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JL_N Avalon Sciences Ltd

GeochainM ¢Well Seismic

Optional- TCU
Tension

' Telemetry
Compression _
LFJ)nit Adapter Section Unit

TAS Optional¢ DFU
Data Formatting

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

DOWNHOLE STRING ASSEMBLY

Laptop running
ACQ Software

Optional¢Gamma Ray Tool
ITC

Geochain

Receiver e
Up to 62 Inter-tool Connector (custom
satellites length and rigid option).

Recorder Digital Remote Source
Panel Controller
SURFACE PANELS + optional@
GSP GPP

VRS Nose Cone with
Voltage Regulator motion sensor
Section
<€
UP HOLE

©
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ASL LEADERS IN BOREHOLE SEISMIC TECHNOLOC

\(\_” Avalon Sciences Ltd ASRL (HP) Satellite Specifications
Length opeg oyynYYo
Diameter 0é¢ O6TCcYYO gAGK2dzi y2RSa
Weight 411bs (19kQ)
Ma|n Features Max locking range MHE 60npYYO {0GFYRIFNR 2NJHHE O0ppdYYO AL

Max locking force 300 Ibs (Standard Arm)

ldeal forVSP& Microseismicsurveys_ Temperature 400°F (204C) Analogue / 43F (225C) EHT 385°F (195C) Digital XSeries

Up to 62 satellites. Pressure HP- 25,000psi (1750 bar) 30,000 psi EHP version available.

o) 8 h le:I é 7\ Q S 5 }\ | Y S l] S NJ ¢ 2 2 f CD Sensors 3 Component Gimbaj Sensor SMt HT 10Hz

. . 3 Component Fixed SMC 2400 15Hz Omimual/Quad

Stand.ard 7 conductor .\Nlr.elme' Well Deviation Control 0°-95°

Real_ time data transmission. | banels Py —

Multiple 3 component sensor options. DCP2 & GSHL (Analogue)

24-bit delta sigma convertors.
Unigue Active Cooling System for continuous operation atlB595C).  Pownhole Specifications

25,000psi (1700 bar) high pressure rating. Max. No. of Satellites 62
: LI 2 5 cnn9Q oHNNAYOL 0Si 7/} (S y A 0 S xTAs Telemetry Sample interval Bandwidth Hz I {wQa {wQa 6A0K
Gapless recording for passive monitoring surveys. 1/4ms 1600 8 15
Quick and easy conversion from Analogue to Digital operation. 1/2ms 800 16 30
00 32 60
Tractor Deployable tms !
. . . . . . 1.5ms 266 48
New: Integrated high side indicator in every receiver. o 200 o
Fu nCtlona“ty Dynamic Range >112dB @ 0dB prgain (minimum)
. . A/D t 24 bit DeltaSi
The Geochait¥ VSP array has been designed for use in open and converer " oelasigma
. T . Downhole Gain 42-54dB
cased holes using standard 7 conductor wireline. The array is based o
. Distortion <0.02%
on the well proven ASR downhole geophone and can be used in 56 offce Selfcalibrat
gStta dzLJ G2 HpIZInnn LIEA O MIHTEP MO Yodh NI | 57 e o tmiioa  1ive 1 vmv e
Max data rate 4 Mbit/second
to 559mm).
Min. data rate 256kbit/second
: . : Wireline 7 Conductor (Heptacable)
The modular nature of the ASRtool allows quick optimisation for o
various surveys ranging from high temperature deep well check shot S”rfa"? Specifications -
to complex high sensitivitmicroseismi(monitoring. Recording panel GPP or GMP & GS8RDigital) DCR and GSR (Analogue)
Software ASL Acquisition Suite and Copyw&Prowes® Processing Software
Cable equalisation Fully automatic using internal DSP chip
Airgun firing pulse 60V, 30ms
Test system Fully automatic with comprehensive report generation
PC Interface usB
Power Requirements 100/230 V AC, 483 Hz universal input, 30 watts
Operating Temp 32-104°F (B40°C)
Enclosure {dF yRFNR mdé NI O] Yz2dzyGAy3

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain
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ASL LEADERS IN BOREHOLE SEISMIC TECHNOLOC

\(t_m Avalon Sciences Ltd

Main Features

Interfaces digital Geochain string to wireline cable.

Equal wireline power distribution.

Separates downlink power and uplink telemetry.

Unique Active Cooling System for continuous operation atRB8593C).
25,000psi (1700 bar) pressure rating (-RAISP).

TAS/XTAS Telemetry Adapte
Section

Functionality

A The TAS serves to interface the Geochain-shohg to the main wireline cable. I l
System power from the surface is distributed equally over six wireline conductors.
Transformers in the TAS separate this power from the downlink and uplink data
signals.

A The TAS receives the data from the Geochainstriig and retransmits this to
the surface, in a coded and modulated form.

A The TAS also receives synchronisation and command information from the surfac 2 (HP) Specifications Ro28Y

and relays this down to all ASRs in the ising. E?;rit:ter g"z q’g i . (\)f\n(:, cYY®o
Weight 21.6lb (9.8kg)

A The TAS may be connected directly t(_) the top AS_‘.R using a sp_eC|aI coupler, bgt |5Temperature 385F (195C) *Digital Only
often separated by a short ITC to avoid any possible degradation of the seismic

response of the ASR. Pressure 25,000psi (1750 bar) HP version
Max Telemetry Data Rate 4Mbit/second
Min Telemetry Data Rate 256kbit/second
Panels GPP or GMP & G3RDigital)

Yesg Firmware upgrade required to all previous 20:
TAS2

Wireline 7 Conductor Heptacable

DFU Compatible*

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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JL_N Avalon Sciences Ltd

ASRHP Advanced Seismic Receiver

Main Features

A 1deal forVSP& Microseismicsurveys.
A High strength motorized locking arm
Aoé¢ hdziaARS 5AFYSGSNI ¢22f @
A Standard 7 conductor wireline.

A Real time data transmission.

A Multiple 3 component sensor options.

A Quick and easy conversion from Analogue to Digital operation.
A Accepts various digital and analogue digitiser modules (up 625
A Accepts various sensor pack modules for survey customization

A 25,000psi (1700 bar) high pressure rating (30,000 psi EHP available).

Functionality

A ASRI1 downhole geophone and can be used in wells up to 25,000
-/ HRE K2y B @A | B@ WWER &

LJAA omMZTpn OF ND

A The modular nature of the ASRtool allows quick optimisation for
various surveys ranging from high temperature deep well check

shot to complex high sensitivitpicroseismianonitoring.

Recorder Digital Analogue
Panel Panel
GSP GPP DCP

ASRL (HP) Satellite Specifications

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

TAS/DFU Telemetry Adaptor
Section/Data Formatting Unit |

ITC Inter Tool Cable————— DOWNHOLE LOCATIO

ASR1 Advanced Seismic
Receiver

ITC Inter Tool Cable——

ASR1 Advanced Seismic
Receiver

OMVHE

Length opé oyynvYYo

Diameter 0 O6TcYYUL gAlK2dzi y2RSa

Weight 41lbs (19kg)

Max locking range & Force MHE O60npYYO {dGFyYRINR 2NJHHE O0pppYYO GAL
Temperature 40C°F (204C) Analogue / 437 (228C) EHT 385°F (195C) Digital XSeriep

Pressure

Electronic Modules

Sensors

HP- 25,000psi (1750 bar) 30,000 psi EHP version available.

Digital Modules AS270, AS271, AS2723gfies), AS273

Analogue Moduleg DHA53 205C, EHT9 225C

3 Component Gimba] Sensor SMt HT 10Hz

3 Component Fixed SMC 2400 15Hz Omimual ASR23/232 and Quad ASR7

Well Deviation Control 0°-95°

Panels

Wireline

GPP or GMP & GSRDigital)
DCPR2 & GSH (Analogue)
7 Conductor Wireline, Connects to HHE/ITGEHP, Male Coupler/Avalon wireline head.

BSI
:m sales@avalonsciences.com
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. ASL

Avalon Sciences Ltd

DOWNHOLE
LOCATION

GEOCHAIN ONLY

VRSHP¢ Voltage Regulator Section

DOWNHOLE LOCATIO

Main Features ASR1 Advanced Seismic
Receiver

A Voltage Regulation.

A Sinker Bar.

A Motion Sensor.

A Standard 7 conductor wireline.
A High Pressure.

A High Temperature.

Functionality VRS Voltage
Regulator Section

A The VRS (Voltage Regulator Section) is located at the bottom end of the
Geochain digital receiver array and serves the guepose as a voltage
regulator to establish the 110 volt ASR arm operating motor voltage. The
second function is to act as a sinker weight and is equipped with a motion Nose Cone

sensor assisting with the lowering of AST tools down the borehole. & Motion Sensor
(SINK1 can be added)

A A portion of the current, through the VRS, is diverted to operate the ASR arm
control motors. The GeochainTM software is able to resolve any current
demands required by the ASR arm motors by automatically suspending one VRS (HP) Specifications
or more motors until more current is available.

Length PHE OMOHAYYU ¢
Diameter 0€ OTCYYVU
Weight 95 Ibs (43kg) with nose cone
Digital Temperature 385°F (195C) *Digital Only
Igita
Recorder 9 Pressure 25,000psi (1750 bar) HP versio
Panel
Panels GPP or GMP & GSHRDigital)

SURFACE PANELS

C_3-
alE ydzyoSNJ 2F 62

Wireline 7 Conductor Heptacable

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain
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DFUc¢ Data Formatting Unit

Main Features

A EnablesGapless Microseismic Operatiaf Geochain system.

A Compatible with all Geochain digitiser modules

A Doubles the number of tools available for a given sample rate whe
runningmicroseismianode.

A Unique Active Cooling System for continuous operation at@95

A 25,000psi (1700 bar) pressure rating.

Functionality

A The DFU is a downhad®ndethat allows the user gapless operation
when used with an X Generation TAS (Telemetry Adapter Section).

A Itis located in between the-XAS and the digitisers.

A The DFU contains memory that stores digitiser data whilst the TAS has Data Formatting Unit

stopped, enabling the data to be continuous without gaps.

To perform gapless recording you will need:
1. DFU (AS62),
2. XTAS (AS61),
3. GSP with a LRX 2B card.
4, ACQ Software v.3.X+

Recommended:
4. Networked storage system in place (NAS)
5. Geochain Monitor Panel (GMP)

Optional Gamma Tool

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

DOWNHOLE
LOCATION

Optional TCU

X- Generation TAS —
Telemetry Adapter
Section

Salectable batween
1Mbps, 2 Mbps ar 4Mbps

DFU Specifications

Length hPT p€ OHp N -Rytafing nut © RénHle end.
Diameter 0§ O0TCYYU

Weight 9.51b (4.3kg)

Temperature 195 C (Digital Only)

Pressure 25,000psi (1700 bar)

Panels GMP or GPP & GSRDigital)

Wireline 7 Conductor Heptacable

BSI
:m sales@avalonsciences.com

www.avalonsciences.com/downhekguipment/geochain



ASL LEADERS IN BOREHOLE SEISMIC TECHNOLOC

| Avalon Sciences Ltd 260°C, 100 psi
(internal)
Hermetic
Connector

NEW 206C Rated
Power Supply

Main Features
New Seismic Boards for

Low noise, High gain Geochain digitizer module. improved data rates*

Robust operating temperature 385 (195C) 200'C Rated D15

Doubles existing Geochain system data rate, allowing 60 tools atconnectoiSpring
loaded mount for

1ms sample rate* creased

Enables continuous recording fancroseismianonitoring* robustness.

Newflasking hermetic seal employment and upgraded active

cooling.

Upgraded high temperature power supply.

Upgraded electronics

Integrated High Side Indicator

Selectable Damping and Gain

Upgraded Thermdclectric

Cooler withoptimisedheat

exchange efficiency giving
385°F External rating

Functionality _
New Molecular Sieve

The Xseries digitizer upgrade for the Geochain system, provides higher to absorb airborne
operating temperatures and higher telemetry rates, allowing continuous, = _ moisture
o . . . High Side Indicator
monitoring in the most hostile well conditions.
This is the next development of the industry acclaimed AS271 low noise *Used in conjunction with XAS and DFU unit.
high gain digital module, which now introduces upgraded active cooling
technology and thermal insulation components for increased robustness i~

addition to facilitating new operational functionality of your Geochain pownhole Speciications AS272
string. Max. No. of Satellites 62
Compatible with all Geochain and Geochain EHP tools (Slim variant Telemetry Sample interval Bandwidth Hz I {wQa I {wQa 6AGK
; 1/4ms 1600 8 15
ava”%ble). 4 ' A v S 1 4 4 4 - » - » EARNERN 1/2m5. A e —_— ASO,Q X as » ~ 1’6 - > o oa EAEN §O -~ ~ » ~
CILOAtAUlFUOUSEAa WaAE g3 al UOKQ O2YLJ a7 1ms 400 32 60
same Strlng 1.5ms 266 48 62
Dynamic Range >112dB @ 0dB prgain (minimum)
A/D convertor 24 bit DeltaSigma
Downhole Gain 42-54dB
Distortion <0.02%
DC offset Selfcalibrating
Max data rate 4 Mbit/second
Min. data rate 256kbit/second
Wireline 7 Conductor (Heptacable)

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain
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ASL

J Avalon Sciences Ltd

e 260°C, 100 psi
. i )]
- High Temperature (interna
'{HTM™M QpnR. DIFAYQ 5 Power Supply J Hermetic
L Connector

High gain, Low noise h
Seismic Boards ideal for

both Microseismic and

offset VSP work

Main Features

A Low noise, High gain Geochain digitizer module.

