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DRILLING AND EVALUATION

FUNCTIONS

* Logic driven systems

* Control systems LOGGING WHILE DRILLING

o Signal processing = Formation evaluation

POWER & Com UNIT

= Generator CTL
= Pulser CTL

ENVIRONMENT = Communication (<40 bit/s)

= Depth: 10 km
= Pressure: 2000 bar
= Temperature: 175 °C

STEERING UNIT

= Trajectory CTL
= Dijrectional measurements
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MOTIVATION

SYSTEM LEVEL TEST OF OIL AND GAS DRILLING TOOLS

LIMITED POSSIBILITIES
* Error insertion

LIMITED ACCESS EXPENSIVE

* Deep black hole * * Time consuming

* No diagnostic plug e Offshore rig

« Mud pulse E . %...1 Mio. S/day
telemetry § S
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MOTIVATION
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APPROACH

INTEGRATE AND TEST EARLY

Functional
Acceptance
Test

Requirements determine

System
Integration &
Test

System
Specification

determine

Sub-System
Architecture

Subsystem
determine Integration &
Test

Unit Design Unit Test

Implementation
& Deployment

MODEL WHAT YOU DON‘T HAVE

VALVES FORMVATION

INVOLVE ,, ALL” DICIPLINES

ELECTRIC SW/FW
@, @

OPERATIONS

MECHANIC
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CASE STUDY - DOWNHOLE ISOLATION PACKER

Introduction
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DOWNHOLE ISOLATION PACKER

SCOPE
* Mitigate risk related to fluid influx

e |[solate or reduce a kick
* Restore well stability

- ."‘ h‘ r‘“.l.“l'l'l'ijﬂ'.u Furm.oed

Lucas Gusher, Spindletop, Texas, 1901

[John Trost, American Petroleum Institute]
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DOWNHOLE ISOLATION PACKER

SCOPE

* Mitigate risk related to fluid influx
PACKER ELEMENT

* |[solate or reduce a kick

* Restore well stability Blow Out
Preventer

/Drill String
ToP LEVEL REQUIREMENTS

e Shut-in the drill string
e Shut-in the annulus

* Circulation through bypass

Completion Packer Element
[Baker Hughes, a GE Company, ]
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PLANT OVERVIEW
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SYSTEM OVERVIEW

Driller Inputs
(e.g. Flow Rate)

FUNCTIONAL MODEL

| |
| |
| - 0 - N | '
| [Main Logic < | Pressure )
| " |
| _® |
| { o |
' @, ° |
: L 1Hz |
|
| 2 Actuator Logic & CTL | Sensor
=3
| o T ! | Vi, Vv,V ,
| g a@k ,@ | — - | > [ 4
| | . | )
| 100Hz! Thiiz) ||| | ¢—— EMotor :
| e | Valves Formation
\ - ______ T ————= - .. T
BAKER
UGHES

a GE company



ENVIRONMENT MODEL

PACKER ELEMENT (SIMSCAPE FLUIDS)

Completion Packer Element
[Baker Hughes, a GE Company]
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ENVIRONMENT MODEL

PACKER ELEMENT (SIMSCAPE FLUIDS)

Packer dP/dV

Ideal Translational
Motion Sensor

Completion Packer Element
[Baker Hughes, a GE Company]
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CASE STUDY - DOWNHOLE ISOLATION PACKER

System Level Testing
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SYSTEM LEVEL TESTING

Driller Inputs
(e.g. Flow Rate)

FUNCTIONAL MODEL

| |
| |
| - - - N | '
| [Main Logic < | Pressure A
| " |
e |
| o |
' @, ° |
: L 1Hz |
|

| 24 Actuator Logic & CTL | Sensor Mud Hydraulics
| T & ® — VoWV
: ﬁ i : ERR — |

..\\H | e |
| 100Hz! Thitz) ||| | ¢——2Mator :
| = | Valves Formation
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HMI

USER ACCEPTANCE TEST

DHIP Control
command DHIP STATE
Cmd_ACTIVATE v: Cmdto Surface  Cmd_ByPassOpen_RDY 8]
D B Main State_sealing [
Surtace Hud fow (ierimin) b0 Muttiport Valve  Stats_boo2Packer &
BOP Closed Failure THELLITE H Driller In pUtS
_______ (e.g. Flow Rate)
|
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USER ACCEPTANCE TEST

command DHIP STATE

Cmd_ACTIVATE - Cmd to Surface  Cmd_ByPassOpen_RDY 3]
D Comilae o Main State_sealing -1

Multiport Valve  State booZPacker 18]

H M I Surface Mud flow (fter/min) poo
Failure SPck_NMone -
BOP Closed = H
INPUT:
L]

