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1.0 INTRODUCTION

The Phase 2 Initial Borehole Drilling and Testing at IG_BH04/05/06 project in the Ignace area of Ontario, is part of
the Phase 2 Geoscientific Preliminary Field Investigations of the NWMO’s Adaptive Phased Management (APM)
Site Selection Phase.

This project involves testing of deep borehole IG_BH04 and the drilling and testing of deep boreholes IG_BHO05
and IG_BHO06 in the Ignace area within the identified Potential Repository Area (PRA). The work comprises a total
of seven work packages and will be carried out by a team led by Golder Associates Ltd. (Golder) on behalf of the
NWMO. The IG_BHO06 program is described in the Borehole Characterization Plan (BCP) for IG_BHO06 (Golder
2021a).

This data report describes the methodology, activities, and reporting for Work Package 5 (WPO05): Geophysical
Well Logging for IG_BHO06. This report describes the methodology, calibration/verification, acquisition and
processing of the borehole geophysical data. Information from borehole geophysical logging will be used to help
assess the local thickness of potentially suitable rock units, the geophysical properties of the rock units at depth,
and the presence and types of structural features at depth. The geophysical logging provides high-quality, and
high-resolution estimates of rock properties including engineering, lithological, hydrogeological, and structural
properties.

2.0 BACKGROUND INFORMATION
2.1 Geological Setting

The approximately 2.7-billion-year-old Revell batholith is located in the western part of the Wabigoon Sub-
province of the Archean Superior Province. The batholith is roughly elliptical in shape trending northwest, is
approximately 40 km in length, 15 km in width, and covers an area of approximately 455 km2. Based on
geophysical modelling, the batholith is approximately 2 km to 3 km thick through the center of the northern portion
(SGL 2015). The batholith is surrounded by supracrustal rocks of the Raleigh Lake (to the north and east) and
Bending Lake (to the southwest) greenstone belts (Figure 2).

IG_ BHO6 is located within an investigation area of approximately 19 km? in size, situated in the northern portion
of the Revell batholith. Bedrock exposure in the area is generally very good due to minimal overburden, few water
bodies, and relatively recent logging activities. Ground elevations generally range from 400 to 450 m above sea
level. The ground surface broadly slopes towards the northwest as indicated by the flow direction of the main
rivers in the area. Local water courses tend to flow to the southwest towards Mennin Lake (Figure 1).

Four main rock units are identified in the supracrustal rock group: mafic metavolcanic rocks, intermediate to felsic
metavolcanic rocks, metasedimentary rocks, and mafic intrusive rocks (Figure 2). Sedimentation within the
supracrustal rock assemblage was largely synvolcanic, although sediment deposition in the Bending Lake area
may have continued past the volcanic period (Stone 2009; Stone 2010a; Stone 2010b). All supracrustal rocks are
affected, to varying degrees, by penetrative brittle-ductile to ductile deformation under greenschist- to amphibolite-
facies metamorphic conditions (Blackburn and Hinz 1996; Stone et al. 1998). In some locations, primary features,
such as pillow basalt or bedding in sedimentary rocks are preserved, in other locations, primary relationships are
completely masked by penetrative deformation. Uranium-lead (U-Pb) geochronological analysis of the
supracrustal rocks produced ages that range between 2734.6 +/-1.1 Ma and 2725 +/-5 Ma (Stone et al. 2010).
Three main suites of plutonic rock are recognized in the Revell batholith, including, from oldest to youngest: a
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Biotite Tonalite to Granodiorite suite, a Hornblende Tonalite to Granodiorite suite, and a Biotite Granite to
Granodiorite suite (Figure 2) Plutonic rocks of the Biotite Tonalite to Granodiorite suite occur along the
southwestern and northeastern margins of the Revell batholith. The principal type of rock within this suite is a
white to grey, medium-grained, variably massive to foliated or weakly gneissic, biotite tonalite to granodiorite. One
sample of foliated and medium-grained biotite tonalite produced a U-Pb age of 2734.2+/-0.8 Ma (Stone et al.
2010). The Hornblende Tonalite to Granodiorite suite occurs in two irregularly-shaped zones surrounding the
central core of the Revell batholith. Rocks of the Hornblende Tonalite to Granodiorite suite range compositionally
from tonalite through granodiorite to granite and also include significant proportions of quartz diorite and quartz
monzodiorite. One sample of coarse-grained grey mesocratic hornblende tonalite produced a U-Pb age of
2732.3+/-0.8 Ma (Stone et al. 2010). Rocks of the Biotite Granite to Granodiorite suite underlie most of the
northern, central and southern portions of the Revell batholith. Rocks of this suite are typically coarse-grained,
massive to weakly foliated, and white to pink in colour. The Biotite Granite to Granodiorite suite ranges
compositionally from granite through granodiorite to tonalite. A distinct potassium (K)-Feldspar Megacrystic
Granite phase of the Biotite Granite to Granodiorite suite occurs as an oval-shaped body in the central portion of
the Revell batholith (Figure 2). One sample of coarse-grained, pink, massive K-feldspar megacrystic biotite
granite produced a U-Pb age of 2694.0+/-0.9 Ma (Stone et al. 2010).

The bedrock surrounding IG_BHO06 is composed mainly of massive to weakly foliated felsic intrusive rocks that
vary in composition between granodiorite and tonalite, and together form a relatively homogeneous intrusive
complex. Bedrock identified as tonalite transitions gradationally into granodiorite and no distinct contact
relationships between these two rock types are typically observed (SRK and Golder 2015; Golder and PGW
2017). Massive to weakly foliated granite is identified at the ground surface to the northwest of the feldspar-
megacrystic granite. The granite is observed to intrude into the granodiorite-tonalite bedrock, indicating it is
distinct from, and younger than, the intrusive complex (Golder and PGW 2017).

West-northwest trending mafic dykes interpreted from aeromagnetic data extend across the northern portion of
the Revell batholith and into the surrounding greenstone belts. One mafic dyke occurrence, located to the
northwest of IG_BHO01, is approximately 15-20 m wide (Figure 2). All of these mafic dykes have a similar
character and are interpreted to be part of the Wabigoon dyke swarm. One sample from the same Wabigoon
swarm produced a U-Pb age of 1887+/-13 Ma (Stone et al. 2010), indicating that these mafic dykes are
Proterozoic in age. It is assumed based on surface measurements that these mafic dykes are sub-vertical (Golder
and PGW 2017).

Long, narrow valleys are located along the western and southern limits of the investigation area (Figure 1). These
local valleys host creeks and small lakes that drain to the southwest and may represent the surface expression of
structural features that extend into the bedrock. A broad valley is located along the eastern limits of the
investigation area and hosts a more continuous, un-named water body that flows to the south. The linear and
segmented nature of this waterbody’s shorelines may also represent the surface expression of structural features
that extend into the bedrock.

Regional observations from mapping have indicated that structural features are widely spaced (typical 30 to

500 cm spacing range) and dominantly comprised of sub-vertical joints with two dominant orientations, northeast
and northwest trending (Golder and PGW 2017). Interpreted bedrock lineaments generally follow these same
dominant orientations in the northern portion of the Revell batholith (Figure 2) (DesRoches et al. 2018). Minor
sub-horizontal joints have been observed with minimal alteration, suggesting they are younger and perhaps
related to glacial unloading. One mapped regional-scale fault, the Washeibemaga Lake fault, trends east and is
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located to the west of the Revell batholith (Figure 2). Ductile lineaments, also shown on Figure 2, follow the trend

of foliation mapped in the surrounding greenstone belts. Additional details of the lithological units and structures

found at surface within the investigation area are reported in Golder and PGW (2017).
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Figure 2: Geological setting and location of boreholes IG_BH04, IG_BHO05 and IG_BHO06 in the northern
portion of the Revell batholith

3.0 DESCRIPTION OF ACTIVITIES

Golder completed the geophysical logging in two stages. The geophysical logging team was mobilized to site on
September 10, 2021 to collect optical and acoustic televiewer data from the upper 100 m portion of the borehole
prior to the surface casing being set. The main geophysical logging program from the bottom of the finished
borehole to the bottom of the steel casing was conducted from November 15 to 24, 2021 immediately after
completion of drilling and flushing the borehole.

The main geophysical logging program was completed by Golder and its subconsultants DGI Geoscience (DGI)
and Posiva Solutions Oy (Posiva). Golder personnel carried out the majority of the geophysical logs, and DGI
carried out gamma-gamma, sonic, neutron and resistivity logs, under Golder supervision. Posiva carried out the
Posiva flow logging, under Golder’ supervision. The geophysical logging acquisition took place within the
IG_BHO06 work site at the drill pad constructed at the borehole collar.
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3.1

Field Equipment

The following list presents the field equipment used to carry out geophysical borehole logging:

One (1) Mount Sopris Instruments (MSI) 4MXA-1000 1,000m single conductor wireline winch (Figure 3);

One (1) Mount Sopris Instruments (MSI) 4WNA 1,800m four conductor wireline winch with WCA-1000 Winch
Depth-Tension-Speed Controller (Figure 3);

Two (2) Advanced Logic Technology (ALT) Matrix logging box (Figure 3);
One (1) Advanced Logic Technology (ALT) SCOUT logging box (Figure 3);
Two (2) Laptop computers with LoggerSuite 11.2 (ALT) software (Figure 4);
Posiva testing trailer and probes;

Borehole wireline tripod and wheel (Figure 5);

Borehole logging probes (see Table 1 in Section 3.4);

Conductivity probe calibration ring;

Caliper probe calibration jig;

FTR probe calibration fluid;

E-Log calibration box;

MagSus calibration ring;

Optical televiewer colour strip and housing;

Televiewer orientation jigs;

Tape measure (metric);

Water level tape (metric);

RST water level probe;

Grundfos pump and controller;

Portable shelter with table and chairs;

Paper towels;

Cable de-greaser;

Alconox™ detergent;

Silicone grease;

HQ centralizers;

Extension cord;

Horiba Multiparameter Meter;

Power Line Conditioner;

2 kW generator;

5 kW generator;

Re-head kits for winches;

Repacking syringe and accessories; and
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m  Tool kit for troubleshooting and maintaining equipment.

All equipment was tested and calibrated (when necessary) prior to mobilization to site and was confirmed to be in
working order.
3.2 Equipment Checks and Calibration

All geophysical logging equipment was checked prior to shipping to the field, as well as prior to its use. All
applicable calibrations or verifications were performed following the procedures outlined in the probe-specific user
manuals, which were kept in hard copy on site throughout the geophysical logging program. Specific calibration
procedures, documentation, and checks of individual borehole probes are detailed in their respective logging
procedures itemized below. The results of calibration and verification checks are compiled in Appendix A, which
includes all Calibration and Verification Forms, Data Quality Confirmation Forms, and Pre-use Check Forms.

A description of field verification checks is included in more detail in Section 3.4, and in the probe-specific
manuals in Appendix B of this report.

A check of the odometer wheel on the winch wireline was performed prior to use to ensure it was reporting
accurate depths, and the results of this check were recorded in a Data Quality Confirmation Form, included in
Appendix A.

The logging scientists maintained a Record of Geophysical Logging for each shift, which were provided to
NWMO, and recorded:

m  The site conditions;

m  The equipment setup arrangement (Figure 3);

m  The reference point relative to ground surface;

m  The probes used, including their make, model, serial numbers and detector offsets;
m  The reported total depth of the borehole;

m  The expected depth of investigation or log length;

m  The static water level in the borehole;

m  The reported depth to the bottom of the casing;

= Any reported zones of instability noted during drilling or coring; and

m  Any damaged or malfunctioning equipment or components and the steps taken to rectify them.

The above information, where possible, was used to populate the headers of the individual LAS data files.
The Records of Geophysical Logging are included in Appendix C.

3.3 Equipment Setup

Prior to setting up equipment on site, a Job Safety and Environmental Assessment (JSEA) was conducted to
identify and eliminate or mitigate all safety hazards associated with the performance of the work. At each change
of shift, the JSEA was updated to reflect any changes in site conditions or logging setup and the incoming cross-
shift personnel were briefed of any new developments.
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Figure 3: Setup for IG_BH06

The wireline winch and logging box were set up approximately 4 m from the borehole collar, next to the
workstation, within a heated shelter installed outside the drill rig, allowing easy access to the borehole. The tripod
was installed adjacent to the borehole within the drill rig, with the wheel centred over the casing. The wireline
winch and tripod were installed in-line allowing the logging scientist to maintain visual contact with the borehole
collar at all times. The high side of the borehole stickup was established as the reference plane to be used for
levelling each probe and was measured at 0.47 m vertically above ground surface. Static water levels over the
duration of the geophysical logging program were also measured relative to this reference point. The wireline
tripod (Figure 3) and winch (Figure 5) were secured to the work surface floor to ensure zero movement during the
logging activities. Figure 6 shows the DGI setup for borehole logging.
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Figure 5: Borehole wireline tripod and wheel
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Figure 6: DGI truck for borehole geophysical logging

The wireline winch, logging box and the laptop were connected to each other and powered using an external
generator through an extension cord and power bar. Real-time telemetry and data monitoring was available
through the software applications, Matrix Logger, Jazz Logging System or Matrix Heat (exclusively for the Heat-
Pulse Flowmeter) running on the dedicated laptop computer (Figure 4). An area within the shelter was cleared for
assembly, pre-use checks, and calibration of borehole probes. During the apparent conductivity calibration and
testing periods, the calibration ring was left at the same location to ensure repeatable calibration values for the
post survey calibration.

3.4 Summary of Borehole Geophysical Logging

Geophysical well logging was conducted in accordance with the requirements of ASTM D5753-18 — Standard
Guide for Planning and Conducting Geotechnical Borehole Geophysical Logging (ASTM 2018). The geophysical
well logging program consisted of 15 distinct logging tests using 13 different downhole probes. The logging
probes were chosen to help assess the structural, hydrogeological, lithological, and geomechanical properties of
the rock, as follows:

= Televiewer, deviation, and caliper logging was carried out to help assess structural properties of the rock, in
conjunction with WPQ03, rock core logging and photography.
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m  Apparent conductivity, natural gamma, E-log resistivity, spectral gamma, and magnetic susceptibility logging
was carried out to help assess lithological properties of the rock, again in conjunction with WP03, rock core

logging and photography.

s Full waveform sonic (FWS) and gamma-gamma (density) logging was carried out to help assess the
geomechanical properties of the rock, in conjunction with WP04B, geomechanical core testing.

s Posiva flow logging, fluid temperature and resistivity (FTR), neutron (porosity), and heat-pulse flowmeter
(HPFM) logging was carried out to help assess hydrogeologic properties of the rock, in conjunction with
WPO06, hydraulic testing (Golder 2022a) and WPQ7, opportunistic groundwater sampling (Golder 2022b).

The geophysical logging probes used in this investigation are listed Table 1 below, in the order that the logs were
acquired in the field. The logging sequence was selected to maximize data quality and minimize the risk of
disturbing the borehole walls for subsequent logging probes. The table also provides the main acquisition
parameters for each logging probe, including sample interval, logging speed and direction of acquisition (i.e., up

or down)

Table 1: Geophysical Logging Probes and Acquisition Parameters

Geophysical Test

Probe Model

Sample Interval

(m)

Logging Speed

(m/min)

Logging
Direction

Flowing Fluid Electrical Conductivity | 2CAA-1000 0.05 4/15 Down / Up
Apparent Conductivity 2PIA-1000 0.05 4.5 Down / Up
Gamma-Gamma (Density) QL40-DEN 0.025 2.5 Up
Acoustic Televiewer QL40-ABI-2G 0.002 1 Up
Natural Gamma QL40-GR 0.025 2.25 Up
Neutron (Porosity) QL 2NUA-1000/2C 0.025 2.5 Up
Full-Waveform Sonic QL40-FWS 0.05 15 Up
Mechanical Caliper 2PCA-1000 0.01 25 Down / Up
E-log Resistivity + SP + SPR QL40-IP 0.05 3/15 Down / Up
Spectral Gamma 2CAA-1000 0.025 2.25 Up
Fluid Temperature / Resistivity 2SFA-1000 0.025/0.05 4/15 Down / Up
Magnetic Susceptibility HMI-453 0.05 4.5 Down / Up
Optical Televiewer QL40-0BI-2G 0.0016/0.05 4/10 Down / Up
Heat-Pulse Flowmeter HFP-2293 20 Stationary Stationary
Deviation QL40-ABI-2G 0.05 10 Down and Up
Posiva Flow Log n/a 0.01/0.05 Stationary Stationary

The .TOL files containing the parameters and settings for each probe are provided in Appendix D.

The geophysical logging results are provided in Appendix E at a scale of 1:5000. Geophysical log acquisition,
processing and interpretation are described in the subsections below.
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3.4.1 Geophysical Logging Depths

Two main factors affect the accurate reporting of the depth of geophysical logging data, particularly in holes as
deep as 1000 m. The steel cable is known to stretch according to the weight of the vertical length of wireline down
the hole, as well as the weight of the probe itself. Additionally, the odometer wheel used to track the movement of

the cable, and therefore the depth of the probe, has limitations in its precision, which compound over large depths
to result in cumulative error at the bottom of a deep hole.

3411 Wireline Cable Stretch Correction

After carefully analysing all processing procedures, and in consultation with NWMO, it was decided to not apply
a cable stretch factor for IG_BHO06 data. Final depth corrections were applied to all BHO6 logs using the results of
structural integration between televiewer logs and WP03 core logs and according to formulae described in
Section 3.4.1.2.

3.41.2 Cumulative Odometer Error Correction

A depth correction factor was identified after integrating structural features from televiewer logs and core logs,
completed as part of the single-hole geoscientific data integration. Because of the rigid nature of the drill rods, it
was concluded that structure depths recorded during core logging were not subject to cumulative error, and that
discrepancies between core and televiewer logged features were caused by the wireline winch odometer.

The difference in recorded depths between corresponding structures in the core and televiewer was plotted
against the depth recorded in the televiewer logs. The resulting plot (Figure 7) shows a trend from which a
correction factor was derived.

WS 11



May 26, 2023 20253946

0.6

0.5 o

y =-0.0023x+ 0.9828
R*=0.6017

0.4 e

0.3
0.2 Y

0.1

= .® 4
0 ™ 200 400 600 @ e 800 e @ 1000

y =-0.0032x+ 1.8661
R*=0.9679

Difference in Core and Televiewer Structure Depth (m)

-0.5
Televiewer Depth Along Borehole (m)

Figure 7. Comparison between depths of structures logged in core and televiewer (acoustic and optical)
data

As there were five general trends in the dataset It was decided to apply this correction factor to the geophysical
logs, according to the relationship:

D < 200m: Final Depth (m) = D

D =200 to 380m: Final Depth (m) = —0.0023 = D + 0.9828
380m < D < 600m: Final Depth (m) = D

D = 600 to 700m: Final Depth (m) = —0.0032 * D + 1.8661
D > 700m: Final Depth (m) = D
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where:
D = Corrected Depth (m)

This correction factor is interpreted to result from micro-slippage of the wireline winch odometer wheel and/or
cable-stretch beyond the original formulae effective measurable range. The remaining discrepancies between
core and televiewer structure depths, typically in the range of £0.1 m, is attributed to imprecision in structure depth
measurement on the core due to irregular or non-planar structure shapes.

3.4.1.3 After-Survey Depth Error

The difference between the initial reference depth of the probe relative to ground surface and the final reported
depth at the reference point after completion of the logging is called the After-Survey Depth Error (ASDE). For this
project, the tolerance for depth error is given as 30 cm (centimetres) plus 0.1% of the total depth of the borehole,
meaning for a 1,000 m deep borehole, the maximum allowable ASDE is 1.30 m. This is a stricter tolerance than
the allowable ASTM vertical depth error of 0.4%, or 4.0 m for a 1,000 m borehole (ASTM 2018).

Logs which were collected in multiple sections were shifted to the ASDE of the shallowest section, and depth-
matched across the other sections using common features. Table 2 shows the recorded ASDE values. Depth
shifts were completed using these ASDE values to adjust the logs either upward (negative ASDE value) or
downward (positive ASDE value) during the processing stage.

Table 2: After-survey Depth Errors Reported for Each Geophysical Log Acquired

Borehole Log After-Survey Depth Error
(m)
Electromagnetic Induction (Apparent Conductivity) 0.53
Gamma-Gamma Density 0.16
Acoustic Televiewer -0.60
Natural Gamma -0.60
Neutron 0.14
Full Waveform Sonic 0.81
Resistivity (E-LOG) 0.17
Mechanical Caliper -0.04
Spectral Gamma -0.07
Fluid Temperature / Resistivity -0.15
Magnetic Susceptibility 0.29
Acoustic Televiewer -0.60
Optical Televiewer 1.00
Heat-Pulse Flowmeter 1.62
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3.4.2 Electromagnetic Induction (Apparent Conductivity)

Electromagnetic induction data was acquired using a Mount Sopris Instruments (MSI) 2PIA-1000 probe,

also known as an Apparent Conductivity probe. This probe was run to investigate the bulk (formation and fluid)
electrical conductivity of the bedrock. Changes in electrical conductivity are used to identify changes in
mineralization, such as the presence of conductive sulphides, or clay-bearing fracture zones.

The probe contains a transmitter and receiver coil and measures the apparent bulk conductivity of the borehole
wall around the probe, in mS/m. The depth at which the measurement is given is the midway point between the
two coils. Since the conductivity probe generates a primary magnetic field, which extends through the air or water
within the borehole and into the surrounding formations, it is not necessary for the probe to be centralized in the
borehole.

This probe is susceptible to drift in changing temperatures, so to ensure optimal data accuracy, it was
acclimatized in the borehole fluid prior to calibration and logging, according to ASTM standard D6726-15
(Section 8.2). The probe was turned on and run in Time Mode to display real-time apparent conductivity values.
The probe was then lowered to a point below the static water level and below the casing where it was left to
acclimatize for 30 minutes until the real-time apparent conductivity readings had stabilized, which indicated that it
had equilibrated to the temperature of the borehole fluid.

The probe was then ascended and removed from the borehole. It was taken away from the drill rig to the
conductivity calibration area which was at least 8 m away from the nearest large metal objects. The calibration
measurements were completed as soon as possible after the probe was removed from the borehole fluid to
minimize temperature changes caused by the cold air outside the logging shelter. The conductivity probe was
placed in the calibration ring and probe measurements were carried out using two pre-set conductivity values on
the variable dial of the ring (0 mS/m and 102 mS/m). The results were saved into the associated .TOL file and
exported as a .TXT file for record keeping. The calibration records were documented in the Record of
Geophysical Logging, as well as the Calibration and Verification Check Form, and provided to NWMO.

Following the calibration, the probe was lowered into the casing until the top of the probe was flush with the
reference point and the depth in the Logger program was corrected to report the depth of the measurement point
of the tool referenced to ground surface. This depth correction was specific to the tool and was calculated based
on the stickup of the reference point above ground surface as measured during setup. The offset of the
measurement point of each tool is outlined in the technical specifications and operator’'s manuals in Appendix B.

During the descent, the probe was run in Time Mode to display real-time values in order to check the expected
conductivity range of the bedrock. Based on the expected range, a range setting of the probe was selected
following the procedures outlined in the user manual (Appendix B). The sensitivity range setting for the probe was
set to the 0 to 100 mS/m range for increased probe sensitivity. The probe was descended to a depth of 400 m,
turned on and the first log was started. The QA/QC log was recorded for 10% of the borehole depth, from 400 m
to 500 m. The probe was logged down at 4.5 m per minute and sampled every 5 cm. Once the QA/QC log was
complete, the probe was descended to the bottom of the borehole. After reaching the bottom of the borehole,

the second file was started, recording up at 4.5 m per minute and sampled every 5 cm.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the descent and
ascent to ensure valid telemetry and minimal data errors. Wireline tension was also monitored to ensure
continuous, unobstructed descent and ascent. Once the probe had entered the casing in which the readings were
affected by the metallic casing, the second file was terminated. The probe was ascended to the level point, where
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the final level depth was recorded, and the probe was removed from the borehole. The probe was then run in
Time Mode and placed back in the calibration ring in the same location as the initial calibration. The two pre-set
values were checked and recorded in the Record of Geophysical Logging, and the Calibration and Verification
Check Form. Temperature drift, which is caused by changes in measured values due to changing temperature of
the probe’s internal electronics, was calculated, and drift correction applied using a linear data shift based on the
difference between initial calibrated values and final check values, assuming the final check values are correct
as the probe has had the most time for the internal electronics temperature to stabilize to the borehole fluid
temperature.

The .TFD files were imported into WellCAD and the primary log compared favourably to the QA/QC log over the
repeated interval from 400 m to 500 m. For the primary log, an interpolation function was applied to remove data
spikes and gaps smaller than 1 m. Once ASDE was corrected, the log was exported as a .WCA file.

The .WCA file was then imported back into one common WellCAD file where it was compared with other
geophysical logs, such as the optical televiewer image log, resistivity logs, magnetic susceptibility log,

and natural gamma log. Apparent Conductivity log depths were matched to common features to further refine
the accuracy and one final depth correction was applied according to the results of structural integration between
televiewer logs and core logs, using formulae described in Section 3.4.1.2. The final Apparent Conductivity log is
displayed on the Lithology Log, in Appendix E.

Results from the Apparent Conductivity log are measured in milliSiemens per metre (mS/m), ranging from 4.76
mS/m to 21.31 mS/m. The average value is 13.96 mS/m. The general trend of the apparent conductivity curve is
flat, with gradual decrease along the length of the borehole.

Localized spikes in apparent conductivity, such as 691 m and 967 m correspond with dykes and veins apparent in
the optical televiewer log and seen in natural gamma, gamma-gamma density, and neutron logs.

3.4.3 Gamma-Gamma Density

Near- and far-field bulk density data were acquired using the Mount Sopris QL40-DEN focused gamma-gamma
probe. The gamma-gamma probe measures the electron density of the bedrock by using a radioactive source,
Cesium 137, located on the same plane as the detectors, the surrounding bedrock is bombarded with
intermediate gamma rays. The probe contains two Csl (Th) detectors spaced 20 cm and 35 cm from the source
to measure “near” and “far” back-scatter of radiation, respectively. The probe is forced against the borehole wall
using a single caliper arm ensuring the gamma rays interact with the formation in the correct plane.

The phenomenon of Compton scattering takes place in which the back-scattered gamma rays emerge from the
borehole wall and are received by the detectors.

Prior to loading the radioactive source into the probe, the instrument was connected to the wireline and tested
for operation at surface. The calibration of the density sensors was verified at DGI’s Operation Centre prior to
mobilizing the instrument to site. The calibration utilized an aluminium test block with a known density of

2.6 grams per cubic centimetre (g/cm?3) and a test borehole in rock with a known density of 2.942 g/cm3.

The gamma-gamma density probe achieved calibration status with +0.08 g/cm? in near and far density
measurements of the aluminium block and +0.001 g/cm?3in measurements of the test borehole.

Once the probe was configured, the probe was lowered into the casing until the top of the probe was flush with
the reference point and the depth in the Logger program was corrected to report the depth of the measurement
point of the tool in relation to ground surface, in this case bedrock surface. This depth correction was specific to
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the tool and was calculated based on the stickup of the reference point above ground surface as measured during
setup. The offset of the measurement point of each tool is outlined in the technical specifications and operator’s
manuals in Appendix B.

The probe was descended to a depth of 300 m and a single caliper arm was deployed to ensure the probe

was forced against the borehole wall, then the first log was started. The QA/QC log was recorded for 10% of the
borehole depth, from 300 m bgs to 200 m bgs. The probe was run up at 2.5 m per minute and sampled every
2.5 cm. Once the QA/QC log was complete, the probe was descended to the bottom of the borehole. After
reaching the bottom of the borehole, the second file was started, recording up at the same speed and sampling
interval.

The logs were recorded as .TFD files and the quality of the data was monitored to ensure valid telemetry and
minimal data errors. The calibration of the caliper arm was checked against the same known diameters, then the
probe was deactivated.

The .TFD files were imported into WellCAD. For the primary logs, an interpolation function was applied to remove
data spikes and gaps smaller than 1 m. The logs were then exported as .WCA files.

The .WCA files were then imported back into one common WellCAD file where they were compared with each
other and the QA/QC log, to ensure repeatability. Final Near Density and Far Density logs were then compared to
other geophysical logs, such as the optical televiewer Image log, Neutron log, and full waveform sonic velocity
logs. Gamma-gamma density log depths were matched to common features to further refine the accuracy and
one final depth correction was applied according to the results of structural integration between televiewer logs
and core logs, as described in Section 3.4.1.2.

The final Near Density and Far Density curves are displayed on both the Lithology Log and the Engineering Log,
in Appendix E. Both Near and Far Density logs are measured in grams per cubic centimetre (g/cc). The Near
Density log ranges from 2.63 g/cc to 3.08 g/cc (below the casing), with an average of 2.76 g/cc. The Far Density
log ranges from 2.60 g/cc to 3.11 g/cc (below the casing), and has an average value of 2.72 g/cc. There are six
spikes ranging in thickness from 1.4 to 3.0 m and apparently associated with discrete changes in rock type as
observed in optical televiewer logs and through geological core logging (WPO03: Golder, 2023), and typically range
from 2.82 g/cc to 3.07 g/cc, or 0.08 g/cc to 0.32 g/cc above background at depths of 571.9 to 573.7 m , 690.59 to
691.93 m, 721.47 to 722.78 m, 809.74 to 813.21 m and 965.73 to 967.04 m which also appears to be associated
with a discrete change in rock type as observed in optical televiewer logs and through geological core logging
(WPO03: Golder, 2023).

3.4.4 Televiewer Logging
3.44.1 Acoustic Televiewer

The Advanced Logic Technology (ALT) ABI40-2G Acoustic Televiewer probe, also known as the Acoustic
Borehole Imager (ABI), was used primarily to image discontinuities (e.g. joints, veins, etc.) intersecting the
borehole wall. The ABI40-2G transmits a series of high frequency sonic pulses, reflected off of a rotating mirror,
and receives the echo of those pulses from the borehole wall. By analysing the amplitude of the echo relative to
the original pulse, as well as the time delay between the original pulse and the return, the ABI40-2G generates a
series of thin slices of data which it stacks and translates into a pair of continuous images, the Amplitude and the
Travel Time logs. Because of varying hardness, different rocks and minerals absorb or reflect different amounts of
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the original sonic pulse, thus the ABI40-2G’s Amplitude log shows an image of the varying hardness of the
borehole wall, plotting these differences using a colour scale. A quartz vein, for example, will reflect more energy
than the host shale bed, thus the ABI Amplitude image will show a bright reflection for the quartz and a dimmer
reflection for the shale. The ABI40-2G’s Travel Time log is an image plotting the differences in echo delay,
meaning an open fracture or void into which the sonic pulse had to travel farther before being reflected will appear
in contrast to the nearer borehole wall.

Using a depth-dependant fluid velocity log derived from borehole diameter values measured by the mechanical
caliper, the average travel time of the pulses at each recorded depth were converted into a distance, producing
the Acoustic Caliper log, showing the calculated diameter of the borehole.

In order to translate the travel time of each pulse into distance, and properly analyse the strength of the

pulse echoes, the ABI40-2G can only be run in water. Because the ABI40-2G does not use an optical camera,
the borehole fluid may be murky without adversely affecting the image quality. Additionally, because of the
geometry of the reflections of the pulses, the ABI40-2G must be well centralized in the borehole.

Three non-metallic centralizers with a fixed HQ diameter were affixed to the ABI40-2G to maintain centralization
of the probe while logging. The use of these centralizers assumes a near-uniform diameter of the borehole.

The ABI40-2G acoustic televiewer contains internal electronics to record tilt, azimuth, and roll of the probe

while operating using a 3-axis fluxgate magnetometer and a 3-axis accelerometer. These internal electronics were
factory calibrated and the certificate of calibration is included in Appendix A. Prior to shipping and use, the probe
was checked for functionality, with the results recorded in the pre-use Calibration and Verification Check form.
The magnetometer measurements are susceptible to interference from highly magnetic rock, metallic casing, or
geomagnetic interference (e.g. intense auroral activity or solar storms). Under those conditions, the orientation of
the probe and its image must be estimated. To ensure no geomagnetic field disturbances, data from NRCAN
were obtained prior to logging. Data measured from the NRCAN magnetic field strength were obtained from the
Brandon, Manitoba station for the duration of the field program. No geomagnetic interference was observed
during the time of logging.

Once the probe was connected to the wireline, the probe was lowered into the casing until the top of the probe
was flush with the reference point. In order to have data measured relative to ground surface (i.e., bedrock
surface), corrections were applied to account for the offset distance between the reference point and the probe
sensor, and the difference between the reference point and the ground surface. The offset of the probe sensor is
outlined in the technical specifications and operator’s manuals in Appendix B.

Acoustic televiewer logging was completed in two stages, with the upper 100 m being logged prior to the drilling
of the rest of the borehole. This was done to allow a section of the upper 100 m to be isolated from the rest of the
borehole to prevent groundwater from flowing between near-surface and deeper fractures. The procedure for
collecting acoustic televiewer in both stages were the same.