A Long term operating temperature 3%6 (180C)

A Plugin 18C°C Digital module for ASR

A Downhole Cooling

A 24bit A/D Conversion

A Run with 3 component Omudlirectional 15Hz fixed sensor pack

A 52dB downhole gain

A Optimised for VSP work

A Standard & Extra High Pressure (EHP) compatibility

A Compatible with latest XTAS and DFU modules for both VSP and
Gapless monitoring operation

Functionality
A The AS271 digitizer upgrade for the Geochain system, provides greater S/M

ThermoElectric Cooler with
Active Cooling giving
optimisedheat exchange

downhole digitisation along with tool communication to TAS, even at higheér 200'C Rated D15 efficiency giving 35
2LISNF GAy3 GSYLISNIY GdzNB & @ 2 KSy OF YoMy g A 1K G KS Wvdzd RO\ a$ ARG ) O =
is the ideal choice for high sensitivity borehole seismic acquisition. 'Oa‘?sgr?ac;‘égt for

A This is the next development of the industry acclaimed AS270 low noise robustness.

high gain digital module, which now introduces upgraded low noise/high
gain seismic boards and thermal insulation components for increased

Downhole Specifications AS271

robustne_zss iq addition to facilitating new operational functionality of your Superseded by AS272 but stil compatible.
Geochain string. Max. No. of Satellites 62
A Compatible with all Geochain and Geochain EHP tools (Slim variant Telemetry Sample interval Bandwidth Hz Receivers (AS271) ! {wQda oO! {HT
. 1/4ms 1600 8 15
ava”abl?)- _ _ o 1/2ms 800 16 30
A Compatible with DFU and XTAS to deliver Gapless monitoring. 1ms 400 32 60
1.5ms 266 48 62
Dynamic Range >112dB @ 0dB prgain (minimum)
A/D convertor 24 bit DeltaSigma
Downhole Gain 54dB
Distortion <0.02%
COMPATABLE WITH and oC ofse
1.5 Mbit/second (X Series AS272 can deliver
GEO EHP Max data rate 4Mbit/second).
. . . . Min. data rate 256kbit/second
Geochain Dlgltal Geochain EHP Dlgl d Wireline 7 Conductor (Heptacable)

BSI
O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain

mmmmmm



ASL LEADERS IN BOREHOLE SEISMIC TECHNOLOC
—Ju— Avalon Sciences Ltd

Main Features

Plugin 18CC Digital module for ASR

Downhole Cooling

24bit A/D Conversion

Run with 3 component Onmudirectional 15Hz fixed sensor pack
Standard 7 conductor wireline (heptacable)

42dB downhole gain

Optimised for VSP work

Standard & Extra High Pressure (EHP) compatibility

Functionality Specifications
ASR270
Downhole Digital module for Geochain ASRABRASHEHP
Provides digitization of ASR geophones, sampling down to 250us. DOl SR EEEE L2 T _ _
. . Superseded by AS272 but still compatible.
Contains tool arm motor switch control board. R
Monitors internal tool status, acoustic response & internal tool temperature teiemetry Sample interval Bandwidth Hz L {wQa
(within electronicamocdule. 1/4ms 1600 8
. . . 1/2ms 800 16
Contains active cooling. 1ms 400 32
1.5ms 266 48
Dynamic Range >112dB @ 0dB prgain (minimum)
A/D convertor 24 bit DeltaSigma
Downhole Gain 42dB
Distortion <0.02%
DC offset Selfcalibrating
Max data rate 2 Mbit/second
Min. data rate 256kbit/second
Wireline 7 Conductor (Heptacable)

BSI
O sales@avalonsciences.com www.avalonsciences.com/downhekquipment/geochain



LEADERS IN BOREHOLE SEISMIC TECHNI

ASL

Plugin high temperature digital module for ASR mount for 180°C Rated

Main Features

\Hﬁ Avalon Sciences Ltd New Molecular Sieve (internal)
to absorb airborne Hermetic
180'C Rated moisture Connector

D15 Connector
Spring loaded

increased Power Supply

robustness.

Low noise, High gain (54dB) Geochain digitizer module.

Increased operating temperature (18L/356°F).

Enables gapless recording farcroseismianonitoring

New flasking, hermetic seal employment and upgraded active cooling.
Upgraded high temperature power supply.

Upgraded electronics

Selectable Damping and Gain

Bypass mode capability

Upgraded Thermo
Electric Cooler with
optimisedheat exchange
efficiency giving 356F

External rating

New Seismic Boards

Functionality for improved data

rates
The AS273 digitizer for the Geochain system allows g gapless monitoring in

the most hostile well conditions. Downhole
Specifications

This is a development of the industry acclaimed AS271 low noise high ge

digital module, which now introduces upgraded active cooling technology TAS Telemetry  Sample interval  Bandwidth Hz ' {wQa
and thermal insulation components for increased robustness in addition t 1/4ms 1600 8
facilitating new operational functionality of your Geochain string. 1/2ms 800 16
Compatible with all Geochain and Geochain EHP tools. Lms 400 2
Bypass mode capability limits system damage in the event of a tool failur Lo . 18

Dynamic Range >112dB @ 0dB prgain (minimum)

A/D convertor 24 bit DeltaSigma
Downhole Gain 42-54dB

Distortion <0.02%

DC offset Selfcalibrating

Max data rate 1.5Mbit/second

Min. data rate 256kbit/second
Wireline 7 Conductorileptacablg

sales@avalonsciences.com www.avalonsciences.com/downhoekuipment/geochain



ASL LEADERS IN BOREHOLE SEISMIC TECHNOLOC
—Ju— Avalon Sciences Ltd

ASR size amplifier

Main Features board

Modified mil connector

54dB amplifier

Plugin 200°C(225°C EHT) analog module for ASR High Temperature D155
EHT module specified to 225 crimp connector
25,000psi pressure rating

Single or dual

Run with 3 component Onmudirectional 15Hz fixed sensor pack
Standard 7 conductor wireline (heptacable)

Gamma or CCL operation

Optimised for both VSP and hydraulic fracture monitoring work Positronic HEX male dowel O-ring
Standard & Extra High Pressure (EHP) compatibility

Functionality Specifications
ASR53
Replacement of the electronic module with an A&RDownhole Amplifier Downhole gain: 54dB
gggo%es a single or dual level string to be deployed in very hot wells up to S T——— S
The DHA and sensor pack can be upgraded telAS&ra High Temperature VEmpERETES At
(EHT) to provide 22& operational temperature. Temperature (EHT): 225°C
Unlike conventional EHT tools that rely on thermal shielding theEA$R - 25,000psi

uses 230C electronics to allow for several days use at elevated temperatures.

The modular construction of the ASR DHA allows it to be easily converted Surface converter: 24Dt
with an ASRL electronic module. Sample rate: 250us maximum
Frequencyesponse: 10-1600Hz
Control panel: DCP2
Recording system: GSPL

BSI
O sales@avalonsciences.com www.avalonsciences.com/downhekquipment/geochain
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Main Features

Plugin 225°C EH'aqalog module for ASR High Temperature D155
EHT module specified to 225 crimp connector
25,000psi pressure rating

Single or dual

Run with 3 component Onmudirectional 15Hz fixed sensor pack
Standard 7 conductor wireline (heptacable)

Gamma or CCL operation

Optimised for both VSP and hydraulic fracture monitoring work
Standard & Extra High Pressure (EHP) compatibility

Functionality

Replacement of the electronic module with an EEBTDownhole Amplifier
enables a single or dual level string to be deployed in very hot wells up to
225°C.

Unlike conventional EHT tools that rely on thermal shielding the A$R

uses 230C electronics to allow for several days use at elevated temperatures.

The modular construction of the ASR DHA allows it to be easily converted
with an ASR electronic module.

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

ASR size amplifier

board

Modified mil connector

54dB amplifier

Positronic HEX male dowel O-ring

Specifications
EHT19

Downhole gain:

Well Deviation:

Temperature:

Pressure:
Surface converter:

Sample rate:

Freguencyesponse:

Control panel:

Recording system:

54dB
0-90°
225°C

25,000psi (in ASRP Housing)
24bit

250us maximum

10-1600Hz

DCPR2

GSP1

BSI
O sales@avalonsciences.com
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Main Features

Plugin 240°C UHTanalog module for ASBHT
Run with 3 component Onmudirectional 15Hz UHT
fixed sensor pack
Standard 7 conductor wireline (heptacable)
Compatible with Gamma or CCL operation
Optimised for both Extreme Hostile well VSP and
hydraulic fracture monitoring work
Standard & Extra High Pressure (EHP) compatibility

Functionality

Corresponding downhole amplifier for ASIRIT Tool for extremely high
temperature analog operation in wells up to 203464F.

Unlike conventional EHT tools that rely on thermal shielding the A$R
uses 240C electronics to allow for several days use at elevated temperatures

Modified mil connector

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

ASR size amplifier

board

Specifications
UHT06 DHA

Downhole gain:
Electronics

Well Deviation:
Temperature:
Compatible Tool Body

Pressure:

Surface converter:
Sample rate:
Frequencyesponse:
Control panel:

Recording system:

48dB amplifier

Ultra High Temperature
Lemo Connection for ASR
UHP

O-ring

48dB
Analog
0-90°
464°F/240°C
ASRUHT

25,000psi (in ASBHT Housing)/30,000 psi
in ASRUHP UHT Housing.

24bit

250us maximum
10-1600Hz
DCPR2

GSP1

BSI
O sales@avalonsciences.com
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\(L_N Avalon Sciences Ltd

Omni 2400n Geophone PerElement
Optimum Orientation Horizontal
) Operational Range 0°to 18C¢°(Omni)
M ain Featu res Natural Frequency (Fn)
_ ) ] Optimum Orientation 15 Hz +/5%
Ideal forVSP& Microseismicsurveys. Operational Range 15 Hz- 5% to +15%
Four geophones per axis. goit'_ Excugm't’ . 010 i >.306
. . Ay ~ . ptimum Orientation >0. in, >. cm
Fits standard and highJNS a a dzZNb ! { wQa @ Operational Range 0.022 in. >.051 cm
Greater signal to noise ratio. Spurious Frequency 250 Hz
Modular for quick and easy customisation. Resistance 2400m +/-5% per transducer
Sensitivity
. . At Optimum Orientation 52V/m/s +/- 5% * Quad Pack = x4 elements in series = 208 V/m/s)
FunCtlonallty At Operational Range 52 VIm/s-15% to +5% &20AC Quad Pack = x4 elements in series = 208 V/m/s)
Open Circuit Damping
Ideal for use with high gain 54dB digitisers. Optimum olrientation 0.57 +/15%
e < Operational Range 0.57 -20% to +10%
Overall sensitivity up to 115,564 V/m/s at®F82%C) perations ang
. . Moving Coil Mass 7.6 gr
Ideal for use with standard, HP and EHP Geochain systems. Distortion
i d \ *
Operating temperature up to 43¥ (22%C). Optimum Orientation <0.20%
Quadvs Dual Overall Sensitivity @ 2D Operational Range <0.70%
L L Storage Temperature -40°F to 212°F €40 to +100C)
. Sensitivity Sensitivity Overall . N
Sensor Pacl Electronics ga".‘pt'”g (leoyvr:hole undamped damped Sensitivity CREELIE DEmEREE DR 00 P D S 2 )
esistors —ain Vim/s Vim/s Vim/s* Geophone Dimensions:
Gimbal Weight 49 gr
Mono AS272 VSP Moc10.29 ¥n  44dB 80 60 9490 e e 222 cm
Dual AS271 47K 54dB 104 94.4 47200 Height 2.70 cm (3.00 cm Including Terminals)
Quad AS271 47Kwn 54dB 208 173 86350
AS272/AS251
Quad VSP Mode 10.294n  44dB 208 108 17013
Quad STl S 48.13n  56.5dB 208 173 115564

uSeismic Mode

*pback calculation to correct digitiser gain is applied in acquisition software to provide true sensor amplitude.

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain



ASL LEADERS IN BOREHOLE SEISMIC TECHNOLOC

\(L_N Avalon Sciences Ltd

Gimbal 350 Geophone PerElement
Optimum Orientation Dedicated to either Horizontal/Vertical
. Operational Range 0°to +45° (Mono)
Maln Features Natural Frequency (Fn)
Optimum Orientation 10Hz +/5%
Ideal forDeviated Well VSP Operational Range 10 Hz- 5% to +15%
10Hz Geophone_ Coil Excursion-P
A « 4 ~ ~ Ay tim rientation, >0.2 cm
CAtla adlyRFENR FyYR KAIK LINB A& dZNEreradond i 8 @ 0.0 om
Self orientating 3C Orthogonal Unit Spurious Frequency 250 Hz
Single Geophone Per Axis Resistance 3500w +/-5% per transducer
Modular for quick and easy customisation. Sensitivity
. . At Optimum Orientation 80V/m/s +/- 5%
FunCtlonallty At Operational Range 80 V/Im/s-15% to +5% &20/C
) ) o Open Circuit Damping
Ideal for use with standard gain mode digitisers. Optimum orientation 0.356 +/15%
e < @] ti IR 0.356 -20% to +10%
Overall sensitivity up to 663 V/m/s at #8(20C) Mpe_ra 'Oga,l Ma”ge oo 0T
. . oving Coil Mass 6gr
Ideal for use with standard, HP and EHP Geochain systems. Distortion
Operating temperature up to 406 (204C). Optimum Orientation <0.20%
Quadvs Dual Overall Sensitivity @ 2D Operational Range <0.70%
e e Storage Temperature --30°F to 140°F €40 to +60C)
. Sensitivity Sensitivity Overall : N . N
Sensor Pacl Electronics ga".‘pt'”g (leoyvr:hole undamped damped Sensitivity CREELIE DEmEREE 220 AR e 2
esistors —ain Vim/s Vim/s Vim/s* Geophone Dimensions:
Gimbal Weight 74 gr
Mono AS272 VSP Moc10.29 ¥n  44dB 80 60 9490 e e 254 cm
Dual AS271 ATkw  54dB 104 94.4 47200 Height 3.2cm
Quad AS271 47Kwn 54dB 208 173 86350
AS272/AS251
Quad VSP Mode 10.294n  44dB 208 108 17013
Quad STl S 48.13n  56.5dB 208 173 115564

uSeismic Mode

*back calculation to correct digitiser gain is applied in acquisition software to provide true sensor amplitude.

