 7= (EREE
TSR - SRS E B IAIIIRIE 2 T CRED - SIHE 4618
BURE B AR iR e e e Fbedd -

Eﬁl Wellhead

Asphalteng
inhibitor

1 Activator

Step 3: Squeeze Postflush of Oil Step 4 Produce Well after Shut-In Period

Wellhead m=—= Wellhead
T I

Asphaltene inhibitor .
reacts with activator Oil flowback
to form com

R4S (Scale)

FEAEHREREEET - kR 7RSI fE/K - EHH
2K E S8 RE AN /K& bl - 8408 K&E(LE5 > F
AIREART RIS RS IR PH ~ Bk #5 R Wil SS - (2R E R EAEE

iﬂ
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2 HPET A DAEI RS
B AR
R 7 R Wi B
KT

I R S SR TR RS R 2 HI R T
HEIE ~ B HECA SRS - CLAb R $HAS

RET =00 - B
g AR R R R BN e R R
IR AR B

KA HEABG AR 2 AR

S

White or Light Colored Scale

B RAE IR YRS LSRR R )
REHERE
=1 P

» SHIE)
(AN S

I—\—r

EH[I

Physical Appearance

| Acid Solubility etc. (15% HCl)

Indicated Composition & Origin

Hard, compact, fine granular

Insoluble

BasS0,, SrS0,4, CasS0,
Incompatible Waters
Supersaturation

Compact, with long pearly
crystals

Dissolves slowly with no gas
bubbles. Solution gives
positive SO, test with BaCl,

Gypsum (CaS0;-2H,0)
Incompatible Waters or
Supersaturation

Compact fine granules or crystals
which break into
rhombohedrons

Easily soluble in HCI with gas
bubbles

CaCO; or mixture of CaC0O; and
MgCO;, if dissolves more slowly,
Supersaturation

Rarely incompatible waters

park Colored — Brown to Black Scale

[ Physical Appearance [

Acid Solubility etc. (15% HCI)

Indicated Composition & Origin

Compact brown

Essentially insoluble. Brown
color dissolves on heating.
Acid turns yellow. White
insoluble residue.

Brown: Iron oxide corrosion
product.

White residue: BaS0,, SrS0,,
CaS0,

Incompatible Waters

Compact, black

Black material dissolves slowly
with evolution of H,S. White
insoluble residue

Black: FeS
Corrosion product, sulfate
reducing bacteria, or both.

White residue: BaS0,, SrS0,,
CaS0,
Incompatible Waters

Compact brown or black

Partially soluble in 1:4 diluted
acid with evolution of gas.
Brown or black residue
remains.

CaCO; with Fe,0; or Fe$
Supersaturation
Corrosion Product, sulfate
reducing bacteria, or both,

AAE(Emulsions)

7
FALARICT > (HE
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SR A FEREAR PR T IR S 400 S B T T A5
S LERF A FRIIEMHRRER 2 REIRENRZ BN HNTEE
EAELANA B AR R N G AR e HA e S RIAR &
UmEMEECE R RENIRIERN R Z — - PR E
HoLEH ER R G IOTHIEK - R EERE e S R RS - It
IF 4 PG A el PR T A R AR

VERAG > sHE R R B8 2 e (AR 7K A )

AALE (Emulsions)E

%

’

x
I

H i R B R 2 Ik
Yo M E AR

[e]

> DURJFOHER PSR

HAFEH

ERIEE
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FEC (TR e —MHzd CEEM) -

TEH A EBTE » by e =88 > ZKAE DURE 53 i 42 i AH
(Water-in-0il, W/O) » JHAHLUR R 3 /KA H (0i1-in-Water, O/W)
MZEA L (Multiple Emulsions) o ¥l TR RAVHAL R7/KHE
LR s A AR o o FEm KR B LA LT R B 26 (S PR AR -
R B B — PTG ARSI B o EEIRE (RIS B NS RRAY RS A
REE TR HOH - TSR R Rl Ry i 4 A -

AL A R ERET - eEiE - HAL - HO - mHE
s R SORIm IR AR o A LIRAE B SR BRI R IR AGRA (% » T {ERS
FELE RSB S - GEAIRE S RE - EfA e
B e /KR FUR R RS E - BRI Fm B 2B -
FIPEGEERENA AR HRREE B A KERS S E S RS
B AR A AR TP R PR B SR B R N LA A R R R IR
i P AR T (SR A ARG 1S R B FE B 0 - FLALIR G2 vl & s & LA K
(Demulsifiers) ~ FEm SRS MIFFES )74 (Electrostatic Field)
AT -
f&&h(Corrosion) sz BEGH(Erosions)

JG& ek e A e A B o P DR R AL SR AR R AR PR
R BN E Z AR I EE - Gk e 2 S MEERE
{EEREALERIE F 5 [REAVADRHMZ BREISE < R/ DIEet A E A =08 1.
BCRLERST - VRN E(LR 2. ERE SRS > 1R
NG eRAIFIRIEII AR SV 2 e 3. it -

