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Potential Deepwater Field Development Issues
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Subsea
Processing

Pipelines

Topside
Terminati

Chemicals / Controls - ]
v.& clashing
Metocean Downtime Vessel Availability Tube materials

Geotechnical hazards Vessel Cost
As-built Seabed congestion SIMOPS
Crossings Loaistics

Buckle
arrestors

Pile / Mudmat Foundations

Field Architecture
Ancillary Equipment

Horizontal
vs Conventional
AR-auhiabtcall

Service Type Connectors

Materials
Connection
System

Erosive flow

High Temp & |Instrumentation  Instrumentation . ati linstallation Method
ressure

Process Flow Diagram

Dimension
onstraints.

Insulation

Corrosion
Inhibitor

Piggable Production & High Temp
Test Headers

Foundation Wet CO2

Double barriers

xpansion Configuration ~ S2ur Service Elastomers Subsea Controls

Valve Actuation

Each of these elements can effect some or all of the other elements.
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Maln process facllity on offshore platform
(fixed or floating) or on land

Interventlon or
installation vessel

Typical elements in a subsea production

system (API RP 17A Figure A.1)

Drllling/completion rig

Master Power/ Hydraulic
control -fp- comms. power
statlon unit unlt

| Chemicals

Interventlon surface eq, ]

- Control contalner
- Umblllcal winch
- LIft wire winch

- Heave comp. eq.

topside

Surface tree
(upper safety

block)
I

Surface tree
adapter joInt

Workover
control system

-HPU

- Master contr. unit

- Umblllcal reels,

- Surface tree shut
down panels

Choke/sep. Plpellnes or umbllical Riser - ESD panels
metering hangoff/term, tenslon joInt - Local control panel
Tool carrler(s) | W.,O, riser joInts I
|
ROT | Stress joint I
Misc. tools for sea lines ROV f
pull Infconnections, running of - | Em. qulck dlsc, pack, | EDP
Risers | | Umbllical contr. module, plg launcher etc. I
Lower riser pack I LRP
|
| Tree prot. str. I Tools for running
I of tublng hanger,
I Manlfold, prot, str, I control | Tree cap : | tree cap, etc,
| 1| module
Tree
\ L | Choke H
.\ - Manifold/ o
\ \.: Import FE—3 distrlbution module I‘T’roduc. — [ J
&:ﬁﬂ: rlser base or i (could encl, press, boost, lac,) Lo | guide base zg —— Tublng hanger
tle-In spool Downhole pressure
Foundat|lon structure (could be boosting may be Incl.
Export common for trees and manlfold)
o — i 5 ——— Downhole safety valve
&:&: rlser base or =N\ GLX N W y vaw
tle-In spool B Downhole pressure
\ and temperature monltoring
(L Packer
DA ‘
{ i T Reservolr
NOTE For satellite wells directly tied back to the platform, several of the above-mentioned elements are eliminated.
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API RP 17A — Design and Operation of Subsea Production Systems
APIRP 17B, 17J, 17K, 17L1, 17L2 — Flexible Pipe & Ancillary Equipment
API SPEC 17D — Subsea Wellheads and Trees

API SPEC 17E — Production Umbilicals

API SPEC 17F — Production Controls

API RP 17G — Completion/Workover Risers

API RP 17H — ROV Interfaces & ROT Intervention Systems

APl RP 17N — Subsea Reliability & Technical Risk Management

APl RP 170 — High Integrity Pressure Protection Systems (HIPPS)

API RP 17P — Templates and Manifolds

APl RP 17Q — Subsea Equipment Qualification

API TR 17TR4 — Equipment Pressure Ratings

API TR 17TR5 — Avoidance of Blockages in Production Control Systems
API TR 17TR6 — Attributes of Production Chemicals in Subsea Systems
API STD 2RD — Dynamic Risers for Floating Production

APl SPEC 6DSS — Subsea Pipeline Valves

API RP 1111 — Design of Offshore Pipelines

And many more API, ISO, ASME, NORSOK, ETC



M Subsea Production Systems
Design Basis Document / Basis of Design
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* Production fluid properties
* Production profile
* Reservoir structure

= Multiple drill centers
« Water depth
 Existing infrastructure
« Geographical Location
* Metocean
« Geophysical
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Bathymetry

Flowline Traps
* Slug flow

* Flowline Stability
* Mud flows

* Faults

Canyon
Express

Pipeline

‘ :P “TiO_:

| Flowlines 2 x82°, 48 mlles each 14

Canyon Express ’ J -
TFE operated, with BPAmoco & NOC !