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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\(M— Avalon Sciences Ltd

SPECIFICATION GIMBAL QUAD Comments
Date of Sensor Pack Release (for ASR) 2002 2010
No. of Geophone Elements per axis 1 4 Quad wired in series to increase sensitivity.

Max Tool Sensitivity @20C (44dB VSP Mode) 9,490 VIim/s 17,013 V/m/s  Using X Series Electronics AS272
Max Tool Sensitivity @20C (56.5 dBeismic 49,817 VIm/s 115,839 V/m/s Using X Series Electronics AS272

Mode)

Resonant Frequency 10 Hz 15Hz

Peak Operating Temp 205°C 225°C

Well Deployment Suitability Deviated All Wells *Free rotation of Gimbat X and Y alignment will be random

Wells* in vertical wells

Can be used with >6eries HSI (digitiser High No Yes Quad orientations are fixed with digitiser HSI roll and

Side Indicator) inclination sensors. This gives access to true tool roll and
inclination values. Gimbal elements freely rotate in tool bo
and so cannot make use of digitiser HSI.

Maintenance Requirement Moderate None (just Gimbal bearings need to be checked. Appropriate transpo

routing checks) locking nuts fixed. Bearing wear over time, not an issue or

fixed Quad sensors.

Sensor Element Replacement Build Time 1 Day Y Day

*pback calculation to correct digitiser gain is applied in acquisition software to provide true sensor amplitude.

ASR28 Gimbal Sensor Pack

ASR227 Fixed QUAD Sensor Pack

O sales@avalonsciences.com www.avalonsciences.com/downhcekxuipment/geochain
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Jt—m : SM45 VHTGeophone PerElement
Avalon Sciences Ltd

Optimum Orientation Omni tilt
Operational Range  0°to 180°(Omni)

Natural Frequency (Fn
Optimum Orientation 15 Hz +/5%

Main Features Operational Range 15 Hz 5% to +D%
. . . Coil Excursion-P
Ideal forhostile well borehole seismic Optimum Orientation  >0.120 in, >.306 cm
3 Component geophones. Single, Dual and Quad options. Operational Range  >0.022 in, >.051 cm
Plugin 225C EHT Sensor Pack for AR ip”_m”s Frequency i;ioH\AZIS(V T
A, v > > A v v A ~ S t +/- t t ,
CAla aidlyRIFENRZ KAIK LINB&a&dzZNB | yR 9EGNI S;essstatc:/e  per rAnseueeriBonE ‘
Robust for high temperature well deployment At Optimum 45 EVlms 41 590
. . . . . 5 - 0
Modular for quick and easy customisation. Orientation 52 V/m/s-15% to +5% s20AC
0 . 4# 225,(: At Operational Range
perating temperature up to ( ). Open Circuit Damping
Functiona”ty Optimum orientation  0.57 +(15%

. . ) Operational Range  0.57 -20% to +10%
Replacement of the sensor module with an EHLTOmni Sensor Pack enables a single  \oving coil Mass 7.6 gr + 5%

or dual level string to be deployed in very hot wells up to°225 Distortion
Unlike conventional EHT tools that rely on thermal shielding theE&$Ruses 23C Optimum Orientation <0.20%
electronics to allow for several days use at elevated temperatures. Operational Range  <0.90%
. : Storage Temperature -40°F to 212°F ¢40 to +100C)
The modular construction of the ASR allows this sensor to be easy exchanged for otr g, g Temperatur -40F to 500F (40 to +266C)
Geochain Sensor packs with minimal effort. Geophone Dimensions
GEOPHONE RESPONSE CURVE GEOPHONE PHASE LAG, SM45 15Hz Weight 53.3 gr
5M-45 15Hz Omni-tilt {signal relative to case velocity) Diameter 241 mm
" - mans: Height 30.0 mm Including Terminals
150 e
7 )
E i/ 5120 I///
: W : 4 New! 2022 Option for Dual and Quad stacked geophones f
; s iv ) component, increasing sensitivity whilst minimising therma
/// Damping 1] ;: 7/, iDa_mi:::i _: nO|Se floor-
1 A e 5 ] Option to use 2021+ Avalon Onmq2400 15Hz sensors rated
1 N Frequency (Hz) “ e 1 N Frequency 100 . tO 225C.

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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\(L_N Avalon Sciences Ltd

Main Features

UHT-06 Downhole Amplifier . .
W P How is an Analog system different to

Optimised for the most hostile of borehole seisiSP& Microseismicsurveys. ASR1 UHT Analo Geochain? _
Ultra High Temperaturedaption of ASR Geophone with operation up to 220 ! Analog An analogue sonde consists of a tool body
High strength motorized locking arm Advanced Seismic Receiver with motor driven arm, fitted with a DHA anq
0¢ hdziaARS 5AFYSGSNI ¢22t o Geophone sensor cartridge. An analogue
UHT39 UHT S Pack . .
Standard 7 conductor wirelindnalog Operatiorup to 2 geophone satellites. ensorrac system consists of a maximum of two sond
Multiple 3 component sensor options. with inter-tool cable, a heptacore wireline,
25,000psi (1700 bar) high pressure rating (30,000 psi EHP available). , and on the surface a Dual Control Panel
. i (DCP), a Geochain System Panel (GSP) an
FunCtlona“ty PC running ACQ software. Where asin a

digital system the digitisation of the seismic

The ASRJHT downhole geophone is a development of the tried and tested]A$ R _ _ :
\ signal is done dowhole, in an analogue

tool and provides a unique solution to the high temperature VSP market. Unli e UHT06 Downhole Amplifier o LIUIE
conventional HT tools that rely on thermal shielding the ABR uses 24C g Eysttﬁmégepd'_?_ﬁ'sif_'o_rt‘_ IS dd%”? on the slgrfgi
electronics to allow for several days use at elevated temperatures. y the - 1Ne digilised data 1S supplie
Y P ASR1 UH_T A_na|09 _ PC running ACQ software over a USB
The tool has a 3C component orthiectional fixed sensor pack and line 7 canjoe Advanced Seismic Receiver interface. The ACQ software can be used t
used to run a separateflgsked gamma or CCL tool for depth correlation. UHT39 UHT Sensor Pac quality check the data and to save it for late
processing.

A standard DCP control panel is used to run the tool and recording can be doi e on

DHAs, the design aim is for operation from

ASRI1 (HP) Satellite Specifications .
ASR1 downhole geophone and can be used in wells up to 25,000 psi (1,750 bar) o , Ambient to 240C.
YR K2ftS aArd & FWB YI D MypdY YO & Length opE Oyynmyvo , o

Diameter 0¢ OTCcYYU0L gAUK2dzi Yy2RSa
This Ultra high temperature ASR variant employs a splecial connection Weight - 4lbs (19kg) S - N
hardwire throughout and so requires a specific corresponding UHT amplifier, tddx'ocking range & Force MHE oonpYYDL {UFYRFENR 2N HHE O0pphYYL AL
body and sensor pack. Temperature 464°F (240C) Analogue

Pressure HP- 25,000psi (1750 bar) 30,000 psi EHP version available.

Electronic Modules
Analogue Moduleg UHT06 Downhole Amplifier
Sensors
3 Component Fixe ASRUHT39 Sensor Pack (Mono, Dual Quad option).
Well Deviation Control 0°-95°
Panels GSP1 or 3% party Recorder
DCP2 (Analogue Dual Power Supply)
0 Wireline 7 Conductor Wireline, Connects to HA@/ITGEHP, Male Coupler/Avalon wireline head.

sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain
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JL'\, : PSE15 Omni 2400
Avalon Sciences Ltd Geophone

Optimum Orientation  Omni tilt
Operational Range  0°to 18C°(Omni)

Natural Frequency (Fn

i Optimum Orientation 15 Hz +/5%
Maln Features Operational Range 15 Hz 5% to +0%

Coil Excursion-P

PerElement

\deal for hostile well borehole seismic Optimum Orientation >0.120 in, >.306 cm
3 Component geophones. Single, Dual and Quad Option. Operational Range ~ >0.022 in, >.051 cm
Plugin 240C UHT Sensor Pack for ABRT Spurious Frequency 250 Hz
Modular for quick and easy customisation Resistance 1800w +/-5% per transducerRtBoFre 25,750 Hz
' y B Sensitivity
Operating temperature up to 4@% (24@C). At Optimum 45 5V 41 50
Orientation -2 VITIS +é'5/° 0 ]
Functionality At Oporational Range 52 V/M/S-15% t0 +5% 20

Open Circuit Damping
Optimum orientation 0.57 +£15%

Corresponding sensor module for ASRT Tool for extremely high temperature Operational Range  0.57 -20% to +10%
analog operation in wells up to 484/24CF. Moving Coil Mass 7.6 gr +£5%

Unlike conventional HT tools that rely on thermal shielding the-B8R uses 24C Distortion @ 15Hz Drivinyeloity1.8 cm/sec FP
electronics to allow for several days use at elevated temperatures. Optimum Orientation  <0.20%

Operational Range  <0.70%

Storage Temperature -40°F to 212°F ¢40 to +100C)
Operating Temperatur(-40°Fto 464+F (-40 to +240C)

Geophone Dimensions

Weight 49 gr
Diameter 22.2 mm
Height 26.8 mm Including Terminals

GEOPHONE RESPONSE CURVE GEOPHONE PHASE LAG

— PSO-15M-2400
(b=0.57)

Sensitivity V/m/s
Phase Lag (0)

— PSO-15M-2400
(b=0.57)

) e
Frequency (Hz) Frequency (Hz)

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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ASL

Main Features

Functionality
The GeochainSliff is the next development of the field proven VSP and

sssssss

for use in open and cased holes with all locking arms opening simultaneously te

\(‘—'\,

Avalon Sciences Ltd

Length

Diameter

Weight

Max locking range
Ideal forVSP& Microseismt surveys.

Max locking force

Up to 62 satellites. Temperature
{fTAY M MMKMCE O0noYYUO hdzidaA RS 5 pressure
Sensors

Unique Active Cooling System for continuous operation at
385°F (198C) .

20,000psi (1400 bar) pressure rating.

Standard 7 conductor wireline with GO7 connection.

Real time data transmission.

Extra sensitive QUAD 3 component sensor.

24-bit delta sigma convertors.

') 02 BecnnQ S6HnnYO 0S08SSy atd
Operates with all standard ASL surface panels.

Gapless recording for passive monitoring surveys.
Tractor deployment capability.

Well Deviation
ControlPanels

Downhole Specifications

Max. No. of Satellites
-~ r r 2 dAOA v
‘Telemetry

Dynamic Range

hydraulic fracture monitoring Geochain System. This system has been designedg/_Dt C(t)_nvertor
Istortion

reduce survey time. A max bandwidth of 1600Hz, very low electronic noise Ievel%i;:::;et

and slim size make the system ideal for hydraulic fracture surveys.
Surface Specifications

The established extra high sensitivity Quad geophone sensor pack is now Recording panel
available as a standard configuration. The system also benefits from the new

gapless recording functionality which is ideal for the continuous requirements of Software
passive monitoring. Cable equalisation
Airgun firing pulse
Test system

PC Interface

Power Requirements
Operating Temp
Enclosure

GSRL Satellite Specification

o

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

nné odmMMop YYD

M MMKMCcCEé¢ oO0noYYU

19.5lbs (8.85kgQ)

TE OMTYYYO {GFYRFENR 2N ™

300 Ibs (Standard Arm)

40C°F (204C) Analogué 385°F (195C) Digital
20,000psi (1400 bar)

3 Component Fixed SMC 2400 15Hz OmiQuad/Dual
0°-95°

GPPor GMP & GSR (Digital)
DCR2 & GSH (Analogue)

62

Sample interval

1/4ms
1/2ms
Ims

1.5ms

Bandwidth Hz D{wQa o5C} 0
1600 8 (15)

800 16 (30)

400 32 (60)

266 48 (80)

>112dB @ 0dB prgain (minimum)

24 bit DeltaSigma

<0.02%
Selfcalibrating
7 Conductor Heptacable

GPP and GSP(Digital) DGR and GSR (Analogue)

ACQ Acquisition Suite & Copy of VSProwess© Processing Software

Fully automatic using internal DSP chip
60 V, 30ms

Fully automatic with comprehensive report generation

USB
100/230 V AC, 483 Hz universal input, 30 watts
32-104°F (B40°C)

{GFYRINR mMpé NI O]l Y2dzyiAay3

sales@avalonsciences.com www.avalonsciences.com/downhcekquipment/geochainslim
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ASL

“ Avalon Sciences Ltd
GeochainSlimfiM ¢ Slim Well Seismic

DOWNHOLE STRING ASSEMBLY

. Surface Panels
< STAS Optional- STCU Optional¢ GRT Optio.nalc SDFU GSR106
= Slim Telemetry Slim Tension Gamma Ray Tool Slim _Data _ 12-7 way cross
= Adapter Section Compression Unit /L Formatting Unit over ITG4
(9]
<€
UP HOLE
- S A S e L -
o \__/ -,
CoR _ ITG4 GSR ITG4 VRS Nose Cone with
Geocha!n Slim Slim Intertool Connector (custom  Geochain Slim Voltage Regulator motion sensor
Receiver length and rigid option). Receiver Sonde
<€

UP HOLE

Remote Source

Recorder Power

Panel Controller
GSP GPP/GMP

O sales@avalonsciences.com www.avalonsciences.com/downhcekquipment/geochainslim
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V Avalon Sciences Ltd

NEW 206C
Rated Power

Supply

Main Features

Low noise, High gain Geochain Slim digitizer module.
Increased operating temperature 385(195C)

260°C, 100 psi
Doubles existing Geochain system data rate, allowing 60 tools at (inte(f:na') Hetrmetic
onnector
1ms sample rate*
Enables gontlnuous.recordmg fanicroseismianonitoring | High Side Upgraded Thermo
Newflasking hermetic seal employment and upgraded active Indicator Electric Cooler with

optimisedheat
exchange efficiency
giving 198C External

cooling.
Upgraded high temperature power supply.