The appropriate .TOL file was selected from the tool list, the probe was turned on. The depth of casing was noted
on the collected data. This depth was later compared as a QA check to the depth of well casing documented
during borehole drilling in order to verify the accuracy of the wireline odometer wheel.

The probe was descended the length of the borehole at up to 10 m per minute while the logger monitored the
wireline tension and the real-time ABI40-2G images for potential obstructions and image centralization. The
QA/QC log was recorded down from 2.23 m to 999.8 m. Once the QA/QC log was finished, the QA/QC file was
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terminated. The ABI40-2G was run up the borehole at 1.0 m per minute, sampling every 2.1 mm (millimetre) with
288 ppt (points per turn) azimuthal resolution. A constant logging speed was used throughout entire length of
borehole to ensure consistency. The probe was then lowered and select intervals relogged where there was poor
resolution or data collection errors in the main log. Once this was completed an additional log was recorded up
the borehole, sampling at 2.1 mm to record deviation.

Logs were recorded as a .TFD file and the quality of the data was monitored throughout the ascent to ensure valid
telemetry and minimal data errors. Wireline tension was also monitored to ensure continuous, unobstructed
ascent. Once the probe had reached the casing, the log was terminated, and the probe deactivated. The probe
was then ascended until it was level with the reference point and removed from the borehole. The difference
between initial and final depths reported at the reference point, -0.6 m, was recorded as the After-Survey Depth
Error (ASDE).

The .TFD files were imported into WellCAD then depth shifted and merged accordingly. For the primary log data
curves, an interpolation function was applied to remove data spikes and gaps smaller than 0.1 m, while for the
Acoustic Amplitude and Travel Time logs, the Interpolate Bad Traces algorithm was run to remove blank traces.

Through calibration to the mechanical caliper a constant fluid velocity of 1,488 m/s was used to calculate the
acoustic caliper log.

A high-pass normalization function was applied to the acoustic amplitude log, using a window of 5 degrees and
0.01 m, to improve image quality. A centralization function was applied to the acoustic travel time log to correct for
minor offsets in image centralization.

One final depth correction was applied according to the results of structural integration between televiewer logs
and core logs, according to formulae described in Section 3.4.1.2. The acoustic televiewer images are displayed
in the Structural Log, included in Appendix E, while the deviation curves are included in the Deviation Log.

3.4.4.2 Optical Televiewer

The Advanced Logic Technology (ALT) OBI40-2G Optical Televiewer probe, also known as the Optical Borehole
Imager (OBI), consists of a camera which records images of the surrounding borehole by focusing downward on
a conical mirror and lighting the hole with a ring of LED lights. The thin slices of images are stacked to form a
continuous 24-bit RGB true colour image of the unwrapped interior of the borehole. Because the image is a
2-dimensional unwrapped cylinder, planar features (e.g. fractures) intersecting the borehole at an angle appear
sinusoidal in the OBI40-2G image log.

The OBI logs are useful for observing layering, banding, foliation, fractures, voids and veins, in addition to
obtaining information on visual characteristics such as oxidation staining, mineral infilling, alteration, etc.

The probe also contains a 3-axis magnetometer and 3-axis accelerometer which records the tilt and azimuth

of the hole, as well as the roll of the probe inside the hole. The magnetometer is susceptible to interference from
highly magnetic rock, the metallic casing, or geomagnetic interference (such as intense auroral activity or solar
storms). To maximize the accuracy of the deviation package, the NRCAN Space Weather Prediction Centres was
consulted prior to logging to ensure no geomagnetic field disturbances. Data from the NRCAN magnetic field
strength were obtained from the Brandon, Manitoba station for the duration of the field program.

The OBI40-2G optical televiewer probe’s deviation package was factory calibrated and the certificate of calibration
was provided to NWMO. The probe was also checked for functionality before shipping and before logging, with
the results recorded in the pre-use Calibration and Verification Check form, submitted to NWMO. Prior to use, the
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fidelity of the optical image was verified using a standardized Kodak strip of colour bars in a specialized canister
which was placed over the end of the OBI40-2G, while the probe was still on surface. A file showing the colour
bars was recorded for QA/QC purposes. A set of three specialized centralizers for HQ sized borehole were affixed
to the OBI40-2G probe to maintain centralization of the probe while logging.

Once the probe was connected to the wireline, the probe was lowered into the casing until the top of the probe
was flush with the reference point. In order to have data measured relative to ground surface (i.e., bedrock
surface), corrections were applied to account for the offset distance between the reference point and the probe
sensor, and the difference between the reference point and the ground surface. This depth correction was specific
to the tool and was calculated based on the stickup of the reference point above ground surface as measured
during setup. The offset of the measurement point of each tool is outlined in the technical specifications and
operator’s manual in Appendix B.

The appropriate .TOL file was selected from the tool list in the Logger program and the probe was then turned on.
The probe was run at 10 m/min in Depth-Down Mode, recording deviation at 0.05 m intervals, and allowing it to
transmit real-time images which were monitored by the logging scientist. During the descent, the logging scientist
documented the depth to the bottom of well casing. This depth was later compared as a QA check to the depth of
well casing documented during borehole drilling (WP03: Golder 2023) to verify the accuracy of the wireline
odometer wheel. Once the probe reached the bottom of the borehole, the deviation file was terminated, and a new
file was started. The probe was run up from the bottom of the borehole to maintain constant tension on the
wireline and thus a consistent logging speed (4 m/min).

All logs were recorded as a .TFD files and the quality of the data was monitored throughout the ascent to ensure
valid telemetry and minimal data errors. Wireline tension was also monitored to ensure continuous, unobstructed
ascent. Once the probe was level with the reference point the final level depth was recorded to determine the
After-Survey Depth Error (ASDE), the log was terminated, and the probe deactivated and removed from the
borehole.

The .TFD files were imported into WellCAD then depth shifted and merged accordingly. For the primary log data
curves, an interpolation function was applied to remove data spikes and gaps smaller than 1 m, while for the
Optical Image logs, the Interpolate Bad Traces algorithm was run to remove blank traces. The logs were shifted to
correct for the After-Survey Depth Error (ASDE), recorded in the relevant Record of Geophysical Logging field
notes. The logs, once drift corrected and referenced to the corrected depth, were then exported as .WCA files.

The .WCA files were then imported back into one common WellCAD file where they compared favourably with the
QA/QC log. These logs were then compared and depth-matched to common features of other geophysical logs,
such as the acoustic televiewer logs, and Mechanical Caliper log.

One final depth correction was applied according to the results of structural integration between televiewer logs
and core logs, according to formulae described in Section 3.4.1.2. The optical televiewer image is displayed for
reference in the Structural Log, Lithology Log, Engineering Log, and Hydrogeology Log, included in Appendix E,
while the deviation curves are included in the Deviation Log.

The depth correction process was difficult due to the image quality of the optical televiewer log.

The optical image from the televiewer is particularly useful for identifying lithological and alteration zones based
simply on the colour image. In addition, the optical televiewer image was a key dataset used to interpret structural
features throughout the length of the borehole. Description of this interpretation is included in Section 3.4.4.3.
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3.4.4.3 Televiewer Structural Interpretation

Once the optical and acoustic televiewer logs were finalized, a structural analysis was completed using the
structural interpretation module in WellCAD to obtain the depth, apparent dip, and dip direction (i.e., orientations
relative to high side) of each interpreted structure (Figure 8).
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Figure 8:Optical and acoustic televiewer logs showing sinusoidal fracture planes intersecting the
borehole wall

To complete the structure analysis a blank structure log was overlain on either televiewer image, switching
between data sets as needed, to compare the pick of one feature over multiple images. The Acoustic Caliper

log was selected to represent the borehole diameter used to calculate apparent dip, as this log spanned the

entire depth of the borehole, including the top 100 m, which was not surveyed with the Mechanical Caliper.

The structure dictionary (see Figure 9) was consistent with the terminology used during geological and
geotechnical core logging outlined in WP03. However, only a subset of those structures was applicable to picking
from the televiewer images. For each type of structure, a certainty value was assigned to address the clarity of the
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structure traced in the televiewer image (High, Medium and Low). For structures with a measurable thickness
(e.g. veins, joints), apparent apertures were also traced as the width of the structure perpendicular to its
orientation (see 9).

@  Igneous Primary Structure (High) E Vein Intact (High) || Vein Intact (Low) ‘ Joint Broken (High)
‘ Joint Partially Intact (High) < . Joint Partially Intact (Low) ' Joint Intact (High) " . Joint Intact (Medium)
< . Joint Intact (Low) ‘ Contact Partially Intact (High) ‘ Contact Intact (High) L 2 . Contact Intact (Low)

Figure 9: WellCAD Structure Dictionary showing used structures

A Breakout log was also created to allow for the picking of the minimal breakouts observed. Breakouts are defined
as open vertical or sub-vertical structures in the borehole wall, aligning with the plane of minimum horizontal
stress. Breakouts are formed where stresses around the borehole have exceeded the compressive strength of the
rock. They can be seen in televiewer logs as pairs of vertical or sub-vertical features, and potentially in
mechanical caliper logs as increases in borehole dimeter, depending on their size and orientation relative to the
caliper arms. Breakouts can be traced on a breakout log by aligning a feature along the breakout axis and
assigning it an aperture. Three breakout zones were observed in the borehole log, between 540.1 and 540.8 m,
between 573.2 and 614.1 m, and between 615.7 and 619.3 m, which are shown in Figures 10, 11, and 12.
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Figure 10: Breakout zone observed between 540.1 and 540.8 m

\\\l) 29



May 26, 2023 20253946

Acoustic Ampltude HS Acoustic Travetime HS
i Ofoiene e M m
&
0 90" 180 ricd 0 0 il d il -4 20 [5

6100

Figure 11: A section of the breakout zone observed between 573.2 and 614.1 m
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Figure 8: A section of the breakout zone observed between 615.7 and 619.3 m

Interpreted structure orientations were corrected from apparent dip and dip direction to true dip and dip

direction (i.e., relative to true north), using the acoustic televiewer Tilt and Azimuth logs. Final orientations of
structures are presented as tadpoles (Tadpoles TD&DD in Appendix E), showing their dip magnitude along the X-
axis and the tail showing their azimuth direction. The corrected structure log was then exported as a .CSV file
where the Magnetic North azimuths were corrected with the local magnetic declination (1.361°W), as calculated
by the Geological Survey of Canada, to yield True North azimuths. The structure types were converted from
numerical labels to descriptive labels and the file was saved.

The Tadpoles TD&DD log was used to generate two frequency logs (Joints and Veins), measured in counts
per metre. The frequency of Joints ranges from 0 counts/m to 9 counts/m, with an average of 0.70 counts/m. The
frequency of Veins ranges from 0 counts/m to 3 counts/m, with an average of 0.17 counts/m.

Five equal-angle (Wulff) stereonets, each spanning 200 m of the borehole were plotted to show the change in dip
and dip direction of joints along the borehole. Structures picked from televiewer logs, as well as frequency logs
and stereonets, are displayed in the Structural Log, included in Appendix E.
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3.45 Natural Gamma

In crystalline rock, the gamma log is used principally for lithologic identification based on presence of minerals
with natural radioactivity. The Mount Sopris QL40-GR Natural Gamma probe was used to provide a
measurement, recorded in counts per second (cps) that is proportional to the natural radioactivity of the bedrock.

The Mount Sopris QL40-GR natural gamma probe uses a scintillation sodium iodide crystal to measure the
incoming natural gamma radiation from the borehole walls. The gamma-emitting radio-isotopes that naturally
occur in geologic materials are Potassium 40 and nuclides in the Thorium 232 and Uranium 238 decay series.
Potassium 40 occurs with all potassium minerals including potassium feldspars. Thorium 232 is typically
associated with biotite, sphene, zircon and other heavy minerals. Uranium 238 is typically associated granitoid
rocks with uranium mineralization.

Once the probe was connected to the wireline, it was lowered into the casing until the top of the probe was

flush with the reference point. In order to have data measured relative to ground surface (i.e., bedrock surface),
corrections were applied to account for the offset distance between the reference point and the probe sensor,

and the difference between the reference point and the ground surface. This depth correction is specific to the tool
and was calculated based on the stickup of the reference point, as measured during setup. The offset of

the measurement point of each tool is outlined in the technical specifications and operator’'s manuals in

Appendix B.

As the natural gamma probe was attached to several probes, an individual QAQC log was not recorded, rather
multiple natural gamma logs were collected along the entire length of the borehole. For logging, the probe was
descended to the bottom of the borehole and the continuous borehole log was initiated recording up the borehole
at 1 m per minute, sampling every 2.5 cm.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the ascent to ensure
valid telemetry and minimal data errors, according to ASTM Standard D6274-10 (Section 9). Wireline tension was
also monitored to ensure continuous, unobstructed descent and ascent. Once the probe reached the top of the
hole and was level with the reference point, the log was terminated, and the probe was deactivated and removed
from the borehole.

The .TFD files were imported into WellCAD where the primary log compared favourably to the QA/QC logs. For
the primary log, an interpolation function was applied to remove data spikes and gaps smaller than 1 m. The log
was shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant Record of Geophysical

Logging field notes and exported as a .WCA file.

The .WCA file was then imported back into one common WellCAD file where it was compared with other
geophysical logs, such as the optical televiewer image log, spectral gamma total counts log, and apparent
conductivity log. Natural gamma log depths were matched to common features to further refine the accuracy
and one final depth correction was applied according to the results of structural integration between televiewer
logs and core logs, according to formulae described in Section 3.4.1.2.

The final Natural Gamma curve is displayed on the Lithology Log, in Appendix E. The data were measured

in counts per second in the borehole, ranging from 34.57 cps to 250.84 cps, with an average value is 113.83 cps.
The Natural Gamma values are on average 2.5 times higher than the Spectral Gamma total counts values,
which is a result of counts falling outside the spectral energy classification window used during spectral gamma
acquisition, which filters out counts with energy below 100 keV. Both the Natural Gamma and Spectral Gamma
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total counts logs match well for their respective ranges, showing the same pattern along the total depth of the
borehole. The most apparent anomalies in the data tend to be associated with sharp changes in total counts
associated with changes in biotite concentration. The most apparent anomalies in the data tend to be associated
with sharp changes in total counts associated with changes in biotite concentration. There is a large area of
decrease in Natural Gamma response from 768 to 806 m with values of ~65 cps which is associated with a
lithology change. Elsewhere in the borehole more localized anomalies are also associated with intervals that have
undergone alteration.

3.4.6 Neutron

The Mount Sopris LLP-2676 Dual Sensor Neutron probe uses an alpha emitting radioactive source,
Americium 241 mixed with Beryllium and a single detector, to acquire relative neutron counts principally related
to hydrogen ion concentration. Changes in neutron counts can be used to identify changes in rock geology.

Prior to mobilization, the probe was tested for proper calibration at DGI’s Operation Centre, using an open-air
sample and a test block, in accordance with ASTM standard D6727-16 / D6727M-16. The calibration test passed
with an average count of 87.23 cps in open air, and 1734.48 cps in the test block. Values and verification were
recorded in the Calibration and Verification Check Form, included in Appendix A.

Once the probe was configured and calibration was verified, it was lowered into the casing until the top of the
probe was flush with the reference point. In order to have data measured relative to ground surface (i.e., bedrock
surface), corrections were applied to account for the offset distance between the reference point and the probe
sensor, and the difference between the reference point and the ground surface. This depth correction is specific to
the tool and was calculated based on the stickup of the reference point, as measured during setup. The offset of
the measurement point of each tool is outlined in the technical specifications and operator's manuals in

Appendix B. The hole was logged in two shifts with the log being collected from 997 m to 199m and 301 m to 2 m.
A QA/QC file was also recorded from 300 m to 200 m. The logs were collected in the up direction, with the probe
being run at 2.5 m per minute, sampling every 2.5 cm.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the descent and
ascent to ensure valid telemetry and minimal data errors. Wireline tension was also monitored to ensure
continuous, unobstructed descent and ascent. Once the probe was level with the reference point, the file was
terminated and saved to the laptop and backup drive, and the probe was deactivated and removed from the
borehole. The neutron source was removed and returned to its protective case.

The .TFD files were imported into WellCAD where the primary logs compared favourably to the QA/QC log.
For the primary logs, an interpolation function was applied to remove data spikes and gaps smaller than 1 m.
The logs were shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant Record of
Geophysical Logging field notes. A formula was then applied to correct the recorded depth as described in
Section 3.4. Once referenced to the corrected depth, the logs were exported as .WCA files.

The .WCA files were then imported back into one common WellCAD file where they were compared with other
geophysical logs, such as the optical televiewer image log, gamma-gamma density log, and natural gamma log.
The two primary logs were merged, and common features were matched, to further refine the accuracy. One final
depth correction was applied according to the results of structural integration between televiewer logs and core
logs described in Section 3.4.

WS 26



May 26, 2023 20253946

The final Short Sensor (SS) Neutron and Long Sensor (LS) Neutron curves are displayed on the Lithology Log,
in Appendix E. The Neutron data is measured in counts per second, with the SS data ranging from 3904.4 cps
to 10,060.3 cps with an average value of 9,328.4 cps. and the LS data ranging from 152.4 cps to 1,719.4 cps, with
an average value of 1,155.8 cps. The neutron curve tends to produce anomalies along the borehole length than
inversely correlate with anomalies in the gamma-gamma density curve. Several pronounced decreases are
present on both LS and SS curves with the seven biggest anomalies at 407 m to 415 m, 571 mto 574 m, 689 m
to 693 m, 721 m to 724 m, 809 m to 814 m, 892 m to 895 m, and 965 m to 968 m. These depth intervals are
similarly reflected in the gamma-gamma density and total gamma curves. Based on core logging data (WPO03:
Golder, 2023), this interval is associated with an increase in biotite within the tonalite bedrock. Numerous high-
frequency anomalies, reflected as sharp 200 cps to 800 cps decreases in neutron counts, also occur along the
borehole and coincide with peaks in the gamma-gamma density log.

A porosity log, calculated based on Neutron log data, is also presented on the Lithology Log, in Appendix E.

The Porosity values are displayed in percent, ranging from 0.83% to 30.86%, with an average Porosity of 1.35%
in the open rock section of the borehole. The Porosity curve is generally flat with several sharp spikes associated
with density and resistivity spikes, as well as with lithology change. Spikes are locally present at depth intervals of
572 mto 574 m, 690 m to 693 m, 721 m to 723 m, 810 m to 814 m, 965 m to 968 m, and 4 local spikes between
892 m to 916 m. Many of these spikes are associated with lithology (dykes).

3.4.7 Full Waveform Sonic

Full waveform sonic logs provide data on the compression wave and shear wave velocity of the borehole wall.
This data can be used in conjunction with density logs from the gamma-gamma density probe to calculate
engineering properties like shear modulus, bulk modulus, young’s modulus, and Poisson’s ratio, which are useful
for distinguishing rock types.

The Mount Sopris FWS Full Waveform Sonic probe (FWS) utilizes a sonic transmitter and three receivers to
measure the primary (compression) and secondary (shear) wave velocities of the rock formation. The transmitter
and receiver portions of the probe are isolated from each other with a flexible sonic isolator which prevents the
transmitted sonic pulses from travelling through the probe. As the calculations for wave velocity require a
consistent separation from the transmitter and receivers relative to the borehole wall, centralizers are required for
this probe.

Once the probe was assembled, affixed with centralizers, checked for functionality, and connected to the wireline,
the probe was lowered into the casing until the top of the probe was flush with the reference point. In order to
have data measured relative to ground surface (i.e., bedrock surface), corrections were applied to account for the
offset distance between the reference point and the probe sensor, and the difference between the reference point
and the ground surface. This depth correction is specific to the tool and was calculated based on the stickup of
the reference point, as measured during setup. The offset of the measurement point of each tool is outlined in the
technical specifications and operator’'s manuals in Appendix B. The probe was descended to 50% of the borehole
depth, and a QA/QC log was recorded from 500 m to 400 m. The probe was run at 1.5 m per minute, sampling
every 0.05 m. Once the QA/QC log was complete, the probe was descended to the bottom of the borehole and
the second file was begun, recording with the same speed and sampling interval. The primary log was recorded
from 1000.85 to 1.43 m.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the descent and
ascent to ensure valid telemetry and minimal data errors. Wireline tension was also monitored to ensure
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continuous, unobstructed descent and ascent. Once the probe was level with the reference point, the tool was
deactivated, and the probe was removed from the borehole.

The .TFD files were imported into WellCAD where the primary log compared favourably to the QA/QC log. For the
primary log, the Interpolate Bad Traces algorithm was applied to remove any gaps in the data. The log was shifted
to correct for the After-Survey Depth Error (ASDE). Once referenced to the corrected depth, the log was exported

as .WCA files.

The .WCA file was then imported back into one common WellCAD file where it was compared with other
geophysical logs, such as the optical televiewer image log, gamma-gamma density log, and neutron log,
and common features were matched to further refine the accuracy.

Compression and shear wave velocities were estimated in WellCAD by computing a semblance plot that
evaluates the similarities in the full sonic waveforms across the array of receivers in the probe. Graphically,

the FWS Semblance Plot is an image log where individual pixels are assigned a colour based on the amplitude

of the semblance between the travel times recorded by each of the FWS receivers. The manually picked
slowness curves were adjusted using the WellCAD extremum algorithm, and the logs were inverted to generate
Compression Wave Velocity and Shear Wave Velocity logs. These logs were then used to calculate the Poisson’s
Ratio log, according to the formula (ALT 2011):

1 (@)2 _1
Poisson’s Ratio = Zdtc—2
() -
dtc
where:
dtc = Compression Wave Slowness (us/sm)

dts = Shear Wave Slowness (us/sm)

The calculated Poisson’s Ratio was then used in conjunction with the Shear Modulus to generate the Young’s
Modulus, according to the formula:

Young's Modulus (MPa) =2 X u X (1 +v)
where:

u = Shear Modulus (MPa)

v = Poisson's Ratio

The Bulk Modulus was calculated according to the formula:

1 4
Bulk Modulus (MPa) = p, X (dtcz T 3x dtsz)

where:

pp = Bulk Density (g/cc)
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Using the Near Density log in conjunction with the Shear Wave slowness log, the Shear Modulus was calculated
according to the relationship (ALT 2011):

Pb

Shear Modulus (MPa) = 257

The Near Density log was also used in conjunction with the Compression Wave Velocity log to calculate the
Characteristic Acoustic Impedance, according to the following relationship:

Characteristic Acoustic Impedance (Raylsyks) = pn X Vp
where:

pn = Near Density (kg/m?3)

vp = Compression Wave Velocity (m/s)

One final depth correction was applied according to the results of structural integration between televiewer logs
and core logs, as described in Section 3.4.

The Full Waveform Sonic (FWS) image log and curves are displayed in the Engineering Log, included in
Appendix E. The FWS logs include the Semblance Plot image, the picked Compression Wave and Shear Wave
slowness curves, the calculated Compressive Wave Velocity and Shear Wave Velocity curves, the calculated
elastic constant curves, and the calculated Characteristic Acoustic Impedance curve. Table 3 lists the FWS logs,
along with their units, minimum and maximum values, as well as average values (where applicable).

Table 3: FWS Log Details

Log Name i Min Value Max Value Average Value
Compression Wave Slowness ps/m 154 190 177
Shear Wave Slowness ps/m 273 329 302
Compression Wave Velocity m/s 5263 6482 5660
Shear Wave Velocity m/s 3040 3659 3319
Poisson’s Ratio - 0.14 0.31 0.24
Shear Modulus MPa 25516 39645 30452
Young’s Modulus MPa 64419 97866 75374
Bulk Modulus MPa 36101 72185 47956
Characteristic Acoustic Impedance Rayls (MKS) 1.44x107 2.16x107 1.56x107

The Semblance Plot is overlaid with the picked Compression Wave and Shear Wave slowness curves,

which correspond to the two separate peak values shown in the Semblance Plot image. The corresponding
Compression Wave Velocity and Shear Wave Velocity curves are overlaid for comparison. The Poisson’s Ratio
curve is displayed next to the three overlain elastic constants curves, Shear Modulus, Young’'s Modulus,

and Bulk Modulus. Variations in the velocity curves and associated engineering property curves positively
correlate to changes in the gamma-gamma density. Seven spikes on Compression and Shear Wave Velocity
curves correspond to spikes on Near and Far Density curves at 465 m to 467 m, 573 m to 576 m, 690 m to 694
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m, 722 m to 725 m, 809 m to 815 m, 892 m to 896 m and 966 m to 969 m where average Compression and
Shear Wave velocities changes 10% to 30%, accordingly.

3.4.8 Mechanical Caliper

Caliper data is used to measure the average diameter of the borehole, showing voids, and open joints and
fractures. Caliper data is necessary for accurate calculation of apparent structure dips, and for the determination
of the borehole fluid velocity for the calculation of the acoustic caliper log.

The Mount Sopris 2PCA-1000 Mechanical Caliper probe uses three spring-driven arms, held against the borehole
wall, to measure the average diameter of the borehole with depth. The short caliper arms were used given the
diameter of the borehole. The caliper probe is run up from the bottom of the borehole such that the arms will
expand into voids or fractures. The caliper probe is a combination tool with the fluid temperature / resistivity probe
(FTR). The probe was checked for functionality prior to shipping to site and again once on site prior to use.
Records of pre-use checks can be found in the pre-use Calibration and Verification Check Form, provided in
Appendix A.

Before descending the probe into the borehole, the caliper was calibrated on surface using an associated
calibration jig with two known diameters (6.1 cm and 10.2 cm), in accordance with ASTM standard D6167-11
(Section 8.2). The diameters of the calibration jig were recorded with the probe’s response and the results were
saved into the associated .TOL file and exported as a .TXT file for record keeping. Calibration values were also
recorded in the Calibration and Verification Check Form, provided in Appendix A. Following the calibration,

the probe was lowered into the borehole until level with the reference point, and the depth was corrected to
report the depth below ground surface of the measurement point of the caliper portion of the combination tool.
The probe was then descended the full depth of the borehole. The associated .TOL file was then selected, and
the probe was activated. The full boot sequence was allowed, requiring 90 seconds as the caliper arms were
opened, before the readings were valid. The primary caliper log was run up from the bottom of the borehole to
1.52 m, at 2.5 m per minute, sampling every 1 cm. The probe was then closed, descended to 170 m, and logged
up to 70 m to collect the QA/QC log.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the ascent to ensure
valid telemetry and minimal data errors. Wireline tension was also monitored to ensure continuous, unobstructed
ascent.

Once the probe was level with the reference point, it was turned from Depth Up mode to Time Mode and the
probe was removed from the borehole with the arms still extended. It was then checked in the calibration jig
against the same two known diameter values. Changes in temperature of the probe caused the reported values
to drift over the course of the log by -0.02 cm on the high end. These values were used later in the processing
stage to correct the caliper curve, by matching points of stable rock wall and casing to known diameter values.

The .TFD files were imported into WellCAD where the primary log compared favourably to the QA/QC log. For the
primary log, an interpolation function was applied to remove data spikes and gaps smaller than 1 m. The log was
shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant Record of Geophysical
Logging field notes.

The .WCA file was then imported back into one common WellCAD file where it was compared with other
geophysical logs, such as the optical televiewer image log, and acoustic caliper log. The log was depth matched
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with common features, to further refine the accuracy. One final depth correction was applied according to the
results of structural integration between televiewer logs and core logs, as described in Section 3.4.1.2.

The final Mechanical Caliper curve is displayed on the Hydrogeology Log, in Appendix E and is overlaid with the
Acoustic Caliper curve for comparison purposes. The borehole was drilled using a HQ drill bit with an outer
diameter of 96.1 mm. The Mechanical Caliper log measured in mm through the borehole ranges from 94.28 mm
to 104.89 mm, with an average value 96.52 mm. The Mechanical Caliper and Acoustic Caliper logs match well for
their ranges, showing the same pattern along the length of the borehole.

3.4.9 Normal Resistivity, Self-Potential and Single Point Resistance

The Mount Sopris QL40 ELOG (resistivity) probe was used to collect a continuous record of the normal electrical
resistivity, electrical resistance, and natural electrical potential of the borehole wall. The probe is comprised of

5 separate electrodes which are used to measure normal resistivity at 4 spacings (8 inch, 16 inch, 32 inch, and
64 inch). The tool also measures self-potential (SP), and single point resistance (SPR) between the uppermost
electrode on the probe and a remote reference electrode installed at surface, in a shallow pit filled with bentonite
mix located approximately 50 cm from the borehole. The resistivity probe is used with an electrically isolating
bridle separating the probe from the wireline cable head.

The SP log provides a measure of the natural voltages within the borehole, which can be related to either
electrochemical forces, such as differences in fluid electrical conductivities/salinities between the borehole fluid
(flushed fluid) and the formation fluid and movement between the two, or electrokinetic forces, such as fluid flow
from a fracture resulting in changes in hydraulic gradients. SP is measured between the 64” electrode and the
armour of the probe near the wireline cable head.

The SPR log provides a qualitative indication of electrical resistance of the bedrock adjacent to the current
electrode. The resistance measured represents the sum of the resistance between the surface reference
electrode and the current electrode. Therefore, it is important to minimize the contact resistance of the surface
electrode by seating it in a bentonite/clay mud cake and maintaining a constant temperature throughout the
logging. The surface electrode was located within the warmed enclosure surrounding the borehole to maintain
the temperature throughout the logging.

The QL40 ELOG was tested prior to use and calibrated using the ELOG calibration box with resistivities of 1 Qm,
100 Qm, 1,000 Qm and 10,000 Qm (ohm-metres). The record of calibration is provided in the Calibration and
Verification Check Form.

Once the probe and bridle were connected to the wireline, the probe and bridle were lowered into the casing

until the top of the bridle was flush with the reference point and the depth was corrected to report the depth of

the bottom of the tool referenced to ground surface. Due to the multiple measurement points on the probe,

the .TOL file determined the individual offsets of the electrodes automatically, using pre-determined channel shift
values. The depth correction is specific to the tool and was calculated based on the stickup of the reference point,
as measured during setup. The offset of the measurement point of each electrode on the tool is outlined in the
technical specifications and operator’'s manuals, in Appendix B, and is recorded in the .STACK file
BHO6_MSI_BRIDLE_GAMb506_IP5579.stack, which is included in Appendix D. The surface electrode was
connected to the Matrix logging box. The probe was descended to a depth of 600 m and the tool was turned on,
Depth Mode was selected, and the first log was started. The QA/QC log was recorded up from 600 m to 500 m.
The probe was run at 3 m per minute, sampling every 0.05 m. Once the QA/QC log was complete, the probe was
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descended to the bottom of the borehole. Once the probe reached the bottom of the borehole, the second file was
started, recording with the same speed and sampling interval.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the ascent to ensure
valid telemetry and minimal data errors. Wireline tension was also monitored to ensure continuous, unobstructed
ascent.

Once the probe was inside the casing at a depth of 60 m the log was stopped, and the probe was removed from
the borehole. It was then checked in the calibration box against the same known resistivity values. Changes in
temperature of the probe caused minimal drift (<0.1%) over the course of the survey. The post-use calibration
check values are recorded in the Calibration and Verification Check Form, in Appendix A.

The .TFD files were imported into WellCAD and the primary logs were compared to the QA/QC log to ensure
repeatability. For the primary logs, an interpolation function was applied to remove data spikes and gaps smaller
than 1 m. The logs were shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant
Record of Geophysical Logging field notes. A formula was then applied to correct the recorded depth as
described in Section 3.4. Once referenced to the corrected depth, the logs were exported as .WCA files.

The .WCA files were then imported back into one common WellCAD file where they were compared with other
geophysical logs, such as the optical televiewer image log, magnetic susceptibility log, and apparent conductivity
log. The resistivity logs were depth matched with common features, to further refine the accuracy. The logs were
merged into final Self Potential, Single-Point Resistivity, and 8”, 16”, 32", and 64” Resistivity logs. One final depth
correction was applied according to the results of structural integration between televiewer logs and core logs, as
described in Section 3.4.1.2.

The final Resistivity, Self-Potential, Single Point Resistance curves are presented in the Lithology Log, included in
Appendix E. The Self-Potential and SP Resistance curves are overlaid with the Apparent Conductivity curve for
comparison purposes, while the 8”, 16”, 32", and 64” Resistivity curves are displayed in logarithmic scale and
overlaid with each other. The logs are shown in Table 4, along with their units, minimum and maximum values,
as well as average and estimated background values (where applicable).

In general, the resistivity curve shows a steady decrease with depth, with numerous discrete downward spikes
correlating to changes in lithology with primary examples at 690 to 693 m, 908 to 916 m, and 964 to 969 m.

The self-potential curve shows variability over much of the borehole, with a general decreasing trend. Sudden
spikes in the self-potential often correlate to changes in lithology, with a primary example at 690 m and 720-731
m.

Single-point resistance tends to decrease down the hole with small variations associated with slight decreases in
resistivity. The metal wedge caused decreases in the measured resistance.