NMseld, 1000 B water, © )
200 bblid condentate | '

e 2. f

— » . » y 'FE
: : 4 wells, 225 MNsct'd
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Potential Issues

 Hydrates

« Paraffin deposit
* Asphaltenes

« Corrosion control
* Pressure Drop

* Slug flow

CFDesign 4.1
2 s ST

444
Time: 3600 (1 of 20)



syt

e Flow Assurance

Technology

 Prediction / Prevention

* Field Life / production profile

« Mitigation
* Thermal Management
* Chemicals
 Hydrate Remediation
* Pressure Reduction
* |ntervention/Chemicals
= Heating

=
7]
o
N
(<]
-
=
(7]
(7]
(V]
-
o

Gas Hydrate Dissociation Lines for Live Oil with inhibitors

10%MeOH+10%NaCl

¥4 5%MeOH
A 5%NaCl

Symbol ... Experiment
Line ... Simulation

50 60

Temperature (°F)
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Bonded Foam Insulation
Wet polyurethane insulation
Pipe-In-Pipe Insulation
Bundled Pipes

Active heating

Operating Strategies &
Procedures

= Startup & Planned
shutdown

= Unplanned shutdown

1



Basic Subsea Hardware Components

Mature Technology Emerging Technology

* Trees « Subsea Separators
* Manifolds + Subsea Pumps

* Template Manifold g\ 564 Compressors
+ Sleds HIPPS

e Jumpers )

- Umbilicals * HP/HT

« Controls

* Flowlines

e Risers

12



ﬁ Subsea Well Cluster, Trees, Manifold,
Umbilical termination & Dual Flowlines

nderwater
Techno! Igy




ﬁ Subsea Tree Functions

Throttle flow to commingle
with other wells

Shut in production

Isolate Tubing/Casing
Annulus

Interface with Subsea
Wellhead

Suspend Completion
Tubing

Provide Workover Access
Chemical Distribution
Actuator Hydraulic Control

Actuator Pressure
Compensation

14



== Subsea Tree — Design Considerations

« Choke Valve
« Chemical injection
« Sensors
« Jumper Connection(s)
* Running Tool Access
= Control Module
= Choke insert
= Jumper(s)
ROV Interfaces
= Physical
= Visual / camera

15



ﬁ Controls System

Design Considerations:
» Water Depth
« Offset Distance
* Number of Wells
* Well Management Philosophy
 Redundancy
» Chemical Injection Control
= Metering topside / subsea
» Phased/Future Developments
* Hydraulic & Electrical Umbilicals
= Separate or combined
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Armored Steel Tube Umbilical Integrated Service Umbilical

Umbilical Service
Hydraulic power
Chemicals

Electrical
Gas lift
Fiber Optics

Combination Umbilical with
Electrical Control Cable

17



Subsea Umbilical Termination Assembly
(SUTA)




Flying Leads: Local Interconnections

Hydraulic & Chemicals

Steel Flying Lead for deepwater (SFL)
Electrical Flying Lead (EFL)

Fiber Optics

19
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DRILLING

Monito

* Direct Hydraulic Keyboard &
* One hydraulic line / valve Mouse

* Piloted Hydraulic Modem Rack

= One pilot line / valve
* One hydraulic supply line

View Server

Control Server

Comms Sever

PRODUCTION
Electro/Hydraulic

» One hydraulic supply line

» Electric solenoid valve / valve

20



m Subsea Manifolds Commingle Production
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Design Considerations
« Working Pressure
* Number of Well slots
* Piping & Valve arrangement
* Valve actuation
* Instrumentation & controls
« Expansion Capability
* Pigging Requirements

= Barred tees

= Pigging loop
 |nstallation

= Pile

* Mudmat

21
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. Manifold Piping
Production & Test Management

e :! Pigging Loop

®/7‘

><
DS
e e

Feen

Production Headers
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Jumper Connection System

Conduit types:

v Pipe

v Flexible
Connector types:

v Collet

v' Clamp

v' Other

Running Tool:

v’ Soft landing

v Coarse Alignment
v Lock / Unlock
Seal Replacement
Fabrication Fixtures:
v" Metrology

v Testing

23



Jumpers Connect....

Trees

Flowlines
Manifolds

Subsea Processing
Sleds

Export pipelines

24



Flexible Jumper

Connector
Running tool

o 4

25



Pipeline End Termination (PLET)




Round Trip Pigging

= Topside launchers and receivers
= Able to circulate hot fluid prior to startup
» Able to depressurize up & downstream of hydrate plug

27
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m Flowline Design Considerations

» Hydrostatic Collapse S

 Flow Assurance

« Hydrographic survey
= Route survey
»= Avoid hazards

Crossings

Installation
= S-Lay
S » J-Lay (record deepwater)

Lay Tension 610 Kips 470 Kips

Pipeline Profile S-Lay vs J-La B - - -,

S-Sample Case —1000

18” Pipeline - 7,000 Water Depth L2000
S-La -La

—3000
Bottom Tension 189 Kips 63 Kips

Touchdown (-)6,162ft  (-)2,964 ft —4000

* Reel-lay

Water Dep th (ft)