New Seismic Boards

Upgraded electronics for improved data rating
Integrated High Side Indicator rates*
Selectable Damping and Gain *Used in conjunction with S TAS and SDFU unit.
Functionality
The Xseries digitizer upgrade for the Geochain Slim system, provides higher
operating temperatures and higher telemetry rates, allowing continuous Downhole
monitoring in the most hostile well conditions. Specifications AszoL .
This is the next development of the industry acclaimed AS251 low noise V. No. of X Generation
high gain digital module, which now introduces upgraded active cooling Satellites 52
technology and thermal insulation components for increased robustness in  Telemetry Sample interval  Bandwidth Hz D{ wQa D{wQa 6Ad
addition to facilitating new operational functionality of your Geochain Slim LT oL & 2
) 1/2ms 800 16 30

string. 1ms 400 32 60
Compatible with Geochain Slim systems. 1.5ms 266 48 62
CLOAfAGlIGSE WaAE 9 al G§OKQ O2YLJ} (A O DynamicRange >112dB @ 0dB prgain (minimum) ) 9
tools in the same String_ A/D convertor 24 bit DeltaSigma

Downhole Gain 42-54dB

Distortion <0.02%

DC offset Selfcalibrating

Max data rate 4 Mbit/second

Min. data rate 256kbit/second

Temperature 385°F (195C)

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain
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\(M Avalon Sciences Ltd

Main Features

Interfaces digital GeochainSlim string to wireline cable.

Equal wireline power distribution.

Separates downlink power and uplink telemetry.

Compatible with latest Slim DFU module for gapless Microseismic
recording and increased tool operation at 250us sample rate.
Unique Active Cooling System for continuous operation atBB85935C)
20,000psi (1700 bar) pressure rating.

Functionali .
unctionality STAS Slim Telemetry Adapter

A The STAS serves to interface the Geochaingwinlg to the main wireline cable. Section
System power from the surface is distributed equally over six wireline conductors.
Transformers in the STAS separate this power from the downlink and uplink data
signals.

A The STAS receives the data from the Geochainstoiblg and retransmits this to
the surface, in a coded and modulated form.

A The STAS also receives synchronisation and command information from the

surface and relays this down to all ASRs in the-$trahg. f;’;sthSpecmcat'ons ()Aizilisém%é yPTYYO
Diameter M MMKMCEé O6noYYD
A The STAS may be connected directly to the top ASR using a special coupler, but is Weight 12.4 Ib (5.7kg)
often separated by a short ITC to avoid any possible degradation of the seismic Temperature 385°F (195C) *Digital Only
response of the GSR. Pressure 20,000psi (1400 bar)
Panels GPP or GMP & G3RDigital)

Yes; Firmware upgrade required to all previous 2015 PASTAS
Units

Wireline 7 Conductor Heptacable

DFU Compatible*

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochainslim
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. ASL

Avalon Sciences Ltd

SDFL;, Slim Data Formatting Unit

X- Generation STAS Slim
Telemetry Adapter
Section

Main Features DOWNHOLE LOCATIO

A EnablesGapless Microseismic Operatiaf GeochainSlim system

A FacilitatesDiscrete Buffering& Formatted Gapless Recording to increase
the number of tools a for a given sample rate*

A Unique Active Cooling System for continuous operation a8@95

A 20,000psi (1400 bar) pressure rating.

SDFU Slim Data
Formatting Unit

GSR106
CrossOver

*When used in conjunction with-geries AS251 Digitisers

Functionality

A The DFU is a downhosendethat allows the user gapless operation
when used with an X Generation STAS.

A Itis located irbetween the XSTAS and the digitisers. GSRITC Cable

A The DFU contains memory that stores digitiser data whilst the STAS has
stopped, enabling the data to be continuous without gaps.

SDFU Specifications

To perform gapless recording you will need: Length 00®TE OYypTYVYO

1. SDFU (A862) Dlameter M MMKMCE oO0noYYU
K Weight 12.41b (5.7kg)
2. SXT AS (A261), Temperature 195C (Digital Only)
3. GSP with a USB 2B card. Pressure 20,000psi (1400 bar)
4. ACQ Software v.3.X+
S : Panels GMP or GPP & GSRDigital)
Compatibility requirements + Recommended: Wireline 7 Conductor Heptacable

4. Networked storage system in place (NAS)
5. GeochairMonitor Panel (GMP)

O sales@avalonsciences.com www.avalonsciences.com/downhackxjuipment/geochainslim
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Avalon Sciences Ltd

SVRS Voltage Regulator Section

Main Features

A Voltage Regulation.

A Sinker Bar.

A Motion Sensor.

A Standard 7 conductor wireline.

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

GEOCHAIN SLIM
ONLY

GSRI1 Advanced Seismic

. DOWNHOLE LOCATIO
Recelver

ITG4 Slim
Intertool Cable

A9QEGNY {fAY M mMmkwmcé O2dgialsystern.t S gAGK DS20KFAY{fAY

A High Temperatur@85°F (195C).
Functionality

A The Slim VRS (Voltage Regulator Section) is located at the bottom end of the
GeochainTM digital receiver array and serves the-gugbose as a voltage
regulator to establish the 110 volt ASR arm operating motor power voltage.
The second function is to act as a sinker weight and is equipped with a
motion sensor assisting with the lowering of AST tools down the borehole.

A A portion of the current through the SVRS is diverted to operate the ASR arm
control motors. The Geochdfsoftware is able to resolve any current
demands required by the GSR arm motors by automatically suspending one
or more motors until more current is available.

Recorder Power
Panel
SURFACE PANELS +
GSP GPP/GMP

SVRS Voltage
Regulator Sectiom————

Nose Con
& Motion Senso
(SINK1 can be added)

SVRS Specifications

Length nndcé omoonYYO
Diameter M MMKMCcCEé¢ oO6noYYU
Weight 21.6lb (10.5 kg)
Temperature 385°F (195C) *Digital Only
Pressure 20,000psi (1,400 bar) HP version
Panels GPP & GSP (Digital)

GMP

al E ydzyoSNJ 2F |62

Wireline 7 Conductor Heptacable

BSI
:m sales@avalonsciences.com

www.avalonsciences.com/downhekguipment/geochainslim
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Omni 24001 Geophone

Optimum Orientation Horizontal
Operational Range 0°to 18C¢°(Omni)

Main Features Natural FrequencyFf)

Optimum Orientation 15 Hz +/5%
Operational Range 15 Hz 5% to +15%

Coil Excursion-P
Optimum Orientation
Operational Range

Ideal forVSP& Microseismicsurveys.
Fpur geophones per axis. >0.022 in, >.051 cm

Fits GSR_TOO|S- _ _ Spurious Frequency 250 Hz

Greater signal to noise ratio. Resistance 2400w +/-5% per transducer
Modular for quick and easy customisation. Sensitivity

>0.120 in, >.306 cm

Functionality

Ideal for use with high gain3eries digitizers.
Sensitivities up to 116359 V/m/s at #8(20C).

At Optimum Orientation
At Operational Range

Open Circuit Damping
Optimum orientation
Operational Range

Moving Coil Mass
Distortion

Optimum Orientation
Operational Range

Storage Temperature

52V/m/s +/- 5% PeElement
52 V/m/s-15% to +5% &20/C

0.57 +/15%
0.57 -20% to +10%

7.6 gr +£5%

<0.20%
<0.70%

-40°F to 212°F €40 to +100C)

Operating Temperature -40°Fto 392+F (-40 to +200+C)

|deal for use with standard, HP and EHP Geochain systems. Geophone Dimensions:

Operating temperature up to 406 (204C). Weight 49 gr
Diameter 2.22 cm
Height 2.70 cm (3.00 cm Including Terminals)

Quadvs Dual Overall Sensitivity @ 20

Sensitivity Sensitivity Overall

DEIIPING  [ROMTe undamped damped Sensitivity

Sensor Pacl Electronics . X
Resistors Gain*

Vim/s VIm/s V/m/s*
Dual AS271 47Kwn 54dB 104 94.4 47200
Quad AS271 47K 54dB 208 173 86350
Quad Cglzjl\z/llggfl 10.29n  44dB 208 108 17013
Quad AoZTZEUEL 48.13Kn  56.5dB 208 173 115564

uSeismic Mode

*back calculation to correct digitiser gain is applied in acquisition software to provide true sensor amplitude.

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/geochain
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‘J\_&— Avalon Sciences Ltd GSRIL Analogue Satellit
Specifications

Length nne omMmMopYYU
. M MMKMCEé 6noYY0L b2 ! NYo
- Diameter 0f OMNHYYO AT dziAy3d 2yS &aKz2id RS
Main Features . |
] ) ] Weight 19.5lbs (8.85kg) or 10Kg with delayed clamp arm
200°CSLIM Analog Bor_ehole Seismic Receiver Motor Am-T ¢ 6MTyYYO {GFyRFNR 2NJ Moé 60
20,000 psSI pressure rating Max locking range For One shot delayed clamp aqelient to specify well ID. Min well ID for
Single or dual CGoiEeSézLenGm | Of F YLIAY3 nopte
Run with 3 component Omudlirectional 15Hz fixed sensor pack Maxlocking force 300 Ibs (Standard Arm)
Mortised or passive time delay clamp arm options* Temperature 490°F (200C) Analogue
Standard 7 conductor wireline (heptacable) Pressure 20.000psi (1400 bar) R
Compatible with Analog Gamma or CCL operation + sinker bar( ] SV‘C”EOE;S o zi)‘;mpo”em Fixed SMC 2400 15Hz OmrBingle/Dua
. 1 t 0_| 0
Can be used with Avalon GSP ®party analog recorders | . et |T:»V|a 'cl’” .
Optimised for both VSP and hydraulic fracture monitoring work ontrorraneis Ty e
. lonal) or ar ecoraer
GGQG7 Uphole Connection 54dB 200C : pronsy f
amplifier Electronics 54dB Downhole Amplifier

Functionality

The GSR Analog provides a ruggedised yettmst/borehole seismic
tool. Very quick and easy to use with minimal maintenance, this system
has been designed for use in open and cased holes.

one-shot time delay
clamp arm

A max bandwidth of 1600Hz**, very low electronic noise levels and slim
size make the system ideal for long term passive monitoring surveys or
slim well check shot VSP.

The established extra high sensitivity dual geophone (ZXY) sensor pac
now available as a standard configuration.

The system also benefits from the new gapless recording functionality
which is ideal for the continuous requirements of passive monitoring.

The tool can be provided wither with standard GSR style motorised
clamp arm, or for long term/serpermanent operations can make use
of our new patented passive delayed clamp arm (tool still retrievable) or
even come with no arm for cementad permanent operation.

Motorised arm
clamp option

Dual 3C 15Hz
[ | Geophones (20@

Up to 2 tools can be run in a string on 7C wireline along with an analogu

gamma tool. Compatible with

ITC4 Interconnects
(2 tools max +

Th wnhole amplifier an hon llow ration in very hot well
e do ole amplifier and geophones allow operatio ery hot wells Gamma & Sinkers)

up to 200C. . _
*or sealed barrel no arm option for cemented operations

@ ** |f using ASL recorder with 250us sample interval

sales@avalonsciences.com www.avalonsciences.com/downhekguipment
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SURVIVAL UNDER PRESSURE

ASL

{L_m Avalon Sciences Ltd

Geochain EHP High Pressure

Main Features

Quick and easy conversion from Analogue to Digital operation. test chambers.

Tractor Deployment.

A ldeal forVSP& Microseismicsurveys in the most hostile wells. . .

A Up to 32 satellites, A FEA analy_S|s and redesign of the

A 30,000psi (2100 Bar) pressure rating. 25,000 psi ASRP body work,

A Compatible with all legacy and new-3eries Geochain modules. connectors and seals, to deliver = 7

/i 3CSensorOptions improved pressure specification to D=

A Standard 7 conductor wireline. . f g

A Real time data transmission. 30,000 psi ASEHRperformance.

A 24-bit delta sigma converters.

A Unique Active Cooling System for continuous operation atB92 A o @ H pé OYHPPYYUL 9 E i v |-
(200°C). ¥ ‘ l

AL d2 cnn@ 6nnnys 080688y ardStiAaisao | E)HHW

A Gapless recording for passive monitoring surveys. Proven in state of the art high pressure | i l 1

A

A

Functionality

A Geochain EHP is one of the latest advances of the Ged¢hagP
digital seismic system, for maximum logging and recording efficiency
within the most hostile of high pressure well environments.

A The Geochain EHP system is fully compatible with all standard
GeochaifnMelectronics and sensor modules in addition to all standard
surface control panels.

Recorder Digital Analogue
Panel Panel

SURFACE PANELS + or
GSP GPP/GMP DCP

BSI
O sales@avalonsciences.com
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Main Features

Ideal forVSP& Microseismicsurveys in the most hostile wells.