Table 4: ELOG Log Details

Log Name Units ‘ Min Value ‘ Max Value Average Value

Self-Potential mV -116 290 96

Single Point Resistance Q 1013 7022 4929

8” Resistivity Qm 1258 15976 10755
WS )
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Log Name i Max Value Average Value
16” Resistivity Qm 1704 25994 16853
32” Resistivity Qm 2054 36655 22349
64” Resistivity Qm 2217 36765 19789

3.4.10 Spectral Gamma

The Mount Sopris 2SNA-1000 Spectral Gamma probe was used to measure the naturally occurring gamma
radiation of distinct energy levels being emitted by the host rock, in order to derive the concentrations of
Potassium (K), Uranium (U) and Thorium (Th) as well as their decay products. The logs are used for the
identification of lithology, mineralogy and alterations. The probe consists of a scintillation sodium iodide crystal,
which measures the incoming natural gamma radiation from the borehole walls and is resolved into a spectrum
of energy levels associated with the specific radionuclides of Potassium, Uranium and Thorium. The gamma-
emitting radio-isotopes that naturally occur in geologic materials are Potassium 40 and nuclides in the

Thorium 232 and Uranium 238 decay series. Potassium 40 occurs with all potassium minerals including
potassium feldspars. Thorium 232 is typically associated with biotite, sphene, zircon and other heavy minerals.
Uranium 238 is typically associated granitoid rocks with uranium mineralization.

The spectral gamma probe was checked for functionality prior to shipping. The results of the functionality test are
recorded in the pre-use Calibration and Verification Check Form, included in Appendix A.

Once the tool was connected to the wireline, the probe was powered up and checked for valid data. The probe
was lowered into the casing until the top of the probe was flush with the reference point and the depth in the
Logger program was corrected to report the depth of the measurement point of the tool referenced to ground
surface. This depth correction is specific to the tool and was calculated based on the stickup of the reference
point, as measured during setup. The offset of the measurement point of each tool is outlined in the technical
specifications and operator’s manuals in Appendix B.

The probe was descended to a depth of 500 m and turned on and the first log was started. The QA/QC log was
recorded up 10% of the borehole depth, from 500 m to 400 m. The probe was run at 2.25 m per minute, sampling
every 2.5 cm. Once the QA/QC log was complete, the first file was terminated, and the probe was descended to
the bottom of the hole. The second file was started, logging up into the borehole at the same speed and sampling
interval.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the descent and
ascent to ensure valid telemetry and minimal data errors. Wireline tension was also monitored to ensure
continuous, unobstructed descent and ascent. Once the probe was level with the reference point, the second file
was terminated, and the probe was deactivated and removed from the borehole.

The .TFD files were imported into WellCAD and the primary logs were compared to the QA/QC log to ensure
repeatability. For the primary logs, an interpolation function was applied to remove data spikes and gaps smaller
than 1 m. The logs were shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant
Record of Geophysical Logging field notes Once referenced to the corrected depth, the logs were exported as a
WCA file.
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The .WCA file was then imported back into one common WellCAD file where the logs were compared with other
geophysical logs, such as the optical televiewer image log, and natural gamma log. The logs were depth matched
with common features, to further refine the accuracy.

The K, U, and Th curves were generated through the WellCAD procedure for spectrum stacking over a 2-metre
window, and a 10-metre window. To generate the individual curves an energy window of 1,360 keV to 1,560 keV
was used for the K band, an energy window of 1,660 to 1,860 keV was used for the U band, and an energy
window of 2,520 keV to 2,720 keV was used for the Th band, as described in the user’'s manual for the probe
(Appendix B) and which captures energy 100 keV either side of the peak associated with the band.

One final depth correction was applied according to the results of structural integration between televiewer logs
and core logs, as described in Section 3.4.1.2.

The Spectral Gamma curves are presented in the Lithology Log, included in Appendix E. The Spectral Gamma
total counts curve is overlaid with the Natural Gamma curve for comparison purposes, while the stacked
Potassium, Thorium, and Uranium counts logs are overlaid on each other. The Spectral Gamma logs are listed in
Table 5, along with their units, minimum and maximum values, as well as average and estimated background
values (where applicable).

Table 5: Spectral Gamma Log Details

Log Name ‘ Units ‘ Min Value Max Value ‘ Average Value
Spectral Gamma total cps 2.18 78.96 30.96
K — Stacked — 2m cps 0.05 1.07 0.51
Th — Stacked — 2m cps 0.00 0.22 0.04
U — Stacked — 2m cps 0.00 0.54 0.16
K — Stacked — 10m cps 0.17 0.84 0.51
Th — Stacked — 10m cps 0.00 0.10 0.04
U — Stacked — 10m cps 0.03 0.34 0.16

The Natural Gamma and Spectral Gamma total counts logs match well for their ranges, showing the same trends,
spikes, and plateaus. The Natural Gamma values are on average 2.5 times higher than the Spectral Gamma total
counts values, which is a result of counts falling outside the spectral energy classification window used during
spectral gamma acquisition, as the Spectral Gamma probe filters out any counts with an energy level less than
100 keV. Trends in both the Natural Gamma and Spectral Gamma total counts logs match well for their respective
ranges, showing the same pattern along the total depth of the borehole. In general, the total gamma counts curve
is negatively correlated with the presence of biotite in the host tonalite, with interpreted biotite-rich layers
appearing as relatively low gamma plateaus. Overall, the uranium and thorium curves show very low
concentrations, however, the potassium curve appears to represent the bulk of the radioactive response.

3.4.11 Fluid Temperature and Resistivity

The Mount Sopris 2SFA-1000 Fluid Temperature / Resistivity probe (FTR) is part of a combination probe,
forming the bottom end of the 3-arm mechanical caliper probe. The FTR is run down the borehole within the fluid
and records the fluid temperature and electrical resistivity as the fluid passes through the tool.
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Immediately prior to use, the probe was calibrated using two fluids of known resistivity (8.5 Qm and 88.5 Qm).
The calibration values are recorded in the Calibration and Verification Check form, as well as the exported
calibration text file, provided to NWMO.

The probe was lowered into the casing until the top of the probe was flush with the reference point and the depth
was corrected to report the depth of the measurement point of the tool referenced to ground surface. This depth
correction is specific to the tool and was calculated based on the stickup of the reference point above ground
surface, as measured during setup. The offset of the measurement point of each tool is provided in the probe
specific .TOL file, and outlined in the technical specifications and operator’s manuals in Appendix B.

Data logging began at the top of casing to obtain a complete profile of the borehole. Starting the log data in the
air ensured that it recorded the transition between the air-filled portion and the fluid-filled portion of the borehole;
a sharp change in resistivity and temperature indicates the top of static water level in the borehole. Temperature
data in the air-filled portion reflects the ambient air temperature, however fluid resistivity values above the static
water level are not valid. The primary log was recorded down at a speed of 4 m per minute, sampling every

2.5 cm. A repeat log, for QA/QC purposes, was collected up the entire borehole at a speed of 15 m per minute.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the descent to ensure
valid telemetry and minimal data errors. Wireline tension was also monitored to ensure continuous, unobstructed
descent. Once the probe was level with the reference point the recording mode was switched from Depth Down
mode to Time Mode and removed from the borehole.

The probe was then checked in the same two fluids of known resistivity and the results recorded in the Calibration
and Verification Check form. The probe values drifted by an average of 1 Qm over the course of testing.

The .TFD files were imported into WellCAD where the primary logs compared favourably to the QA/QC log.

For the primary logs, an interpolation function was applied to remove data spikes and gaps smaller than 1 m.
The logs were shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant Record of
Geophysical Logging field notes. Once referenced to the corrected depth, the logs were exported as a .WCA file.

The .WCA file was then imported back into one common WellCAD file where the logs were compared with other
geophysical logs, such as the optical televiewer image log, and FFEC logs. The logs were depth matched with
common features, to further refine the accuracy. The Fluid Resistivity log was inverted to present Fluid
Conductivity for comparison to FFEC logs. Fluid Resistivity Gradient and Temperature Gradient logs were created
using the standard WellCAD formula. One final depth correction was applied according to the results of structural
integration between televiewer logs and core logs, using formulae described in Section 3.4.1.2.

The final Fluid Temperature, Fluid Resistivity, and Static Fluid Conductivity curves are displayed on the
Hydrogeology Log, in Appendix E. The FTR curves are overlaid with each other and are presented next to the
FFEC logs, with log start time in minutes, for comparison purposes. The FTR logs are listed in Table 6, along with
their units, minimum and maximum values, as well as average values. The Fluid Temperature curve shows a
steady increase from approximately 7.0°C at the water table, to 14.0°C at the bottom of the borehole.

Table 6: FTR Log Details

Min Value Max Value Average Value

Fluid Temperature °C 6.96 14.30 10.14
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Log Name i Min Value Max Value Average Value
Fluid Resistivity Qm 39.11 410.28 75.61
Static Fluid Conductivity mS/m 2.44 25.57 17.21

3.4.12 Magnetic Susceptibility

Magnetic susceptibility data was collected to measure the magnetic susceptibility of the rock. The HM 320
Magnetic Susceptibility probe contains a two-coil system and is used to measure the dimensionless magnetic
susceptibility constant K of the rock mass, which indicates the degree to which it can be magnetized in the
presence of a magnetic field.

The probe calibration was verified prior to use using the manufacturer-supplied calibration block of known
magnetic susceptibility (0.02262x10- Sl Units) and the null value in air. The results of the calibration are recorded
in the Calibration and Verification Check form.

Once the probe’s calibration was verified it was lowered into the casing until the top of the probe was flush with
the reference point and the depth in the Logger program was corrected to report the depth of the measurement
point of the tool referenced to ground surface. This depth correction is specific to the tool and was calculated
based on the stickup of the reference point above ground surface, as measured during setup. The offset of the
measurement point of each tool is outlined in the technical specifications and operator’'s manuals in Appendix B.
The probe was descended to a depth of 400 m, turned on and the first log was started. The QA/QC log was
recorded up the borehole for 10% of the borehole depth, from 400 m to 300 m. The probe was run at 4.5 m per
minute, sampling every 5 cm. Once the QA/QC log was complete, the probe was descended to the bottom of the
borehole. Once the probe reached the bottom of the borehole, the first file was terminated, and the second file
was started, recording up at the same speed and sampling interval.

The logs were recorded as .TFD files and the quality of the data was monitored throughout the descent to ensure
valid telemetry and minimal data errors. Wireline tension was also monitored to ensure continuous, unobstructed
descent. Once the probe was level with the reference point, the final log was terminated, and the probe was
turned from Depth Up mode to Time Mode and removed from the borehole.

The probe was then checked in the calibration block and in air and the results recorded in the Calibration and
Verification Check form. The probe values drifted by an average of 0.08x10-3 SI Units over the course of testing.

The .TFD files were imported into WellCAD where the primary logs compared favourably to the QA/QC log.
For the primary logs, an interpolation function was applied to remove data spikes and gaps larger than 1 m.
The logs were shifted to correct for the After-Survey Depth Error (ASDE), recorded in the relevant Record of
Geophysical Logging field notes, and the noted depth loss from the odometer wheel error was corrected based
on the short repeat log. Once referenced to the corrected depth, the logs were exported as .WCA files.

The .WCA files were then imported back into one common WellCAD file where the logs were compared with other
geophysical logs, such as the optical televiewer image log, natural gamma log, apparent conductivity log, and
resistivity logs. One final depth correction was applied according to the results of structural integration between
televiewer logs and core logs, as described in Section 3.4.1.2.
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The final Magnetic Susceptibility curve is presented in the Lithology Log, included in Appendix E. Magnetic
susceptibility is presented as Sl unitless values), and ranges from 0.34x10-2 Sl to 4.46x102 Sl, with an average
value of 0.47x10-2 Sl.

In general, the magnetic susceptibility curve is flat, with sharp positive spikes associated with lithology change.
The most prominent spikes associated with high biotite tonalites, diabase, and amphibolite lenses at depth
intervals of 410 m to 416 m, 572 m to 574 m, 688 m to 694 m, 721 m to 724 m, 787 m to 813 m, 835 m and 838 m
and 965 m to 968 m.

3.4.13 Heat-Pulse Flowmeter

Fluid flow along borehole is useful for inferring where changes in hydraulic head are occurring, where water-
bearing fractures are located, and whether systems of joints and fractures are hydraulically connected in proximity
to the borehole. The Mount Sopris HFP-2293 Heat-Pulse Flow Meter probe (HPFM) was used to measure the
vertical rate of fluid flow in a borehole by collecting data at discrete points along the borehole while the probe is
motionless in the water column. The probe uses a rubber skirt to divert all flow at one horizon in the water column
through the annulus of the probe, which it marks with a pulse of heat. Two thermistors, one located above and
one below the annulus, are used to calculate the velocity and direction of motion of the heated water. This velocity
is converted, using a calibration formula, into a flow rate. The probe is factory calibrated and is re-calibrated in

the event it is sent for repair. The HPFM is designed to measure low flow conditions, from 0.113 to 3.785 litres
per minute. The probe specifications note that the accuracy of the probe is within 5% of the actual flow rate in the
mid measuring range, and within 15% at the extremes of the measuring range.

The HPFM was checked for functionality prior to shipping and again prior to use while on site. The pre-use checks
are recorded in the pre-use Calibration and Verification Check form. The probe was also tested in the borehole
under pumping conditions to simulate flow of known magnitude, and the results of the test are recorded in the
Calibration and Verification Check form. All pre-use test results are reported in Appendix A.

An HQ diverter and centralizer were attached to the probe and it was connected to the wireline. The Matrix Heat
software was started and the associated .TOL file was selected. The probe was lowered into the casing until the
top of the probe was flush with the reference point and the depth in the Matrix Heat program was corrected to
report the depth of the measurement point of the tool referenced to ground surface. This depth correction is
specific to the tool and was calculated based on the stickup of the reference point above ground surface,

as measured during setup. The offset of the measurement point of each tool was outlined in the technical
specifications and operator’s manuals in Appendix B. The probe was then descended below the static water level
and powered up. When the static water level was above the bottom of the casing, two measurements were taken
within the casing to ensure good response in a zero-flow condition.

The initial HPFM testing was conducted under static conditions. A standardized measurement interval of 20 m
was used to sample the flow in the borehole. Three separate records of 45 seconds each were gathered from
each depth to ensure repeatability. After static testing, a Grundfos submersible pump was lowered into the
borehole to 80 m bgs. A drawdown to 24 m was created to conduct the HPFM testing under pumping/dynamic
conditions. A standardized measurement interval of 20 m was used to sample the flow in the borehole; however,
sampling interval was reduced to 10 m and 5 m and 1 m at the depth where any flow would occur to better locate
the source of the potential flow. Measurement of flow while pumping with the HPFM in the casing was used to
check the operation of the HPFM and ensure the diverters were working properly to divert flow through the probe.
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Responses observed outside the first 45 seconds can be attributed to the thermal movement of the heated slug of
water and are not considered true flow measurements. The MatrixHeat manual (Appendix B) indicates that there
is generally no useable data beyond 25 seconds.

Data was recorded as .MH files (ALT proprietary format). Wireline tension was also monitored to ensure
continuous, unobstructed descent and ascent. Once the data had been gathered, the file was saved in Matrix
Heat and the probe was powered down and ascended to the next measurement depth.

All the data files (.MH) were reviewed for consistency in pulse time picks, then the depths and flow values were
exported as .CSV files. The .CSV file was reviewed manually to remove duplicate entries, which were the result of
small (mm) changes in reported probe depth. Flow rates were converted from US gallons per minute to litres per
minute. The separate .CSV files were combined to generate one single file.

The .CSV file was then imported into one common WellCAD file where the log was compared with other
geophysical logs, such as the optical televiewer image log, FFEC logs, and modelled dynamic flow values. No
flow was detected. The final depth correction was applied according to the results of structural integration
between televiewer logs and core logs, according to formulae described in Section 3.4.1.2.

The final Heat-Pulse Flow Meter (HPFM) data is presented in the Hydrogeology Log, included in Appendix E.

It is presented as the Heat-Pulse Static Flow curve, in litres per minute, with indicators at each discrete sample
depth. In testing of the open portion of the borehole no static flow was detected with the HPFM run, thus the curve
is set to O L/min.

3.4.14 Borehole Deviation

To be able to correct apparent structures to true dip and dip direction, as well as to understand the overall tilt and
azimuth of the borehole, multiple deviation logs were collected. These logs were compared to each other to
identify and mitigate possible sources of error.

Borehole deviation data were recorded in IG_BHO06 using tilt and azimuth information from the optical and
acoustic televiewer logs. The tilt and azimuth logs were collected with the same setup procedure as outlined in
Section 3.4.4.2, logging the complete borehole down at 10 m per minute, sampling every 5 cm, as well as up at
4 m per minute, sampling every 2.1 mm. In total there were three acoustic and three optical televiewer logs
created and used to calculate the trajectory of the borehole from ground surface to the bottom of hole (Table 7).

The individual Tilt and Azimuth logs were filtered using a 3-point moving window filter to remove data spikes and
interpolated over gaps less than 1 m to remove data blanks. Distortion of the azimuth logs caused by the metallic
casing was trimmed.

Tilt and azimuth logs from each of the completed televiewer runs were combined into a single set of logs by
calculating an average of the logs on a point-by-point basis. The final Azimuth log was rotated 1.361° to correct
for the local magnetic declination, in order to reference it to True North.

The averaged Tilt and Azimuth (True North referenced) logs were used to calculate approximate Easting and
Northing displacement of the hole from the collar, as well as the True Vertical Depth below ground surface.
These values were used to plot the preliminary trajectory of the borehole shown in a Bull's Eye plot in the header
of the Deviation Log included in Appendix E. The individual logs are listed in Table 7, along with their logging
direction, sampling rates, units, minimum and maximum values, as well as average values (where applicable).

WS 28



May 26, 2023 20253946

Table 7: Deviation Log Details

Log Name Sampling Rate Units Min Value Max Value Average
(m) Value
Azimuth OTV 01-05 Corr 0.0021 Deg -1.30 -1.60 -0.04
Azimuth ATV 01-07 Corr 0.0021 Deg -3.00 -0.30 -0.82
Azimuth OTV 02-01 Corr 0.0021 Deg -2.50 4.40 1.73
Azimuth OTV 02-02 Corr 0.0021 Deg -3.30 3.30 0.67
Azimuth ATV 03-03 Corr 0.0021 Deg -3.60 2.00 -0.18
Azimuth ATV 04-01 Corr 0.0021 Deg -2.25 2.10 0.20
Tilt OTV 01-05 0.0021 Deg 19.00 22.30 20.82
Tilt ATV 01-07 0.0021 Deg 19.40 23.10 20.73
Tilt OTV 02-01 0.0021 Deg 20.00 22.00 21.02
Tilt OTV 02-02 0.0021 Deg 19.80 22.20 21.01
Tilt ATV 03-03 0.0021 Deg 19.60 24.00 21.26
Tilt ATV 04-01 0.0021 Deg 20.40 22.50 21.33

The Deviation curves are presented in the Deviation Log, included in Appendix E. Data in Azimuth logs are
corrected for better presentation of the data, where any data value greater than 180 degrees is corrected to be
that value minus 360 degrees. The various azimuth and tilt curves are overlaid with each other for comparison.
The averaged azimuth log, corrected from High Side to True North (TN), and the averaged tilt log are also
presented (Table 10). From the Average Azimuth TN and Tilt Average logs the Northing, Easting and True
Vertical Depth (TVD) logs are calculated and presented in Table 11. The TVD log is used to calculate the
Elevation log and the two are presented as depth column logs. The Easting and Northing logs are overlaid and
presented beside curves showing the semi-major axis of the error ellipses calculated by WellCAD, based on the
tilt and azimuth uncertainty values (£0.5° of tilt, £1.2° of azimuth) found in the user manual for the televiewer
probes, included in Appendix B. Error ellipses, also known as footprints, are an expression of the uncertainty of
the measurement on the calculation of position along the borehole. The WellCAD algorithm is based on a
probabilistic approach, meaning that the higher sampling of orientation measurements leads to less overall
uncertainty and smaller ellipses, denoted by small semi-major axis values.

Table 8: Details of the Averaged Deviation Log

Units ‘ Min Value ‘ Max Value Average Value

Log Name

Azimuth Average TN Deg -1.50 2.20 0.51

Tilt Average Deg 19.76 21.85 21.14
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Table 9: Results of Eastings, Northings, and True Vertical Depth (TVD) Recorded at Bottom of Borehole

Log Name Units ‘ Total Value ‘
Easting m 3.25
Northing m 360.44

TVD m 932.13

3.4.15 Posiva Flow

The Posiva Flow logging was completed by Posiva under the supervision of Golder.

The Posiva Flow Log uses a flowmeter that incorporates a flow guide and can be used to obtain relatively quick
measurements of hydraulic conductivity and equivalent freshwater hydraulic head of fractures/fractured zones in
boreholes.

The applied section lengths of the flow guide were 5 m and 0.5 m. Flow into the borehole or from the borehole to
the bedrock was measured within the section length. The measurements were carried out in pumped and in
natural (i.e., un-pumped) conditions. The transmissivity (T) and equivalent freshwater hydraulic head (h) of zones
were calculated from the obtained flow and pressure results.

Four water flowing fractures were identified during the Posiva Flow Logging. A single fracture was identified at a
depth of 152.4 m along the borehole, where flow was 11 mL/hr under pumping conditions where pumped
drawdown was approximately 21 metres in the borehole. The transmissivity of this fracture was calculated to be
1.58x101° m?/s. The complete Posiva report presenting the testing, interpretation and results is provided in
Appendix F.
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QUALITY CONFIRMATION REPORT

FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: Sept-10-2021 - Shift 01
Sarah Hirschorn Work Package: WPO05 — Borehole Geophysical
Logging

Mostafa Khorshidi
CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Date Logged To (m) Total Review Reviewed Data Quality
By Length (m) Date By
IG_BH06_WP05_2PCA_01-02.TFD 09/10/21 CRP 101.32 49.88 51.44 09/10/21 OF/CRP Acceptable
IG_BH06_WP05_2PCA_01-3.TFD 09/10/21 CRP 59.88 0.22 59.66 09/10/21 OF/CRP Acceptable
IG_BH06_WP05_GAMOTV_01-05.TFD 09/10/21 CRP 100.86 0.73 100.13 09/10/21 OF/CRP Acceptable
IG_BH06_WP05_GAMATV_01-07.TFD 09/10/21 CRP 100.84 0.96 99.88 09/10/21 OF/CRP Acceptable
Christopher Phillips : September 10, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Christopher Phillips Verified by: Olga Fomenko / Christopher Phillips
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FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: November-16-2021 - Shift 02
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Mostafa Khorshidi
CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Name Logged From To (m) Total Review Reviewed Data Quality
23% (m) Length (m) Date 23

IG_BHO05_WP05_QLOBI_02-01.tfd 11/15 CM 1.30 999.29 98.77 11/16 CRP

IG_BHO05_WP05_QLOBI_02-02.tfd 11/15 CP 99.96 13.70 86.26 11/16 CRP
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Chris Marchildon November 16, 2021

Print name Signature Date
Client: NWMO Job Number: 20253946-5050
Location: Ignace — IG_BH06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Chris Marchildon Verified by: Christopher Phillips
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Sarah Hirschorn
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Mostafa Khorshidi

CC: George Schneider
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FORM: NWMO-IGNACE-20253946-WP05-F004

November-16-2021 - Shift 03
WPO05 — Borehole Geophysical
Logging

Email

Borehole Geophysical Logs:

To (m)

Total Reviewed Data Quality

Length (m) By

IG_BH05_WPO05_2PCA_03-01.tfd 11/16 CcM 170.01 70.00 100.01 11/16 CRP Acceptable
IG_BH05_WPO05_2PCA_03-02.tfd 11/16 cM 1000.31 1.52 998.79 11/16 CRP Acceptable
IG_BH06_WP05_GRATV_DEV_03-03.tfd 11/16 CP 2.23 999.8 997.57 11/17 CRP Acceptable
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e M el
Chris Marchildon November 17, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling
Prepared by: Chris Marchildon Verified by: Christopher Phillips
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Date / Shift:
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Distributed By:

FORM: NWMO-IGNACE-20253946-WP05-F004

November-17-2021 - Shift 04

WPO05 — Borehole Geophysical
Logging

Email

Borehole Geophysical Logs:

Log Logged Total Review Reviewed Data Quality
By Length (m) Date By
IG_BH06_WP05_GRATV_04-01.tfd 11/17 CM/PG/PL 999.26 77.96 921.30 11/18 CRP Acceptable
IG_BH06_WP05_2SNA_04-02.tfd 11/17 PL 500.01 399.98 100.03 11/18 CRP Acceptable
IG_BH06_WP05_2SNA_04-03.tfd 11/17 PL 1000.22 962.01 38.21 11/18 CRP Acceptable
IG_BH06_WP05_2SNA_04-05.tfd 11/17 PL 991.42 927.29 64.13 11/18 CRP Acceptable
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Chris Marchildon November 18, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling
Prepared by: Chris Marchildon Verified by: Christopher Phillips




(S GOLDER
QUALITY CONFIRMATION REPORT

FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: November-18-2021 - Shift 05
Sarah Hirschorn Work Package: WPO05 — Borehole Geophysical
Logging

Mostafa Khorshidi

CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Date Logge To (m) Total Review Reviewed Data Quality
d By Length (m) Date By
IG_BH06_WP05_2SNA_04-06.tfd 11/17-18 PL/CM 935.01 1.73 933.28 11/19 CRP Acceptable
IG_BH06_WP05_2SFA_05-01.tfd 11/18 PG 1.50 1002.21 1000.99 11/19 CRP Acceptable
IG_BH06_WP05_2SFA_05-02.tfd 11/18 PG 1000.21 1.65 1000.56 11/19 CRP Acceptable
IG_BH06_WP05_2PIA_05-03.tfd 11/18 PL 399.99 500.02 100.03 11/19 CRP Acceptable
IG_BHO6_WP05_2PIA_05_04.tfd 11/18 PL 1000.89 66.06 934.83 11/19 CRP Acceptable
IG_BH06_WP05_HMI_05-05.tfd 11/19 PL 300.00 401.53 101.53 11/19 CRP Acceptable

% M anchilibn

Chris Marchildon November 19, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Chris Marchildon Verified by: Christopher Phillips




(S GOLDER
QUALITY CONFIRMATION REPORT

FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: November-19-2021 - Shift 06
Sarah Hirschorn Work Package: WPO05 — Borehole Geophysical
Logging

Mostafa Khorshidi

CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Date Logge To (m) Total Review Reviewed Data Quality
d By Length (m) Date By
IG_BH06_WP05_HMI_06-01.tfd 11/19 Cc™m 935.01 1.73 933.28 11/20 CRP Acceptable
IG_BH06_WP05_QLIPRES_06-02.tfd 11/19 PG 99.01 601.18 502.17 11/20 CRP Acceptable
IG_BH06_WP05_QLIPRES_06-03.tfd 11/19 PG 600.11 499.93 100.18 11/20 CRP Acceptable
IG_BH06_WP05_QLIPRES_06-04.tfd 11/19 PG 1000.61 72.72 927.89 11/20 CRP Acceptable
IG_BH06_WP05_HPFM_06-05.tfd 11/19 PL 80.00 620.00 540.00 11/20 CRP Acceptable

%'4 M anchibbn

Chris Marchildon November 20, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Chris Marchildon Verified by: Christopher Phillips




(S GOLDE

R

QUALITY CONFIRMATION REPORT

TO: Maria Sanchez-Rico Castejon Date / Shift:

Sarah Hirschorn

FORM: NWMO-IGNACE-20253946-WP05-F004

November-20-2021 - Shift 07

Work Package: WPO05 — Borehole Geophysical

Mostafa Khorshidi

CC: George Schneider

Logging

Distributed By: Email

Borehole Geophysical Logs:

Log Date

Total Reviewed Data Quality

Length (m) By

IG_BH06_WP05_HPFM_07-01.mh 11/20 CcM 640.00 720.00 80.00 11/21 CRP Acceptable
IG_BH06_WP05_QLFWS_07-02.tfd 11/20 PG 500.00 399.89 100.11 11/21 CRP Acceptable
IG_BH06_WP05_QLFWS_07-03.tfd 11/20 PG/PL 1000.85 1.43 999.42 11/21 CRP Acceptable

Chris Marchildon

November 21, 2021

Print name Signature Date

Client: NWMO Job Number: 20253946-6050

Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling
Prepared by: Chris Marchildon Verified by: Christopher Phillips




(S GOLDE

R

QUALITY CONFIRMATION REPORT

TO: Maria Sanchez-Rico Castejon Date / Shift:

Sarah Hirschorn

FORM: NWMO-IGNACE-20253946-WP05-F004

November-21-2021 - Shift 08

Work Package: WPO05 — Borehole Geophysical

Mostafa Khorshidi

CC: George Schneider

Logging

Distributed By: Email

Borehole Geophysical Logs:

Log Date To (m)

Total Reviewed Data Quality

Length (m) By

IG_BH06_WP05_HPFM_08-01.mh 11/21 CM/PG 995.00 60.00 935.00 11/22 CRP Acceptable
IG_BH06_WP05_HPFM_08-02.mh 11/21 PG/PL 995.00 60.00 935.00 11/22 CRP Acceptable
Acceptable —
IG_BH06_WP05_GROTV_08-03.tfd 11/21 PL 500.00 145.00 355.00 11/22 CRP
Still Cloudy

Chris Marchildon

November 22, 2021

Print name Signature Date

Client: NWMO Job Number: 20253946-6050

Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling
Prepared by: Chris Marchildon Verified by: Christopher Phillips




(S GOLDER
QUALITY CONFIRMATION REPORT

FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: November-22-2021 - Shift 09
Sarah Hirschorn Work Package: WPO05 — Borehole Geophysical
Logging

Mostafa Khorshidi

CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Date Logged To (m) Total Review Reviewed Data Quality
By Length (m) Date By
IG_BH06_WP05_GR2NEU_09-01 11/22 DGI 301.00 2.30 298.7 11/23 DGI
IG_BH06_WP05_GAM2DEN_09-02 11/22 DGI 301.01 2.61 298.39 11/23 DGI
IG_BH06_WP05_GRATV_09-03 11/22 PL 999.45 750.00 249.45 11/23 CRP Acceptable
IG_BH06_WP05_GRATV_09-04 11/22 PL 630.00 570.00 60.00 11/23 CRP Acceptable

%'4 M anchibbn

Chris Marchildon November 23, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Chris Marchildon Verified by: Christopher Phillips




LS GOLDE

R

QUALITY CONFIRMATION REPORT

TO: Maria Sanchez-Rico Castejon Date / Shift:

Sarah Hirschorn

FORM: NWMO-IGNACE-20253946-WP05-F004

November-23-2021 - Shift 10

Work Package: WPO05 — Borehole Geophysical

Mostafa Khorshidi

CC: George Schneider

Logging

Distributed By: Email

Borehole Geophysical Logs:

Log Name

Log Date

Total Reviewed Data Quality

Length (m) By

IG_BH06_WP05_GR2NEU_10-01 11/23 DGI 997.01 199.01 798 11/24 DGI
IG_BH06_WP05_GRFTR_10-02 11/23 PL 1.40 998.04 996.64 11/24 CRP Acceptable
IG_BHO6_WP05_GRFTR_10-03 11/23 PL 997.63 1.40 996.23 11/24 CRP Acceptable

Chris Marchildon

%? M onchibbn

November 24, 2021

Print name Signature Date

Client: NWMO Job Number: 20253946-6050

Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling
Prepared by: Chris Marchildon Verified by: Christopher Phillips




LS GOLDER
QUALITY CONFIRMATION REPORT

FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: November-24-2021 - Shift 11
Sarah Hirschorn Work Package: WPO05 — Borehole Geophysical
Logging

Mostafa Khorshidi

CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Name Log Date Logge From To (m) Total Review Reviewed Data Quality

d By (m) Length (m) Date By

IG_BH06_WP05_GR2NEU_11-01 11/24 DGI 997.01 145.00 852.01 11/25 DGl

%"4 M onchilibn

Chris Marchildon November 25, 2021
Print name Signature Date
Client: NWMO Job Number: 20253946-6050
Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Chris Marchildon Verified by: Christopher Phillips




(S GOLDER
QUALITY CONFIRMATION REPORT

FORM: NWMO-IGNACE-20253946-WP05-F004

TO: Maria Sanchez-Rico Castejon Date / Shift: January-25-2022 - Shift 12
Sarah Hirschorn Work Package: WPO05 — Borehole Geophysical
Logging

Mostafa Khorshidi

CC: George Schneider

Distributed By: Email

Borehole Geophysical Logs:

Log Date Logge Total Review Reviewed Data Quality
d By Length (m) Date By
IG_BH06_WP05_OTV_REPEAT_12-01.tfd 01/25 CRP 997.25 939.95 57.3 1125 OF Acceptable
IG_BH06_WP05_OTV_REPEAT_12-02.tfd 01/25 CRP 950.54 202.00 748.54 1/25 OF Acceptable
IG_BH06_WP05_OTV_REPEAT_12-03.tfd 01/25 CRP 74.93 171.96 97.03 1/25 OF Acceptable
IG_BH06_WP05_OTV_REPEAT_12-04.tdf 01/25 CRP 168.51 224.18 55.67 1/25 OF Acceptable

>

Christopher Phillips January 26, 2022

Print name Signature Date

Client: NWMO Job Number: 20253946-6050

Location: Ignace — IG_BHO06 Project: Phase 2 Initial Borehole Drilling

Prepared by: Christopher Phillips Verified by: Olga Fomenko




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 2649

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.25 0.02
cm 10.2 10.28 0.08
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
2PCA_Caliper_2649 03112021.tfd
Caliper cal file: Caliper_2649 Calibration_03112021.txt

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 4354

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.2 0
cm 10.2 10.05 0.15
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
2PCA_Caliper_4354_03112021.tfd
Caliper cal file: Caliper_4354_Calibration_03112021.txt

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 5032

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.18 0.02
cm 10.2 10.2 0
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
2PCA_Caliper_5032_03112021.tfd
Caliper cal file: Caliper_5032_Calibration_03112021.txt

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model ABI 2G ACOUSTIC TELEVIEWER
Serial Number 190404
Date MARCH 11, 2021
Operator OLGA FOMENKO
Location MISSISSISSAUGA LAB
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / AZI 0 0.2/359.8 0.2/-0.2
DEG ROLL / AZI 90 94.2/96.7 42/6.7
DEG ROLL / AZI 180 179.2/181.6 0.8/1.6
DEG ROLL 270 271.2/271.3 1.2/1.3
DEG TILT 0 11 1.1
DEG TILT 90 90.1 0.1

Calibration Check Results:

Check Passed

0 Needs Recalibration

Testing Notes

Probe checked using calibration jig on bench.