* Operator CMD -2 Functional Model pra

bpvOpen:1 %

Annulus

* Drilling parameters = Environment |

pAAZ10.9 bar —
boo:0 %

* Error insertion Booste P—

String

OUTPUT:
* Tool status v o
SV

¢ FSM State .T FLTEE Y [7] PAB2128bar
e Plant status BHA, Drill Bit

Simulation

Env. Model variant used: Sim-Hydraulics
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SYSTEM LEVEL MIL j{
APPROACH ) oMp emo
D} Plant Status » Plant Status
O
ACTUAL =7 SET VALUE
NI
. . » Status Use Case 1 Driller Input Driller Input
o Size of Set Value list )
. @)
o Creation of set values ) ToolStatus}——— 1 »{ToolStaus
Error Error
»Based on Rules Nryey
E Variant Subsystem System Under Test Sink
/
Time | Variant SR.Vall SR.Vall SR.Val2 SR.Val2
Step Control | Act.Value | Set Value Act. Value Set Value
Variant Control
0 1 0 0 0 0
1 1 0 0 24 24
17 17 4 4
996 2 23 20 8 8
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SYSTEM LEVEL MIL —4}
APPROACH )
[96 Plant Status » Plant Status
ACTUAL =? SET VALUE
i i Status Use Case 1 Driller Input Driller Input
oSize of Set Value list )
o Creation of set values 9(3) Tool Status »|Tool Status
Error Error
RULE CHECK A
A Variant Subsystem System Under Test Sink
v'Intuitive T
»Rules derived from RULE SET
. Step Control
requlrements 0 1
>Knowing when Variant Control 4 1 Rule 3 Rule 5
you are done T Rule 4
54 ch|§HEs
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SYSTEM LEVEL HIL

MODEL BASED DESIGN
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Ny — 1

ACtLog|C ACt C-n— — éActuator _vabve Spnf ;#iics
Q R ok YemilvT 1

Test Cases ©) _____

Valves Formation
..
...
= K —
o 2 : Q
5 © . ., ©
S 9 K = o
o .
© K ©
o T O N T o
3 s ; [
© O o @ O
- . - Q
g 2 J 2 2
LD S— .. w S—
' .. '
HIL TESTING y
FW on TooI

Real Time Environment

Actuator Hardware

Actuator i:g
() "

#

+

Test Cases

Py | e

BAKER
UGHES

a GE company



SYSTEM LEVEL HIL

SURFACE SOFTWARE
Pressure [bar} l Temp. ('C} | Node Status
Sensor inside sting 1973 00 [eXeTe]
Sensor inside packer 1973 00 [eTe)s]
Sensor annubus above packer 1973 00 [eXeTe]
Sensor annulus below packer 1973 00 feYeYe)
State | Mode Status
Actuator bypass valve Closed [ee]e]
Actuator shing valve Clasing S00
Actuator multiport valve Stiing connected with protection sleeve Q00
Booster pump Ready to pump [oXeTe]
[Cap. (ah) Mode | Node Status
| Smart Battery Sub 2 | a0 m QOO
Text/State
Instruction from tool Increase sting pipe pressure INCR_SPP)
Main Logic State Preactivating close SV
Main Logic Status

)

Status

PROTOTYPE ELECTRONICS

Main Logic <

Driller Inputs

Pressure [i2C]

(e.g. Flow Rate)

fosc
N
@ 1Hz

= Actuator Logic & CTL
% @ - :® i ERR
S }

VM Vi

HARDWARE

Actuator

o2

R

MoDE. VISUALIZATION & CTL
BPV; .
=
En Boostel |:
‘Packer
MPV o ‘
o1 .1
BHA, Drill Bit
|
| !
.5: =
g o
1= £I5
<15 ol
o S18
ol— g’
i Lﬁ:as
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ v |
ReAL TIME ENVIRONMENT
Environment
Valve
Position =
Force '
Valves Formation
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WRAP UP

EARLY, FLEXIBLE

Functional

determine Acciepznce E LECTRIC
@)

)

Requirements

System
determine Integration &
Test

System
Specification

Subsystem
Sl ] determine Integration &
Architecture Test

Unit Design Unit Test

Implementation
& Deployment

HIL

MECHANIC

COLLABORATION

SW/FW

A

OPERATIONS

REUSABILITY

MoDE. VISUALIZATION & CTL

8PV .|.4
| |

NPV

|
| !
Driller Inputs .5' e
(e.g. Flow Rate) %;:E %5
&5 SIE
sIE Sig
! ﬁll &
v |
o “
ReAL TiME ENVIRONMENT
Pressure [i?
= Environment
Valve _ Senstir \ Mud Hydraulics
Position i =)
Force
D Valves Formation
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ENVIRONMENT MODEL

ACTUATOR MECHANICS (PLANT)

DRIVE TRAIN VALVE

PSS p.
> ”
rodPosition_m

| | P
. | |
B S PS> S-@_O._.Aa@p -—o
-« S Ol A =

omegaShaft rad_s

Documentation
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CASE STUDY: HIL REAL TIME SETUP

- Model State
< Driller Inputs
< Error Insertion

" Real Time Target
- P ~ N
Real Time Host
) . (Windows)
PoOS.vaLve i DLL ——— .
Environment TCP/IP
o Model
~ S Y,
L = -
P 4
SENS . FPGA
= i2C
\_

Visualization
Driller I/O
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CASE STUDY: FIRMWARE ARCHITECTURE

ﬂip Ctrl




SYSTEM LEVEL TESTING

UNIT TEST COMPLETED
int16 D1 int16 D1
Input_1 <Input_1> »Inl Outl » Output_1
STATIC:
® V&V TOOl bOX Input_2 i::;(iut‘)clb »In2 Out2 int16 D1 » Output_2
* MAAB (SU bSEt) TEST Source Unit Under Test TEST Sink

e Custom rule set

DYNAMIC: “per testcase” XLS Sheet

. XLS based teSt o mw
Step Act. Value | Set Value Act. Value Set Value
e Actual =? set value

x1(0) x2(0)

* Coverage

1 x1(1)  x2(1) 10 10 -3 -3
¢ Report generatlon 7 x1(2) x2(2) 10 20 5 5
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