Up to 62 satellites.

30,000psi (2100 bar) pressure rating.

OPHPE OYyHDPYYD

Standard 7 conductor wireline.

Real time data transmission.

Multiple 3 component sensor options.
24-bit delta sigma converters.

Unique Active Cooling System for continuous operation atRB85

(195°C).
'L G2 cnnQ

Gapless recording for passive monitoring surveys.
Quick and easy conversion from Analogue to Digital operation.

Tractor Deployment.

Functionality

©

1509001
FM 555054

Geochain EHP is one of the latest evolutionary branches of the
established GeochalM VSP digital seismic system, operating with up
to 62 satellites for maximum logging and recording efficiency within

OHNNYVD

hdzi aARS 5Al

0SGsSSy al

the most hostile of high pressure environments.

The Geochain EHP system is fully compatible with all standard
GeochainMelectronics and sensor modules in addition to all standard

surface control panels.

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

ASRL (EHP) Satellite

Specifications

Length opeg oyynYYoD

Diameter OoPHpPE OYHDPPYYUD gAlGK2dzi y2RSa

Weight 44 Ibs (19.8kg)

Max locking range MHE O60npYYO {dGFYyRINR 2NJHHE OppdYY
Max locking force 300 Ibs (Standard Arm)

Temperature 40C0°F (204C) Analogué 385°F (195C) Digital

Pressure 30,000psi (2100 bar)

Sensors 3 ComponentGimbalg Sensor SMt HT 10Hz

3 Component Fixed SMC 2400 15Hz Omimual/Quad

NJ ¢ 2 2f o) Well Deviation Control 0°-95°

Panels GPP & GSP (Digital)
DCPR2 & GSHL (Analogue)
GMP
Downhole
Specifications
Max. No. of
Satellites 62
X-TAS Telemetry Sample interval  Bandwidth Hz F{wQa F{wQa gAl
1/4ms 1600 8 15
1/2ms 800 16 30
1ms 400 32 60
1.5ms 266 48
2ms 200 62

Dynamic Range >112dB @ 0dB prgain (minimum)
A/D convertor 24 bit DeltaSigma
Downhole Gain  42-54dB

Distortion <0.02%

DC offset Selfcalibrating

Max data rate 4 Mbit/second

Min. data rate 256kbit/second

Wireline 7 Conductor (Heptacable)

Surface Specifications

Recording panel GPP or GMP & G8HRDigital) DGR and GSR (Analogue)
Software ASL Acquisition Suite aMEProwess Processing Software
Cable equalisation Fully automatic using internal DSP chip

Airgun firing pulse 60 V, 30ms

Test system Fully automatic with comprehensive report generation

PC Interface UsSB

Power Requirements 100/230 V AC, 483 Hz universal input, 30 watts
Operating Temp 32-104°F (B40°C)

Enclosure {GFYRIFENR mMpé NI O] Y22dzyiAy3

sales@avalonsciences.com

www.avalonsciences.com/downhekguipment/geochainehp
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Main Features

Interfaces digital Geochain string to wireline cable.

Equal wireline power distribution.

Separates downlink commands and power from uplink telemetry.
Compatible with latest DFU module for gapless Microseismic recording
Unique Active Cooling System for continuous operation atRB8593C).
30,000psi (2100 bar) pressure rating (-RABHP).

TAS EHP Telemetry Adapte
Section

Functionality

A The TAS serves to interface the Geochain-ghdhg to the main wireline cable.
System power from the surface is distributed equally over six wireline conductors.
Transformers in the TAS separate this power from the downlink and uplink data
signals.

A The TAS receives the data from the Geochainstrihg and retransmits this to
the surface, in a coded and modulated form.

TAS (EHP) Specifications AS283 (%Generation)

A The TAS also receives synchronisation and command information from the surface

and relays this down to all ASRs in the isiing. Length My ®T ¢ O6nTpYYO
Diameter OPHPE OGYHODPPYYD

Weight 27.6lb (12.5kg)

Temperature 385°F (195C) *Digital Only

Pressure 30,000psi (2100 bar) EHP version
4Mbit/second

256kbit/second (Microseismic Mode)
Configuration Board 4/6 wire telemetry options.

Panels GPP or GMP & G8P

A The TAS may be connected directly to the top ASR using a special coupler, but is
often separated by a short ITC to avoid any possible degradation of the seismic
response of the ASR.

Max Telemetry Data Rate
Min Telemetry Data Rate

DFU Compatible* Yes Firmware upgrade required to all previous 2015 -PAS

Wireline

7 Conductor Heptacable

O sales@avalonsciences.com
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Main Features

Voltage Regulation.

Sinker Bar.

Motion Sensor.

Standard 7 conductor wireline.

EXTRA High Pressure 30,000 psi (2100 bar).
High Temperature.

All new VRS design, eliminating 9 seals .

Functionality

The VRS Extra High Pressure (Voltage Regulator Section) is located at the
bottom end of the Geochal digital receiver array and serves the dual
purpose as a voltage regulator to establish the 110 volt ASR arm operating
motor voltage. The second function is to act as a sinker weight and is
equipped with a motion sensor assisting with the lowering of AST tools down
the borehole.

VRS (EHP) Specifications

Length pnég OMHTAYYOD BAGK

A portion of the current through the VRS is diverted to operate the ASR arm
control motors. The Geochdfsoftware is able to resolve any current Diameter OPHPE OYHPPYYOD
demands required by the ASR arm motors by automatically suspending one

. . . Weight 130lbs (46.5 kg) with nose cone
or more motors until more current is available.
Temperature 385°F (195C) (Digital Only)
Pressure 30,000psi (2100 bar) EHP version
Panels GPP or GMP & GS8RDigital)

al E ydzYo SNJ 162

Wireline 7 Conductor Heptacable

O sales@avalonsciences.com www.avalonsciences.com/downhcekquipment/geochainehp
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DFU EHP Data Formatting Unit

DOWNHOLE
LOCATION

Main Features

Optional TCU

A EnablesGapless Microseismic Operatiaf Geochain system.
A Compatible with all Geochain digitiser modules
A Doubles the number of tools available for a given sample rate whe

runningmicroseismianode. X- Generation TAS ——
A Unique Active Cooling System for continuous operation at@95 Telemetry Adapter
A 30,000psi (2000 bar) pressure rating. Section
Functionality

A The DFU is a downhad®ndethat allows the user gapless operation Optional Gamma Tool
when used with an X Generation TAS (Telemetry Adapter Section).

Salectable batween
1Mbps, 2 Mbps ar 4Mbps

A Itis located in between the-XAS and the digitisers.

A The DFU contains memory that stores digitiser data whilst the TAS has Data Formatting Unit
stopped, enabling the data to be continuous without gaps.

DFU Specifications

Length hPT p€ OHp N -Rytafing nut © RénHle end.
To perform gapless recording you will need: Diameter OPHPE OyH®PYYU
1. DEU (A-SGZ) Weight 10.5 b (4.8kQ)
) ! Temperature 195 C (Digital Only)
2. XT_AS (Ag61), Pressure 30,000psi (2000 bar)
3. GSP with a LRX 2B card.
4, ACQ Software v.3.X+ Panels GMP or GPP & G3RDigital)

Recommended:

Wireline 7 Conductor Heptacable

4. Networked storage system in place (NAS)
5. Geochain Monitor Panel (GMP)

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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Specifications ITGEHP
Main Featu res Separation Length Up to 600ft (200m) per section
Cable Head Diameter o0 ®Hpé¢ OyoYYD
Standard 7 conductor wireline ] i ] Temperature 400°F (205C)
: LJ U 2 cC nn Q é H T/ Yl’) U 2 2 t é S LJI N\] U 7\ 2 y Pressure 30,000 psi (2100 bar)
30,000psi (2100 bar) pressure rating
Max weak link setting 15,492 Ibs Cable Specifications
Cable Type Slammer
Cable Weight 392Ibskft (583kg/km)
FunCtionality Outer Diameter NnenTpé OMH®PANYYD
Breaking Strength 24,500Ibf (109kN)

The ITC modular connecting system allows the deployment of multiple Geochain EHP tools In

a deviated or vertical well. el Ll Seaaiisniane

The cable is flexible such that the Geochain EHP tools can be deployed into a deviated WeHk Link screw size  Atow
Weaklinksscrews are located on the lower head of the ITC. In the event of a stuck string, Load Up to 17.228 N (3,873Ibf)
weak links can be pulled such that the system can be easily fished.

W_eak . Load Capacit Wgak , Load Capacit
Lk Diameter Load kN) Load [bf) of cable heag Link  Diameter Load kN) Load [bf) of cable head
Sc_rew (mm) Ibs (kN) Sc'rew (mm) Ibs (kN)
Size Size
A 35 6.8 1,531 6124(27) L 46 12 2,695 10780(48)
B 36 7.2 1,629 6516(29) M 47 12.8 2,883 11532(51)
c 37 7.8 1,754 7016(31) N 438 12.9 2,899 11596(52)
D 38 8.1 1,831 7324(32) O 49 13.4 3,010 12040(54)
E 39 8.3 1,883 7532(33) P 5 13.9 3,119 12476(56)
F 4 8.9 2,003 8012(36) R 51 14.6 3,288 13152(58)
G 41 9.3 2,084 8336(37) S 52 15.6 3,506 14024(62)
H 42 9.9 2,229 8916(40 T 53 15.8 3,546 14184(63)
I 4.3 10.3 2,311 9244(41) U 5.4 16.1 3,637 14548(64)
J 4.4 10.7 2,405 9620(43) V 55 16.7 3,756 15024(67)
K 45 11.7 2,620 10480(47) W 56 17.2 3,873 15492(69)

O sales@avalonsciences.com  www.avalonsciences.com/downhole/equipment/ancillaries
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SURVIVAL UNDER PRESSURE

ASL

{L_m Avalon Sciences Ltd
Geochain UHR Ultra High Pressure

Main Features

Ideal forVSP& Microseismicsurveys in the most hostile wells.
Up to 32 satellites.

A FEA analysis and redesign of the

35,000psi (2400 Bar) pressure rating. 30,000 psi ASEHP body work,

Compatible with all legacy and new-3eries Geochain modules. connectors and seals. to deliver

3-C Sensor Options - e . 777 Az 27
standard 7 conductor wireline. improved pressure specification to mA SN

Real time data transmission. 35,000 psi ASRIHPperformance.

24-bit delta sigma converters.
Unique Active Cooling System for continuous operation atl392 A o dH D ¢ 5 YyHDPPYY 0 9 E ij

(200°C). i ‘ b |
L) G2 cnnQ 6HnnYO 08G6SSy abiSttAGSAG | E)HWH
Gapless recording for passive monitoring surveys. A Proven in state of the art high pressure or l I

Quick and easy conversion from Analogue to Digital operation.
Tractor Deployment.

test chambers.

o T T o T T To To To I o To Tx

Functionality

A Geochain UHP is one of the latest advances of the GedéhdBP
digital seismic system, for maximum logging and recording efficiency
within the most hostile of high pressure well environments.

A The Geochain UHP system is fully compatible with all standard
GeochaifnMelectronics and sensor modules in addition to all standard
surface control panels.

Recorder Digital Analogue
Panel Panel
GSP GPP/GMP DCP

BSI
O sales@avalonsciences.com
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ASRL (UHP) Satellite

, Specificati
\(M— Avalon Sciences Ltd pectications — ,
Length opeg oyynyYYo
Diameter oPHpPpE OyHPPYYUO $HAGK2dzi y2RSa
Weight 45 |bs (19.8kg)
Max locking range MHE O60npYYO {dGFYyRINR 2NJHHE OppdYY
M aln Featu res Max locking force 300 Ibs (Standard Arm)
Temperature 400°F (204C) Analogué 392°F (200C) Digital
Ideal forVSP& Microseismicsurveys in the most hostile wells. Pressure 35,000ps (2400 bar)
. Sensors 3 ComponentGimbalg Sensor SMt HT 10Hz
Up to 32 satellites. _
. A 3 Component Fixed SMC 2400 15Hz Omimual/Quad
35,000p_S| (24QO Bar) pressure rating. _ _ Well Deviation Control .05
Compatible with all legacy and new-3eries Geochain modules. Panels GPP & GSP (Digital)
3-C Sensor Options DCP2 & GSP (Analogue)
Standard 7 conductor wireline. GMP
Real time data transmission.
24-bit delta sigma converters. Downhole
Unique Active Cooling System for continuous operation atB92 fﬂ‘;ic':\'l‘;atgns
(ZO(PC); . A o o Satellites 32
LI 02 cnnQ oHAanYL O0SUBSSY aluStftAUuUSa®P xrasTelemetry Sampleinterval  Bandwidth Hz r{wQa F{wQa @Al
Gapless recording for passive monitoring surveys. 1/4ms 1600 8 15
Quick and easy conversion from Analogue to Digital operation. 1/2ms 800 16 30
Tractor Deployment. tms 400 32 32
Functiona”ty Dynamic Range >112dB @ 0dB prgain (minimum)
A/D convertor 24 bit DeltaSigma
Geochain UHP is one of the latest advances of the Ged¢hdBP Downhole Gain  42-54dB
digital seismic system, for maximum logging and recording efficiency Distortion <0.02%
within the most hostile of high pressure well environments. DC offset Selfcalibrating
Max data rate 4 Mbit/second
The Geochain UHP system is fully compatible with all standard Min. datarate  256kbit/second
GeochaifMelectronics and sensor modules in addition to all standard Wireline 7 Conductor (Heptacable)
surface control panels. Surface Specifications
Recording panel GPP or GMP & G8HRDigital) DGR and GSR (Analogue)
Software ASL Acquisition Suite aimbProwess Processing Software
Cable equalisation Fully automatic using internal DSP chip
Airgun firing pulse 60 V, 30ms
Test system Fully automatic with comprehensive report generation
PC Interface usB
Power Requirements 100/230 V AC, 483 Hz universal input, 30 watts
Operating Temp 32-104°F (040°C)
@ Enclosure {GFYRIFENR mMpé NI O] Y22dzyiAy3

sales@avalonsciences.com
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Main Features

Interfaces digital Geochain string to wireline cable.