Olga Fomenko

March 11, 2021

Calibration Operator

Signature

Date

Golder Associates Ltd.

6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1905 567 4444 F:+1 905 567 6561

golder.com




GOLDER
‘> MEMBER OF WSP

EQUIPMENT PREUSE CHECK SHEET

Equipment Model ABI 2G OPTICAL TELEVIEWER
160403 201201
Date SEPTEMBER 9, 2021
Operator CHRIS PHILLIPS
Location MISSISSISSAUGA LAB
Calibration Units Calibration Value Measured Value Difference
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Did full 360 degree rotation and vertical to horizontal and back to vertical with probe. Recorded image file. Probe recording
data but could not check in water.

Christopher Phillips September 9, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QLGAM ATV STACK

Serial Number 6752+190404

Date APRIL 7, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cps n/a - air 33.7 n/a
cps n/a - bentonite clay 51.68 n/a
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked on the bench. Background response and bentonite clay bag response. Factory (MSI) calibrated.

QLGR6752_ATV190404_Gamma_040721.tfd

Ol

Olga Fomenko ] April 7, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model OBI 2G OPTICAL TELEVIEWER
Serial Number 160403
Date MARCH 11, 2021
Operator OLGA FOMENKO
Location MISSISSISSAUGA LAB
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / AZI 0 356.7 /1 357.7 -3.7/-2.3
DEG ROLL / AZI 90 90.3/93.1 0.3/3.1
DEG ROLL / AZI 180 180.1/182.4 0.8/2.4
DEG ROLL 270 270.4 1 268.7 1.2/-1.3
DEG TILT 0 0.9 0.9
DEG TILT 90 90.1 0.1
Image Colour Colour Wheel Recorded File n/a — Image Quality Passed
Check Results: Passed Check

0 Needs Recalibration

Testing Notes

Probe checked using calibration jig on bench and colour wheel. Files saved for each of the tests for reference.

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QL40 Gamma

Serial Number 5484

Date MAY 14, 2021

Operator CHRIS PHILLIPS

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
CPS n/a - air 15-21 n/a
CPS n/a - bentonite clay 51-72 n/a
Calibration Check Results: Check Passed

0 Needs Recalibration

Testing Notes

Probe checked on the bench. Background response and bentonite clay bag response.

GAM_5484_05142021 tfd

Christopher Phillips May 14, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



GOLDER
‘> MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QL40 Gamma

Serial Number 6752

Date SEPTEMBER 9, 2021

Operator CHRIS PHILLIPS

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
CPS n/a - air 100-120 n/a
CPS n/a - bentonite clay 51-72 n/a
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked on the bench. Background response and air response.

GAM_6752_09092021..tfd

Christopher Phillips September 9, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




GOLDER
‘> MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 4MXA 1000 Winch

Serial Number 2565

Date SEPTEMBER 9, 2021

Operator CHRIS PHILLIPS

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference

METERS 0.00 0.00 n/a
METERS 1.00 1.00 n/a

Between Conductor

Resistance and Ground

>1,000,000 ohms

Calibration Check Results: Check Passed

O Needs Recalibration

Testing Notes

Spooled out 1.00m of cable as checked using field tape.

Christopher Phillips September 9, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 4MXC-1000

Serial Number 1699

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
METERS 0.00 0.00 0
METERS 1.00 1.00 0
Calibration Check Results: Passed Check

O Needs Recalibration

Testing Notes

Winch was inspected and odometer checked by spooling out 1m of cable, as measured using a tape measure, and
compared to values measured through software.

Olga Fomenko OI ‘“" C I o - March 11, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 4MXC-1000

Serial Number 2323

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
METERS 0.00 0.00 0
METERS 1.00 1.00 0
Calibration Check Results: Passed Check

O Needs Recalibration

Testing Notes

Winch was inspected and odometer checked by spooling out 1m of cable, as measured using a tape measure, and
compared to values measured through software.

Olga Fomenko OAF‘O“' ”I 0‘ il - March 11, 2021

Calibration Operator Signature Date

d:\_golder files\calibration\calibration check - winch 4mxc-1000 sn2323 11mar2021.docx

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model WFA

Serial Number 4312

Date November 20, 2021

Operator Chris Marchildon

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
METERS 0.00 0.00 0
METERS 4.00 4.02 .02
Calibration Check Results: Passed Check

[0 Needs Recalibration

Testing Notes

compared to values measured through software. This was done on site.

Winch was inspected and odometer checked by spooling out 4m of cable, as measured using a tape measure, and

;-4 W )
Chris Marchildon s M achitin

November 20, 2021

Calibration Operator Signature

d:\_current projects\nwmo bhO06\calibration check - winch wfa sn4312_1120.docx

Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 905 567 4444 F: +1 905 567 6561

golder.com




GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2PIA APPARENT CONDUCTIVITY

Serial Number 3513

Date November 18, 2021

Operator Peter Leith

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
mS 0 -1.1 -1.1
mS 465 462.6 24
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration ring.
Files:

IG_BHO06_WPO05_2PIA_Calibration.txt
IG_BHO06_WPO05_2PIA_Calibration_PostUse.tfd

IG_BH06_WP05_2PIA_Stabilization.tfd

Peter Leith /-— - ey - November 18, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model NORMAL RESISTIVITY, INDUCED POTENTIAL ELOG/IP

Serial Number 5579

Date November 19, 2021

Operator Peter Giamou

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
Ohm*m 1 0.44-0.84 0.44-0.84
Ohm*m 100 105-108 5-8
Ohm*m 1,000 1,051-1,049 51-49
Ohm*m 10,000 9,910-9,938 90-62
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Files:

IG_BH06_WP05_QLIPRES_PostuseCheck.tfd

”
PP
,/

Peter Giamou / - November 20, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QL40 HMI INDUCTION MAGNETIC SUSCEPTIBILITY

Serial Number 453

Date November 19,2021

Operator Chris Marchildon

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
mS/m 1000 1049 51
mS/m 200 198.29 1.71
S| Unit 0.06x103 0.94x103 0.88x10%3
S| Unit 5x10°® 5.32x10°® 0.32x10°3
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked outside away from metal and calibrated Factory (MSI) cal on March 22,2021.
the compound.

Files:
IG_WP05_HMI_PostuseCheck_Mag.tfd
IG_WP05_HMI_PostuseCheck_Conductivity.tfd

Difficult to get 0 value within

D Wt

Chris Marchildon November 20, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 905 567 4444 F: +1 905 567 6561

golder.com




GOLDER
S

MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model HEAT PULSE FLOW METER
Serial Number 2293
Date November 21, 2021
Operator Peter Giamou
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Testing was for functional purposes it shows flow when moved in a bucket

Vi
v
/

Peter Giamou / { November 21, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2PIA APPARENT CONDUCTIVITY

Serial Number 3513

Date November 18, 2021

Operator Peter Leith

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
mS 0 -.65 -.65
mS 465 462.9 -2.1
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration ring.
Files:

IG_BHO06_WPO05_2PIA_Calibration.txt
IG_BHO06_WPO05_2PIA_Calibration_PreUse.tfd

IG_BH06_WP05_2PIA_Stabilization.tfd

Peter Leith /-— - ey - November 18, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model NORMAL RESISTIVITY, INDUCED POTENTIAL ELOG/IP

Serial Number 5579

Date November 19, 2021

Operator Chris Marchildon

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
Ohm*m 1 0.35-0.84 0.65-0.16
Ohm*m 100 105.6-107.73 5.6-7.73
Ohm*m 1,000 1,051-1,059 51-59
Ohm*m 10,000 9934-9949 66-51
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Files:

IG_BH06_WP05_QLIPRES_PreuseCheck.tfd

e Wt

Chris Marchildon November 20, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QL40 HMI INDUCTION MAGNETIC SUSCEPTIBILITY

Serial Number 453

Date November 19,2021

Operator Peter Leith

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
mS/m 1000 1020.77 20.77
mS/m 200 199.97 -.03
S| Unit .06x10-3 .79 N/A
SI Unit 5x10-3 5.05 N/A
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked outside away from metal and calibrated Factory (MSI) cal on March 22,2021.
Files:

IG_BH06_WPO05_HMI_Preuse_Conductivity.Tfd

IG_BH06_WP05_HMI_Preuse_Mag.Tfd

e =
Peter Leith / November 19, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




GOLDER
S

MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model HEAT PULSE FLOW METER
Serial Number 2293
Date November 19, 2021
Operator Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Testing was for functional purposes — probe turns on, triggers and records static levels.
Files:

IG_BH06_WP05_HPFM_PreuseCheck.tfd

Peter Leith — November 20, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model HEAT PULSE FLOW METER
Serial Number 2293
Date November 20, 2021
Operator Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Testing was for functional purposes
Files:

IG_BH06_WP05_HPFM_Preuse.mh

Peter Leith — November 21, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2PCA Caliper

Serial Number 4354

Date November 16, 2021

Operator Chris Phillips

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
Cm 10.2 9.93 0.27
Cm 15.2 14.89 0.31
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on bench using calibration jig.

Christopher Phillips @ November 16, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
S

MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model ABI 2G ACOUSTIC TELEVIEWER
Serial Number 190404
Date November 18, 2021
Operator Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / DEG 0 0.1 0.1
DEG ROLL / DEG 90 90.3 0.3
DEG ROLL / DEG 180 179.5 0.5
DEG ROLL / DEG 270 270.4 0.4
TILT / DEG 90 89.7 0.3
TILT / DEG 0 0.2 0.2

Calibration Results:

Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on bench, rolling by hand using rectangular jig.
IG_BH06_WP05_ATV_PostUseAz.tfd
IG_BH06_WP05_ATV_PostUseTilt.tfd
IG_BH_WP05_ATV_PostUseRoll.tfd

Peter Leith - — November 18, 2021
Calibration Operator Signature Date
Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



O SorRER



GOLDER
S

MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model

ABI 2G ACOUSTIC TELEVIEWER

Serial Number

190404

Date

November 22, 2021

Operator Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / DEG 0 .06 0.6
DEG ROLL / DEG 90 90.5 5
DEG ROLL / DEG 180 179.7 0.3
DEG ROLL / DEG 270 270.7 3
TILT / DEG 90 90.3 0.3
TILT / DEG 0 0 0

Calibration Results:

Passed Check

[0 Needs Recalibration

Testing Notes

File:

IG_BHO06_GAMATV_PostUse.tfd

Probe checked on bench, rolling by hand using rectangular jig. More so as a function check

Peter Leith

e

November 22, 2021

Calibration Operator

Signature

Date

Golder Associates Ltd.

6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 905 567 4444 F: +1 905 567 6561

golder.com




GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model ALT QL Gamma Neutron
Serial Number 6650
Date November 22, 2021
Operator DGl
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Function Test with and without source
File:

IG_BH06_GAM2DEN_POST_no-source_112221.tfd

IG_BH06_GAM2DEN_POST_with-source_112221.tfd

¥ / Y

/ M v )

DGI o Mkl November 23, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model OBl 2G OPTICAL TELEVIEWER
Serial Number 160403
Date November,16 2021
Operator Chris Marchildon
Location NWMO_IG_BHO06 site
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / DEG 0 0.8 0.8
DEG ROLL / DEG 90 90.6 0.6
DEG ROLL / DEG 180 179.5 0.5
DEG ROLL / DEG 270 270.7 0.7
TILT / DEG 90 90.8 0.8
TILT / DEG 0 0 0
COLOUR WHEEL NA NA NA
Calibration Results: Passed Check

O Needs Recalibration

Testing Notes

Probe checked on bench, rolling by hand. Files saved for each of the tests for reference.
IG_BHO06_WP05_OBI_PreRoll_02Shift.tfd

IG_BH06_WP05_OBI_PreTilt_02Shift.tfd

IG_BH06_WP05_OBI_PreAz_02Shift.tfd

IG_BHO06_WP05_OBI_PostColour_02Shift.tfd

%fd ‘4‘7 anchildbn

Chris Marchildon November 16, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com
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MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model Q40FTC FLUID TEMP CONDUCTIVITY
Serial Number 5516
Date November 23, 2021
Operator Chris Marchildon/Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Ms/cm 169 A77 .08
Ms/cm 1.61 1.5 A1
Degrees C 1.02 1.84 .8
Degrees C 53.2 53.6 1.1
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on onsite using 2 conductivity solutions and 2 temperature solutions with Horiba.

Files:
IG_BH06_WP05_FTR_Cond_PostUse.tfd IG_BH06_WP05_FTR_Calibration.txt
IG_BH06_WP05_FTR_Temp_PostUse.tfd IG_BH06_WP05_FTR_CalibrationTemp.txt

. X /;4 W il
Chris Marchildon /%/ lncialn November 23, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




MEMBER OF WSP

GOLDER
g

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2FSA Fluid Temperature Resistivity
Serial Number 4380
Date November 18, 2021
Operator Christopher Phillips
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Ohm-m 19.047 19.68 0.633
Ohm-m 5.55 55 0.05
Degrees C 5.46 5.45 .01
Degrees C 27.55 28.13 .58
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on onsite using 2 conductivity solutions and 2 temperature solutions with Horiba.
Files:

IG_BH06_WP05_2SFA_Preuse_Resistivity.tfd

IG_BH06_WP05_2SFA_Preuse_Temp.tfd

IG_BH06_WP05_2SFA_Calibration_Cond.txt

IG_BH06_WP05_2SFA_CalibrationTemp.txt

Christopher Phillips - November 19, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
o MEMBER OF WSP



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2PCA Caliper

Serial Number 4354

Date November 16, 2021

Operator Chris Marchildon

Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference
Cm 10.2 10.23 0.03
Cm 15.2 15.20 0.00
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on bench using calibration jig.

D Wt

Chris Marchildon November 16, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
g

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2FSA Caliper
Serial Number 4380
Date November 18, 2021
Operator Christopher Phillips
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Ohm-m 19.047 19.68 0.633
Ohm-m 5.55 55 0.05
Degrees C
Degrees C
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on bench using 2 conductivity solutions and 2 temperature solutions with Horiba.

Christopher Phillips - November 18, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 4354

Date November 16,2021

Operator Chris Marchildon

Location NWMO BHOE6 site

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.2 0
cm 10.2 10.23 0.03
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
IG_BH06_WP05_2PCA_PreUse_03Shift.tfd
Caliper cal file: 1G_BH06_WP05_2PCA_Calibration.txt

£ / T
W)
Chris Marchildon DZM ]WJ‘M" November 16th, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 905 567 4444 F: +1 905 567 6561

golder.com




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2SNA - Spectral Gamma
Serial Number 4116
Date November 18, 2021
Operator Peter Leith
Location NWMO IG_BHO06 Site

Calibration Units Calibration Value Measured Value Difference

CPS NA 1108 CPS Measured in air — pro_be working and
responsive
Calibration Results: Passed Check

O Needs Recalibration

Testing Notes

Test was done to ensure functionality. Turning it on at surface and recording a file.

File: IG_BHO6_WP05_2SNA_PreUse

Peter Leith - — November 18, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
S

MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model ABI 2G ACOUSTIC TELEVIEWER
Serial Number 190404
Date November 16, 2021
Operator Chris Phillips
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / DEG 0 0.3 0.3
DEG ROLL / DEG 90 90.2 0.2
DEG ROLL / DEG 180 180.4 0.4
DEG ROLL / DEG 270 271.2 0.2
TILT / DEG 90 89.9 0.1
TILT / DEG 0 0 0
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on bench, rolling by hand using rectangular jig.

Christopher Phillips @ November 16, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



GOLDER
S

MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model

ABI 2G ACOUSTIC TELEVIEWER

Serial Number

190404

Date

November 22, 2021

Operator Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / DEG 0 .08 0.8
DEG ROLL / DEG 90 89.8 0.2
DEG ROLL / DEG 180 179.9 0.1
DEG ROLL / DEG 270 271.0 1
TILT / DEG 90 89.7 0.3
TILT / DEG 0 0 0

Calibration Results:

Passed Check

[0 Needs Recalibration

Testing Notes

File:

IG_BH06_GAMATV_PreUse.tfd

Probe checked on bench, rolling by hand using rectangular jig. More so as a function check

Peter Leith

e

November 22, 2021

Calibration Operator

Signature

Date

Golder Associates Ltd.

6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 905 567 4444 F: +1 905 567 6561

golder.com




GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model ALT QL Gamma Neutron
Serial Number 6650
Date November 22, 2021
Operator DGl
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Function Test with and without source
File:

IG_BH06_GAM2DEN_PRE_no-source_112221.tfd

IG_BH06_GAM2DEN_PRE_with-source_112221.tfd

¥ / Y

/ M v )

DGI o Mkl November 23, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
v

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model OBl 2G OPTICAL TELEVIEWER
Serial Number 160403
Date November 15, 2021
Operator Chris Marchildon
Location NWMO_IG_BHO06 site
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / DEG 0 1.0 1
DEG ROLL / DEG 90 90.4 0.4
DEG ROLL / DEG 180 179.8 0.2
DEG ROLL / DEG 270 269.2 0.8
TILT / DEG 90 90.2 0.2
TILT / DEG 0 0 0
COLOUR WHEEL NA NA NA
Calibration Results: Passed Check

O Needs Recalibration

Testing Notes

Probe checked on bench, rolling by hand. Files saved for each of the tests for reference.
IG_BHO06_WP05_QLOBI_PreRoll_02Shift.tfd
IG_BHO06_WP05_QLOBI_PreTilt_02Shift.tfd
IG_BHO06_WP05_QLOBI_PreAz_02Shift.tfd

(s W okl
; ; e Wy
Chris Marchildon ’ November 16, 2021
Calibration Operator Signature Date
Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5SN 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation

golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model Q40FTC FLUID TEMP CONDUCTIVITY
Serial Number 5516
Date November 23, 2021
Operator Chris Marchildon/Peter Leith
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
Ms/cm .205 182 .23
Ms/cm 1.580 1.570 .10
Degrees C 2.2 3.0 .8
Degrees C 32 30.9 1.1
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Probe checked on onsite using 2 conductivity solutions and 2 temperature solutions with Horiba.

Files:
IG_BH06_WP05_FTR_Cond_PretUse.tfd IG_BH06_WP05_FTR_Calibration.txt
IG_BH06_WP05_FTR_Temp_PretUse.tfd IG_BH06_WP05_FTR_CalibrationTemp.txt

. X /;4 W il
Chris Marchildon /%/ lncialn November 23, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




GOLDER
¢ MEMBER OF WSP

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 2SNA — Spectral Gamma
Serial Number 4116
Date November 18, 2021
Operator Chris Marchildon
Location NWMO IG_BHO06 Site
Calibration Units Calibration Value Measured Value Difference
NA NA NA NA
Calibration Results: Passed Check

[0 Needs Recalibration

Testing Notes

Test was done to ensure functionality. Turning it on at surface and recording a file.
Files:
IG_BH06_WP05_2SNA_PreUse

IG_BH06_WP05_2SNA_PostUse

¥ / Y

/ M v )

Chris Marchildon - ]WJJ‘L’\ November 18, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 2649

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.25 0.02
cm 10.2 10.28 0.08
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
2PCA_Caliper_2649 03112021.tfd
Caliper cal file: Caliper_2649 Calibration_03112021.txt

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 4354

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.2 0
cm 10.2 10.05 0.15
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
2PCA_Caliper_4354_03112021.tfd
Caliper cal file: Caliper_4354_Calibration_03112021.txt

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model MECHANICAL CALIPER

Serial Number 5032

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cm 15.2 15.18 0.02
cm 10.2 10.2 0
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked using calibration jig.
2PCA_Caliper_5032_03112021.tfd
Caliper cal file: Caliper_5032_Calibration_03112021.txt

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model ABI 2G ACOUSTIC TELEVIEWER
Serial Number 190404
Date MARCH 11, 2021
Operator OLGA FOMENKO
Location MISSISSISSAUGA LAB
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / AZI 0 0.2/359.8 0.2/-0.2
DEG ROLL / AZI 90 94.2/96.7 42/6.7
DEG ROLL / AZI 180 179.2/181.6 0.8/1.6
DEG ROLL 270 271.2/271.3 1.2/1.3
DEG TILT 0 11 1.1
DEG TILT 90 90.1 0.1

Calibration Check Results:

Check Passed

0 Needs Recalibration

Testing Notes

Probe checked using calibration jig on bench.

Olga Fomenko

March 11, 2021

Calibration Operator

Signature

Date

Golder Associates Ltd.

6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1905 567 4444 F:+1 905 567 6561

golder.com




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QLGAM ATV STACK

Serial Number 6752+190404

Date APRIL 7, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
cps n/a - air 33.7 n/a
cps n/a - bentonite clay 51.68 n/a
Calibration Check Results: Check Passed

[0 Needs Recalibration

Testing Notes

Probe checked on the bench. Background response and bentonite clay bag response. Factory (MSI) calibrated.

QLGR6752_ATV190404_Gamma_040721.tfd

Ol

Olga Fomenko ] April 7, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T: +1 905 567 4444 F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com




MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model OBI 2G OPTICAL TELEVIEWER
Serial Number 160403
Date MARCH 11, 2021
Operator OLGA FOMENKO
Location MISSISSISSAUGA LAB
Calibration Units Calibration Value Measured Value Difference
DEG ROLL / AZI 0 356.7 /1 357.7 -3.7/-2.3
DEG ROLL / AZI 90 90.3/93.1 0.3/3.1
DEG ROLL / AZI 180 180.1/182.4 0.8/2.4
DEG ROLL 270 270.4 1 268.7 1.2/-1.3
DEG TILT 0 0.9 0.9
DEG TILT 90 90.1 0.1
Image Colour Colour Wheel Recorded File n/a — Image Quality Passed
Check Results: Passed Check

0 Needs Recalibration

Testing Notes

Probe checked using calibration jig on bench and colour wheel. Files saved for each of the tests for reference.

Ol

Olga Fomenko ] March 11, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model QL40 Gamma

Serial Number 5484

Date MAY 14, 2021

Operator CHRIS PHILLIPS

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
CPS n/a - air 15-21 n/a
CPS n/a - bentonite clay 51-72 n/a
Calibration Check Results: Check Passed

0 Needs Recalibration

Testing Notes

Probe checked on the bench. Background response and bentonite clay bag response.

GAM_5484_05142021 tfd

Christopher Phillips May 14, 2021
Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 4MXC-1000

Serial Number 1699

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
METERS 0.00 0.00 0
METERS 1.00 1.00 0
Calibration Check Results: Passed Check

O Needs Recalibration

Testing Notes

Winch was inspected and odometer checked by spooling out 1m of cable, as measured using a tape measure, and
compared to values measured through software.

Olga Fomenko OI ‘“" C I o - March 11, 2021

Calibration Operator Signature Date

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



MEMBER OF WSP

GOLDER
S

EQUIPMENT CALIBRATION CHECK SHEET

Equipment Model 4MXC-1000

Serial Number 2323

Date MARCH 11, 2021

Operator OLGA FOMENKO

Location MISSISSISSAUGA LAB

Calibration Units Calibration Value Measured Value Difference
METERS 0.00 0.00 0
METERS 1.00 1.00 0
Calibration Check Results: Passed Check

O Needs Recalibration

Testing Notes

Winch was inspected and odometer checked by spooling out 1m of cable, as measured using a tape measure, and
compared to values measured through software.

Olga Fomenko OAF‘O“' ”I 0‘ il - March 11, 2021

Calibration Operator Signature Date

d:\_golder files\calibration\calibration check - winch 4mxc-1000 sn2323 11mar2021.docx

Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, L5N 7K2, Canada T:+1905 567 4444 F:+1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golde r.com



Name ¢ EHT

Source : GR

Alias : EHT

Units : Volts

Calibration Date : 25/02/21 12:52
Calibration Type : Linear - 2 pts
CalA : -3.95513

CalB : 0

Referencel : 0

Reference2 : -1093

Valuel : -0

Value2 : 276.35

Name : GR
Source : MChProc
Al1ias : GR
Units : cps
Calibration Date

Calibration Type : GR

CalA 1

CalB : 0

Referencel : Background
Reference2 : Background + @ cps
Valuel : ©

Value2 : 0

Name : Vinj

Source : FTC
Alias : Vinj

Units L4
Calibration Date : 02/06/15 13:11
Calibration Type : Linear - 2 pts

CalA : 1.16415e-006
CalB : -0.0485078
Referencel : 9.258
Reference2 : 0
Valuel : 7.99425e+006
Value2 : 41668



Name : Iinj
Source : FTC
Alias : Iinj
Units : mA

Calibration Date
Calibration Type

CalA : 7.53987e-006
CalB > -0.00324818
Referencel : 89.74
Reference2 : 0
Valuel : 1.19025e+007
Value2 : 430.801

Name : bV1

Source : FTC

Alias : bvi

Units L4

Calibration Date
Calibration Type

CalA : 5.41822e-007
CalB : -0.000156885
Referencel : 3.071
Reference2 : 0
Valuel : 5.6682e+006
Value2 : 289.551

Name : DV2

Source : FTC

Alias : Dv2

Units L4

Calibration Date
Calibration Type

CalA : 5.45897e-007
CalB : -5.31431e-005
Referencel : 3.0705
Reference2 : 0
Valuel : 5.62478e+006
Value2 : 97.35

Name : Temp

Source : FTC

: 01/08/12 11:51
: Linear - 2 pts

: 01/08/12 11:55
: Linear - 2 pts

: 01/08/12 11:57
: Linear - 2 pts



Alias : Temperature

Units : 'C

Calibration Date : 02/06/15 13:11
Calibration Type : Linear - 2 pts
CalA : 0.00390353

CalB : -279.896

Referencel : 6.8

Reference2 : 73.3

Valuel : 73445.3

Value2 : 90481.2

Name : Cond

Source : MChProc

Alias : Cond

Units : uS/cm

Calibration Date : 02/06/15 13:11
Calibration Type : Linear - 2 pts
CalA : 1.59263

CalB : 22.9658

Referencel : 5260

Reference2 : 122

Valuel : 3288.29
Value2 : 62.1827



Name ¢ EHT

Source : GR

Alias : EHT

Units : Volts

Calibration Date : 25/02/21 12:52
Calibration Type : Linear - 2 pts
CalA : -3.95513

CalB : 0

Referencel : 0

Reference2 : -1093

Valuel : -0

Value2 : 276.35

Name : GR
Source : MChProc
Al1ias : GR
Units : cps
Calibration Date

Calibration Type : GR

CalA 1

CalB : 0

Referencel : Background
Reference2 : Background + @ cps
Valuel : ©

Value2 : 0

Name : Vinj

Source : FTC
Alias : Vinj

Units L4
Calibration Date : 02/06/15 13:11
Calibration Type : Linear - 2 pts

CalA : 1.16415e-006
CalB : -0.0485078
Referencel : 9.258
Reference2 : 0
Valuel : 7.99425e+006
Value2 : 41668



Name : Iinj
Source : FTC
Alias : Iinj
Units : mA

Calibration Date
Calibration Type

CalA : 7.53987e-006
CalB > -0.00324818
Referencel : 89.74
Reference2 : 0
Valuel : 1.19025e+007
Value2 : 430.801

Name : bV1

Source : FTC

Alias : bvi

Units L4

Calibration Date
Calibration Type

CalA : 5.41822e-007
CalB : -0.000156885
Referencel : 3.071
Reference2 : 0
Valuel : 5.6682e+006
Value2 : 289.551

Name : DV2

Source : FTC

Alias : Dv2

Units L4

Calibration Date
Calibration Type

CalA : 5.45897e-007
CalB : -5.31431e-005
Referencel : 3.0705
Reference2 : 0
Valuel : 5.62478e+006
Value2 : 97.35

Name : Temp

Source : FTC

: 01/08/12 11:51
: Linear - 2 pts

: 01/08/12 11:55
: Linear - 2 pts

: 01/08/12 11:57
: Linear - 2 pts



Alias : Temperature

Units : 'C

Calibration Date : 02/06/15 13:11
Calibration Type : Linear - 2 pts
CalA : 0.00350534

CalB : -248.036

Referencel : 6.8

Reference2 : 73.3

Valuel : 72699.3

Value2 : 91670.3

Name : Cond

Source : MChProc

Alias : Cond

Units : uS/cm

Calibration Date : 02/06/15 13:11
Calibration Type : Linear - 2 pts
CalA : 1.59263

CalB : 22.9658

Referencel : 5260

Reference2 : 122

Valuel : 3288.29
Value2 : 62.1827



DGI GEOSCIENCE INC.

Data QA/QC Record Sheet

Project: L-675 NWMO — Golder 2021

Client: Golder

Date: 11/23/21

Reviewed by: R. Leblanc
PARAMETER:

Probe (model/sn)

QL Density 6366

Source (sn)

Survey File Name:

Cs137_Q1246

Depth Start zero

Depth Start data

Depth End Data

Depth End Zero

Data Point Errors (%)

QA/QC File Name

IG-BHO6_WP0O5_GAM2DEN_09-02.tfd

Depth Start zero 2.77
Depth Start data 301.01
Depth End Data 2.61
Depth End Zero 2.61
Data Point Errors (%) 0.0167

Data Repeats (Survey vs QA/QC) Yes | No
Depth Shift Acceptable (Start Zero vs End Zero) Yes | No
Data points errors below 1% Yes | No

Comments:
Data point errors are below 1%.

DGI Geoscience Inc.

119 Spadina Ave., Suite 405 Toronto, ON M5V 2L1 | www.dgigeoscience.com | P:416.361.3191 F: 416.361.3198




DGI GEOSCIENCE INC.

Data QA/QC Record Sheet

Project: L-675 NWMO — Golder 2021

Client: Golder

Date: 11/23/21

Reviewed by: R. Leblanc
PARAMETER:

Probe (model/sn)

Dual Neutron 6650

Source (sn)

Survey File Name:

Am241Be 71-1409G

Depth Start zero

Depth Start data

Depth End Data

Depth End Zero

Data Point Errors (%)

QA/QC File Name

IG-BHO6_WP0O5_GR2NEU_09-01.tfd

Depth Start zero 2.44
Depth Start data 301.00
Depth End Data 2.30
Depth End Zero 2.30
Data Point Errors (%) 0.04185

Data Repeats (Survey vs QA/QC) Yes | No
Depth Shift Acceptable (Start Zero vs End Zero) Yes | No
Data points errors below 1% Yes | No

Comments:

DGI Geoscience Inc.

