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History of Formation Testing and Sampling

v Services in Weatherford Wireline

A SFT

A pressures & ficonventional o sampl i

A FRT

A low cost sampling system, basic pump out formation testing tool

A MFT

A slim hole tester, pressures only

A RES

A full suite of options, configurable to well conditions and client requirements

A Sampling MFT (2013)

A slim (2.40 OD) pump out sampling

— Electronics

n g section

— Sonde section
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¥ Why 6Choiced Matterseé

Because formation testing is not a one-size-fits-

all proposition. Circumstances vary

Formation Testing Considerations

High levels of uncertainty
Exploration project Typically require many samples

Require advanced downhole analysis
Developed field Basic, efficient low-cost FT solution generally appropriate

- Elevated lost-in-hole risk
High-risk wellbore

o Do Io Io o Do

Prevalence of small clearances and hole problems



¥ We Offer Optionsé

WFT Tools Operating Conditions Technical Needs

Reservoir Evaluation
System (RES)

FRT
MFT
MFT 1T sampler
(2013)

MFT
MFT T memory
MFT i sampler
(2013)

To o To o T I Io

exploration wells
high-profile wells

technically challenging sampling

conditions

critical fluids near bubble point
presence of asphaltenes
oil-based muds

carbonate reservoirs

lower-cost, development wells

hole problems common

o Do o Iw

T>

ToTo  To o

optical fluid analysis

high resolution fluid
measurements

large numbers of samples per
descent

adjustable tool configuration

limited functionality: pump, few
samples, basic fluid
measurement

water-based mud sampling

high sticking risk mitigation
reduced lost-in hole risk
exposure

multiple conveyance options
water-based mud sampling



W Tech. Focus: FRT (Flow Rate Tester)

A highly cost-effective wireline-deployed
formation testing and fluid sampling system

A Basic dual-packers system for zonal isolation or

optional OH Probe
A Basic pump-out section for sample cleanup
A WBM Fluid identification (Resistivity Capacitance)
A H,S rated (less 5%)

A Two PVT samples per run

r Exhaust port
P

Variable

Tool feature
Tool module

Gamma ray

Electronics module

— Pump module

Sample chamber
maodile

Valve body module

Intake port

Packer module

=

4 12in.
(114 mm)
minimum



& Tech. Focus: Reservoir Evaluation System
(RES)

A Uniform tool OD: 4.5 in

A Sectional design:
A Pump (RMP)
Probe (REP)
Packers (RPS)
Fluid Measurement (RFM)
Optical Fluid Analyzer (RFA)

o To Do o D»

Fluid Sampling (RSC & RSB)




v Tech. Focus: Reservoir Evaluation System
(RES)

AMultiple features that reduce pressure uncertainty

A Dual quartz gauges
A Gauges at same location
A Customer dedicated gauge option

A Quick temperature stabilization

ADual flow lines

A Increase tool configuration options
A Reduce uncertainty in focused sample cleanup,
A Enable back-up of key measurements

A Reduce tool length / rat hole for focused sampling
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¥ RES Measured Pump (RMP)

Pump Rate (Pressure Differential Dependent):
A Range: 0.05-0.75 Gallons per Minute

A High rates for fast clean up

A Slow control for heavy oil, unconsolidated sands, critical
fluids

New generation pump

A Pump piston position measurement
A Direct hydraulic rate control

A Ability to run multiple pumps in same stack

rrrrrr
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W RMP Application: Spain

A Client pumped for > 24hrs / well on three well campaign, less than would

have been required using conventional tools

A Overcame deep invasion to collect representative sample

A Five mini-f r aperfosmed to determine formation fracture

1680.0
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& Packer and Probe Seal Options

OH Probe (REP):

A Best-in-class flowline storage of 62 cm?3
A Faster build-ups and crisper pressure response
A 60 cm3 recyclable pretest 0.1-5 cm?3/s

A Large reservoir testing range from 0.008 mD- 4D
A High articulation seals more reliably