Equal wireline power distribution.

Separates downlink commands and power from uplink telemetry.
Compatible with latest DFU module for gapless Microseismic recording
Unique Active Cooling System for continuous operation atR39200C).
35,000psi (2400 bar) pressure rating (-RASHP).

TAS UHP Telemetry Adapte
Section

Functionality

A The TAS serves to interface the Geochain-ghdhg to the main wireline cable.
System power from the surface is distributed equally over six wireline conductors.
Transformers in the TAS separate this power from the downlink and uplink data
signals.

A The TAS receives the data from the Geochainstrihg and retransmits this to
the surface, in a coded and modulated form.

TAS (UHP) Specifications AS283 (%Generation)

A The TAS also receives synchronisation and command information from the surface

and relays this down to all ASRs in the isiing. Length My ®T ¢ O6nTpYYO
Diameter OPHPE OGYHODPPYYD

Weight 27.6lb (12.5kg)

Temperature 392°F (200C) *Digital Only

Pressure 35,000psi (2400 bar) EHP version
4Mbit/second

256kbit/second (Microseismic Mode)
Configuration Board 4/6 wire telemetry options.

Panels GPP or GMP & G8P

A The TAS may be connected directly to the top ASR using a special coupler, but is
often separated by a short ITC to avoid any possible degradation of the seismic
response of the ASR.

Max Telemetry Data Rate
Min Telemetry Data Rate

DFU Compatible* Yes Firmware upgrade required to all previous 2015 -PAS

Wireline

7 Conductor Heptacable

O sales@avalonsciences.com
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Main Features

Voltage Regulation.

Sinker Bar.

Motion Sensor.

Standard 7 conductor wireline.

EXTRA High Pressure 35,000 psi (2400 bar).
High Temperature.

All new VRS design, eliminating 9 seals .

Functionality

The VRS Extra High Pressure (Voltage Regulator Section) is located at the
bottom end of the Geochal digital receiver array and serves the dual
purpose as a voltage regulator to establish the 110 volt ASR arm operating
motor voltage. The second function is to act as a sinker weight and is
equipped with a motion sensor assisting with the lowering of AST tools down
the borehole.

VRS (UHRSpecifications

Length pnég OMHTAYYOD BAGK

A portion of the current through the VRS is diverted to operate the ASR arm
control motors. The Geochdfsoftware is able to resolve any current Diameter OPHPE OYHPPYYOD
demands required by the ASR arm motors by automatically suspending one

. . . Weight 130lbs (46.5 kg) with nose cone
or more motors until more current is available.
Temperature 392°F (200C) (Digital Only)
Pressure 35,000psi (2400 bar) EHP version
Panels GPP or GMP & GS8RDigital)

al E ydzYo SNJ 332

Wireline 7 Conductor Heptacable

O sales@avalonsciences.com www.avalonsciences.com/downhcekquipment/geochainehp
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Main Features Avalon Gamma Logging Tool specification comparison table

GRT2 HPThe GR-R HP Gamma Ray Tool is a standard scintillation detector type production
gamma ray tool housed within an in line ABBody. This arrangement allows the GRIb be

inserted anywhere within an analogue ASR tool string or between the wireline adapter and TA{ SPecifications — GRT2 HP CREZERE GRS GIRTLOY GIRTREILEE
section within a Geochail string. Length 33.5"(853mm) 33.5"(853m 28" (720mm) 24" (618mm) T HE O My
GRT2 I§HFAn additional varigtiorl has beeAn built an,d tested for 30,000 psivoperatiorj. Thjs varia m)

2TFSNR | KSIFGASNI 6SAIKUZ o Mkné RAFYSUSNI | e
GRT5 This tool is housed within an in line GSR compatible body. ThgGRY a NXzy A Y Diameter 3" (76mm) 3" (76mm)  1-11/16th" 1-11/16th" 3" (76mm)
gamma mode. In this mode the GRTs connected immediately below the STAS. The STAS prov (43mm) (43mm)

the gamma power and reads the gamma count via pin 3. The STAS transmits the gamma

AYF2NYEGAZ2Y (2 GKS &dNFFOS RAIAGHEE & 6AGK [T Tyfeign? U K SIEh @Mgj U GE8b (7RG)T 20N 1KkE) A 8.2 (Fely) BH03 @4kd) |A
mode.

GRT100 This gamma ray tool is housed within an in line GO body. Thel@Rias been designed

) : : _ _ Temperature  350°F (180C) 350°F 350°F 350°F 500°F (260C)
to run on the end of a GeochainSIttool string. However as the tool is through wired it can alsg (180°C) (180°C) (180°C)
be used in conjunction with any compatilstenocabletool string. : : : , ,
GRTHP109This UHT Gamma Ray Tool flaskedscintillation detector type production gamma Pressure 25'003 psi (1750 3206280bp3| Zloé(;gobpa Zlcggg%pa i%gg%pa
ray tool housed within an in line A9rbody. This arrangement allows the GR109 to operate ar) ( an  ( ar) an ar)
for 10 hours at temperatures up to 5¢R Sorecon = e e = =
] ] Monocable
Functionality
ASL gamma tools consist of a robust pressure housing, containing a sensitive Operating +60V DC +60vDC  +60VDC  +60VDC +60V DC
scintillation detector and high temperature electronics which sends pulses Voltage

representing detected gamma radiation to surface. Our gamma instruments can be
fitted quickly and easily to both digital and analogue tool systems.

Gamma ray tools are highly useful within borehole characterisation. Gamma ray
tools measure the relative naturally occurring radiation adjacent to the well bore
providing a tool for depth correlation and lithological identification.

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/gammaloggingtools

sssssss



LEADERS IN BOREHOLE SEISMIC TECHNOLOC

. ASL

Avalon Sciences Ltd

Gamma Logging ToolsGRTF2 HP

Main Features Avalon Gamma Logging Tool specification comparison table

A GRT2 HPThe GR® HP Gamma Ray Tool is a standard scintillation detector type production
gamma ray tool housed within an in line ABBody. This arrangement allows the GRIb be o

. - 1
inserted anywhere within an analogue ASR tool string or between the wireline adapter and TA Specmcatlonsl ClRpzZiAE o ez =dE e ClRTILY ORI
section within a Geochait string. Length | 33.5"(853mm) | 33.5"(853m 28" (720mm) 24" (618mm) T HE 06 My

[ )
M |
Diameter =~ 3" (76mm) I 3" (76mm) 1-11/16th" 1-11/16th" 3" (76mm)
: I (43mm) (43mm)
. I
Weight : 26lb (12kg) I 38Ib (17kg) 9lb (4.1kg) 8.4lb (3.8kg) 52lbs (24kg)
1
Temperature ' 350°F (180C) | 350°F 350°F 350°F 500°F (260C)
' ~ (180°C) (180°C) (180°C)
Pressure ' 25,000 psi (1750; 30,000 psi 20,000 psi  20,000psi 20,000psi
. bar) I (2070 bar) (1375 bar) (1375 bar) (1375 bar)
|
Connection | ASR ! ASR STAS GO1 ASR
; ; | I Monocable
Functionality | I

A ASL gamma tools consist of a robust pressure housing, containing a sensitive Operating | +60V DC : +60vDC  +60VDC  +60VDC +60V DC
scintillation detector and high temperature electronics which sends pulses Voltage | :
representing detected gamma radiation to surface. Our gamma instruments can be E=——===

fitted quickly and easily to both digital and analogue tool systems.

A Gamma ray tools are highly useful within borehole characterisation. Gamma ray
tools measure the relative naturally occurring radiation adjacent to the well bore
providing a tool for depth correlation and lithological identification.

GSP (Digital)
(+ DCR2 & GCM for Analogue)

O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/gammaloggingtools
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AST¢ Advanced Sparker Tool

Borehole Seismic Source

HVPSU

Upper Capacitor Well Fluid Conductor

Lower Capacitor

Main Features

Peak Power 1000 Joules/Shot.
20s Firing Interval.

Output Signal 1@ 4000H2Omni Directional.

0¢ OTCP®HYYO 5AFYSUOSND
Automatic or Triggered Firing.

Firing Head

Recent Commercigdparker

Too Too Too oo To T Too Po To T To Po o

302°F (150C) Temperature Rating. Operations:

10,000 PSI Pressure Rating.

Monocable or 7 conductor wireline. The AST has successfully compld

Deployed withGeochaifnV System or standalone operation. commercial deep well sajtroxand
cross well surveys in th@oMregion,

Repeatable energy pulse. Q1 2018, with AST sour@eochain

Firing T/B transmitted to surface. ol e

Operation in any type of conductive well fluid.

Built in safety protection. Most recent commercial job

(Summer 2018) with AST saw over
7200 shots for the duration with no

Functiona"ty downtime.

A The Advanced Sparker Tool (AST) has been developed to provide a high
energy and a repeatable downhole seismic source. Primary use of the
AST would be with seismic sensors deployed in an adjacent well or wells o
to provide cross well imaging or sensor orientation of fracture monitoring Specifications
instrumentation.

A When the AST is deployed with the GeocRdisystem it will be possible AST Specification

to provide single well imaging. With a low power requirement of a 100W  Power: 1000 Jatllssehe

and high energy output of 1000J the AST is a versatile downhole seismic ©utput Bandwidth: 10-4000Hz

source which can be deployed in various configurations. Power consumption: 100 watts
Electrode life: >5000 shots

Diameter: 0¢€ O0TCYYD
Recorder Length: 29.91t (9.1m)
Pressure: 10,000 psi (700 bar)
SURFACE PANELS Temperature: 356°F (150C)
Firing interval: 20 seconds
Wireline: Mono or hepta

GPP + AST Controller + GSpP

O sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/ast
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Main Features

0¢ 5AFYSGSNI ¢2 &doch@®Y LI GAGTE S
Tension and Compression measure on wireline.

Real time surface read out.

Ready out display with ACQ software.

High Accuracy.

Operation with hostile well conditions.

Functionality

ssssssss

The TCL2 Tension Compression Unit is a device designed to accurately
measure the load on the wire line at the top of the GeocRdstring.

This product records during receiver deployment with real time surface read
out, providing the seismic engineer with an invaluable tool to detect and
prevent receiver hang up.

This new unit has refined pressure compensation capability with the load

measurement achieved by means of strain gauges situated within the housing.

Mounted directly above the telemetry adapter section (TAS) of the tool string,
the TCU measured output voltage is digitised and transmitted by the TAS and
displayed at surface within the ACQ software.

All TCLR components in contact with borehole fluid are corrosion resistant,
and not sensitive to hydrogen embrittlement. Any items requiring service can
be easily replaced with the minimum of disassembly.

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

gAlK

TCU Tension Compression

Unit

TCU Specifications

Loading:

Accuracy:

Length:

Weight:

Diameter:

Max Operational Temperature:
Max Operational Pressure:

The unit can measure tension or compression load
the range-5 to +5 tonnes, with a damage free load
limit of +/-20 tonnes

Better than 2% of full scale across the range of
temperature and pressure.

HCE oOccnYYD
40 |b (18 kg)

3 o6TCYYVU
400°F (208C)

25,000 psi (1720 bar)

sales@avalonsciences.com

www.avalonsciences.com/downhgekguipment/tcu
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STCU Specifications 1

The unit can measure tension or
Main Features compression load in the range
Loading: Compression: Up t8500lbs
{[fAY M MMKMCEé OnoYYO hdzid8ARS 5AFYSGSNI ¢ 2PPPnURS C\PT_E’JTL&J\QES gAlGK
o amage free load Imit: ,000I
GeochainSlim Systems.

Tension and Compression measure on wireline. Better than 2% of full scale acros
Real time surface read out with ACQ software. Accuracy: the range of temperature and
High Accuracy. pressure. i
Operation in hostile well conditions. Lealhe TH®TE SMMENYYO
Functionality Weight: 20.5 Ibs (9.3kg) |
|
The STCU Tension Compression Unit is a device designed to accurately Diameter: M MMKMCE 6noYYD l
measure the load on the wire line at the top of the GeochainSlistring.
Max Operational
The unit operates throughout the survey with real time surface read out, Temperature: 392°F (200C) g
providing the seismic engineer with an invaluable tool to detect and prevent [y —
receiver hang up. ax Operationa 20,000psi (1380 bar) |
Pressure:
The load measurement is achieved by means of a spring balance situated STCH
within the housing. Mounted directly below the telemetry adapter section )
(STAS) of the tool string, the STCU output voltage is digitised and transmitted
by the STAS and displayed at surface within the ACQ software.
All STCU components in contact with borehole fluid are corrosion resistant,
and not sensitive to hydrogen embrittlement. Any items requiring service ¢an
be easily replaced with the minimum of disassembly. Compression
Potentiometer Extension

Spring

=

O sales@avalonsciences.com www.avalonsciences.com/downhekquipment/stcu
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Permaseig; Permanent Seismic Receiver

Main Features

Metal to metal seals.

20,000 psi (1400 bar) pressure rating.

385°F (198C) temperature rating.

Simple conversion to analogue mode for use up to°BE3225C).
ACS cooling system (Digital).

3 component geophones.