119 Spadina Ave., Suite 405 Toronto, ON M5V 2L1 | www.dgigeoscience.com | P:416.361.3191 F: 416.361.3198




PFL DIFF flow logging, Quality Control Form, Posiva Solutions Oy

Borehole: IG_ BH06

Starting Date (day/month/year) : 08/11/2021

Operators: Petri Heikkinen, Eemeli Hurmerinta, Jere Komulainen (monitoring by remote connection)

. Initials
Check description and date
Borehole name: IG BH06 OSEH/8.11.
Inclination: 70 OSEH/8.11.
Borehole diameter: 96 mm OSEH/8.11.
Borehole Reference depth (Z ground): 417.7 masl OSEH/8.11.
data from Borehole length: 996.5 m (last point of deviation survey)| OSEH/8.11.
Client Borehole deviation data received and in use (file name):
IG _BHO06 Gyro Downhole Survey - While Drilling — for
Phillips.xlsx received from OSEH/8.11.
Christopher Phillips on 8" of November 2021.
Data down to 996.5 m.
Probe number: PFL DIFF 13 OSEH/8.11.
Equipment Pro!ae calibration file: 1995 1413.cal OSEH/8.11.
data Trailer number: PFL Trailer 4 OSEH/8.11.
Trailer calibration file: 211102TR04.cal OSEH/8.11.
Cable calibration file: 190927CC04.cal OSEH/8.11.
Electricity: 230 V/ 60 Hz OSEH/8.11.
Casing length above ground: unknown OSEH/8.11.
Casing diameter: 96mm OSEH/8.11.
Distance to water level from top of casing: below 70 m | OSEH/8.11.
l()::lff)il; Trailer distance to casing (cable): 4.05 m OSEH/8.11.
. check the rubber disks OSEH/8.11.
loggings :
no coating on EC electrode
flow sensor clean
tubing clean
check data with software’s “test mode”
correct equipment setup
Check check the rubber disks
between no coating on EC electrode
loggings flow sensor clean
tubing clean
During loggings
Evaluate collected material: Dummy not yet lifted from the borehole. | osgn/s.11.
The lowest position of dummy: Bottom of borehole 995.94 m (cable
OSEH/8.11.
Dummy, lengt.h, ngt corr.ected length) .
Run #1 Possible jamming of the dummy, depths: None, dummy logging from
995.94 m to 100 m (not corrected). OSEH/8.11.
Cable tension up and down: down 70 - 120 kg, up 140 — 190 kg. OSEH/8.11.
Additional comments and observations:
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1. run
L=5m
dL=0.5m
No

pumping

"Between loggings" check

EC/Temp
downwards
(control)

Start, stop depths:

Pressure data indicates correct depth correction:

Data intact and entire measurement length
covered:

Flow rate

The highest measured flow:

Lower limit:

Flow sum:

Data intact and entire measurement length
covered:

SPR

Clear anomalies visible:

Level indicates normal operation of rubber
discs:

Data intact and entire measurement length
covered:

Head

Same level as water level at when close to
water level:

Water level stabile during measurement:

Increasing as function of depth:

Indications of flow resistance in flow sensor:

Data intact and entire measurement length
covered:

EC/Temp

Comparison of down and upwards runs:

Data intact and entire measurement length
covered:

Start, stop depths:

Reparations, fixes:

Filenames (.dat and .csv):

Additional comments and observations:

Pumping

Starting pumping. Target drawdown is 10 m:
Water level and drawdown after 5 hours of pumping:

2.1un
L=5m
dL=0.5m
Pumping

"Between loggings" check

EC/Temp
downwards

Start, stop depths

Pressure data indicates correct depth correction:

Data intact and entire measurement length
covered:

Flow rate

The highest measured flow:

Lower limit:

Flow sum:

Data intact and entire measurement length
covered:

SPR

Clear anomalies visible:

Level indicates normal operation of rubber
discs:

Data intact and entire measurement length
covered:
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Same level as water level at when close to
water level:
Head Increasing as function of depth:
Indications of flow resistance in flow sensor:
Data intact and entire measurement length
covered:
Comparison of down and upwards runs:
EC/Temp |Data intact and entire measurement length
covered:
Comparison with run 1:
Start, stop depths:
Reparations, fixes:
Filenames (.dat and .csv):
Additional comments and observations:
Pumping rate and drawdown stabile:
"Between loggings" check
Start, stop depths:
EC/Temp |Pressure data indicates correct depth correction:
downwards| Data intact and entire measurement length
covered:
The highest measured flow:
Lower limit:
Flow rate | Flow sum:
Data intact and entire measurement length
covered:
3 Clear anomalies visible:
. Tun — .
L=0.5m Level indicates normal operation of rubber
dL=0.1m |SPR dlSCSI' '
Pumping Data intact and entire measurement length
covered:
Same level as water level at when close to
water level:
Increasing as function of depth:
Head S ; ;
Indications of flow resistance in flow sensor:
Data intact and entire measurement length
covered:
Comparison of down and upwards runs:
EC/Tem - ;
P I Data intact and entire measurement length
covered:
Comparison with run 1 and 2:
Start, stop depths:
Reparations, fixes:
Filenames (.dat and .csv):
Additional comments and observations:
During data processing and reporting
Highest and lowest detected T:
Transmissivity Largest error limits:

Fracture and section specific results consistent:
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Hydraulic head

Highest and lowest value:

Largest error limits:




PFL DIFF flow logging, Quality Control Form, Posiva Solutions Oy

Borehole: IG_ BH06

Starting Date (day/month/year) : 08/11/2021

Operators: Petri Heikkinen, Eemeli Hurmerinta, Jere Komulainen (monitoring by remote connection)

. Initials
Check description and date
Borehole name: IG BH06 OSEH/8.11.
Inclination: 70 OSEH/8.11.
Borehole diameter: 96 mm OSEH/8.11.
Borehole Reference depth (Z ground): 417.7 masl OSEH/8.11.
data from Borehole length: 1001.7 m OSEH/8.11.
Client Borehole deviation data received and in use (file name):
IG _BHO06 Gyro Downhole Survey - While Drilling — for
Phillips.xlsx received from OSEH/8.11.
Christopher Phillips on 8" of November 2021.
Data down to 996.5 m.
Probe number: PFL DIFF 13 OSEH/8.11.
Equipment Prope calibration file: 1995 1413.cal OSEH/8.11.
data Trailer number: PFL Trailer 4 OSEH/8.11.
Trailer calibration file: 211102TR04.cal OSEH/8.11.
Cable calibration file: 190927CC04.cal OSEH/8.11.
Electricity: 230 V/ 60 Hz OSEH/8.11.
Casing length above ground: unknown OSEH/8.11.
Casing diameter: 96 mm OSEH/8.11.
Check Dis1':ance.to water level from top of casing: below 70 m | OSEH/8.11.
before Trailer distance to casing (cable): 4.05 m OSEH/8.11.
loooi check the rubber disks OSEH/8.11.
oggings -
no coating on EC electrode PEHE/9.11.
flow sensor clean PEHE/9.11.
tubing clean PEHE/9.11.
check data with software’s “test mode” PEHE/9.11.
correct equipment setup
Check check the rubber disks
between no coating on EC electrode
loggings flow sensor clean
tubing clean
During loggings
Evaluate collected material: Small amount of mud. Dummy passed
o PEHE/9.11.
the criteria.
Dummy, |The lowest position of dummy: Bottom of borehole 995.94 m (cable
Run #1 length, not corrected length) OSEH/E.I1.
Possible jamming of the dummy, depths: None. PEHE/9.11.
Cable tension up and down: down 70 - 120 kg, up 140 — 190 kg. PEHE/9.11.
Additional comments and observations:
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"Between loggings" check

Start, stop depths: 178.64 m, 990.26 m OSEH/9.11.
EC/Tem Pressure data indicates correct depth correction: Yes OSEH/9.11.
P Data intact and entire measurement length
downwards
covered: Measurement was started ca. 10 m below where
(control) OSEH/9.11.
water level was (ca. 170 m). Measurement to the
bottom of the hole.
The highest measured flow: No flows at this point, OSEH/O 11
measurement run is incomplete o
Lower limit: 30 mL/h OSEH/9.11.
Flow rate —
Flow sum: Measurement run is incomplete OSEH/9.11.
Data intact and entire measurement length OSEH/O 11
covered: Measurement run is incomplete o
1. run .
L=5m Clear anomalies visible: Yes OSEH/9.11.
dL=05m Lgvel indicates normal operation of rubber OSEH/O.11.
No SPR discs: Yes
pumping Data intact and entire measgre?ment length OSEH/O.11.
covered: Measurement run is incomplete
Same level as water level at when close to
. OSEH/9.11.
water level: Measurement run is incomplete
Water level stabile during measurement:
. OSEH/9.11.
Head No, water level has decreased ca. 1 m during first 300 m
Increasing as function of depth: Yes OSEH/9.11.
Indications of flow resistance in flow sensor: No OSEH/9.11.
Data intact and entire measurement length
- OSEH/9.11.
covered: Measurement run is incomplete
Comparison of down and upwards runs: Differs, but OSEH/L1
EC/Tem borehole was filled just before the measurements. -
P Data intact and entire measurement length OSEH/O 11
covered: Measurement run is incomplete o
Start, stop depths: 989.54 m — 708.89 m (measurement run incomplete)
Reparations, fixes: None.
Filenames (.dat and .csv):
IGBHO6EC30B050R113.DAT
IGBHO6GW30B050R113.DAT
IGBH06SP30B050R113.DAT
IGBHO6FL30B050R113000001099050.DAT — IGBHO6FL30B050R113000562071000.DAT
IGBHO6EC30B050D113.CSV
IGBHO6FL30B050S113.CSV
IGBHO6GW30B050D113.CSV
IGBH06SP30B050D113.CSV
Additional comments and observations:
Quality of data is good.
Starting pumping. Target drawdown is 10 m:
Pumping Water level and drawdown after 5 hours of pumping:
2. run "Between loggings" check
L=5m EC/Temp | Start, stop depths
dL=0.5m |downwards| Pressure data indicates correct depth correction:
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Pumping

Data intact and entire measurement length
covered:

Flow rate

The highest measured flow:

Lower limit:

Flow sum:

Data intact and entire measurement length
covered:

SPR

Clear anomalies visible:

Level indicates normal operation of rubber
discs:

Data intact and entire measurement length
covered:

Head

Same level as water level at when close to
water level:

Increasing as function of depth:

Indications of flow resistance in flow sensor:

Data intact and entire measurement length
covered:

EC/Temp

Comparison of down and upwards runs:

Data intact and entire measurement length
covered:

Comparison with run 1:

Start, stop depths:

Reparations, fixes:

Filenames (.dat and .csv):

Additional comments and observations:
Pumping rate and drawdown stabile:

3. run

L=0.5m
dL=0.1m
Pumping

"Between loggings" check

EC/Temp
downwards

Start, stop depths:

Pressure data indicates correct depth correction:

Data intact and entire measurement length
covered:

Flow rate

The highest measured flow:

Lower limit:

Flow sum:

Data intact and entire measurement length
covered:

SPR

Clear anomalies visible:

Level indicates normal operation of rubber
discs:

Data intact and entire measurement length
covered:

Head

Same level as water level at when close to
water level:

Increasing as function of depth:

Indications of flow resistance in flow sensor:

Data intact and entire measurement length
covered:
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EC/Temp

Comparison of down and upwards runs:

Data intact and entire measurement length
covered:

Comparison with run 1 and 2:
Start, stop depths:
Reparations, fixes:

Filenames (.dat and .csv):

Additional comments and observations:

During data processing and reporting

Highest and lowest detected T:

Transmissivity Largest error limits:
Fracture and section specific results consistent:
. Highest and lowest value:
Hydraulic head £

Largest error limits:




PFL DIFF flow logging, Quality Control Form, Posiva Solutions Oy

Borehole: IG_ BH06

Starting Date (day/month/year) : 08/11/2021

Operators: Petri Heikkinen, Eemeli Hurmerinta, Jere Komulainen (monitoring by remote connection)

. Initials
Check description and date
Borehole name: IG BH06 OSEH/8.11.
Inclination: 70 OSEH/8.11.
Borehole diameter: 96 mm OSEH/8.11.
Borehole Reference depth (Z ground): 417.7 masl OSEH/8.11.
data from Borehole length: 1001.7 m OSEH/8.11.
Client Borehole deviation data received and in use (file name):
IG _BHO06 Gyro Downhole Survey - While Drilling — for
Phillips.xlsx received from OSEH/8.11.
Christopher Phillips on 8" of November 2021.
Data down to 996.5 m.
Probe number: PFL DIFF 13 OSEH/8.11.
Equipment Prope calibration file: 1995 1413.cal OSEH/8.11.
data Trailer number: PFL Trailer 4 OSEH/8.11.
Trailer calibration file: 211102TR04.cal OSEH/8.11.
Cable calibration file: 190927CC04.cal OSEH/8.11.
Electricity: 230 V/ 60 Hz OSEH/8.11.
Casing length above ground: unknown OSEH/8.11.
Casing diameter: 96 mm OSEH/8.11.
Check Dis1':ance.to water level from top of casing: below 70 m | OSEH/8.11.
before Trailer distance to casing (cable): 4.05 m OSEH/8.11.
loooi check the rubber disks OSEH/8.11.
oggings -
no coating on EC electrode PEHE/9.11.
flow sensor clean PEHE/9.11.
tubing clean PEHE/9.11.
check data with software’s “test mode” PEHE/9.11.
correct equipment setup
Check check the rubber disks
between no coating on EC electrode
loggings flow sensor clean
tubing clean
During loggings
Evaluate collected material: Small amount of mud. Dummy passed
o PEHE/9.11.
the criteria.
Dummy, |The lowest position of dummy: Bottom of borehole 995.94 m (cable
Run #1 length, not corrected length) OSEH/E.I1.
Possible jamming of the dummy, depths: None. PEHE/9.11.
Cable tension up and down: down 70 - 120 kg, up 140 — 190 kg. PEHE/9.11.
Additional comments and observations:
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1. run
L=5m
dL=0.5m
No

pumping

"Between loggings" check

Start, stop depths: 178.64 m, 990.26 m OSEH/9.11.
EC/Tem Pressure data indicates correct depth correction: Yes OSEH/9.11.
P Data intact and entire measurement length
downwards
covered: Measurement was started ca. 10 m below where
(control) OSEH/9.11.
water level was (ca. 170 m). Measurement to the
bottom of the hole.
The highest measured flow: No recognizable flows were
: o JERK/11.11.
found in natural conditions
Flow rate Lower limit: 30 mL/h JERK/11.11.
Flow sum: - JERK/11.11.
Data intact and entire measurement length JERK/ 111
covered: Yes
Clear anomalies visible: Yes JERK/11.11.
Level indicates normal operation of rubber
. JERK/11.11.
SPR discs: Yes
Data intact and entire measurement length JERK/L1L.

covered: Yes

Same level as water level at when close to

top of borehole will be checked

water level: Difference about 0.3m. Depth correction at | JERK/11.11.

Water level stabile during measurement:

No, water level has decreased ca. 2.5 m. Volume of
920 m long cable is about 16 1 and 2.5 m long borehole
section volume is about 18 I so water level change was

. JERK/11.11.
Head caused mostly due to removing measurement cable from
borehole. There was noise in pressure value at depth
of 650 m. Reason unclear and no effect to reliability of
results.
Increasing as function of depth: Yes JERK/11.11.
Indications of flow resistance in flow sensor: No JERK/I1.11.
Data intact and entire measurement length JERK/ 111,
covered: Yes
Comparison of down and upwards runs: Differs, but
. JERK/11.11.
EC/Tem borehole was filled just before the measurements.
P I Data intact and entire measurement length JERIULLL

covered: Yes

Start, stop depths: 989.54 m — 67.36 m

Reparations, fixes: None.

Filenames (.dat and .csv):

IGBHO6EC30B050R113.DAT

IGBHO6GW30B050R113.DAT

IGBH06SP30B050R113.DAT

IGBHO6FL30B050R113000001099050.DAT — IGBHO6FL30B050R113001834007400.DAT

IGBHO6EC30B050D113.CSV
IGBHO6FL30B050S113.CSV
IGBHO6GW30B050D113.CSV
IGBH06SP30B050D113.CSV

Additional comments and observations:
Quality of data is good.
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Pumping

Starting pumping. Target drawdown is 10 m:
Water level and drawdown after 5 hours of pumping:

2. run
L=5m
dL=0.5m
Pumping

"Between loggings" check

EC/Temp
downwards

Start, stop depths

Pressure data indicates correct depth correction:

Data intact and entire measurement length
covered:

Flow rate

The highest measured flow:

Lower limit:

Flow sum:

Data intact and entire measurement length
covered:

SPR

Clear anomalies visible:

Level indicates normal operation of rubber
discs:

Data intact and entire measurement length
covered:

Head

Same level as water level at when close to
water level:

Increasing as function of depth:

Indications of flow resistance in flow sensor:

Data intact and entire measurement length
covered:

EC/Temp

Comparison of down and upwards runs:

Data intact and entire measurement length
covered:

Comparison with run 1:

Start, stop depths:

Reparations, fixes:

Filenames (.dat and .csv):

Additional comments and observations:
Pumping rate and drawdown stabile:

3. 1un

L=0.5m
dL=0.1m
Pumping

"Between loggings" check

EC/Temp
downwards

Start, stop depths:

Pressure data indicates correct depth correction:

Data intact and entire measurement length
covered:

Flow rate

The highest measured flow:

Lower limit:

Flow sum:

Data intact and entire measurement length
covered:

SPR

Clear anomalies visible:

Level indicates normal operation of rubber
discs:

Data intact and entire measurement length
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covered:

Head

Same level as water level at when close to
water level:

Increasing as function of depth:

Indications of flow resistance in flow sensor:

Data intact and entire measurement length
covered:

EC/Temp

Comparison of down and upwards runs:

Data intact and entire measurement length
covered:

Comparison with run 1 and 2:
Start, stop depths:
Reparations, fixes:

Filenames (.dat and .csv):

Additional comments and observations:

During data processing and reporting

Highest and lowest detected T:

Transmissivity Largest error limits:
Fracture and section specific results consistent:
. Highest and lowest value:
Hydraulic head £

Largest error limits:
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2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

General Information

Overview

The 2PFA-1000, combination temperature/fluid resistivity probe, provides valuable information for
the hydrologist and groundwater scientist concerning borehole fluid character and flow. The
2PFA-1000 is configured as a “Poly” probe, with a quick-connect probe top that allows it to be
easily attached to either a Poly gamma probe or fitted with a probe top adapter to run in stand
alone mode. A second version of this probe, called the 2WQA, B, or C-1000 is a stand-alone
probe with, a Mount Sopris single conductor, four-conductor, or GO/I four-conductor top. Finally,
it is also available as a factory-mounted sub that is mounted permanently to the bottom of the
Poly Electric or Poly Caliper probes.

Theory of Operation

The 2PFA and its various configurations include a seven electrode mirrored Wenner array for
measuring borehole fluid resistivity and a temperature sensor based on a fast response
semiconductor device whose output voltage changes linearly with temperature. The resistivity
array is an internal cylindrical array open at the bottom of the probe. Borehole fluid passes by the
array as the probe is lowered in the hole. The array is completely shielded from the outside
borehole, so that only fluid resistivity is measured. The temperature sensor is located at the top
of the sensor body, in the center of the three exit ports where the borehole fluid returns to the well
bore. The “K” factor for the Wenner array is empirically derived, and is approximately 12, when
checked for fluid resistivity ranging from 3 to 78 ohmmeters.

Specifications

Diameter 1.5 inches 38 mm
Length depends on configuration (2WQA-1000 is 22inch, or 56cm)
Weight depends on configuration (2WQA-1000 is 5 Ibs or 2.3 kg)
Range

Fluid Resistivity 0-100 Ohm-meters

Temperature -20 to +80 degrees Celsius
Resolution

Fluid Resistivity 0.05%

Temperature 0.1 degrees Celsius
Accuracy Better than 1% (both sensors)
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2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Installation

The 2PFA-1000 uses the tapered lead 6-ring connector common to the Poly family of probes. It
is connected to the Poly Gamma or the optional single conductor adapter by simply unscrewing
the bull plug (CCW) and screwing the 2PFA-1000 CW onto the mating connector. A firm hand
tight connection is all that is required. A layer of electrical tape can be applied if desired.

The 2SFA,B-1000 subs are installed at the factory, and should not be removed in the field unless
proper procedures are available and performed by a qualified electronics technician.

The 2WQA,B,C -1000 versions use MSI single conductor, MSI 4 conductor, or Gearhart 4
conductor tops, ready to connect to their respective mating cable heads.
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2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Operating Procedure

Operation

Operation of the 2PFA and its siblings requires that the probe be connected to the cable head.
Make sure that probe power is off before connecting or disconnecting the probe to avoid the
chance of electrocution or damage to the equipment. Normally, no calibrations are necessary,
as the probes are calibrated at the factory. If re-calibration is desired, see below. Instructions
for logging vary depending on your equipment. Follow the appropriate instructions below.

Logglng Instructions for MSLog with the MGX Il
Select the correct tool driver from the Tool panel selection box. If the correct one is not
available, run MSLConfig to install it.

2. In the Tool panel, click the Power On button. It is advisable to power the probe while
it is in the hole for a few minutes to warm up the electronics before logging for
optimum accuracy.

3. Place the tool in the borehole and position the top of the tool at the zero depth point.
Click the Depth panel upper right corner icon. Click Zero Tool. If you can not place the
tool top at depth reference (perhaps the bridle will not go through a sheave), press the
Change Depth button and enter the depth of the bottom of the tool.

4, If you wish to fill out the header, in the Acquisition panel click Header button.
5. In the Acquisition panel, click Record and select a file name.
6. Place the probe at the beginning of the interval to be logged. Usually, temperature — fluid

resistivity logs are run from the top to the bottom to avoid disturbing the water column
before measurement.

7. Turn on the desired, Depth Sampling mode.
8. If you are printing, turn on the printer in MCHCurve.
9. Log to the desired interval as normal. Refer to the MSLog manual for additional

information on logging.
10. When done, in the Acquisition panel, click Stop.
11. In the Tool panel, click the Power Off button before removing the probe.

Logglng Instructions for Logshell with the MGX Il
Select the proper probe from the LOG menu. If the correct one is not available, use the
CONFIGURE menu item to install it.

2. Use the DATA FILE menu option to name the output file.

3. When you select LOG from the LOG menu, the acquisition program will begin and power
will be applied to the tool. It is advisable to power the probe while it is in the hole for
a few minutes to warm up the electronics before logging for optimum accuracy.

4, Place the tool in the borehole and position the top of the tool at the zero depth point. Set
the depth to zero using the SYSTEM CONTROL menu. If you can not place the tool top
at depth reference (perhaps the bridle will not go through a sheave), enter the depth for
the top of the probe.

5. Place the probe at the beginning of the interval to be logged. Usually, temperature — fluid
resistivity logs are run from the top to the bottom to avoid disturbing the water column
before measurement.

6. Turn on the output file using the DATA FILE menu item.

7. If you are printing, turn on the printer using the PLOT MENU.

8. Log to the desired interval as normal. Refer to the Logshell manual for additional
information on logging.

9. When done, select the EXIT/POWER OFF menu item.
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2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Logging Instructions for Logshell with the MGX

1.

2.
3.

Select the proper probe from the LOG menu. If the correct one is not available, use the
CONFIGURE menu item to install it.

Use the DATA FILE menu option to name the output file.

Place the tool in the borehole and position the depth reference point on the tool zero
depth point. Set the depth to zero using the DEPTH menu. If you can not place the
tool’s depth reference at zero depth, enter the depth for reference point on the tool.
When you select LOG from the LOG menu, the acquisition program will begin. Place the
PROBE SELECT switch in the PULSE 2 position. Place the PROBE POWER switch in
the ON position. It is advisable to power the probe while it is in the hole for a few
minutes to warm up the electronics before logging for optimum accuracy.

Place the probe at the beginning of the interval to be logged. Usually, temperature — fluid
resistivity logs are run from the top to the bottom to avoid disturbing the water column
before measurement.

Turn on the output file using the F6 key.

If you are printing, turn on the printer using the F7 key. Then start the plot using the F9
(logging down) or Alt-F9 (logging up) keys.

Log to the desired interval as normal. Refer to the Logshell manual for additional
information on logging.

When done, place the PROBE POWER switch in the OFF position.

Performance Checks and Calibrations

The 2PFA series of probes and subs may be re-calibrated in the field, if desired. An accurate
thermometer and fluid conductivity/resistivity cell is needed. A good temperature bath is also
required, to allow a large mass of water to stabilize at a known temperature. Be sure that the
thermometer is placed very close to the sensor to minimize errors. Standard chemical solutions
can be purchased from lab supply vendors to calibrate the resistivity array. Contact Mount Sopris
for details. Salt-water solutions can be mixed for this procedure, but changes in temperature
during mixing can make true resistivity of such solutions difficult to measure.
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2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Calibration Instructions for MSLog
1) Turn Probe power On.

) Turn Sampling to Time and On.
3) Connect a calibration standard as described above.
4) Allow to warm up for 10-15 minutes.
5) Right click on MCHNum.
6) Uncheck Use calibration
7) Right click on the MCHNum title bar.
8) Click Calibration Settings.
9) Enter the value of the calibration standard (i.e. 5 ohm-m) in the Reference edit box for
the first point.

Calibration Settings E4d

Temp. | F-Res. |

— Firzt Paoint — Second Paoint

Reference ([ DegC Reference IEI DegC

Walue |1114.EI cpE Walle I'I'I'Id.EI ChE
Uze Current | Uze Current |

— Channel Calibration Factars

Temp.DegC) = ID-':"I S Temp.[cps] + I-E'l-E'l

Stare | L it |

10) Press the First Point Use Current button to capture the raw tool output for the first
calibration point.

11) Connect a different calibration standard as described above.

12) Enter the value of the second calibration standard (i.e. 200 ohm-m for a 10 ohm
calibration resistor connected to the 64 inch normal electrode) in the Reference edit
box for the first point.

13) Press the Second Point Use Current button to capture the raw tool output for the

second calibration point.

Press Store to save the values to the tool driver file.

Press the X in the upper right corner of the browser to close the dialog.

On the MSLog Browsers and Processors menu press Close all.

Select each Browser or Processor from the menu individually and press the Start
button. Wait until the browser or processor Connects then select the next one in the
list, press Start and so on until all the processors and browsers are running. This is
necessary so that the browsers and processors can read the new calibration
information stored in the tool driver file in step 12 above.

14
15
16
17

~— — — ~—
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2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Calibration Instructions for Logshell with the MGX Il

1) Turn Probe power On.

2) Connect a calibration standard as described above.

3) Allow to warm up for 10-15 minutes.

4) Select the CALIBRATE function in the POLYLOG menu. A screen will appear as
follows:

P e PolyLog Acquisition Progran

Calibration Entry Screen
Calibration Entry Screen Channel 1 of 3

|Channel Name: Temp Units: DegC
Cal Type: 1

Lov Input 2513.5 High Input 3547
Low Reference 23.2 High Reference 40.3

Instructions:

Press TAB or Shift-TAB to move between fields, FS or F6

to Pick Previous or Next Channel, Control-ENTER when done.
Press F3 to place current input value into Low Input field.
Press F4 to place current input value into High Input field.

Temp FRes FCond
DegC Ohmn—n uS/cnm

wooee Initializing logger....Please Uait seeecee
Uertical Scale: 0.00 Mode: Depth Drive
Output File Name: C:\TEST\TEST.UA6 (OFF) Graph Printer (DFF)

MGX Il Example

P/N 7000-0134C

5) Select either Fluid Resistivity or Temperature (F5 or F6 to toggle between selections).
The Low and High Reference fields should be updated by the user, to display the
measured low and high values, from your precision thermometer and resistivity meter.

6) Use the F3 (low end) and F4 (high end) keys to write the digital values corresponding
to the actual values into the probe file. Check the calibration values several times to
verify that they are stable.

7) Then press CONTROL ENTER to exit, and SAVE CALIBRATIONS to save. The new
calibration values will be written into the probe file in the active directory. If the new
calibration is to be used globally for all new logs, copy the probe file into the directory
where LOGSHELL is installed to over-write the old probe file (*.PB4)



2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Calibration Instructions for Logshell with the MGX

1)
2)
3)
4)

Turn Probe power On.

Connect a calibration standard as described above.

Allow to warm up for 10-15 minutes.

Bring up the ACQUIRE Status screen (text screen) in the LOG mode, and you will see

the following information:

ACOSBC 1.34 Depth: 1.87 — Speed: 0.60 D:0.10 T:

Depth

Speed Pulsel Temp Pulse2 F Res F_Cond
ft/min cps DegC cps OhmM uS/cm
0.0 0.00 -25.07 0.00 132.39 75.52

LftOut RgtOut TK FL DepShf LfPlot RgPlot PlotPerCt
0 1000

0 100 0

0 1000 0O
2.3600 % 4 -926.67

0

7

0

0.0

0 1000
9.9600 89.760
0 10000 1

264 .8~
0.8

PB:MXW2UE.PB2 P:

DUT :Not Yet Assigned (OFF) Recs:0 Bytes:0 Free :83344K

Err: 102 »50 Scans: No serial data received

MGX Example
5) The example shows the ACQSBC status screen for a probe calibrated with the
following values:
Lftlnp Rgtinp LftOut RgtOut
Tempemnne(ZmﬁneCSS2) 1333 cps 4923 cps 2.30 deg. C 76 deg. C.
Fluid Resistivity (2™ line CS33) 30070 cps 10480 cps 9.90

ohm-m  89.7 ohm-m

6)

P/N 7000-0134C

The Inp values are the values sent up the cable by the probe, measured in cps
(counts per second). The sensors send the data as DC pulses (positive for
temperature and negative for fluid resistivity). The logger counts the pulses and
sends them to the PC where they are displayed in the InValue column. The current
value for a given temperature or fluid resistivity value is copied into the calibration field
(Lftinp or Rgtinp) by pressing the F3 or F4 key. F3 copies the current value into the
low end (LftInp) field and F4 key copies the current value into the high end (Rgtinp)
field. The values in these fields correspond to the real values measured with the
calibration standards (precision thermometer and fluid resistivity meter).

The values read from the standards must be entered into the LftOut and RgtOut fields
by highlighting these fields with the cursor and typing in the new values and hitting
<enter>.

To save the calibration data, press F2. The newly calibrated file will be saved in the
current directory. If this file is to be used for subsequent logging, copy to the directory
where LOGSHELL was installed. You cannot calibrate the Fluid Conductivity channel
(IV06) as it is derived mathematically from CS33.



2PFA-1000 Fluid Resistivity/ Temperature Probe
(2SFA,B-1000, 2WQA,B,C-1000)

Preventive Maintenance

The only maintenance required for the 2PFA probe series is to be sure to thoroughly clean the
interior of the sensor array (electrodes and temperature sensor) with soft brush and clean fresh
water and allow to dry before storing. All threads should be cleaned and greased, and all o-ring
surfaces and o-rings should be cleaned and coated with silicone grease. Clean logging
equipment provides trouble-free logging.
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Schematics

2PFA-1000 Fluid Resistivity/ Temperature Probe

(2SFA,B-1000, 2WQA,B,C-1000)

Drawing Number
Drawing Number
Drawing Number
Drawing Number
Drawing Number
Drawing Number
Drawing Number
Drawing Number

500S-2100.S01
500S-2100.S02
500S-2100.S03
500S-2100.S504
Wiring Diagram
Wiring Diagram
Wiring Diagram
Wiring Diagram

Title
Title
Title
Title
Title
Title
Title
Title

Pwr. Sup. and Temp. Cir.
Current Generator Circuit
Voltage Measuring Circuit

Anti-Co and Pulse Driver Cir.

2PFA-1000 Wiring Diagram
2WQA-1000 Wiring Diagram
2SFA-1000 Wiring Diagram
2SFB-1000 Wiring Diagram

P/N 7000-0134C
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2PCA-1000 PolyCaliper Probe
and
2CAA-1000 Caliper Probe
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2PCA-1000 / 2CAA-1000

General Information

Overview

The 2CAA-1000 Caliper and the 2PCA-1000 PolyCaliper probes measure borehole
diameter with three linked arms operating a single resistive sensor. The 3 Arm Caliper data can
be scaled and calibrated in inches or in centimeters. The output of the caliper has been optimized
with a microprocessor generated linearization scheme to improve the accuracy of the probe over
the full range of motion. The output from the probe is an anti-coincidence pulse train that has
been a Mount Sopris single conductor standard for many years. The 2CAA-1000 Caliper probe
requires 60-65 volts D. C. at 85 mA max. and the 2PCA-1000 requires 80-85 volts D. C. at 85 mA
max. The probe can be operated with an MGX or MGXII series logger. The MGX requires
operator selection of probe power. The MGX Il manages the power requirements automatically.

Options

The 2PCA-1000 PolyCaliper probe can be equipped with a fluid resistivity - temperature
extension (2SFB-1000) allowing the tool to be logged down measuring the fluid resistivity and
temperature and then logged up measuring caliper and gamma using the 2PGA-1000
PolyGamma probe. The PolyCaliper probe can also be run without the gamma probe by using the
2ADP-1000 Poly probe to MSI single conductor adapter. Without this adapter, the PolyCaliper
probe can only be run with the PolyGamma probe on the MGXII logging system. Using the 2ADP-
1000 adapter the 2PCA-1000 can be operated on the older MGX logging systems.

The 2CAA-1000 Caliper probe can also be equipped with a fluid resistivity temperature
extension (2SFB-1000). This system can be run with the older MGX version or the newer MGXII
logging systems.

The fluid resistivity - temperature extension is a factory-installed option. Contact factory
for details.

Caliper arm extensions are available for measuring holes larger than 17”. The caliper arm
can be unscrewed from the short pivot arm and can be replaced with an extension. The arms are
then screwed on to the end of the extension. This will allow the caliper to measure up to 30
inches. The minimum hole diameter in which the caliper can be run with the extension arms is
2.25".