/ " | = Wet buckle (buckle arrestors)
i LI 7000 ° I I I
P —— - Pipeline Repair

-8000 -6000 -4000 -2000

Distance (ft)
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Deepwater Riser Systems

Riser Functions: Riser Types:

* Drilling * Top Tension

* Workover » Flexible

* Production » Steel Catenary
* Injection * Hybrid

Export

29



S Top Tension Riser Configurations

Technology

TLP System

T T T e p e e S e T

i

==

Spar Buoy System

30
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Flexible Riser Configurations

1
=—

Stee

b “S” Riser

31
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Flowline versus Pipeline

Production Flowline Export Pipeline
* Higher pressures * Pressure controlled (pumps &
 Smaller bores compressors)
»  Produced fluids * Larger bore
change with time * Longer distances
* Flow Assurance  Single phase, clean (separate
issues: oil & gas)
= Water '
= Asphaltines
= Wax
= H2S
= Wet CO2

= Corrosion



« Vessel coordination, position,

GoM Deepwater Installation - SIMOPS

and control
* Dropped objects
 Weather window
 Loop Currents

« Potential clash (tight
clearances) between
following items during PLET
retrieval and installation:

Risers
Umbilicals
Vessels
Flowlines
Lifting Cables
Mooring lines

34



o Emerging Technologies
« Subsea Processing
= Separation
= Pumping / Boosting
= Compression

+ HIPPS
« HPHT

35
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Electric
Submersible
Pump (ESP)

36



ey High-Integrity Pressure

e Protection Systems (HIPPS)
HIPPS are designed to protect flowlines that are not rated for the full
shut-in wellhead pressure.

slee

1 ' ' +

=TT »

reservoir

overpressure source

logic solver 2003 voting logic
subsea safety instrumented system
subsea fortified zone

flowline

BSDV

host fortified zone

ONO GO WN -
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High Pressure / High Temperature (HPHT)

950

Temperature (deg. F)

200
5000 10000 15000 20000 25000 30000 35000

Source: OTC 17927 Pressure (psi)
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ﬁ Vertical vs. Horizontal Tree
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Debris Cap
Wireline Plug

Tree Cap

Tubing Hanger

Tree Body

Isolation Sleeve S
VERTICAL TREE: HORIZONTAL TREE:
= Vertical Valve Bores = Horizontal Valve Bores

= Tubing Hanger in Wellhead = Tubing Hanger in Tree



Piles
Type
o Jetted

e Suction

Functions
* Flowline Initiation
 Foundation
= Manifold
= Sleds
« Anchor for surface facility

Suction Pile

41



HIGH PRESSURE "
CAP
SPOOLTREE ————————=— n

TUBING HANGER

TUBING HANGER
VENT / TEST

ELECTRICAL LINE

AWV

AAV

THV &

__ DHPT |

[TA7)(xov2

06| &7

HIGH PRESSURE

GT

AAP

UNLOCK

=

CONNECTOR LOCK/

o

GTV

Horizontal Tree Schematic

PMV PRODUCTION MASTER VALVE

PWV PRODUCTION WING VALVE

AAV ANNULUS ACCESS VALVE

AWV ANNULUS WING VALVE

AMV ANNULUS MASTER VALVE

Xov CROSSOVER VALVE

CITH CHEMICAL INJECTION TREE HYDRAULIC

CIT™M CHEMICAL INJECTION TREE MANUAL

CIDHU | CHEMICAL INJECTION DOWNHOLE HYD. UPPER
CIDUM | CHEMICAL INJECTION DOWNHOLE MANUAL UPPER
CIDHL | CHEMICAL INJECTION DOWNHOLE HYD. LOWER
CIDUL | CHEMICAL INJECTION DOWNHOLE MANUAL LOWER
FIv FLOWLINE ISOLATION VALVE

SV SURFACE CONTROLLED SUBSEA SAFETY VALVE
PPTU PROD.PRESSURE /TEMPERATURE UPSTREAM
PPTD PROD. PRESSURE/TEMPERATURE DOWNSTREAM
APT ANNULUS PRESSURE TRANSDUCER

GT GASKET TEST

GR GASKET RELEASE

THV TUBING HANGER VENT

AAP ANNULUS ACCESS PORT

ACV ANNULUS CAVITY VALVE

DHPT DOWNHOLE ELECTRICAL PENETRATOR ASS’Y
PCV PRODUCTION CHOKE VALVE

CAP PLUG
EE}ODHU )
cIDUM
Eg}mDHM ) CITH
513 sv2
cibLM
oL, svt cItm
PMV
PPTU
Xov1
—Jer

HOT STAB

SCSSV

DHPT

ISOLATION SLEEVE

HYDRAULIC WELLHEAD
CONNECTOR

CVC HUB
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Subsea Umbilical Installation

43