PGl 1 2RO B [ A AR T B B SR B (R A R - —fieH
DA Ea R AR st R 2 APT RP 14E &85 705 -
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v - %

e \/;i;;:

Where Ve=erosional velocity (ft/s)

C = empirical coefficient

Pmix = gas/liquid mixture density (1b/ft3)

Material Example: Empirical C Values
Carbon Steel 125-150
CRA(Corrosion Resistant Alloy) 300
Flexibles 250

WA E R REkL > AIHEEE[E Tulas Erosion Model » %
TRl e B DU 2R EE 2 [EI B R (FRD) B PG/ 504 -

e (Pigging)

FERSAEEEGT  JFE LS 1 ERRER R (R0~ 8
HE &5 LD 2. BRREEGRIE 2R 3. IcaE SR Inbth
Bl 4 A S RIS S GUE T2 RIIEEL - BHEGQTIEE LR =(EE
KECE TR 1 R B EEE 2. R BOBRERUEE 3. 8RR
REREFEE (NE) -
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Pig Receiver
: 7kr—{)-)—]~—l—\
: L :
S
Brocias ubsea Pig
Trai Cassette/
— - - 2Emn_ _ . Launcher

<

e

!

.
Production
Well
Fmssure Sourc
| uncher
__j
’ 1 I
=T
I
|
Process Train Well #1 Well #2

3§
¥~Pigging Loop

%7 Isolation Valve

Well #3

#EEEED (NED B ZE5E Rie Dy NEE 5 2 BT
WEGE LR ] SOFERE - —FE S RERERER 3~7
ft/s » ALUBREREREE) - (B8 48017 AL ZRM A S AR E
e o H B SR & aa s Ma R BRRE - M e S e A B aeir g T

A ERS (R A AR E - B E2stE B A2 iy R
STEGEENRIROARST - DI E RS E R
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3.5 BAKFIKZRE

Day Five

Percent Involvement

Start Duration

Time | (minutes) AT, Individual |  Group

Lecture Discussion } ;
Exercise Exercise

Operations

08:00 15 Commissioning 80 20

Planned and unplanned shutdowns
o Inject hydrate inhibitor
o Blow down flowline

o Circulate dead flnid

Startups
o Choose initial startup wells

o Hydrate avoidance: Hot oil circulation. Inject
hydrate inhibitor. multiple blowdowns/restarts

09:15 15 Active Heating 60 40

09:30 13 Exercise 24 — Determine the power required for electrical

2
heating of flowlines =0 80

Exercise 25 — Calculate the time to perform the shutdown

09:45 30 operations to avoid hydrates. - -

10:15 15 Break 100

* Multiphase pressure boosting/Processing

10:30 30 o Gas Lift 20 20
O Subsea Processing
11:00 60 Exercise 26 - Determine Operability for two Case Studies 20 80
Noon 60 Lunch
13:00 60 Exer‘mse 26 - Determine Operability for two Case Studies — 20 80
cont’d
14:00 | 30 [ Course Wrap Up [ [ 100 | |

4

B8 — Ko S P48 WA SR B S 2 i B ORIE ZE IRHET - 2
T PRIESEE TR > 7575 B3R BRI EERE - s 48 S a7 R
Rz AeEME (0 RED) - BE TAESE - fkE SRS REARS
R ERA S - BRAE PR B ST amAY LB & TR 2 B -
BRIEERINE HE 2 TN S Tea RS — i Ry A A s el
B4R THZ(Facility Engineer or Pipeline Engineer) @ ZRIMAEHR
H B E& 218 T 1A g LA2RT (Reservoir Engineer) kA2 TAZHN
(Production Engineer)# B &FEMFIK - 5 HUFT =R
FERG » TR R F R E SR RS 1 R — B EHRIE 24 » ZR&HD
FIEA BN H i 5 A RUE S - SUr A EREE b/ IME ~ &
e S S E R i R b RO B SIS - R G S 2 Rl A
WER L BEH G -
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BERENSREAFRUE B2 (&5I5EF 40 ') - BN R EREG T
ERE B SRR - CREFRIPTSEE R S ER T Z
FREMZ > BRIl 2R - $EH AR AR S DA BB 7E sk
RAEERZ B -

PetroSkills
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Chih-Ming Tien

HAS SATISFACTORILY COMPLETED THE COURSE

FLOW ASSURANCE FOR OFFSHORE PRODUCTION

KUALA LUMPUR, MALAYSIA 30 NOVEMBER - 4 DECEMBER 2015
32CEU (CONTINUING EDUCATION UNITS)

AND IS AWARDED THIS

CERTIFICATE OF COMPLETION

LYy K e szﬁt

DR!PH ILLIP K. NO ORD BRETT
fosarnerr Aarsaging Divectir
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