Theory of Operation

The caliper measurement is made with arms attached to a mechanical assembly that
drives a linear potentiometer. A constant reference voltage is applied across the potentiometer.
The D. C. output voltage from the wiper of the potentiometer is converted to a frequency. A
microprocessor applies a quadratic correction to this frequency so that the frequency is linearly
related to borehole diameter. Depending on the polarity of the probe power, the microprocessor
selects two frequencies to be transmitted up the cable line. The frequencies correspond to the
caliper and natural gamma measurements (when 2PGA-1000 is attached), or the temperature
and fluid resistivity measurements (when the 2SFB-1000 is attached). The processor controls the
pulse driver circuit that sends positive pulses up the cable line for the first frequency, and
negative pulses for the second frequency. An anti-coincidence circuit insures that a positive and
negative pulse will not occur simultaneously. The microprocessor also controls the motor that
opens and closes the caliper mechanism. The mechanism opens or closes as appropriate when
power is applied.
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Length:
Diameter:
Weight:

2PCA-1000 / 2CAA-1000

Specifications

2CAA-1000 2PCA-1000 w/2ADP adapter (no Gamma)
59.5” 151 cm 60.5" 153 cm
1.5" 38.1mm 1.5" 38.1mm
13.0 Ibs. 5.9 Kg 13.0lbs 5.9 Kg

The PolyGamma probe adds about 6 Ibs (2.72Kg) and 24” (61cm)
The temperature - fluid resistivity extension adds 3 Ibs (1.36Kg) about 12.25” (31cm)

Caliper measurement: 1.5"to 17"

38.1mm to 431.8mm
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2PCA-1000 / 2CAA-1000

Operating Procedure With the MGX logger

Operation

Caution! Never lower the probe in the hole with the arms open. Caliper logs
must be made while logging up, as moving the probe in the down direction with
the arms open can damage the caliper mechanism.

Probe File (driver) selection
Name Measurement Reference
2CAA-1000 Caliper 3-Arm Caliper 4.55 Ft ( or 1.39M) from Top

If the probe is to be operated with a system other than the MGX series loggers consult
the factory for proper operating procedures. If the fluid resistivity - temperature extension has
been installed and you wish to make these measurements while descending select the 2CAA-
1000/F Temp. F. Res probe file. Apply power to the probe by moving the probe select switch to
Pulse 2 and the probe power to - (Closed). A startup cycle time of 2 minutes must elapse before
the probe will be ready to log. Log the probe. Reference the Logshell documentation for additional
information.

To log the caliper up the hole select the proper probe file 2CAA-1000 Caliper. Follow
the LOGSHELL instructions to execute the logging program, and either calibrate the probe (see
below) or proceed to the bottom of the hole. The system must be in the log acquisition mode to
be able to measure depth while descending. When bottom is reached, move the MGX Probe
Select to the Pulse 2 (MOTOR) position and put the Probe Power switch in the OPEN position.
This will open the caliper arms, which will take approximately 2 minutes. Notice the Probe Current
light is on while the arms are opening or closing until the arms are fully opened or closed. When
the Probe Current light dims or goes out, a confirmation frequency will be sent for a few seconds.
This frequency will be 500 Hz after opening and 1000 Hz after the arms are closed. The probe
will then begin sending caliper data as the probe is logged up the hole. Recommended logging
speed is 15-20 fpm (4-6 mpm). Always slow down when entering casing to avoid possible
damage to the casing shoe or the caliper.

Once logging has been completed turn off the data acquisition recording capabilities and
exit the file. Place the Probe Power switch to the CLOSE position. This will close the caliper arms
in about a minute and a half, indicated by the Probe Current becoming dimmer.

Calibrations

The 2CAA-1000 calibrations should be checked through the LOGSHELL software before
logging. Follow the procedure above for opening the caliper, and see the section in the
LOGSHELL manual for calibrations. Calibration rings should be selected which bracket the range
for the log. The normal operating mode of the MGX system updates data each time the probe
moves past a given depth interval. When calibrating a caliper on the surface, it is not necessary
to operate the winch to update the data, as this is automatically done every 5 seconds, the
default, whether the probe is moving or not. In LOG mode (as if you were getting ready to log the
hole), place the small ring on the caliper and allow the arms to centrally locate within the ring.
Wait about 15 seconds for the reading to stabilize. Move the cursor in the ACQSBC status screen
to LftOut and type in the value (in inches or mm) that corresponds to the small ring diameter.
Press F3 to copy the current value from the A/D into the Lftinp column. This sets the low-end
calibration value in real units to the low-end frequency generated by the probe. Next place the
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2PCA-1000 / 2CAA-1000

large ring on the probe, center the arms, and wait about 15 seconds for the reading to stabilize.
Move the cursor to RgtOut, type in the value for the large ring, and press F4 to copy the current
A/D value into the Rgtinp column. You may wish to repeat this a few times to check the
calibration. When you are satisfied that the calibrations are accurate and repeatable, Press F2 to
save the cal values in the probe file. This file will be saved in the current directory, and after
logging you will need to copy it to the ACQ directory to update the original probe file values that
came with the LOGSHELL program. The fluid resistivity measurements should not need to be
calibrated. They can be checked with fluid of known resistivity & temperature. Note that the
resistivity of the fluid changes as a function of temperature.

Operating Procedure With the MGXII logger

Operation

Caution! Never lower the probe in the hole with the arms open. Caliper logs
must be made while logging up, as moving the probe in the down direction with
the arms open can damage the caliper mechanism.

Probe File (driver) selection
Select the appropriate probe file for the configuration to be operated as listed below. The
required Probe files need to have been previously installed via the Logshell Configuration Menu.

To measure caliper

Name Measurement Reference
2PCA-1000 PolyCaliper w/ Gamma Caliper, Gamma  Probe Top
2PCA-1000 Caliper* Caliper Probe Top
2CAA-1000 Caliper Caliper Probe Top
To measure Fluid resistivity
Name Measurement Reference
2PCA-1000/F PolyCaliper* Temp, F_Res Probe Top
2PCA-1000/F PolyCaliper w/ Gamma Temp, F_Res Probe Top
2CAA-1000/F Caliper Temp, F_Res Probe Top

e *Requires 2ADP-1000 Polyprobe to MSI single conductor adapter.

Follow the LOGSHELL instructions to execute the logging program, and either calibrate
the probe (see below) or proceed to the bottom of the hole. Refer to the Logshell documentation
for procedures on opening the probe (see Special Functions section) Once the arms are open the
probe may be logged.

Calibrations

The 2PCA-1000 will need to be calibrated through the LOGSHELL or MSLog software
before logging. Follow the procedure above for opening the caliper, and see the sections in
either the LOGSHELL or MSLog manuals for calibrations. The normal operating mode of the
MGX Il system updates data each time the probe moves past a given depth interval. When
calibrating a caliper on the surface, it is not necessary to operate the winch to update the data, as
this is automatically done when using Logshell every 1 second, which cannot be changed,
whether the probe is moving or not. If MSLog is used the user will need to place the acquisition in
the Time Mode.
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2PCA-1000 / 2CAA-1000

The probe is shipped with a small and a large diameter calibration ring available for
calibrating the caliper. For Logshell users; In LOG mode (as if you were getting ready to log the
hole), place the small ring on the caliper and allow the arms to centrally locate within the ring.
Select the Calibrate menu item on the Main PolyLog Menu. Select the EDIT VALUES menu item
and enter the values for the Low Reference and High Reference in their respective fields. These
values should represent the size of your calibration rings in the engineering units you have
chosen (usually inches or centimeters). You move between fields using the TAB key (Shift TAB to
move back). Place the small ring on the caliper and center it between the three arms. Press F3
to write the current value of the A/D into the Low Input field. Replace the small ring with the
larger ring, and Press F4 to write the current value of the A/D into the High Input field. You may
wish to check each ring a few times to verify the calibration. It will take 1 second for the data to
update in this mode, so be sure to wait long enough for the value to stabilize. When you are
satisfied that the calibrations are accurate and repeatable, Press <Control Enter> to exit the
menu and Select the SAVE VALUES bar to save the cal values in the probe file. This file will be
saved in the current directory, and after logging may want to copy it to the LS directory to update
the original probe file values that came with the LOGSHELL program.

The fluid resistivity and temperature measurements can be calibrated as described in the
users manual for this probe extension. They can be checked with fluid of known resistivity &
calibrated thermometer. Note that the resistivity of the fluid changes as a function of temperature.

Calibration Settings for MSLog Users LOGGER - HCHNUW [
= Restore
o
Be sure that the Use Calibration e
v'is OFF before proceeding! Click .r;linimize
on the Calibration Settings line. In = = "
this dialog box, the user can select =~ ' |
the cha!nnel to_ cali_brate, enter the X Close Alt+F4
appropriate calibration values, and T .
then store the entered values in the | |jzz calibration
TOL _flle. The example on the Calibration Settings...
following page shows a screen for an
EM probe calibration, where the user About MChMum...

placed the probe in a zero —
conductivity medium and pressed the button marked “Use Current Value”
to set one end of the calibration, and then placed the calibration ring on

the probe with a 458 mS/m response

and pressed the “Use Current Value” £ He sl
button to set the other end of the MOwE
calibration. Similar calibrations can Size

be performed for a caliper probe, _ Minimize

using two different known calibration Db
ring sizes. When finished with a it cs

channel, the user should press the
Store button.  After finishing the X Llose Alt+F 4

calibration, the user should close the v it
window, and CLICK on Use sg CEIII = u:un.
Calibration, so the v’is checked. If Calibration Settings...

another browser, like MCHCURVE, ~— =
is running, the user will have to Stop About MChMum...

and Start the browser again to make
it read the new calibrated values.
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Sample Calibration Screen

Calibration Settings

Caond. i Mag. Sus. !

— Firzt Point -

Reference IE mS./m
Walue I12?I33. cps

Uze Current |

= Second Point -

Reference 458 mS/m
Walue 14774, cpz

Uze Current ]

~ Channel Calbration Factors

Cond.fmSAm] = |0 2210 o Cond.[cpz]

Stare I it

Caution: The user must follow the above procedures to the letter to
ensure accurate and correct calibrations. Pay close attention to the
reference to the check mark (v) setting in front of USE Calibrations.
It is OFF during calibration and ON during logging.

Preventive Maintenance

The 2CAA-1000 should provide long life with only minor maintenance required to the
mechanical end of the probe. Before and after each usage of the probe, using a standard
automotive grease gun and M6 x 1thread fittings (replacement P.N. 28-957-001), apply grease to
the two grease ports. These are located immediately above and below the arm pivot point. Close
the arms to apply grease to the upper fitting and open the arms to apply grease to the lower
fitting. Remove the two grease fittings and install M6 X 6 SS Set Screws (replacement P.N. 28-
185-549) as plugs in the holes before operating the probe in a well. After each log, when
possible, clean and flush mud and or contaminants out of the caliper arm assembly. When the
caliper arms are open inspect the mechanism on the arms to see if there is adequate grease for
lubrication. If not re apply grease.

We recommend Dow Corning DC-111 silicone grease for use in water wells. DC-111 is
approved for incidental contact with food. There are a number of other greases that will work.
High resistance to water washout and temperature range being the prime considerations in their
selection. Any grease used should be compatible with the Buna N o-rings. Buna N o-rings are
recommended for: Petroleum oils and fluids, cold water, silicone greases and oils, Di-ester base
lubricants (MIL-L-7808), Ethylene glycol base fluids (Hydrolubes). It is not recommended for:
Halogenated hydrocarbons (nitrobenzene, aniline), Nitro hydrocarbons (nitorbenzene, aniline),
Phosphate ester hydraulic fluids (Skydrol, Fyrquel, Pydraul), Ketones (MEK, acetone), strong
acids, ozone, and automotive brake fluid.

Keep all thread and o-ring surfaces clean and dry. Re-apply grease or silicone
compound (o-rings) on a regular basis. If 2SFB-1000 is attached always flush and clean the fluid
resistivity/temperature sensor section after each use, and dry thoroughly before storage to insure
accurate measurements.

P/N 7000-0133 Rev C 8




2PCA-1000 / 2CAA-1000

If electronic troubleshooting becomes necessary it should only be performed by qualified
persons or someone that is comfortable with the task.

To access the inside of the probe, the probe top can be removed from the main housing.
For the 2CAA-1000, three screws are removed by rotating them counter (anti) clockwise using an
M3 hex wrench. For the 2PCA-1000, the three captive screws are rotated clockwise, using an M4
hex head wrench, until they clear the outer housing.

WARNING: The three screws in the 2PCA-1000 Poly top are tight when they are fully
counter (anti) clockwise. If they are turned to far clockwise the 2PCA-1000 probe housing will
disconnect from the Poly top and can then fall off. Before disassembling the probe, contact
the factory for assistance.

Next the housing can be unscrewed from the lower section of the probe. The PCB is
located at the top end of the inner housing with the motor just below the PCB. In the middle of
the PCB are rods, which drive measurement circuits and sensors for control switches that control
the open and close positions. Just above where the housing threads are located is the linear
potentiometer. When required, feed through wiring is then carried to the bottom of the probe for
the 2SFB-1000.

Common electronic problems are a broken or shorted wire. A visual inspection of the
wiring should be performed before further testing is done.

If electronic testing is to be done a copy of the schematics is highly recommended before
proceeding any further. Depending on the nature of the problem checking things like regulator
voltages and pulse outputs is recommended to locate the problem.

Schematics

Drawing Number Title

0500S-2097 - 1 Poly Caliper power supply
0500S-2097 - 2 Poly Caliper limit switch & v/f
0500S-2097 - 3 Poly Caliper processor & driver circuit
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Appendix

Suggested QA Procedure

Regular calibration of the caliper response will provide accurate, high quality hole
diameter information. Be sure to use calibration standards which are rigid and whose dimensions
can be traced to a high degree of precision. The caliper mechanism will normally have some
“play” due to mechanical tolerances, but the spring tension will provide for accurate
measurements with a minimum of maintenance. Cleaning and greasing the mechanical section
on a routine basis will insure repeatable results.

General notes for Quality Assurance are presented here for users who need to utilize
these techniques when collecting data. These users will need to periodically calibrate their
equipment using equipment whose calibration is traceable to an approved standard. Details of
these calibrations must be recorded.

When an instrument is calibrated, records need to be kept regarding the calibration
standard(s) used and what was changed on the instrument to calibrate it. Typically, the
corrections made to the instrument, involve changing constants that are used to scale the raw
instrument reading so that the proper value is reported. The constants must be recorded during a
calibration procedure. The Mt. Sopris acquisition software provides records of calibration
constants. This aids the QA process, but does not replace the need for recording these constants
at the time of calibration. The reason for this is that the length of time since the last calibration is
unknown with only this information.

The device providing the standard must be traceable to an accepted standard. Examples
of organizations providing standards for measuring instrumentation are: The U. S. National
Bureau of Standards; The American Petroleum Institute; and the American Society for Testing
Materials. For example, if the voltmeter or the density standard used for calibration is not
traceable to an approved organization, such as those listed above, the calibration should not be
considered valid. Records should be kept indicating the last time that standard being used for
calibration was calibrated or checked against an approved standard. The QA procedure
necessary for some programs mandate that the calibration standards be periodically checked
against a standard approved by a proper agency.

A QA procedure may dictate that data taken from a given locale be associated with
records indicating the exact time and location that the data was collected. The data itself may
have to be collected in a certain format to meet requirements. Often, QA procedure specifies that
surveys must be repeated and the data from the successive surveys compared. This technique
is used to eliminate poor or invalid data.
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1 — General Information 1

1 General Information

The QL40 ABI is the latest generation of acoustic televiewer. Based on 20 years of experience
and market leadership with BHTV technology, the new system consists of a completely
redesigned acoustic sensor and new electronics. The electronic architecture uses a 96 dB-
10Msps A/D converter directly coupled to a 150 Mflops DSP digital signal processor. The DSP
is performing complex data processing operations in real time on each individual ultrasonic
wave train and that allows a wider dynamic range of signal detection and easy field
operation in a wide variety of logging applications.

The QL40 ABI tool is supplied as a bottom sub of the Quick Link (QL) product line and can be
combined with other QL40 tools to form a tool string or it can be run as a stand alone tool.
The ABI40 is the standalone - non stackable - version.

1.1 Overview

Acoustic borehole scanner tools generate an image of the borehole wall by transmitting
ultrasound pulses from a fixed transducer with rotating mirror and recording the amplitude -
travel time of the signals reflected at the interface between borehole fluid and the
formation (borehole wall). The QL40 ABI has multi-echo capability. This is achieved by
digitally recording the reflected acoustic wave train. On line analysis of the acoustic data is
made by the DSP. Sophisticated algorithms allow the system to detect the reflection from
the acoustic window and to separate and classify all subsequent echoes. Minimum input
from the operator is needed to enable:

e Automatic or manual adaptation to variable borehole conditions.

e Improved dynamic range of signal detection.

e Very high travel time resolution.

e The implementation of different operating modes. For example, when run inside
PVC casing, the tool can record both the echo of the PVC casing and that of the
borehole wall. With multi-echoes processing, application of the tool may be
extended to steel casing thickness and corrosion evaluation.

Tool upgrades can be done by simply downloading new firmware to the tool from
the surface computer.

Advanced Logic Technology — www.alt.lu
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1.2 Dimensions

1617.10

1365.01

———

Deviation sensor reference

|/Acoustical sensor reference

Deviation sensor reference

QL40-ABI
1678.15
80.50 1617.10
(61.05) 1365.01
) 165
V\lv
.Il\!ﬂ‘ t-n_I.Ij@I'IIII-\JI l“ 1 :. -E i 1 i S ———

QL40-ABI & QL40-GO4

Acoustical sensor reference

Figure 1-1 QL40-ABI-2G dimensions
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1.3 Technical Specification

Tool
Diameter:
Length:

Measurement point:
Weight:

Max. Temp:
Max.Pressure:

Cable:
Cable type:

Digital data transmission:

Compatibility:

Acoustic sensor:

40mm
1.61m (63”)

0.165m (from probe bottom)
6.7 kg (14 .7 lbs)

70°C
200bar

Mono, Coaxial, 4 or 7 conductor
Up to 500 Kbits per second depending on wireline
ALTlogger — BBOX — Matrix

Acoustic sensor:
Measurement range’:
Focusing diameter’:
Frequency:

Acoustic beam width:
Rotation speed:
Azimuthal resolution:
Caliper resolution:

Orientation sensor:
Sensor:
Location:

Orientation:
Inclination accuracy:
Azimuth accuracy:

Figure 1-2 Acoustic head

Fixed transducer and rotating focusing mirror
2.5” —20” (64mm-500mm)

6” (152mm)

1.2 Mhz

1.5 mm (at focal point)

Up to 35 revolutions per second - automatic
72,144, 216, 288, 360 operator defined
0.08mm

APS544

Middle point of sensor located at 1.365 m from tool
bottom

3 axis fluxgate magnetometer, 3 accelerometers
0.5 degree

1.2 degree

! Diameter range of the hole in which the measurement is possible (depends on borehole conditions).
? Diameter of the hole where the focusing of the acoustical beam is optimum.
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4 2 — Measurement Principle

Software requirements:

LoggerSuite: 11.1.1224 or higher
WellCAD 4.4.3303/13303 or higher

Logger Firmware requirements:

Matrix: 113-117-100
Jazz - BBOX 108

Mount Sopris Instruments — www.mountsopris.com
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2 Measurement Principle

An understanding of the basic principles of operation of the televiewer is essential for
successful use of the tool. The ABI produces images of the borehole wall which are based on
the amplitude and time of travel of an ultrasonic beam reflected from the formation wall.
The ultrasonic energy wave is generated by a specially designed piezoelectric ceramic crystal
and has a frequency of around 1.2MHz. On triggering, an acoustic energy wave is emitted by
the transducer and travels through the acoustic head and borehole fluid until it reaches the
interface between the borehole fluid and the borehole wall. Here a part of the beam energy
is reflected back to the sensor, the remainder continuing on into the formation medium at a
changed velocity (Figure 2-1). By careful time sequencing the piezoelectric transducer acts as
both transmitter of the ultrasonic pulse and receiver of the reflected wave. The travel time
for the energy wave is the period between transmission of the source energy pulse and the
return of the reflected wave measured at the point of maximum wave amplitude. The
magnitude of the wave energy is measured in dB, a unit less ratio of the detected echo wave
amplitude divided by the amplitude of the transmitted wave.

Medium 1

Figure 2-1 Wave propagation

2.1 Reflection coefficient

The strength of the reflected signal depends principally on the impedance contrast between
the borehole fluid and the formation (Figure 2-1).

The reflection coefficient r is given by the following equation:

r = (PVe-PmVm) / ( PoVotPmVim)

where p,=  density of formation
pm=  density of borehole fluid
vy, =  velocity of sound of formation
Vi = velocity of sound of borehole fluid

The larger the reflection coefficient is the greater is the signal reflection and thus the ability
to detect the signal. From the equation above it may be seen that when the properties of
the borehole fluid and borehole wall are similar, i.e. pypvp = PV, the reflection coefficient r
approaches zero and there is negligible reflection. In this situation determination of the true
reflected wave is made more difficult.

Advanced Logic Technology — www.alt.lu



6 2 — Measurement Principle

2.2 Acoustic head operation

The acoustic wave is generated by applying a high voltage pulse across the two faces of a
piezo ceramic disc. The applied voltage causes deformation within the crystal structure,
either an expansion or contraction depending on the polarity of the applied voltage, with a
resultant energy wave emitted normal to the free surface. It has been shown that the beam
generated by this process has a maximum energy at a distance of twice the diameter of the
disc and that after this point the beam tends to diverge. In order to optimize the beam
energy at the point of investigation the ALT televiewer head has been designed as illustrated
below (Figure 2-2).

L+ 1

Figure 2-2 Focussing arrangement

Motor

Mirror

Acoustic window

Transducer

/

Figure 2-3 QL40 ABI acoustic head architecture
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The acoustic wave propagates along the axis of the tool body and is then reflected
perpendicular to this axis by a special reflector that focuses the beam to a high-energy point
of +/- 1.5 mm diameter. The radial distance of the focal point from the axis of the tool is
determined by the focal length of the mirror, +/- 75mm (for an acoustic head with a 6”
focusing mirror).

The frequency of the transmitted wave is determined amongst other factors such as ceramic
composition by the diameter of the piezo transducer, a smaller diameter giving a higher
frequency. The ALT televiewer operates around 1.2MHz.

The reflector is mounted on the drive shaft of a stepper motor. This enables the position of
measurement to be rotated through 360°. Sampling rates of 72, 144, 216, 288 and 360
measured points per revolution are available, thus at maximum resolution a near continuous
image of the borehole wall is made. The higher sampling rate can be used for better
resolution in larger diameter boreholes but is less useful in small diameters due to overlap of
the sampling points.

Advanced Logic Technology — www.alt.lu
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3 Notes on QL tool assembly

The following explanations are only valid for the QL40 ABI tool versions. ABI40
“standalone” users can skip this chapter.

QL stands for Quick Link and describes an innovative connection between logging tools
(subs) allowing to build custom tool stacks. QL40 describes a specific family of logging tools.
Each sub is equipped with its own Telemetry board, Power supply element and A/D
converter allowing an operation as stand-alone tool or as a stack in combination with other
subs of the QL product family.

The QL40 probe line deals with two types of subs - Bottom Subs and Mid Subs.

Bottom Sub

A bottom sub is a tool that must have one or more sensors located at the bottom. It can be
operated in combination with other QL subs connected to the top but it is not possible to
connect another sub below. When used in stand-alone mode the bottom sub only needs a
QL40 tool top adaptor, which fits the cable head.

Mid Sub

A mid sub is a tool that can be integrated anywhere within a stack of tools. When used at the
bottom of a tool string a QL40 bottom plug must be used to terminate the string. If the mid
sub is used as a stand-alone tool it needs a QL40 bottom plug at the lower end and a QL40
tool top adaptor at the top.

3.1 QL40 stack assembly

QL40 tool stacks are terminated by either a QL40 bottom sub or a QL40 bottom plug. At the
top of the stack a QL40 tool top is required to connect the tool string to the cable head.
Several tool tops are already available, special ones can be made on request.

To assemble and disassemble the subs the C-spanner delivered with the tool must be used
(Figure 3-1). It is recommended that before each assembly the integrity of the O-rings
(AS216 Viton shore 75) is verified. Prime the O-rings with the silicon grease that was
supplied with the subs.

C-spanner

Figure 3-1 C-spanner and O-rings of QL connection

Advanced Logic Technology — www.alt.lu



10 3 — Notes on QL tool assembly

The following example of a QL40-ABI, QL40-GAM and QL40-GO4 (Figure 3-2) describes how
to replace the QL40-ABI with a QL40-Plug in order to run the QL40-GAM sub stand-alone.

QuUo-Gos > g

tool top

QL40-GAM

QL40-ABI

Figure 3-2 Tool stack example

To remove the QL40-ABI bottom sub attach the C-spanner to the thread ring as shown in
Figure 3-3, unscrew the thread ring and remove the QL40-ABI bottom sub.

Thread ring

Figure 3-3 Unscrewing the thread ring and removing the bottom sub

Mount Sopris Instruments — www.mountsopris.com
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After checking the O-ring integrity slip the QL40-Plug over the exposed QL connector (Figure
3-4) attach the C-spanner and screw the thread ring until the plug fits tight.

Bottom plug

Figure 3-4 Attaching the QL40-Plug

The QL40-GAM can now be run stand-alone (Figure 3-5).

Figure 3-5 QL40-GAM mid sub with tool top and bottom plug

Advanced Logic Technology — www.alt.lu
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4 Operating Procedure

4.1 Preliminary note
Acoustic televiewer image quality is highly dependent upon tool centralisation.

One set of centralisers is supplied with the QL40 ABI and is suitable for all tools with an
external diameter of 40mm. The standard assembly comprises upper and lower mounting
rings with sets of 3”, 5” and 6” bowsprings. Two C spanners are provided for tightening the
locking ring. Bowsprings for other borehole diameters are available on request.

The following points relating to the use of centralisers should be considered:

The centralisers should be fitted before mating the tool with the wireline cable head and
should always be fitted from the cable head end to avoid damaging the acoustic window.

The compression ring of the centraliser, i.e. the one that is screwed tight, should always be
fixed toward the top end of the sonde. This is to avoid catching on a downhole obstruction
when winching up.

Use the C spanner to fasten the fixing rings but take care not to cross thread or over tighten
them as this could damage the pressure housing

(The weak point of the bowsprings is the welded bearing pin. Take care during assembly as
the weld can be broken by reverse bending.)

The QL40 ABI enables inspection behind PVC casing. In this situation, the PVC casing must be
properly centred in the borehole and the tool correctly centralised in the casing to obtain
satisfactory results.

Figure 4-1 QL40 ABI with mounted centralizers.

Advanced Logic Technology — www.alt.lu



14 4 — Operating Procedure

4.2 Quick Start

Note: Parts of the topics discussed in these sections below assume that the user is familiar
with the data acquisition software. Refer to the corresponding operator manuals for more
details. Information about assembly and configuration of tool stacks can be found in the
same manuals.

1. Connect the tool to your wireline and start the data acquisition software.

2. Select the relevant QL40 ABI tool from the drop down list =
(Figure 4-2) in the software’s Tool panel (if your tool is not QLAO-ABI-2G —I0
listed check that your tool configurations file is stored in P =
the designated folder on your computer). (o)

| -
3. Inthe Tool panel switch on the tool (click On button) and Setings / Command

verify that the power indicator shows a valid (green) level.
The system goes through a short initialization sequence
which sets the default parameters and communication settings held in the tool
configuration file. The configuration returned by the tool is also checked during this
procedure. (Setup tool communication as explained in chapter 4.5 if error message
is displayed.)

Figure 4-2 Tool panel

4. On the Tool panel (Figure 4-2) click the Settings / Commands button to configure
your tool for open hole/cased hole logging (see chapter 4.3 and 4.4 for details).

5. Inthe Acquisition panel (Figure 4-3) select the sampling e
mode (“depth” recommended). Click on Settings and ® - » ||
specify the corresponding sampling rate. Switch on the e i

sampling (click the ON button).
6. Press the Record button in the Acquisition panel (Figure 4- '
3), specify a file name and start the logging. Figure 4-3 Acquisition panel

7. During logging observe the controls in the Telemetry

==
panel: e =
tatus: ali
e Status must be valid (green light); e
e Bandwidth usage in green range; Memary bufter: [T
e Memory buffer should be 0%; Daiafsec Data  Enors
Y . O .
e Number of Data increases and number of Errors
negligible. Figure 4-4 Telemetry panel

e Verify motor status (synchronization) in MChNum
browser is valid.

e Do not log too fast! The Data/sec parameter must not exceed the speed of the
motor rotating the mirror. Check against the MotSpeed displayed in the
MChNum window.

8. To end the logging procedure press the Stop button in the Acquisition panel and
turn off the sampling (click OFF button).

9. Inthe Tool panel power off the tool.

Mount Sopris Instruments — www.mountsopris.com
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4.3 Tool Communication with ALT Logger

The telemetry provided through the ALTLogger is self-tuning. In case communication status
is not valid the user can manually adjust the settings. In the Telemetry panel of the
dashboard click on Settings to display the Configure Tool Telemetry dialog box (Figure 4-5).
A procedure to achieve valid communication is given below:

e Change the Baudrate to 41666 kbps.

e Verify that the Downhole Pulse width knob is set on 20 (default value). This value is
the preferred one and is suitable for a wide range of wirelines. For long wireline (over
2000m), increasing the pulse width could help to stabilize the communication. The
reverse for short wireline (less than 500m).

e Set the Uphole discriminators in the middle of the range for which the
communication status stays valid.

® Increase the Baudrate, check the communication status stays valid and the
Bandwidth usage (in Telemetry panel of the dashboard) is below the critical level.

e When Uphole discriminators are properly set, store the new configuration as default.
The tool should go through the initialisation sequence the next time it is turned on.

EIHIENE L OOL e iemet iy,

Uphale Link. Diownhole Link
Baudrate: |
ECTI Fesetto defadl
Pulse width (%) Store az default
4 ° g

Skatuz

alid

Figure 4-5 Tool communication settings

4.4 Tool Communication with MATRIX

The tool telemetry can be configured through the Telemetry panel of the Matrix dashboard.
By clicking on Settings, the operator has access to the Configure ALT Telemetry dialog box
(Figure 4-6) providing various controls to adjust the telemetry settings and monitor its
current status.

The Analysis View displays the current discriminator levels (vertical yellow lines) and a
histogram of the up-hole data signal. The scales of the Analysis View can be adjusted using
the Vertical Scale and Horizontal Scale knobs and the linear / logarithmic scale buttons.

The status of the configuration should be flagged as Valid (indicated by the LED being green).
In any other case (LED red) the telemetry should be adjusted (we assume a pulse signal

is displayed in the analysis view). Click on the Advanced button to display additional controls
to tune the telemetry.
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The Automatic settings option is the preferred mode and should allow the telemetry to be
configured for a wide range of wirelines without operator input. For wirelines with a more
limited bandwidth, the operator might need to turn off the automatic mode and adjust the
telemetry settings manually.

For each wireline configuration, the discriminators (vertical yellow lines) for the positive and
negative pulses must be adjusted in order to obtain a valid communication status (see
Figure 4-6) for an example of a suitable discriminator position). There is also the option to
alter the baudrate in order to optimize the logging speed. The input gain can be increased
(long wirelines) or decreased (short wirelines) in order to set up the discriminator levels
correctly.

Configur ALT Telemetry @
Analysis Info.
Vertical scale Horizantal scale
%5 5 o
x2 1o 1 05
: ¢
st 20 5 1
mltiply by Velt/Di
Clin & Log
Carfiguration
Dare:
Baudiate: [41668 = @ Valid
! E
IHput Gaif Ughols T elsmstry Dowrbale Telsmety
Gain Nemgative Discr Fositive Discr Pulse width (%)
X8 K18 8 5 4 5 @ 40 50 ga
£ ez % 3 3 7 El] 70
2 Ntid £ 2 2 g 20, 80
®1 J paze g 1 1 } 04 g i}
®0 56 -1 o a a. oo
¥ Automatic ¥ Aitomatic 2 ¥ futomatic

Figure 4-6 Matrix telemetry settings

Once the telemetry is correctly set, store the new settings as default. The tool should go
through the initialization sequence in “Valid” status the next time the power is turned on.

Mount Sopris Instruments — www.mountsopris.com



4 — Operating Procedure

4.5 Configuring Tool Parameters

17

The Configure ABI Tool Parameters dialog box (Figure 4-7) can be accessed by clicking on
the Settings / Command button on the dashboard’s Tool panel or by clicking on the tool’s

bitmap located in the Tool Stack Manager window.

4.5.1 Operating Modes

Three operating modes are possible for recording acoustic images with the QL40 ABI:

e QOpen hole mode
e Behind PVC mode
e Cased hole mode

4.5.1.1.1 Open hole mode

This record mode is used in open-hole conditions or to record the inner face of a casing.

Mode

Bit Size:

Units

Open Hale s

Azimuthal resolution

|s.7inches [5Q]

=l | =l

Caliper } Dats |

Caliper Max.

Done
Refresh
Length

4 Advanced...
Tool Details. .

Reset to default
Store as defaulk

| |

26

ol

FLUID

L] TARGET

Figure 4-7 Example of tool settings — Open hole mode

When selecting a predefined bit size from the “Bit Size” dropdown list, the system
configures in an automatic way the most adequate tool settings — azimuthal resolution,

caliper max, echo gates - for the selected bit size or borehole nominal diameter.

Note that User has always the choice to modify the tool settings as per his own

requirements.