Patented Time delay fluid activated sprung arm
Uses standard Avalon surface control panels.
Selectable Damping and Gain

Integrated High Side Indicator (Digital system)
X-series electronic upgrades

Time delay fluid
activated sprung

arm Metal-Metal Seals

o o o o T T T T T To Do

: : A Permaseis Specifications
FunCtlonallty A Max number of tools: A 60 (Digital) 2 (Analogue) HT & EHT
A The Permasel¥ digital array is one of the latest adaptations of our highly regarded A MaxTooloD A 102mm (Long Arm) 90mm (Shdxtm)
Geochaifi™ array. The system utilises the new PB&ownhole receivers along with A Dimensions & Weight A L-1000mm We0mm Weight 10kg
the standard GSP and GPP surface panels from our Ge8¢kgatem. A Dynamic Range: A >100db
A Noise Floor: A <75nv
A The high continuous temperature rating and the robust telemetry system will ensure¢A Distortion: A <0.02%
semi/permanent operation in the harshest of well environments. A Bandwidth: A 101,600 Hz
A Sensors: A 15Hz Omnidirectional Geophone Dual or Quad
A The tool is developed from the tried and tested Geochain Slim Receiver (GSR) t0olA Mmax Temp: A 385°F (195C) Digital 392°F (200C) HT / 43%F (225°C) EHT (Analogue)
and has been designed to provide years of reliable service by utilising metal to metA max Pressure: A 20,000 psi (1400 bar)
Grings throughout. Deployment of the tool is via a standard hepta cable and uses ¢z projected lifespan: A 10 years at 30°F (150C)
double booted cable head with a Krytox oil fill to ensure long term integrity. A Control Panels: A GSP anGMP/GPP (Digital) or GSP and RDGRnalogue)

A In digital mode the tools can be combined to a maximum of 60 levels with 328 ft
(100m) spacing between levels. K S (G 22f dziAfA&aSa ! grf 2y]Q&_ dzfAljdzS ![OUA FS |/ 2rEipRI§
System (ACS), this maintains a constant’EX35C) differential between the Panel Panel
02NBK2tS FfdzAR FYR GKS G22fQa St SOGNR ]

1S . Al
long term reliability but also allows operation to 385(195C) for weeks at a time. + or
GSP

GPP DCP

N.P ()

ELS

A The PSR can also be provided in single or dual tool analogue mode to allow even
higher operating temperaturesAnalogue tools are available in 3¢2437°F
(200°C/225C) versions. In this mode they operate with GSP &DEiface

6 panels.

wwwww sales@avalonsciences.com www.avalonsciences.com/downhekguipment/permaseis
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SlimPermaseis; Permanent Seismic Receiv

Main Features

Metal to metal seals.

20,000 psi (1400 bar) pressure rating.

385°F (198C) temperature rating.

Simple conversion to analogue mode for use up to°BE3225C).
ACS cooling system (Digital).

3 component geophones.

Patented Time delay fluid activated sprung arm
Uses standard Avalon surface control panels.
Selectable Damping and Gain

Integrated High Side Indicator (Digital system)
X-series electronic upgrades

Time delay fluid
activated sprung

arm Metal-Metal Seals

o o o o T T T T T To Do

: : A Permaseis Specifications
FunCtlonallty A Max number of tools: A 60 (Digital) 2 (Analogue) HT & EHT
A The Permasel¥ digital array is one of the latest adaptations of our highly regarded A MaxTooloD A 76mm (Slim Passive Arm Colli8mm (no arm coll3r
Geochaifi™ array. The system utilises the new PB&ownhole receivers along with A Dimensions & Weight A L-1000mm We0mm Weight 10kg
the standard GSP and GPP surface panels from our Ge8¢kgatem. A Dynamic Range: A >100db
A Noise Floor: A <75nv
A The high continuous temperature rating and the robust telemetry system will ensure¢A Distortion: A <0.02%
semi/permanent operation in the harshest of well environments. A Bandwidth: A 101,600 Hz
A Sensors: A 15Hz Omnidirectional Geophone Dual or Quad
A The tool is developed from the tried and tested Geochain Slim Receiver (GSR) t0olA Mmax Temp: A 385°F (195C) Digital 392°F (200C) HT / 43%F (225°C) EHT (Analogue)
and has been designed to provide years of reliable service by utilising metal to metA max Pressure: A 20,000 psi (1400 bar)
Grings throughout. Deployment of the tool is via a standard hepta cable and uses ¢z projected lifespan: A 10 years at 30°F (150C)
double booted cable head with a Krytox oil fill to ensure long term integrity. A Control Panels: A GSP anGMP/GPP (Digital) or GSP and RDGRnalogue)

A In digital mode the tools can be combined to a maximum of 60 levels with 328 ft
(100m) spacing between levels. K S (G 22f dziAfA&aSa ! grf 2y]Q&_ dzfAljdzS ![OUA FS |/ BRIy
System (ACS), this maintains a constant’EX35C) differential between the Panel Panel

02NBK2fS FftdzAR YR GKS (22t Qa St SOGNP 'JS‘ Ol &
GSP GPP

long term reliability, but also allows operation to 385193C) for weeks at a time.

A The PSR can also be provided in single or dual tool analogue mode to allow even
higher operating temperaturesAnalogue tools are available in 3¢2437°F
(200°C/225C) versions. In this mode they operate with GSP &DEiface

6 panels.

wwwww sales@avalonsciences.com www.avalonsciences.com/downhekguipment/permaseis
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Tubing Deployed PSR

General Procedure

Production
Tubing

. ASL

Avalon Sciences Ltd

Client Production
Tubing suspended ove

/ well head

-

Clamping
blocks/cable
protectors
between
sensor pods at

5-10m intervalg

Mandrel

’
— \
Cable Protector| \
[ PSR Tubing
Production Tubing=> Encapsulateq
Cable (TEC)
/
\
/
| \
\
Ir
Mandrel with \
' opening for =
' arm release ‘
Bespoke | |
| clampirg
PSR with blocks to |
I optional connect I
| delayed one = tubing to
shot clamp mandrel | |
arm
! I
| I
Sensor pod in / \ I
\ I
\ /
\ /
\ /
\
Voltage Regulatay \
& Optional Sinkdr N ~

weights

Fig 1¢ PSR Assembly inside
Mandrel attached to production

tubing.

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

The sensor array consists of a string of preassembled receivers.
Each PSR sonde is located inside a mandrel housing (fig.1).
The PSR is then connected through the mandrel and into the-iat#Tubing Encapsulated Cable (TEC

The PSR andretintertool TEC connection is achieved by matametal Grings. This robust connectior
is performed in advance by the manufacture using DO17796 Assembly fixture.

The string is delivered to well head on a large spool. There will be a second cable drum carrying th
in TEC cable to run from the top telemetry housing at depth to the surface tree.

A drilling rig will be set up adjacent to the well to deploy the production tubing and the preconnecte
array.

Each receiver will be disengaged from the spool and manhandled to the client production tubing at
rig (tubing section secured in wellhead makeup flange).

If passive clamp arms are used, then these will be added at this point. The mandrel housing has ar
opening to allow the onehot arm to spring out and couple the sensor pod to the formation/casuig (
PPE for installation/arming of delayed arm clamps

The mandrel section with the (PSR & TEC -rgeeiver cable inside) assembly is then connected to th
client production tubing and secured using bespoke clamping blocks (supplied by Avalon Sciences

The free movement of the sensor is then checked and the clamping blocks adjusted, as necessary
intertool TEC will also be coupled to the client production tubing evelrl@ra using clamping blocks or
cable protectors.

When all receivers and telemetry pod is in the well, the top connection pod can be made onto the t
lead in cable at the wellhead (using metal to metal sealing assembly fixture).

The TEC cable is then spooled as the tubing/drill pipe is lowered and is strapped using the cable
protectors to the tubing at set intervals (typically ever@m) until the tools are at desired depth.

At surface, the downhole TEC and surface lead in cable is then connected to recorder panel and
functional tests of the array will be carried out.

The TEC cable is then disconnected from the lead in cable and either fed out of the open well heac
(for more permanent well configurations) made onto the surface tree penetrator. The tree can then
pressure tested. The lead in cable will be connected to the surface side of the penetrator.

Another functional test of the system is made. If delayed clamp arms are used, this would then be
repeated after arms have opened. It is advised to be continuously recording whilst waiting for arms
open to log arm opening event(s). Once arms are open and diagnostics complete, begin survey.

sales@avalonsciences.com

www.avalonsciences.com/downhekxuipment/permaseis
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Main Features

Overmoulded cable head.

70°C or 120C Options

2,900psi (20MPa) pressure rating.
3 component sensor pack.

Up to 4 geophones per component

Optimised for both VSP and hydraulic fracture monitoring

work.

Bow spring Centraliser or time delay clamp arm options,,,,,

10+ years lifespan @ %0

Functionality

The PSH8 Passive Seismic Sonde is a completely
passive analogue tool designed for long term downhole : .

deployment.
The tool uses a combination elastomer seal and -over

moulding to ensure long term compatibility with

common borehole fluids.

52mm diameter without arm, 108mm with arm.
PSS tools have been installed for continuous seismic
monitoring with a range of applications. An array was
recently used to successfully monitor a real time

massive hydraulic fracture operation.

sssssss

PSSSBAD8 tool complete with 1000m cable (no arm assembly),

LEADERS IN BOREHOLE SEISMIC TECENOLO(

event number 436

MCL1

WAO1

T T T T T T

it

AR ATANANASAPNARAAAANA A ASASA

WAO02

WAO3

PS8 with optional

time delay clamp

MWO1

MWO02

arm

MWO03

PSSSBA0O8 Specification
Max number of tools:
Max ToolOD
Dimensions & Weight
Dynamic Range:

Noise Floor:

Distortion:

Bandwidth:

To To Io o Do Do Io I

A
A
A
A
A
A
A
A
A

b

Sensors:

Max Temp Max Pressur A
Cable A
Projected lifespan: A

A

o o I Do

Control Panels:

1 time [s] 2
Detected events from four tools deployed in wells
WAOXWAO04

Up to 48 Analog Channels
PHYYKH®ApE 0b2
L-pdc YYKHO-AppHEY' Y
>100db

<75 nV

<0.2%

4-1,600 Hz

F'NYO 2N may Y]
K Hdonp e obghkgl NIY U}

ZIX/Y Phone or 15Hz Omnidirectional 2400 Ohm Geophone Opti
Sensitivity depends on number of sensors in series per channel.
Typically, >200 V/m/s. Individual elements 52 V/m/s

120°C / 212F 20Mpa (2900 psi)
Overmoulded with strength member
10 years+ at 1ZF (50C)

GSR2 * or 3%Party Analog Recorder (GSBffers up to 48 analog
Channels)

Deployment of string in the
Australian outback

sales@avalonsciences.com

www.avalonsciences.com/downhckuipment/geochain
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PSSSBAOQOS- Passive Seismic Sonde

Dimensions

PS8 with optional
time delay clamp

550

a5

Single Sensor Element Response

OUT VS FREQUENCY PHASE VS FREQUENCY

100

B

—
=
T
a
T

QUT (WiM/Is)
PHASE (82

B & B8 B8

1 Il Il
1 10 100

L=

1000

1000
Frequency (Hz)

Frequency (Hz)

Recorder Recorder

C_J-E=)

GSP2 Analog 3 Party Panel

— PSO-15M1-HT-2400 {20°C)

SURFACE PANELS

PSSSBAOS
Specifications

Max number of
tools:

>

Max ToolOD

Dimensions & Weight

Dynamic Range:
Noise Floor:

Distortion:
Bandwidth:

o o o o I

o

Sensors:

Max Temp/Pressure
Cable
Projected lifespan:

o o 3o e

Control Panels:

ITEM qry PART NUMBER CESCRIFTION

1 1 A2 CONTALT PAD

2 2 ANFOOOEED MExl x 16 LG SLOTTED 05 SCREW AR ST STL

E] F] ANFOOES40 MExl x 16 LG HEX SOCKET SET SCREW (CU8 POINT) A2 ST STL
4 1 ALE-242 SPRING ARM

5 1 P13 UPPER. NDDE ASSY

[ 1 P13 LOWER TOOL NODE

? 1 SBA-DE PEE TOOL S2mm

A Up to 48 Analog Channels

ApHYYkHn®npe

A

A
A
A
A
A

A
A
A
A

' NY 0

0b2

2N
Arm Collar)

L-pdc YYKHO-dppHEY' Y
Weight¢ 5kg

>100db
<75 nV

<0.2%
4-1,600 Hz

HG6 4.5, 10, 14Hz (Mono Directional ) geoph
options 375 Ohm Z/X/Y Phone or 15Hz
Omnidirectional 2400 Ohm Geophone Option.
Sensitivity depends on number of sensors in
series per channel. Typically, ~200 V/m/s.
Individual elements 52 V/m/s

120°C /248F 20Mpa (2900 psi)
Overmoulded with strength member
10 years+ at 12F (50C)

GSF2 * or 3YParty Analog Recorder (GSP
offers up to 48 analog Channels)

KHdnpéohb

ststst

sales@avalonsciences.com

www.avalonsciences.com/downhekgquipment/geochain
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Two PSS tools complete
with 200m cables, quick

Main Features release cable clamp and T _,"

bars in a custom transit
basket.