A Focus sampling options to expedite clean

samples

Straddle Packers:
A Sizesfrom4 . -5 d 0
A Variable spacing from 0.5-5M
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¥ Relevance of Low Tool Storage Volume

A Differences in storage volume do affect measurements

A Example: Tool leaving tool storage sooner is ~1/2 decade faster to flow

regimes

Log-Log Plot
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¥ RES Fluid Measurement (RFM)

A Dual sensors, one in each flow line

A Fluid Properties Measurement:
A

A
A
A
A Mechanical: 0.01 g/cc
A Nuclear (Optional): 0.002 g/cc
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W RES Fluid Analyzer (RFA)

/0 Channel Photometer
A

/Rl based Gas Breakout Sensor

fOptical Reference Path -
A
A

FOptical Fluid Analysis
K
A
K
A
K

Absorbance (AU)
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He Ha0 €02 CHs & Patent: US 2007/0229821
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W RES Fluid Analyzer- Example Spectrums

Station: 5 ; RFA1 Real Tir 1 - x _ StstioniS . RFAI Real Time Spectrum Plot |
RFA1 Real Time Spectrum Plot @ 93s P RFA1 Real Time Spectrum Plot @ 200s
490 .
<
=
o
3
3
&
400 — 400
o
z
€
£
= 3
=3
= &
73.00
§3 00 §
= e
2 g
€ €
2 2
gm0 3200
& &
H I
3 3
~ ~
Z g
S 1.00 E 1.00
3 3
3 3
& &
NN
|
0m 000 e
4500 7200 10800 14400 1800.0 21600 4500 7200 1080.0 14400 18000 21600
Wavelength (nm) Wavelength (nm)
—— Spectrum Avg 2 sec —— Spectrum Avg 10 sec —— Spectrum Avg 2 sec —— Spectrum Avg 10 sec —— Spectrum Avg 120 sec
___StatboniS s RFALReal Time Spectrum Plot Station: 5 L; RFA1 Real Time Spectrum Plot |
RFA1 Real Time Spectrum Plot @ 304s RFA1 Real Time Spectrum Plot @ 1490s
490 490
o
= 4
g 12}
o
b= IS
a0 S0
o
: :
g E ‘
g
g N\ g N\
@ o W
5 o
§ 300 g 300
= e
f% g ‘\
g = | s =
= = —.
8200 2200
o o
g 3 —
2 1
by =~ & — e~
g 2
Z | <<
E100 7 E100
£ ——— / g
=] i
o000 0.00
4500 7200 1080.0 14400 450.0 7200 1080.0 14400 18000
Wavelength (nm) Wavelength (nm)
—— Spectrum Avg 2 sec —— Spectrum Avg 10 sec —— Spectum Avg 120 sec —— Spectrum Avg 2 sec —— Spectrum Avg 10 sec —— Spectrum Avg 120 sec —— Spectrum Avg 600 sec




W RES Sample Carrier (RSC)

A Uniform 6 cc dead volume per bottle

A 4 Samples Bottles per carrier (up to 4
carriers i 16 Samples per trip)

A Number of Carriers limited by
conveyance

A Integrated exhaust port with valve

A Electro i hydraulic bottle valves
A
A




¥’ Ensuring Sample Integrity, Across All Platforms

A All sampling systems use same premium-grade sample bottle

A Ensures sample integrity, from wellsite to the lab




W MFT CompactE For mati on

A pressure testing workhorse

A No complicated hydraulic systems

A Unique centralized articulating pad seals more reliably than traditional

pad
A Technology leader 9 cm3 tool storage volume
A Variable rate 40 cm3 pretest
ALarge | oggi ng -1r7aon gwee | flrboom e3:
A More conveyance options than any other formation tester
A 749 jobs in 2011 with only 8 CMS failures

AOnly 8 MFT6s have ever been lost in |
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o Case Study: MFT CompactE Formation Tester

(Texas, USA)

ACompact E repeat
performs 53 pressure tests in difficult
hole conditions

AOperation completed in less than 8 ¥
hours
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