Imperial or metric units can be used for displaying the wave form preview and for
configuring the caliper/echo gate settings.
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The “Open Hole” mode gives access to two main tabs — Caliper and Data - for configuring
the record:

Caliper tab:

Caliper l Data ]

Caliper Max, Echo Gate
Stark Length

10  1Or @
B - K3 Ml oo KAl oo KA

Figure 4-8 Caliper and Echo Gate settings

In the Caliper page, the Caliper Max. knob (Figure 4-8) controls the extension of the real
time preview of the ultrasonic waveform. It must be adjusted for the borehole diameter to
investigate to allow detection and recording of the main echo.

Echo Gate settings are set in the “Auto” mode by default. If required, User can define a
“Start” gate and specify the “Length” interval for recording the reflected echo. The tool
firmware will pick up the strongest amplitude in the signal train within the Echo Gate and
records amplitude and tavel time of the borehole echo.

Note that the Echo Gate settings can also be adjusted interactively in the waveform preview.

Preview

26

A =%

il

28000

O] wiE FLUID [ TARGE]
1 2 3 4 5 E 7

Figure 4-9 Waveform preview - Echo gate Automatic setting

For the open hole mode, the waveform preview allows the user to adjust the limits of two
gates — the Acoustic Window gate and the Echo Gate. The Acoustic Window is represented
by a grey dashed line while the Echo Gate is shown as red dashed line.

The Acoustic Gate allows determination of the tool’s acoustic window reflection time.

The Echo Gate “Start” limit can be determined automatically or adjusted interactively in the
preview. Square and triangle symbols indicate whether the limit of the “Start” gate is
automatically set (square symbol - [EJ-) or if the user can adjust the limit with the mouse
cursor (triangle - ¥-).
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Three modes are supported to set the Start time of the Echo Gate - To toggle from one
mode to another right click on the square or triangle symbol.

Presview

L R v
» 7% S v
ﬁ) Marual
A Automatic Mulkiple r!
_k
-4
il FLUID TARGET
20 40 B0 a0 100 120 140

Figure 4-10 Toggling between Echo Gate detection modes

e Automatic: the system will automatically detect and record the highest amplitude

occurring after the Acoustic Window Gate and the upper limit of the Echo Gate
(Figure 4-11). Automatic is the recommended setting.

Previgw

LA v

A= n%

RN FLUID

1 2 3 4 5 E 7 8 |

TARGET

Figure 4-11 Start gate set in automatic mode

Automatic Multiple: the system will automatically adjust the start time of the Echo
Gate so that the first multiple of the Acoustic Window reflection is skipped. This
setting is useful for large diameter boreholes when the amplitude of the first
multiple of the Acoustic Window reflection is higher and arrives earlier than the
echo from the borehole wall (Figure 4-12).

Preview

57

+ = o

-9148
OIL|  WND FLUID

& TARGET|
1 z 3 4 5 1] 7

Figure 4-12 Start gate set in automatic multiple mode

e Manual: Manual adjustment of the Echo Gate start time is useful to exclude noise

with amplitudes higher than the formation signal (e.g. exclude the reflection from
the inside of a PVC casing) — (Figure 4-13).

Advanced Logic Technology — www.alt.lu



20 4 — Operating Procedure

Previgw

K ------------- v I B
|
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7

R FLLID TARGE]
1 2 3 4 ] [ 7 2 9

Figure 4-13 Start gate set in manual mode

Interactive adjustment in the waveform preview of the Echo Gate Length is also possible. It
could be useful when multiple reflections with large amplitudes arrives towards the end of
the gate period (e.g. exclude Acoustic Window reflection multiples when logging in soft
formations).

To toggle the Echo Gate Length from the automatic to the manual mode, place your cursor
at the right end of the red dashed line to display the double arrows symbol. Drag then the
length limit to the desired position on the wave form preview.

Preview

A=

IR FLUID TARGE]

1 2 K] 4 5 [ 7 2 3

Figure 4-14 Toggling the Echo Gate Length between automatic and manual mode

Presview

iN

A= ow

o FLLID TARGE]
1 2 3 4 il 3 7 8 k]

Figure 4-15 Echo Gate Length set in manual mode

To toggle the Echo Gate Length from manual to automatic mode, right click on the
corresponding triangle symbol.
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Preview
&[T S N — v
ﬁ v Manual
. i
+ il

.4:

o wne FLUID TARGE]

20 40 £0 g0 100 120 140
Figure 4-16 Toggling the Echo Length setting from manual to automatic
Data tab:
Caliper Data
Record. ..

veforms

arget/Formation

Figure 4-17 Data record options for the Open hole mode

The “Target/Formation” record option must always be checked. If unchecked, no acoustic

image will be recorded and the warning message below will be displayed.

Caliper  Data l

Record. ..

arget/Formation

!

f - The kool will not record the image of the Formation

Figure 4-18 Warning message when Target/Formation record is not checked
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For diagnostic purposes or advanced processing, the “Full Waveforms” record option can be
activated. The system will record the complete ultrasonic waveform shown in the preview
window.

Note that recording the ultrasonic waveform will affect the telemetry performance and will
slow down the logging speed.

Calipsr  Data

Record. ..

argetfFormakion

ull Waveforms|

'T - Enabling waveforms may cause wery slow logging speed

Figure 4-19 Full Waveforms record option selected

4.5.1.1.2  Behind PVC Mode

The “Behind PVC” mode is used in PVC cased boreholes. The main purpose is to log
the borehole wall image located behind a PVC casing.

The algorithms implemented in the tool firmware detect and record all existing
echoes on the ultrasonic waveforms. The detected echoes are then sorted and
interpreted as a reflection from the casing or from the borehole wall (Figure 4-20).

Remind that for such application, the PVC casing must be properly centred in the borehole and the
tool correctly centralised in the casing to obtain satisfactory results.

figure Abi Tool Parameters

Mode Bit Size Units

Behind PYC | [Pa - 122.6 mm = || o =]

Azimuthal resalution

Calper |Data | Dane

Caliper Max. Echo Gate: Refresh
144 216 st terath
Advanced.

i 400 B0 100 ® 60 -
72 @ 288 0 Tool Detaiks...
20, 140
o = = Q 50 Q = Q o0 Reset ta default

Ptiturn 16 Bl 0 Au 20 Store as default

LR

i JEIRRE o B o

Preview

e

471
aL FLUD TARGET
25 A0 HR 100 126 160

+ =D

Figure 4-20 Behind PVC settings — automatic settings
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The “Behind PVC” mode gives access to two main tabs — Caliper and Data - for configuring
the record:

Caliper tab:

The caliper settings described in section 4.5.1.1 are applicable for the “Behind PVC” mode.
Mainly two major echoes are detected on the waveform preview. The first one is the
reflected echo from the inner side of the casing. It is highlighted by the red vertical line. The
second reflected echo, corresponding to the borehole wall, is highlighted by the orange

vertical line.

Data tab:

Caliper Data ]

Fecord...

ull \'aveforms

arget/Farmation|

Figure 4-21 Data record options for the Behind PVC mode

By default, the system records both the PVC and the Target/Formation images.

The “Target/Formation” record option must always be checked. If unchecked, no acoustic
image from the borehole wall will be recorded.

Option is given to the user to record or not the image of the inner face of the PVC casing.
Recording the PVC image might be interesting to check the casing integrity or for looking at
eventual encrustations.

For diagnostic purposes or advanced processing, the “Full Waveforms” record option can be
activated. The system will record the complete ultrasonic waveform shown in the preview
window.

Note that recording the ultrasonic waveform will affect the telemetry performance and will
slow down the logging speed.
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4.5.1.1.3 Cased hole mode

This acquisition mode is used to perform casing thickness measurements and corrosion
evaluation in steel casings.

The operator will need to select from the dropdown casing list the nominal specifications of
the casing under investigation (Figure 4-22).

When selecting a predefined “Casing size”, the system configures in an automatic way the
most adequate tool settings — azimuthal resolution, caliper max, echo gate, thickness, echo
gate length - for the casing external diameter and weight chosen.

User has also the choice to customize its own settings manually by adjusting the different
knobs or interactively in the waveform preview window as described in a previous chapter.

Imperial or metric units can be used for displaying the wave form preview and for
configuring the caliper - thickness settings.

Configure Abi Tool Parameters
Mode - Casing Size ~Units -
|Cased Hole | |casING 550000 14,000 Ibjft = s =
Azimuthal resolution T 0
Caliper | Thickness | Data | e
Caliper Max. Echo Gate Refresh
144 26 Start Length = F
vanced, ..
20 260 . i
288
72 o a0 a0 Tool Details. ..
16 340
o 0 40 Reset to default
PEfturn 1o 0 At A 0 Store as default
| | | | .
@ valid

—Preview

‘@ 75
2
A
+*
7
ENRTTN FLUID @ TARGET
20 40 E0 an 100 120 140
Figure 4-22 Example of Cased hole settings
Caliper tab:

The caliper settings described in section 4.5.1.1 are applicable for the “Cased hole” mode.
Caliper settings must be adjusted for recording the echo reflected on the inner face of the
steel casing.
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Thickness tab:

From the thickness tab, the operator has the option to edit the internal (Low) and external
(High) casing thickness dimensions manually for the record.

The Echo gate Length can be adjusted from this window or interactively from the wave form
preview.

Caliper  Thickness lData ]

Thickness Echo Gate Length

Lo High

12 1.6

S| o0 JRERSN] o) DEARRNESEY - R4

Figure 4-23 Thickness and Echo Gate Length settings

Presigw

A=W
=]
/
i

R FLUID TARGET

20 40 €0 a0 100 120 140

Figure 4-24 Waveform preview — Thickness Echo Gate

For cased hole application, in addition to the Acoustic Window and Echo Gates, a third gate -
the Thickness Echo Gate (green dashed line — Figure 4-24) - is available for which only the
end limit is user adjustable. Reduction of the gate length may be necessary if the ringing
signal from the casing is superimposed by noise (e.g. multiples of the inner reflection)
towards the end of the gate period.

The greyed - green hatched interval overlapping the recorded echo on the wave form
preview is representing the casing thickness measured by the system for this specific
ultrasonic trace and orientation.
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Data tab:

Caliper] Thickness [ata

Recard. ..

ull 'Waveforms

T hickniess

Figure 4-25 Data record options for the Cased hole mode

Option is given to the user to record or not the image of the inner face of the steel casing.
Recording the casing inner face image is required for further internal caliper processing and
for casing thickness/corrosion evaluation.

For diagnostic purposes or advanced processing, the “Full Waveforms” record option can be
activated. The system will record the complete ultrasonic waveform shown in the preview
window.

Note that recording the ultrasonic waveform will affect the telemetry performance and will
slow down the logging speed.

4.5.2 Azimuthal resolution

The azimuthal resolution allows the operator to choose the number of points sampled per
revolution of the focusing mirror. Sampling rates of 72, 144, 216, 288 and 360 measured
points per revolution are available.

Azimuthal resolution

PE/turn

Figure 4-26 choice of azimuthal resolutions

The higher sampling rate can be used for better resolution in larger diameter boreholes but
it might be less useful in small diameter hole as it would cause an overlap of sample points.
The speed of rotation of the focusing mirror is directly linked to the azimuthal resolution and
echo mode chosen.
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4.5.3 Additional notes on the waveform preview

Beside the interactive settings of the echo gates, the waveform preview is offering other
tools to enhance the display of the ultrasonic trace:

s Zoom in the vertical scale of the echo amplitude
s Zoom out the vertical scale of the echo amplitude
A Set the vertical scale automatically with the best fit for the echo display
+* . . .
Display the wave azimuth control knob and scan option
@ Theoretical position of the main reflector for the corresponding bit or casing size
selected
Preview
& oo e B
£ Wave azimuth
A Ref
Scan -1j0000
Off — p——— Fast |b] wnD FLUID @ TARGET|
25 50 75 100 125 150 175

Figure 4-27 Display of the wave azimuth control knob and scan option

The Wave Azimuth knob in the full waveform preview box (Figure 4-27) gives the possibility
to display the ultrasonic wave train in a preferential direction other than the reference
position of the mirror.

The preview of the full waveform of the received signal is generated at the position indicated
by the Wave Azimuth control knob. By turning the control knob, a different position relative
to the tool internal reference side can be chosen.

To turn on an automatic scan move the slider bar handle from the Off position towards Fast.
In that case the azimuthal scan position will continuously change with the azimuthal step
increasing if the slider position is set towards Fast.
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4.5.4 Advanced Settings

By clicking on Advanced in the “Tool Parameters” dialog box (Figure 4-28) the operator can
edit the “Fluid and Casing velocity” constants to convert the acoustic travel time from psec
to metric or imperial units. The default values are 1480 m/s for the fluid velocity and 5850
m/s for the steel velocity.

Advanced Settings E|
Options l

Yelocities

Fluid welocity: 1480 s
Casing velocity: 5850 my's

Figure 4-28 Advanced settings

4.5.5 Tool details

By clicking on the Tool Details button in the Configure ABI Tool Parameters dialog box four
tabs (Figures 4-29 to 4-32) become available summarizing tool serial number, acoustic head
details, deviation sensor model and analog front end. If necessary, newer tool firmware
versions can be uploaded. The upgrade procedure will be explained in a later chapter.

Details X
Toal ] Acoustic Head I Deviation Device j Analog Front End ]
1~ Tool details
Model 1.50
Setial o Upgrade
Firmware ,30—

Acoustic modes -
I+ Open Hole
W Cased Hale (behind casing)
| W Cased Hole (zasing thickness)

Close

Figure 4-29 Tool details
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Details [

Tool  Aroustic Head I Deviation Device | Analog Front End I

- Details

Serial number o
o

Focus ¢ 6 inches

Marker position : o degres

Close

Figure 4-30 Acoustic head details

Details

Tool | Acoustic Head Deviation Davice | analog Frort End |

Details
Serial number : 13403
Model : APS
Firrware : 4,30

Close

Figure 4-31 Deviation sensor details

Details

Tool I Acoustic Head | Deviation Device &nalog Front End |

Gain Table

| Offset |
20z4
20z8
2005
1963

Close

Figure 4-32 Analog Front End
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4.6 Recorded Parameters and Browsers

4.6.1 Recorded parameters
The following data channels are recorded by the tool:

TravelTime (1% echo):
Amplitude (1* echo):
TravelTime2 (2™ echo):
Amplitude2 (2™ echo):
ThicknessTTime:

Score:

Azimuth:
Tilt:

Roll:

Mroll:
Magn.Field:
Gravity:
Orientation:

WndTime:
WndAmpl:

System Status
VTool:

V12:

RTHead :
TCPU :

T APS:

T Head :

MotSpeed:
Motor:
Motor Period:

Two Way Traveltime 1% echo - psec

Amplitude 1* echo (NM = North Magnetic, HS = High Side)
Two Way Traveltime 2™ echo - psec

Amplitude 2" echo (NM = North Magnetic, HS = High Side)
Two Way Traveltime within casing - pusec

Quality Index for thickness signal detection

Azimuth from Magnetic North — deg

Inclination from verticality — deg

Tool relative bearing calculated from accelerometers - deg
Tool relative bearing calculated from magnetometers — deg
Magnetic field surrounding the borehole - uT

Absolute value of the Earth gravity — g

Orientation diagnostic code

Two way traveltime of acoustic window reflection — psec
Amplitude of acoustic window reflection

General system diagnostic code

Tool head voltage - V

Internal tool voltage - V

Temperature sensor resistance - ohms

CPU temperature - °C

Temperature inside the deviation sensor - °C
Acoustic head internal temperature - °C

Motor - Speed of rotation — rps
Diagnostic code
Time for a single revolution — sec
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4.6.2 MChNum Browser Window

Figure 4-33 and 4-34 show typical examples of the numerical values displayed in the
MChNum browser window during logging.

E1A ROPE - M .;..u-

Statuz

Motor 3 OK

Data
Azimuth

Tilt
tagn Field

Gravity

MotSpeed

338,68 2204 21 ASTEROPE

Figure 4-33 MChNum browser display — example 1

Motor: Motor synchronisation status

Azimuth: Azimuth from Magnetic North - deg

Tilt: Inclination from verticality - deg

Magn.Field: Magnetic field surrounding the borehole - uT
Gravity: Absolute value of the earth gravity - G
MotSpeed: Motor - Speed of rotation — rps

To display additional parameters in the MChNum browser right click on the MChNum
browser title and select Display Options to add/remove channels and Led status.

B3 ASTEROPE - MChNum [ | /(]
Status

Motor €8 0K
Origntation &3 0K

Data
MotSpeed

T Head
TCRU
WTool
Azimuth
Tilk

I agn.Field

Gravity

-0.00 3525|159 ASTEROPE

Figure 4-34 Multi Channel Browser for Numerical Data (MChNum) displaying additional channels
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4.6.3 Surface Image Browser Window (AbiSurfacelmg)

The system returns an unwrapped image of the borehole wall based on the caliper and
amplitude values of the recorded acoustic signal (Figure 4-35). The left column shows the
caliper image and the right column the amplitude image.

These images consist of a succession of variable density colors. By double clicking on the log
titles Minimum and Maximum scale values may be adjusted to enhance the log appearance.

[W ASTEROPE - AbiSurfacelmg
File Settings View Help

Caliper 1 Amplitude
8 inch 12 50/0
- A

Ready 7429 1056 0 ASTERCPE

Figure 4-35 ABI Surface Image browser window

Note that the displayed units for the caliper log can be converted to either metric or imperial
units via the menu bar’s Settings option or by double clicking on the log title.

Echo selection :

1 Echolis displayed (borehole wall or inner side of the casing)

2 Display Echo2 (borehole wall behind a PVC casing)

Image orientation:

IE Image is non-oriented

El Orient image to magnetic North

=_‘h| Orient image to High Side of the tool

There are two modes of tool data orientation: orientation to High Side and orientation to

North. Orientation to High Side is used in inclined boreholes when magnetometers data are
unavailable (for example in a cased hole).
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Figure 4-36 Orientation to Magnetic North

Vertical scales and grids:

W Depth mode display and pre-defined depth scales
20
40
50

EI Operator defined depth scales, interval spacings and settings

ﬁl Time mode display

4.6.4 Thickness Image Browser Window (AbiThicknessimg)

In Cased Hole Mode, the ABI Thickness browser displays on the left column an unwrapped
color coded image of the casing thickness processed by the system (Figure 4-37). The right
column is a color-coded image of the score. The score is a quality index on the thickness
measurement. In a general way, high score values mean high reliability of the thickness
measurement and the reverse.

[3 HAOS - AbiThicknessimg

File Settngs View Help

Thickness Score
T ===
2 mm 14 time| 0

o um @ NME—/,J

Figure 4-37 ABI Thickness Image

As for the Surface image browser, scales and units of the displayed parameters can be
adjusted by double clicking on the log title or from the Settings option of the menu bar.
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4.6.5 Caliper Browser Window (AbiCaliper)

Caliper browser - Open Hole Mode

The open hole caliper view (Figure 4-38) shows in real-time a cross-section of the acoustic
caliper. Scaling, concentric gridding and displayed units are adjustable from the tool bar
“Settings” option.

The black circle shows the external limit of the acoustic window.
The red circle is the cross section of the acoustic caliper corresponding to the main reflector
detected by the system (borehole wall or inner surface of a casing).

As for the image browsers, the caliper view can be oriented to Magnetic North, High side or
displayed without orientation.

During the acquisition, it is possible to centralize the caliper cross section to remove the
effect of decentralization of the tool in the borehole.

Clicking the symbol | #r can do this.

Statistical caliper figures (Min, Max, Average) are displayed on the left side of the dialog box.

[ NAOS - AbiCaliper
File Settings View

[ nisl[+ 2|

Min  Max Average
Calipert;  120.00123.30121.74

s
;
.

0—60—30 100120 ~140

Ready S [ L NADS

Figure 4-38 ABI Caliper — Open Hole Mode

Caliper browser — Behind PVC mode

The “Behind PVC” caliper view (Figure 4-39) shows in real-time a cross-section of the
acoustic caliper of the PVC casing and borehole wall. Scaling, concentric gridding and
displayed units are adjustable from the tool bar “Settings” option.

The red circle is the cross section of the acoustic caliper corresponding to the inner side of the
PVC casing.

The orange circle is the cross section of the acoustic caliper corresponding to the borehole
wall reflection.

As for the image browsers, the caliper view can be oriented to Magnetic North, High side or
displayed without orientation.

Mount Sopris Instruments — www.mountsopris.com



4 — Operating Procedure 35

& ASTEROPE - AbiCaliper

sl #l 7]

M Mas  Average 160
CaiperT 681 688 685
Ceiper? 1438 1451 1444

100

&0

B0

:
o

7
4
.
.

Ready [000 js__[a__[asterore ]

Figure 4-39 ABI Caliper — Behind PVC Mode

Caliper browser - Cased Hole Mode

Cross sections of both of the inner (red circle) and outer (orange circle) surface of the casing
are shown in this browser (Figure 4-40), giving a good visualization of the casing thickness in
real-time. The space between the 2 circles is filled with the corresponding color coded score
values.

Orientation, scaling, concentric gridding and displayed units are adjustable from the menu
bar’s Settings option.

& NAOS - AbiCaliper

Fie Setings View

=l [+ 2
Beed., U5 ie ieT

[Ready [423 [1467 [70  Naos /]
Figure 4-40 ABI Caliper — Cased Hole Mode
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5 Performance Check & Calibration

5.1 Mirror rotation

Direction of motor rotation is clockwise viewed from top of tool (Figure 5-1):

Placing 2 fingers® on the acoustic window may check mirror rotation. In time mode, record
the 2 finger traces shown” on the Abi surface browser. Remove your right finger from the
acoustic window; the corresponding right finger trace on the Abi surface image should
disappear.

Figure 5-1 Direction of mirror rotation

5.2 Functionality test of the deviation system

5.2.1 Functionality test

The ABI‘s deviation system is factory calibrated and does not require further calibration.
The functionality tests subsequently described have to be done to check that the tool is
giving the correct deviation outputs:

To verify inclination at 0° and 90°, position the probe vertical (acoustic head pointing down)
for 0° inclination and horizontal for 90° inclination. Note that uphole measurement is
possible with the APS544 deviation system as it includes 3 accelerometers. In uphole, the
inclination will be between 90° and 180° (probe vertical, acoustic head pointing up).

To verify azimuth accuracy, a good compass and an area free of magnetic materials must be
used. Use a compass to orient North with the probe horizontal and verify that the azimuth
reading is 0° £ 1°. Repeat the procedure for East, South and West directions.

5.2.2 Rolling test — azimuth and tilt check

Azimuth and tilt could be tested by rotating the tool about its long axis while maintaining
both a constant inclination to the vertical, say 15°, and a fixed azimuth. The data imported
into WellCAD should show a deviation of the azimuth less than the limit of £1.5° and a
deviation of the tilt less than the limit £0.5°.

® Wet your fingers first for a better coupling
4 Adjust the amplitude scale to enhance the finger traces
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6 Maintenance

Warning: Removing the electronic chassis from pressure housing without prior
consultation with ALT will void the tool warranty.

The ABI televiewer is a delicate instrument and should be treated with care at all times.
Excessive shock or extreme temperatures should be avoided and the tool should always be
transported in its transport case or a similarly cushioned enclosure. Never support the tool
on the acoustic head. Experience shows that with attention to these points the QL40 ABI will
give several years fault free operation.

The ABI televiewer separates into four basic parts
e The tool top adaptor
e The pressure housing
e The electronic chassis
[ ]

The acoustic head.
Tool top adaptor

Pressure housing

Electronic chassis

Acoustical head

Figure 6-1 ABI and tool top, exploded view

Should it become necessary to open the tool, the tool parts must be separated in the
following sequence:

1. Remove the tool top adapter
2. Remove the acoustic head

3. Remove the pressure housing

Disassembly of the electronic chassis from the pressure housing should never be attempted
in the field.
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6.1 Tool Top Adapter

The tool top adapter provides the connection between wireline cable head and chassis
electronics and can be provided to suit 7 conductors, 4 conductors, mono or special wireline
configurations. The adapter is fixed by the means of a threaded ring screwed in the pressure
housing. To remove the tool top adapter, use the correct C spanners provided with the tool -
see picture below (Figure 6-2).

Figure 6-2 Removing the tool top

The wireline cable head socket and tool top adapter connector pins should be checked for
cleanliness before each use of the tool. The pin inserts, whether 4 or 7 pin, have a locating
mark indicating WL1 or A that should line up with the slot mating with the cable head.

Check O-Ring seals and apply silicon grease before re-assembly. Silicon grease of a similar
type to RS Components Ref 494-124 is suitable for this and other O-Ring seals.

(Rem: O-Ring reference for tool top and for the quick link 40 is AS215 26,57 x 3,53 Viton
Shore 75)

Figure 6-3 QL40-GO4 Tool top adaptor
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Figure 6-4 QL40-GO?7 tool top adaptor

Figure 6-5 QL40-GO1 tool top adaptor
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6.2 Acoustic head

Warning: The televiewer acoustic head is extremely delicate and must be treated gently at
all times. Any laterally applied force on the end of the head is liable to cause damage!

The acoustic head is attached to the electronic chassis of the sonde by three 2.5mm hex set
screws. To remove the entire televiewer head the tool top and pressure housing must first
be removed as described below. Slacken off the fixing screws and slide the televiewer head
off the connector. The connector has a keyway to locate the head with the correct
orientation.

Plastic window

Bellow and its protection cap (semitransparent)

Figure 6-6 Acoustical head

Re-assembly is the same procedure in reverse order, but taking care not to force the head
on to the connector. This will result in bent or broken connector pins! Check all “O” ring
seals (Orings AS215, 26.57x3.53, viton, shore 75) and apply silicon grease to them.

The acoustic head needs to be properly maintained to give the best image results.
Note the following points:

e Check that there are no air bubbles visible in the acoustic window. Air can separate
out of the oil filling the head, notably after airfreight at low pressure, and can also
work its way out of the inner parts of the motor. The presence of air in the head is
indicated by a spotty image or streaking. These effects may come and go as the
orientation of the tool is changed.

e Check that there is not excessive lateral movement on the end of the head. The
bellows cap must be screwed up against the acoustic window but not excessively
tight.

e [f the acoustic signal is lost, check for isolation between pins A&B in the acoustic
head. The most common reason for loss of signal is the cutting of the signal coax to
the transducer in the head. This happens when the window is rotated relative to the
head body. Check with a gentle twisting motion that the window does not rotate
more than a degree or two relative to the tool body.
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e At very low temperatures the oil in the acoustic head becomes viscous and this may
prevent the mirror from rotating. In this case keep the tool and head warm before
use.

6.2.1 Cleaning the acoustic head bottom section

The bottom section of the televiewer assembly houses a pressure compensating bellows
that must be free to move. For this reason the bellows cover is removable to allow cleaning
of the exterior of the bellows. The interior of the bellows and main body of the televiewer
head is oil filled. Both, the end of the bellows cover and its side wall, have holes to allow
pressure equalization, and these holes must be kept clear. The bellows cover is threaded at
the top end and held by a screw thread on the main body below the nylon window. The
cover should only be hand tightened.

Keep the bellows section clean. This will prevent the deterioration of glue seals and the
bellows itself. Grit lodged in the folds of the bellows can cause perforation if left over a
period of time.

When removing the cover, it is important to hold the nylon mirror section only, which is
locked integrally with the main tool, while unscrewing the cover. Wrenches must NOT be
used (Figure 6-7 and Figure 6-8).

'Warning: Any Rotation of the nylon section relative to the main tool pressure housing will
result in damage to the head and probable tool failure.

The necessity for cleaning will depend on the borehole fluid and borehole conditions. The
bellows should only be cleaned when the sonde was used in heavily contaminated fluids, i.e.
heavy muds or sediments, or when the fluid is known to be corrosive. In this case it is

important to clean deposits off the bellows where it is glued to the flanges at either end. The
bellows wall is thin and can become perforated if allowed to corrode.

Figure 6-7 Unscrewing the bellows cover
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Figure 6-8 Bellows cover removed

6.3 Pressure Housing

The main pressure housing is locked on to the televiewer head by four 2.5mm hex cap
screws. After removal of the tool top, the pressure housing can be removed after undoing
these screws. When separating the two parts, place the tool on suitable stands, grip the
pressure housing with one hand and the acoustic head close to the joint with the other and
apply a straight pull. During re-assembly extreme care should be taken not to over tighten
the fixing screws which may shear off if overloaded!

The outside of the pressure housing is marked with a Y symbol to indicate the position of the
Y axis vertical and upward. The purpose of this is to simplify tool checking.

When re-assembling the pressure housing make sure that the reference mark is correctly
aligned with the upper side of the deviation sensor.

6.4 Upgrading ABI firmware

In accordance with the ALT policy of continuous development the ABI has been designed to
allow firmware upgrades. The current version of firmware installed in a tool may be verified
in the Tool Details window opened from the Tool Settings dialogue box.

Firmware upgrade procedure is as follows:
1. Checking the communication is valid.
2. Upgrading firmware

6.4.1 Checking the communication

Connect the ABI tool to your acquisition system.

Start ALTLog/Matrix software.

In the Tool panel select the appropriate tool and turn on the power.

In the Communication panel, select Settings. Check baud rate is set to 41666 and
communication status is valid (Figure 6-9 or Figure 6-10).

Eall S
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Uphole Link

Baudrate: | 41667

4 2 g

Discriminatars [%]

3 7
3
1
0 a
=

7." Reset to default
] Pulse width [%) Store as default
4 58
3 ¥
8 2 8
2 1 &}
0 ]
- Status
@ vald

Dowinhiole Link:

Done

Figure 6-9 Tool communication settings - ALTLog
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Figure 6-10 Tool communication settings - Matrix
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Warning: Telemetry must be tuned properly. Bad communication may abort the upgrade

of the firmware!

6.4.2 Upgrading the firmware

In the Tool panel, select Tool settings/commands. Check that the communication status is

valid (Figure 6-11).

anfigure Abi Tool Parameters
Mode: Bit Size: Urits
Open Hole - |Custom ||| [inches ~|
Azimuthal resalution
Caliper WData |
Caliper Maz, Erhn Gate
P e Start Length
15
18 3 g 2 3
72 288 12
21 1 4
o 1
i 0 7
PEeurn & 4 A S
- = | - | |- | |
Preview

Done
Refresh

Advanced...
Tool Details, .,

Reset to default
Stare as default

@ valid

N

+ = o

FLUID

TARGET

B

Figure 6-11 Tool settings dialog box
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1. Click on Tool Details. Note that the firmware version currently in use is
displayed in the firmware box. Click on the Upgrade button (Figure 6-12).

Details [x]
Taol |Acoust|c Head I Deviation Device i Analog Front End i

~Tool details

Maodel 1.50

Serial i 0 Upgrade I
Firmware | 3.0

— Acoustic modes

¥ Cpen Hole
v Cased Hole (behind casing)
v Cased Hole (casing thickness)

Close
Figure 6-12 Tool Details dialog box

2. The following message will appear (Figure 6-13). Click Yes to validate your
choice.

This will upgrade the ABI40 kool internal Firmware using manufackturer supplied eprom image.
! Improper use of this procedure may cause non-recoverable tool malfunction.
Are you sure you wank to proceed 7

‘fes Mo I

Figure 6-13 Warning Message during firmware upload

3. Select and open the appropriate .hex file provided (Figure 6-14). The
upgrade will start.

Dpen
Look in Iaﬂelease ﬂ = £ Bl

bihes

File name: |DZDSDE 2189 ahi hex Open I
Files of type: | Flash Image Files [* hex] | Cancel Py
e

Figure 6-14 Select firmware upgrade

4. During the upgrade procedure, the following message is displayed:

Firmware Upgrade | X|

Tool firmware iz currently beeing upgraded.

PLEASE ALLOW PROCEDURE TO GO TO FULL
COMPLETION WITHOUT INTERRLUFTIOMN.

This may take a few minutes.

Figure 6-15 Firmware upgrade progress window
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5. Once the upgrade has been successfully completed (Figure 6-16), click on
OK to turn off the tool.

Matrix logging system

i The taol Firmware uparads has been complebed successFully,
The taol powier wil now be switched ofF.

ak

Figure 6-16 Successful upgrade

6. Power on the tool to start the upgraded firmware. Check in Tool
settings/commands and Tool details that the firmware version has been
changed with the new one.

Note that this error message (Figure 6-17) will appear at end of the procedure when the tool
firmware upgrade has failed or has been aborted. Check tool communication settings.

Matrix logging system

The tadl firmwiare upgrade has Falled or has been abarted with status 4,
Ho changes o the kool has been performed.

Telematry errors while uploading the new firmware to todl,

oK

Figure 6-17 Error message
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7 Troubleshooting

Observation

Tool not listed in Tool panel
drop down list.

Tool configuration error
message when powering on
the tool.

Tool panel - No current.

Tool panel - Too much current
(red area).

Telemetry panel - status
shows red.

Telemetry panel - memory
buffer shows 100%.

Telemetry panel — bandwidth
usage shows 100%.

(Overrun error message.)

Telemetry panel - large
number of errors.

To Do
- Do you have a configuration file?

- Has the configuration file been copied into the .../Tools
folder (refer to MATRIX or ALTLog manual about details of
the directory structure)?

- Check all connections.

- Adjust the telemetry settings for your wireline configuration
(see chapter 4.3 or 4.4) and store the new settings as default.
Apply the appropriate tool settings for your logging run (see
chapter 4.5).