ASR style coupling usingvay connector

392°F/200°C (standard) or 464-/240°C (UHT)

15,000psi pressure rating Lt
Omni2400 Omngeophones

Optimised for passive/hydraulic fracture/geothermal '
stimulation monitoring wao2 v
e AP AN VAN AN AN

Bespoke configurations available

WAO3 gl
)

Functionality WA04 w‘ W

The PS314 Passive Seismic node is a completely passiv. =~ wwor
analogue tool designed for long term downhole deploymel ...
The tool uses the industry acclaimed ABRT style seal il

PSS114 TD with time delay clamp arm

arrangement to ensure long term compatibility with comm¢ " i ymeceiomtnchorarbeomeamrecmed Holesize 123 210mm( 4 . 1785.02 6 6 ) *
. v e e e (OD 76mm no arm)
borehole fluids. 1 2 3 iﬁme[s]é 6 7 8 9 *Bespokestandofs can be added
In addition, we have specialised compounds available fo _ wells,
. . ~ Detected events from four PSS tools deployed in wells

use in more hostile boreholes. PSS 114 Specifications WAOLWAO4

The _PS_S too!s have been msta_lled_for continuous seismic_ HoBeHE OGcAAYYs b y2AS 02y

monitoring with a range of applications. The array was . eer 0 & 6 TCNE AT -

recently used to successfully monitor a real time massive! ID Options for Arms* 1 &1 p € emBOIYEY 0O MT 1 YO Amdza Ay It

hvd lic f t ti d Geoth | K podhé O-MPPMYEED OHMANYBTAMmdza Ay 3 t

ydrauliCc Tracture operation an eothermal work. Weight 441b (20kg)

Temperature 392°F (200C) or 464F (240C) option
Pressure 15,000psi (1034 bar) HP Connection
Maximum sample rate 250us
Panels DCP & GSP/G@PAnalog/¥ party recorder .
Sensor Omni 2400 Ohm (ZXYOmni) 200/240C rated phones .
Frequency Response 10-1600Hz 15Hz Resonant frequencgdB A
Sensitivity (@20C) 52 Vim/s

. Wireline 7 Conductor Heptacable. For High Temperature wells we = Y

bs G\ recommendCames& Q49RTZEEHS wireline. Deployment of PSS in the Australian outback

Systems
CERTIFIED

sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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Main Features

ASR style coupling using 7 way connector
400°F ( 204C)

20,000psi pressure rating

3 Component Geophones

X4 SM43500 10Hz geophones per ZXY
Optional timedelayed clamp arm

Optimised for both VSP and hydraulic fracture
monitoring work

Functionality

The PS24 Passive Seismic Sonde is a completely passi
analogue tool designed for long term downhole deployms
The tool uses a combination elastomer seal arrangemer
ensure long term compatibility with common borehole flui
The tool has access to an optional thtlelayed oneshot

clamp arm to allow secure coupling to the casing/formatit
The tool can still be retrieved from the well even after arn
deployment.

The PSS tools have been installed for continuous seismic

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

PSS24 Sonde fittegvith Quad 10Hz 3C sensor
and time delayed clamp arm (with removable

arming jig (red))

MCL1 4 i
)

WAO1

WAQ2

WAO03

WAO04

MWO1 A o

pedlomnshoseoam I |
VAL ettt i ytine
MWO02 4o
N
MWO03 i L t
R Y
1 | 1 1 Il 1 1 1
1 2 6 7 8 9

Detected events from four PSS tools deployed in wells

PS4 Specifications

monitoring with a range of applications. The array was recentlyengin

used to successfully monitor a real time massive hydraulic
fracture operation.

Diameter

Weight

Temperature
Pressure

Maximum sample rate
Panels

Frequency Response

Undamped Sensitivity

Wireline

% time [s] =

Two PSS tools complete with 200m cables,
quick release cable clamp anebars in a
custom transit basket.

WAOTWAO04
om®dPpe oO6ynnYYO

0¢ O0TCcYYOD cdncé mpnYY GAGK OfF YL I NY
441b (20kg) 25kg with clamp arm

400°F (204C)

20,000psi (1400 bar) HP version

250us

Option 1: DCP & GSP or Option 2! party analog recorder

3-1600Hz (10Hz Natural Frequency ¥26m vertica)

320 VIm/s (4 x 80 v/im/s elements in series) Assumes Vertical Well @20C
7 ConductoHeptacable Max wireline length <5000ft (assuming <50 pF/ft wireline).

- sales@avalonsciences.com

sssssss

www.avalonsciences.com/downhekguipment/geochain



ASL

\(M Avalon Sciences Ltd

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

Geophone Response Curve Single Element (sensitivity value x4 to get in series

response)
Shunt Damping | Sensitivity
(ohm) Vim/s
Frequency: 10. Hz Curve 1 O.C. 0.356 80.00
.- . Moving Mass : 96 g Curve 2 47.000 0.461 74.46
Element Spelelcathn of geophones in series: 1. Curve 3 7,000 0.861 53.33
Nr of paralel branches: 1. Curve 4 10,600 0.732 60.14
SM4 HT 10 HZ 3580 PerElement 1000 -
Geophone
Optimum Orientation Dedicated to either Horizontal/Vertical -
Operational Range <2Cfrom vertical (VZ) or in Horizontal (HX/HY) @0 100
Natural Frequency (Fn) -E
Optimum Orientation 10 Hz ++5% =
Operational Range 10 Hz- 5% to 6% ?:" 10 -
>
Coil Excursion-P =
Optimum Orientation 0.2cm -]
Operational Range 0.2cm % 1 -
Spurious Frequency 250 Hz
Resistance 3500w +/-5% per transducer (14,000 Ohm per Quad Pack ZXY channel)
Sensitivity 0.1 ' ' '
At Optimum Orientation ~ 80V/m/s +/-5% (320V/m/s per Quad Pack ZXY Channel) 1. 10. 100. 1000.
At Operational Range 80 V/m/s-15% to +5% &20/AC Frequency (Hz)
Open Circuit Damping
Optimum orientation 0.356 +/15%
Operational Range 0.356 -20% to +10%
T 9.6 gr Geophone Phase Lag (signal relative to case velocity)
Distortion 180 -
Optimum Orientation <0.20% 165
Operational Range <0.70% o 150 -
Storage Temperature -30°F to 140°F €40 to +60C) 8 135 ~
Operating Temperature  -22°Fto 400+F (-40 to +203C)* % 120
Geophone Dimensions: 9, 105 -
. o 90 -
Weight 74 gr ) 75 -
Diameter 2.54 cm 3 60 -
Height 3.2cm m
. _ : £ 45
PS&4 internal module fitted with x4 SKMIHT o 30 -
10HZ sensors IN SERIES per ZXY component (12 15 -
elements total). 0
1. 10. 100. 1000.
o Frequency (Hz)
Elements wired in series wiring increases
sensitivity whilst minimising the increase in
thermal noise.
sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/geochain
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Part 1- Coupling SBA to
Slickline/Tubing/Drill pipe

LEADERS IN BOREHOLE SEISMIC TECHNOLOC

Deployment typically involves slickline wireline installation, with a cement/glass bea
coupling medium.

Wireline spliced

Analog cabling coupled to the wireline/shtke/tubing with the sensors pods

located within individual pressure housings can be achieved by using the steps below.

Parts used: Parts used:

7.6mm x 200m plastic cable ties
Stainless Steel Cable Tie Gun,

4.5 x 250mm Stainless Steel Cable Ties
Slickline/wireline with sinker weight

1. Deploy wireline with sinker or tubing
2.Align sensor to cable allowing some slack on sensor cable (Picture A). Attach the
first Sonde to the wireline/tubing using duct tape at the top, Centre and bottom of

the Sonde (Picture B)

3. Using metal cable ties attach over the duct tape and tighten with the appropriate
cable tie gun (C).

4. Attach plastic cable ties evenly around SBA itdel cable and wireline/tubing
evenly spaced about every2meters between the Sonde

5. Repeat until deployed
6. During deployment ensure that the tubing/wireline is taking the lift strain and not

the SBA intetool cable.

The SBA can also be provided withognional patented delayed clamp arno
provide borehole coupling. The mechanism uses no electronics and still allows for
tool retrieval for sempermanent applications.

into a loop /

Duct tape
around here
removing any
snag risks

Pull the sensor pod
upwards removing

/ any slack/kinks in

the sensor cable

/ Sensor array

— Shackle

—

Sinker weight

Duct tape around
here removing snag
risks and forcing the
sensor array loop
down to the bottom
of the spliced loop.

Wireline spliced
into a loop

Apply a few wraps

of duct tape tightly
around the sensor

body and the wire-
line

Sensor array

Sinker weight

Place the metal straps
around the sensor pod
and the wireline and
use the hand tool to
tighten and remove
the loose end

BSI
O sales@avalonsciences.com
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Avalon Sciences Ltd The geophone array should be manually fed into the HBowke with periodic
strapping to the cable.

Great care should be taken during this process not to -@ge or stress the
Part 2¢ Lowering SBA coupled to geophone array cable. Good winch control and communication will be necessary for

slickline in well this.

The sinker weight will be lowered into the hole first, it will be connected using 3 part
Wireline threaded through the well cap thht shackles to the cable and to the geophone array. The shackles should be taped up to
should be suspended from the drill rig clepr reduce the risk of snagging in the hole. As the weight moves into the hole the first
of the installation area. geophone pod will be strapped to the cable using a cable tie immediately above and
below the pod on just the two cables, tape will then be strapped around the pod and
cable before the centralisers are placed over the top and secured using metal
strapping.

Sensor array

Winch
Geophone In between the pods the cable ties will be placed around both the geophone cable
T — array and the winch cable at intervals of roughly 10 metres. This can be dictated by the
0 winch operator.

It is important to maintain some tension on the geophone array to reduce the risk of

Casing slippage and birds nesting.

Duct tape between
sensor pods at 5m
intervals

w ———JSensor
V pod

sales@avalonsciences.com www.avalonsciences.com/downhekxuipment/permaseis
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Spectral analysis
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Borehole Optical Seismic System
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Main Features

No Downhole Electronics.

Passive Fibreoptic Borehole System.

260°C (500F) Operation.

20,000 psi (1400 bar) Pressure Rated.

Compatible with DAS from surface to deepest 3C receiver.
High Sensitivity and recording bandwidth idealrfucroseismic _ aiiiis
Low Noise.

Fibre optic/Geochaii Hybrid variants available.

Detalls

A BOSS Specifications

BOS®'is an innovation for Avalon Sciences. The system is entirely passive downhole A Max number of tools: Optical Architecture allows up to 100 satellites
sophisticated electronics remaining at the surface in a controlled environment. A Dynamic Range: ~100db

. . . . ) _ A Noise Floor: <50 ngK | 1
The high continuous operational temperature rating (ZB@S00F)) and solid mechanical A Distort 0.01%

. . . . . : <0.
coupling system will deliver a long term deployment solution, ideal for eeelpsubsalt Istor '_On °
4D VSP and high resolution fracture monitoring surveys. A Bandwidth: 1-1200 Hz

A Sensors: Omni Directional Fibreoptic Accelerometer

The array utilises 3 component optical ontfectional geophones especially developed A Max Temp:
by Avalon to cope with hostile deep well conditions. These broadband sensors are oW & Max Pressure:
noise, extremely sensitive and will work in any orientation from vertical through to A
horizontal. A DAS component scan also be run from surface down to the top receiver ¢

then throughout the 3C satellites and connecting cables down to the bottom receiver.
A BOSS Tool Dimensions (No arm)

260°C (500F Design lifespan 20+ years @ 200
20,000 psi (1400 bar)

Optical or Hybridized Optical/Electronidireline
BOS3nterrogator

Wireline:
Control Panels:
PnpYYkopdcé o0 nNoYYK M MMK
6.14 kg / 13.5 Ibs

Suitable for wells up to
Locking Force of up to 130kg

The system is fully expandable from a snrtiroseismic level system up to 100 stations A BOSS Tool Weight (No Arm)
for large 3D VSPs. The fibreoptic system is ideal for permanent deployment due to me 4
metal Grings throughout and can be considered for-ifefield installations.

ToPe Io Bo Do Do Do Do o I» Do Do Do Do

Passive Arm Specs

The stations can be deployed on jointed or coiled tubing as standard or with optical
wireline. The array can be spaced at just a few meters or at several hundred meters for
total well coverage.

BSI
O sales@avalonsciences.com www.avalonsciences.com/downhekguipment/boss
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Gec

¢ Combined Geochain

Main Features

Combined 7conductor/fibre wireline enabling DAS from surface down to top
3-C Geochailtreceiver

Expands VSRdmensional aperture without compromising depth

calibration and resolution

Retrievable system for short term or semi/permanent operation

Compatible with existing Geochain downhole tools

Reduced rig time for instant full well check shot

Migrate large offset VSP multiples for 3D VSP imaging

Functionality

A GeoDAS is the next evolutionary application for the versatile Geothbarehole
seismic system.

o o Po o Do

A When deployed using a combined fibre/conductor wireline, the GeocBb#if
establishes a complete VSP digital seismic solution offering total well coverage
from surface without the conventional standalone DAS attributed uncertainties ‘V\/ireline—Fibre combined cable
depth calibration, directionality and noise.

offering Distributed Acoustic
Sensing option from surfacg

e system is made up of individual satellites of our tried and test€dABR/GS to top 3-C Geophone

borehole geophones arranged below the DAS integrated wireline. The GeoDAS
arrangement has already been deployed commercially in the Gulf of Mexico to
acquire full 3DVSP well coverage with minimal rig time.

A GeoDAS Specifications
A Max number oftools: A 62 3C Tools below DAS Array GeochainTM & X
A DAS Cable Length: A >10km Fibreoptic Series 195C-_rat(?d
A Gauge Length A 1-10m Recorder Panel borehole seismic
A Max Bandwidth: A 1-1,600 Hz receiver system with
N s = + inbuilt high side
A Max Pressure: A 35,000 psi !ndlcator deployed
A Control Panels: A GSP &nterrogator GSP |nte|’|’oga’[0r In Iower/llateral
well section below
DAS wireline cable.
é' SURFACE PANELS
Uw sales@avalonsciences.com www.avalonsciences.com
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