- Verify that the wireline armour is connected to the logging
system. Test your interface cable between winch and data
acquisition system.

- Verify cable head integrity.
- Verify voltage output at the cable head (it should be 120V).
I Immediately switch off the tool !

-Possible short-circuit (voltage down, current up): Check for
water ingress and cable head integrity - wireline continuity.

- Verify the interface cable between winch slip ring and data
acquisition system is not loose at the connectors. Check for
possible source of a short-circuit.

- If the above shows no issues, use test cable provided by ALT
to verify tool functionality.

- If the problem still occurs, please contact service centre.

- Verify the telemetry settings for your wireline configuration
(see chapter 4.3 or 4.4).

- If problem cannot be resolved contact support@alt.lu .

- Indicates that the systems internal memory buffer is full. PC
can’t receive incoming data streams fast enough. Ensure
your PC has enough resources available.

- Set the baudrate to highest value allowed by your wireline
configuration.

- Reduce logging speed, decrease azimuthal resolution and/or
increase vertical sample step.

- Verify the telemetry settings for your wireline configuration
(see chapter 4.3 or 4.4).

- Check bandwidth usage and telemetry error status.
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Observation To Do

Permanent No Sync message | ! Immediately switch off the tool !
and red led status in

- Stepper motor and mirror synchronization issue. Contact
MChNum browser.

ALT for Acoustic Head service.
Motor stalled and increase of
current drawn by the tool.

WellCADimport : acoustic - Check your WellCAD version (please refer to 1.3 Technical
images not imported Specifications chapter).

WellCAD import : Magnetic - Check your WellCAD version (please refer to 1.3 Technical
North and High Side Specifications chapter).

orientation options not

available
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8 Notes on Data Processing

The processing of data acquired with the QL40 ABI and the ABI 40 tools is usually performed
using the WellCAD software. We would like to refer the user to the WellCAD user guides for
a detailed description of the software’s functionality. In particular Book 3 - Image &
Structure Module should be of help when processing image data.

The following paragraphs will focus on three processes to process traveltime data for which
the input of correct units and parameters is crucial in order to obtain accurate results.

8.1 Estimation of Fluid Velocity

The procedure described below

outlines the 'estlmat'lon of.the e 3
borehole fluid velocity which can : Depth: 23306 m 961431
be used as input for the s I
computation of caliper data lolpoce ==
described hereafter. Raisfum]: |18
Time window [ps] IWndTlme vi
1. From the Process > Image Paintz of knaun caliper e
3 igh walue:
Depth [m] Caliper [mm]
Module > Image Logs menu s . |
in We”CAD Se|eCt the Sllke 2l — Cument valug S omax 1727
. . . — High value v
Estimate Fluid Velocity =
entry. The corresponding
options dialog box will open Figure 8-1 Fluid velocity estimation dialog box
(Figure 8-1).
2. Select the TravelTime log from the corresponding drop down Travelime Log
list in the dialog box. Twelie ]

recorded in : 1| w1

3. Set the unit the traveltime has been recorded in. For the QL40
ABI or ABI40 tool this manual refers to the unit is 1 ps. (Older tools measured in 0.1 ys.
You can find out by double left clicking on the log title of the TravelTime log. The unit
should show us. If no unit is shown the measurement was made on 0.1 us.)

4. Enter the radius of the acoustic head at the measurement point o A
into the corresponding edit box. For the ABI tools described |—>Hadwus[mm1. 15 |
here a value of 16 mm is appropriate.

Tirme window [lus] : |WndT\me - i

|
5. Select the Time window channel WndTime which contains the traveltimes from
transducer to the acoustic head window and back (has been recorded by your tool along
with the other measurements).

6. Use the scroll bar next to the preview of the cross sections
generated from the traveltime data and find a depth at which the
caliper of the pipe or borehole is known and best reflected by the
measurement (for example the nominal internal diameter of
casing or the bit size).

Traveline log preview
Depth 23306 m 96,149 ft

— Current value
— High value

1B
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Right click into Points of known caliper list and add a new

Paintz af known caliper

row for a reference point. The depth value will automatically Depth ] FSP—
set to the depth of the preview. Enter the known caliper value 2 =0
in [mm]. | i

Try to set a least a reference point at or near the top and base of the well. Click OK when
finished. A new log containing the estimated velocity profile will be created.

8.2 Computation of Caliper Data

The following steps summarize

the steps to compute radius and ey et
caliper data from the acoustic TravelTime v PRadusioml:  [16 | T
. . : . t _Cancel
traveltlme recorded Wlth VOUF recoided in | 1 | %1 [ps] Time window [ps] © | WndTime v |
ABI t00| : Output az Borehale fluid
radius values in Image Log iMSD ~ | |mz’s v |
1. Select the Calculate Caliper [ Min, Mas, Ave caliper curves Select a log providing velociy or
Biimibadis |7'| slowiness o bpe in a value.
process from the Process > bt LA | Set the appropriate nit.
Image Module > Image Logs

menu. The options dialog

box (Figure 8-2) will open Figure 8-2 Traveltime to caliper conversion dialog box

Select the TravelTime log from the corresponding drop down et Tl
list in the dialog box. MravelTime v

recorded in : 1 # 1 [ps]
Set the unit the traveltime has been recorded in. For the QL40 J

ABI or ABI40 tool this manual refers to the unit must be set to 1 ps. (Older tools
measured in 0.1 ps. You can find out by double left clicking on the log title of the
TravelTime log. The unit should show us. If no unit is shown the measurement was made
on 0.1 us.)

Enter the radius of the acoustic head at the measurement point Tool parameter
into the corresponding edit box. For the ABI tools described |—>F|ad\us[mm]: [16 |
here a value of 16 mm is appropriate.

Time window [ps] |WndT\me L |

[
Select the Time window channel WndTime which contains the traveltimes from
transducer to the acoustic head window and back (has been recorded by your tool along
with the other measurements).

If you estimated a fluid velocity as described in the paragraph Borehale Huid

above or have measured values extend the drop down list and |14 8 [ &
. Select a lag providing velacity ar

select the corresponding log. You can also enter a textbook L L

value manually. Ensure the correct unit has been selected.

Output as

Select the output options and unit. You can create a new Image : :

radius values in Image Log
Log containing a radius value for each traveltime measurement. In [ Min, Mas, Ave calper curves
addition you can create Min, Max and Average caliper curves. Ouputinic

Click on OK to close the dialog box ad start the computation.
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8.3 Calculation of Casing Thickness

If you made measurements in Traveltime to thickness options [zl
cased hole mode you will get a log Traveing Lo s
containing the traveltime within ThicknessTTine | | [ Thickness values oo image Log

recorded in : 17| w [zl [ Min, Max, Ave thickness curves
Output unit: | mm v-i

the steel casing (thickness travel

tlme) The procedure described Cazing velocity / slowness

below summarizes the conversion 2l L |
. . . Select a log providing velocity or

of the thickness traveltime into a slawness ar type in a value

Set the appropriate unit

true thickness value.

1. From the Process > Image
Module > Image Logs menu in
WellCAD select the Calculate
Thickness... entry. The corresponding options dialog box will open (Figure 8-3).

Figure 8-3 Traveltime to casing thickness conversion dialog box

Travelime Log

ThicknessTTime ~ i

recorded in D_i w1 [ug]
—

t

2. Select the ThicknessTTime log from the corresponding drop
down list in the dialog box. ,

3. Set the unit the thickness traveltime has been recorded in. For
the QL40 ABI or ABI40 tool this manual refers to the unit must
be set to 1 ps. (Older tools measured in 0.01 ps. You can find out by double left clicking
on the log title of the ThicknessTTime log. The unit should show us. If no unit is shown
the measurement was made on 0.01 us.)

4. Enter the velocity of sound in steel into the corresponding edit

Casing velocity / slowness

box. A typical value for steel is 5850 m/s. If you have a veIocity_|_.\sssu v [m: ¥
profile available in a log extend the drop down list and select Sl et

Set the appropriate unit

the corresponding channel.
5. Choose the output option and unit. The thickness values can be Duiput as
given as a Image Log with on thickness value for each traveltime ,—’Th‘d"”e“ S
. L. ) [ Min, Max, Ave thickness curves
thickness measurement and as curve of the minimum, maximum

. . Output unit: | mm vri
and average thickness determined. :

6. Click on OK to close the dialog box ad start the computation.
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9 Appendix

9.1 Parts list

Detailed part numbers and descriptions are available for tool delivery and spare part kits.
Please contact support@alt.lu for further details.

9.2 Technical drawings

The following technical drawings are available on request:

e 19” Rack connection diagram.
e  Wiring Diagram.
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AbiSurfacelmg, 32
AbiThicknessimg, 33

Acoustic head, 40

Acoustic head operation, 6

ALT Logger, 15

Amplitude, 30

Azimuth, 30

Azimuth accuracy, 3

Azimuthal Resolution, 26
Baudrate, 15

bottom sub, 9

Calculation of Casing Thickness, 51
Caliper Browser Window, 34
Cleaning the acoustic head bottom section, 41
Computation of Caliper Data, 50
Configuring Tool Parameters, 17
Diameter, 3

Dimensions, 2

discriminators, 15

Downhole Pulse width, 15
Estimation of Fluid Velocity, 49
firmware, 42

Functionality test, 36

General Information, 1

Gravity, 30

head, 6

impedance, 5

Inclination accuracy, 3

Length, 3

Magn.Field, 30

Maintenance, 37

MATRIX, 15

Max. Temp, 3

Max.Pressure, 3

MChNum Browser Window, 31
Measurement Principle, 5

mid sub, 9

Mirror rotation, 36

Motor Period, 30

Motor Status, 30

MotSpeed, 30

Mroll, 30

Notes on Data Processing, 49
Operating Procedure, 13
Overview, 1

Parts list, 53

Performance Check & Calibration, 36
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Pressure Housing, 42

QL 9

QL tool, 9

Quick Start, 14

Recorded Parameters and Browsers, 30
Reflection coefficient, 5

Roll, 30

Rolling test, 36

Score, 30

stack assembly, 9

Surface Image Browser Window, 32
TAPS, 30

T CPU, 30

Technical drawings, 53

Technical Specification, 3

Telemetry, 15

Thickness Image Browser Window, 33
ThicknessTTime, 30

Tilt, 30

Tool Communication with ALT Logger, 15
Tool Communication with MATRIX, 15
Tool Head Adapter, 38

TravelTime, 30

Trouble Shooting, 47

Upgrading ABI40 firmware, 42

VT CPU, 30

Weight, 3

WndAmpl, 30

WndTime, 30
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QL40

General Information

QL40 Stackable Logging Tool Overview

QL stands for Quick Link and describes the latest line of stackable logging tools. This development is a
joint venture of Mount Sopris Instruments (MSI) and Advanced Logic Technology (ALT). Innovative
connections between tool elements (subs) allow users to build their own tool strings in the field.

The Tool Stack Factory — a sophisticated extension of the acquisition software — provides a convenient
way to configure tool strings for operation.

Each sub has a Telemetry and Power supply element, the TelePSU, allowing them to operate individually
without a separate telemetry sub. As a result all QL subs can be operated as standalone probes or in
combination with other subs. The GenCPU card in each measurement handles Analog to Digital
conversion and/or counting of the measurement signal and formatting of the data for transmission up
hole.

When used as a standalone or stack of active subs the tool is completed by adding a Tool Top sub and
where applicable a Tool Bottom sub. At present two Top subs are available, a MSI single conductor and
GOl 4 conductor. Consult the factory for additional options.

The number 40 indicates a nominal OD of 40mm. Over coating and special measurements may make
some subs larger in diameter than this. See their particular specifications.

Minimum requirements:
Matrix v10.3 software with appropriate Matrix Logger firmware
See the installation instructions for Matrix software for more information.

Controls, Connectors, and Layout

Connectors for the tool are as follows. The probe top described below is a Mount Sopris standard single
conductor probe top. Other variations of probe tops and wiring can be accommodated at the factory such
as the GO-4 probe top listed below.

Probe Top sub connections:

MSI-1 conductor

Pin Signal Origin

Probe top housing Tool power ground Armor

Center pin in probe top Tool power positive Center conductor

GOI-4 conductor

Pin Signal Origin

Probe top housing Tool power ground Armor

1 Tool power positive Com A&B

2,4 No Connection No Connection
3 Tool power positive Com C&D

P/N 70000237
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QL40-GAM
The QL40-GAM sub provides natural gamma measurement. The QL40-GAM can be operated as a stand-
alone probe or can be stacked above or below another sub on a MATRIX logging system.

GAMMA

The natural gamma measurement is made by the use of a sodium lodide crystal, which when struck by a
gamma ray emits a pulse of light. This pulse of light is then amplified by a photo multiplier tube, which
outputs a current pulse. These pulses are then detected, digitized and combined with data from other
subs (if present in the stack). The data is then transmitted up the wireline using a pulse coded digital data
protocol.

QL40 GAM Specifications:

Power Requirements
DC voltage at probe top. MIN. 80 VDC MAX. 160 VDC Nominal 120VDC
Current 38 mA nominal

Gamma Detector
Nal (tl) 0.875"dia X 3.0"long 22.22mm dia. x 76.2mm long

Gamma Detector measuring location
162 cm up from bottom of locking ring

Operating temperature range
32 to 158 degrees F  0to 70 degrees C

Pressure rating

2900 psi 200 bars
Dimensions
Length 42.13 inches 107 cm
Diameter 1.66 inches 42.3 mm with neoprene heat shrink and PVC electrical tape
Weight 10.3 Ibs 4.67 kg
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Installation

Installing the QL40-GAM and support equipment

Before operating the QL40-Gam, Gamma sub, determine if the sub will be used in a stand-alone
configuration, or if it will be used in conjunction with another QL Series sub.

The subs are connected by threading the male end of the top sub into the next lower one. Note the key
way.

Remove the bottom protector from the Top sub. The GOI-4 Top sub is shown below:

Align the top sub with the key way inside the female housing of the next section. Inspect all O-rings for
defects and make sure threads are clean. Threads and O-rings should be lightly greased. Do not use
silicone grease intended for O-rings on threads. When connecting subs, it is best to balance each sub
section on a tool stand so that the ends join with no load. See photo below.
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Slide the top sub in until the threads meet the mating ones inside the housing. Start turning the brass nut
by hand until the threads engage. Slightly raise or lower the joint so the pieces mate evenly and the
threads turn easily.

Warning: Do not force the threads! When properly aligned they should turn smoothly.

Use the spanner wrenches to tighten the threads until the brass nut is fully engaged. Do not use cheater
bars on the spanner wrenches.

The threads should go on smoothly. If they are binding adjust the supported location top or bottom
section so they are level and evenly aligned.

Gamma stand alone mode

In order to operate the sub as a stand-alone probe, a top and bottom sub must be connected to the sub.
Remove the probe-top thread protector from the top sub then thread the top sub onto the cablehead of
the winch assembly. Inspect the o-ring on the cablehead for cuts or abrasions before each use to ensure
an adequate seal. See the logging software operating instructions to configure it to log this tool.
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Operating Procedure

Operation

To use the QL40-Gam, Gamma with the MATRIX logging system, make sure the correct sub files are
installed in the C:\Logger\Tools\QL40-12 directory. The files are most easily installed using
LoggerSettings.exe utility program supplied with the software installation. QL40 sub files may be found
on the installation or separate CD.

In the case of the Matrix logger, the power settings are set to default values used for all probes equipped
with the QL TelePSU downhole power supply. Different wirelines may require some adjustment to the
telemetry. These settings are accessed by pressing the Settings button in the Telemetry section of the
Matrix dashboard. The user may also view the pulse stream on the cable line by pressing on the Scope
button. To change telemetry settings, press the properties button after the Modem Settings window
appears. The user can observe the discriminator settings and make changes as necessary using the
“Advanced Settings” button in the Telemetry window on the dashboard. The two discriminator bars
should be placed in the middle of the displayed troughs, as shown in the following figure. When correct
discriminator settings are made, SAVE the configuration, naming it as to describe the wireline
configuration and the settings will be recorded for future use. In general the “factory” settings will not
need adjustment.

Configur ALT Telemetry @
- Analysis Info
Vertical scale Horizontal scale
x5
x2 x10
%1 20
multiply by
T Ln @ Log
Canfiguration
Done
Baudrate: 141666 - Yalid
| !
Input Gain Uphole Telemetry Downhale Telemetry
Gain Negative Discr Positive Diser Pulse width [%)
X8 K16 6 S5 4 § B 40 50 gp
X4 w32 3 30 70
) %64 20 50
K1 | 1o 10 0
H0: 56 0 0
¥V Automatic IV Automatic I~ v Autoriatic

P/N 70000237




QL40

Performance Checks and Calibrations

Calibrations are performed at the factory and require a basic knowledge and understanding of the tool. In
the event the user feels the tool needs to be calibrated it is advisable to speak with a representative of
Mount Sopris. Performance checks for the gamma measurement can be made on the surface before
logging. With the tool powered on and viewing data on the computer screen a small source of natural
gamma radiation can be placed in close proximity to the detector area about 6 inches above the bottom of
the probe. An increase in gamma counts will then be observed on the computer screen if the tool is
working properly. API and uranium K factor calibrations are available for this sub. Contact the factory for

details.
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Preventative Maintenance

The QL40 series tools require some maintenance. Make sure the threads on the brass nut on the sub
bottom are free of sand mud or other dirt. A thin layer of anti-seize is recommended. When disassembling
the sub string dry the joint as it is separated to prevent fluid from entering the sub top and getting into the
Lemo electrical connector inside.

After replacing top and bottom protectors it is good to wash the probe off after each use. Never take the
probe apart. This probe is very difficult to disassemble and requires special steps to be taken in
order to gain access to the inside of the probe without damaging the electronics. If you have read
this after attempting to disassemble the probe chances are the probe has experienced damage
and will need to be sent to the factory to be repaired. Inspect O-rings occasionally and keep the
threads on both ends of the probe clean, to minimize problems in the future.

The heart of the gamma section is the photo multiplier tube and the sodium iodide crystal. Both units are
very fragile and can be damaged if the probe is dropped or experiences a very abrupt temperature or
mechanical shock. Take great care while handling or packing the probe for transportation.

Locking Ring assembly Maintenance
Tools required:

1.5mm Allen wrench
2 ea 40-42mm spanner wrench
Paper towels or clean rags

Replacement Parts:
ALT26005, Large Threaded Ring, Qty 2
28-174-995 M2x8 SHCS, Qty 2

Disassembly:
Unscrew and remove the two M2x8 socket head cap screws and separate the two halves.
Four guide pins align the two ring halves and tend to hold them together after the screws are removed.
To pry the halves apart you can use a pair of spanner wrenches inserted into the wrench holes on
opposite sides of the ring mating surfaces to pull them apart slightly.
Do this carefully to prevent bending the guide pins.

Place something small in the opening and move the spanners to the other side and pry it open slightly.
This should be enough to release the two rings as below.
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Clean inside surfaces thoroughly and reassemble, coating the inside with a very light film of anti-seize
compound. Nickel based compounds are best, to prevent any sticking between the brass and steel
surfaces
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Troubleshooting

Problems with the Tool

NEVER DIS-ASSEMBLE THE PROBE WITHOUT CONSULTING THE FACTORY FIRST
Disassembly Instructions

The QL40-GAM Gamma Probe should never be disassembled unless service is necessary. This is a
very difficult probe to disassemble, and is highly recommended that any service be performed by Mount
Sopris, ALT or a qualified technician.
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Appendix

Suggested QA Procedure

General notes for Quality Assurance are presented here for users who need to utilize these
techniques when collecting data. These users will need to periodically calibrate their equipment using
equipment whose calibration is traceable to an approved standard. Details of these calibrations must be
recorded.

When an instrument is calibrated, records need to be kept regarding the calibration standard(s)
used and what was changed on the instrument to calibrate it. Typically, the corrections made to the
instrument involve changing constants that are used to scale the raw instrument reading so that the
proper value is reported. The constants must be recorded during a calibration procedure. The Mt. Sopris
family of acquisition programs records the calibration constants that were used to acquire the data. This
aids the QA process, but does not replace the need for recording these constants at the time of
calibration. The reason for this is that the length of time since the last calibration is unknown with only
this information.

The device providing the standard must be traceable to an accepted standard. Examples of
organizations providing standards for measuring instrumentation are: The U. S. National Bureau of
Standards; The American Petroleum Institute; and the American Society for Testing Materials. For
example, if the voltmeter or the density standard used for calibration is not traceable to an approved
organization, such as those listed above, the calibration should not be considered valid. Records should
be kept indicating the last time that standard being used for calibration was calibrated or checked against
an approved standard. The QA procedure necessary for some programs mandate that the calibration
standards be periodically checked against a standard approved by a proper agency.

A QA procedure may dictate that data taken from a given locale be associated with records
indicating the exact time and location that the data was collected. The data itself may have to be
collected in a certain format to meet requirements. Often, QA procedure specifies that surveys must be
repeated and the data from the successive surveys compared. This technique is used to eliminate poor
or invalid data.
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Casing and Water Factors for QL40-GAM (to be developed in the near future)
Similar factors exist for the Mount Sopris 2PGA probe, which may be used as close
approximations. See the 2PGA manual for details
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2PGA-1000

General Information

Overview

The 2PGA-1000 Poly-Gamma is a combination probe providing natural gamma,
spontaneous potential (SP), and single point resistance (SPR), measurements. The operator
must make these measurements in two separate runs. i.e. the gamma is made in one run and the
S.P., and SPR are made together on the second run. The Poly-Gamma probe is also the base
foundation for the Poly series of probes. The Poly-Gamma when connected to a Poly-Resistivity
probe is capable of making multiple Normal resistance measurements along with the, above-
mentioned, Poly Gamma measurements, all in one run. The Poly-Gamma probe can be operated
as a stand-alone probe on an MGX, MGX Il or any other system capable of supplying the correct
power. The Poly-Gamma connected to the Poly-Resistivity section can only be operated with the
MGX Il system.

The SP and SPR measurements must be run in open (uncased), fluid filled, boreholes.
The natural gamma may be run in any borehole conditions within specifications.

Controls, Connectors, and Layout

Connectors for the tool are as follows. The probe top described below is a Mount
Sopris standard single conductor probe top. Other variations of probe tops and wiring can be
accommodated at the factory but will not be discussed in this document.

PROBE TOP CONNECTOR:

Pin Signal Origin
Probe top housing Tool power ground Armor
Center pin in probe top Tool power positive Center conductor

BOTTOM CONNECTOR:

This connector is made of rings and the numbering of the rings begins from the inner most ring.

Ring Signal Origin

1 SP, SPR or 64" Normal Electrode below probe top

2 Center conductor Center pin on probe top

3 Pulse return Returns Gamma pulse to center cond.
4 Pulse Output from Gamma circuit

5 Armor Armor of probe top

6 Gate From Poly Electric tool

Layout for the tool in general is as follows starting at the bottom of the tool. The bottom
connector is below the scintillation crystal and Photo multiplier. Next is the electronic section for
the gamma and electric measurements, followed by the electrode and probe top.
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Theory of Operation
SINGLE POINT RESISTANCE

The single point resistance measurement is made by passing an AC current between a
surface electrode or (mud plug), and the probe electrode. The probe electrode is located just
below the probe top and should be the only piece of metal exposed during the logging process.
The surface electronics rectifies the AC voltage between these two electrodes and by using
Ohms law the system calculates the resistance between them.

Ohmslaw: r=E/I
r = resistance in ohms;
E = potential in volts;
| = current in amperes.

The SPR measurement is the sum of cable resistance, and the resistance based on
the composition of the medium, the cross sectional area and length of the path through the
medium. Therefore the single point resistance log is not quantitative.

SPONTANEOUS POTENTIAL

The spontaneous potential, also known as self-potential or SP uses the same
electrodes as the SPR measurement. This natural potential, which originates from
electrochemical differences between borehole and formation fluid, or electro-kinetic "streaming"” is
measured by the surface electronics. The circuit measures a DC voltage between the surface
electrode and the probe electrode. This potential may be positive and /or negative with respect to
the surface electrode.

GAMMA

The natural gamma measurement is made by the use of a Sodium lodide crystal,
which when struck by a gamma ray emits a pulse of light. This pulse of light is then amplified by a
Photo multiplier tube, which outputs a current pulse. These pulses are then detected, shaped and
transmitted up the cable line. The center of the Sodium lodide crystal is approximately 20 inches,
or 508 mm below the center of the R & SP electrode. The approximate location of the gamma
detector is referenced by a band of colored tape on the housing of the probe. The user must
maintain this band of tape, or marker, as it may tend to degrade with use of the tool. When a Poly
Gamma tool is used in conjunction with the Poly Electric tool, the pulses are sent down to the
circuitry in the Poly resistivity and sent up the cable in a digital format.

The Poly Gamma tool is capable of using a power source that is positive or negative with
respect to the armor. This gives the tool more flexibility and reduces the risk of damage to the tool
due to a wrong switch position or the choice of a wrong probe file. Worthy of note is the crystal
detector and the Photo multiplier tube. Both of these devices are fragile at best and are quit costly
to replace. Sopris has taken steps to afford these items as much protection as possible. These
items are subject to be damaged by sudden shock so when shipping or transporting the tool
ensure it has proper protection from vibration and shock to reduce the chances of damage.
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2PGA-1000: Specifications:

Power Requirements
DC. voltage + or - at probe top. MIN. 52 VDC MAX. 88 VDC@ 35mA nominal, 100mA start up.

Tool Output
Positive pulse, 1.25uS wide, adjustable if required.

Gamma Detector
Nal (fl) .875"dia X 3.0"long 22.22mmdia. X 76.2mm long

Gamma Detector location
Using the center of the R & SP electrode measure towards the bottom of the tool 20”, or 508 mm.

Operating temperature range
14 to 120 degrees F -10 to 50 degrees C

Pressure rating

2000 PSI 13789 k PASCAL
Dimensions
Length 31.3 inches 79.5 cm
Diameter 1.63 inches 4.1 cm with neoprene heat shrink and PVC electrical tape
Weight 7 Ibs 3.2 kg
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Installation

Installing the Poly - Gamma and support equipment

Before operating the Poly - Gamma probe, determine if the probe will be used as a stand-
alone probe, or if it will be used in conjunction with a Poly Series probe.

Poly - Gamma stand alone mode

In order to operate the probe in the borehole the lower thread protector must be installed in
the bottom of the probe. This thread protector seals out any borehole fluid and shorts two of the
rings on the bottom connector of the probe, to send the pulses from the gamma circuitry up the
cable line. Remove the thread protector from the probe top then thread the probe top onto the
cablehead of the winch assembly. Inspect the o-ring on the cablehead for cuts or abrasions
before each use to ensure an adequate seal. If you are going to run a Spontaneous Potential log,
the probe top and cablehead, including the spring, must be taped at least 2 feet above the
measure electrode. Follow the operating instructions in this manual or in the logging software
before logging in regards to this tool.

Poly - Resistivity mode

If the Poly - Gamma is to be used in conjunction with the Poly - Resistivity probe you
will need to remove the thread protector from the bottom of the Poly - Gamma probe. Then
remove the thread protector from the top of the Poly - Resistivity probe. Thread the two probes
together and hand tighten this connection. With a roll of PVC electrical tape, cover all exposed
metal surfaces at this connection, not the electrode located just below this connection. Next you
will need to install the isolation bridal. This bridal comes as an accessory to the Poly - Resistivity
probe and must be used in order to achieve a valid measurement. Install the bridal on the
cablehead first by only rotating the bridal and not the cablehead. This is easily done by extending
the bridal to its full length. Damage to the cablehead may occur if any other methods are used.
Next remove the thread protector from the probe top of the Poly - Gamma and thread the probe
onto the bridal assembly, rotating only the probe assemblies. Cover all exposed metal surfaces at
this connection, but not the electrode, with PVC electrical tape. Follow the operating instructions
in the Poly - Resistivity manual or in the logging software before logging.

CONNECTIONS FOR POLY - GAMMA

POLY - GAMMA MODE
POLY - GAMMA PROBE
CABLEHEAD

< - L

POLY - RESISTIVITY MODE
CABLEHEAD

N >

QLY — GAMMA PRORE
|—< [ I

ISOLATION BRIDAL

POLY - RESISTIVITY PROBE
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Operating Procedure

Operation

SP & SPR MEASUREMENTS

Operation of the Poly - Gamma probe is as follows. These operation instructions
discuss running the SP & SPR measurements first, while logging down the borehole. When the
desired logging depth has been reached, the system will then be set up to log the gamma
measurement out of the borehole. These instructions are only for discussion and the user can
determine for themselves which measurement will be taken in what order. After the user has
determined from the Installation section what mode the tool will be used in, they will also need to
set up the surface equipment properly. If the tool is to be used with an MGX version of surface
logger, the surface electrode or mud plug must have a good, consistent electrical contact with the
earth and the other end plugged into the banana jack located on the logger. Place the tool
selection switch on the logger to the ELECTRIC position. Following the instructions for the logger
and choosing the correct probe file, turn the PROBE POWER switch to the ON position. At this
time the user may want to calibrate the system, which is discussed in detail in the MGX manual. If
the system has been prepared for logging, lower the probe into the borehole and zero the tool for
proper depth correlation. Follow the logging instructions for the MGX logger to begin the logging
process. When the desired logging depth has been reached, turn the TOOL POWER switch to
the OFF or center position.

GAMMA MEASUREMENTS

The gamma measurement will now be logged out of the borehole. Following the
instructions for the logger, and choosing the correct probe file, place the tool selection switch to
the PULSE 2 position and turn the TOOL POWER to the ON position. Follow the logging
instructions for the MGX logger to begin the logging process. When the logging process has
ended, ensure that the TOOL POWER switch is in the OFF or center position before removing
the probe from the cablehead.

USE WITH AN MGX Il SYSTEM

To use the Poly - Gamma with the MGX Il logging system, obtaining both logs are
much the same as described above with the MGX logger. The main difference is the MGX Il
system has no switches for tool selection or PROBE POWER switches. These functions are
achieved on the MGX Il logger internally, by the use of electronics and the MSLog software.
Complete logging instructions for the MGX |l are discussed in detail in the MGX Il and MSLog
manual and should be referred to if any question arise.

Performance Checks and Calibrations

Calibrations are performed at the factory and require a basic knowledge and understanding
of the tool. In the event the user feels the tool needs to be calibrated it is advisable to speak with
a representative of Mount Sopris. Performance checks for the gamma measurement can be
made on the surface before logging. With the tool powered on and viewing data on the computer
screen a small source of natural gamma radiation can be placed in close proximity to the detector
area about 6 inches above the bottom of the probe. An increase in gamma counts will then be
observed on the computer screen if the tool is working properly. To verify the electric
measurements are working the user may use a calibration box, available from Mount Sopris,
which when connected properly to the system, provides different resistance and voltage values
for calibration. To check the Electrode of the tool for connection place an Ohmmeter set to read
ohms on the center conductor of the probe top. Place the other meter lead on the electrode. The
meter should read approximately 620 ohms.
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Preventative Maintenance

The 2PGA-1000 Poly - Gamma requires little maintenance other than washing the probe off
after each use. Never take the probe apart. This probe is very difficult to disassemble and
requires special steps to be taken in order to gain access to the inside of the probe
without damaging the electronics. If you have read this after attempting to disassemble
the probe chances are the probe has experienced damage and will need repaired.
Inspecting o-rings occasionally and keeping the threads on both ends of the probe clean, will
minimize problems in the future. The heart of the gamma section is the Photo multiplier tube and
the Sodium lodide crystal. Both units are very fragile and can be damaged if the probe is dropped
or sees very abrupt shock. Take great care while handling or packing the probe for transportation.
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Troubleshooting

Problems with the Tool

In the event the tool develops a problem, follow the troubleshooting procedure listed below.
NEVER DIS-ASSEMBLE THE PROBE WITHOUT KNOWLEDGE OF PROCEDURE

GAMMA Problems

No counts from the probe.

Noobkhowb=

Are the MGX switches set correctly? PULSE 2 and ON positions.

Are the PROBE CURRENT and PROBE POWER LED's on?

Is the correct probe file being used? MGX and MGX |l versions.

Check cable for conductive leakage across the center conductor to ARMOR. (20 Meg MIN.)
Is the thread protector installed in the bottom of the probe in the stand-alone mode?

Is the logger supplying the correct voltage as specified in this document?

If no result from the above , consult Mount Sopris.

SP & SPR Problems

Troubles with electric logs.

1.
2.
3.

4.

Check that the MGX or MGX Il is connected properly.

Ensure surface electrode is placed in the ground and add some water to this area if possible.
Check switch setting on the logger, ELECTRIC and ON positions, and ensure the correct
probe file is in use.

If no response from the above, remove the probe from the cablehead and with a DVM set to
read ohms check the resistance from the center pin in the probe top to the electrode located
below the probe top. The meter should read 620 Ohmes.

While cablehead is disconnected from step 4 check the cable line for leakage from the center
conductor to the ARMOR. (20 Meg MIN.)

If no result from the above consult Mount Sopris.
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Disassembly Instructions

The 2PGA-1000 Poly -Gamma Probe should never be disassembled unless service is
necessary. This is a very difficult probe to disassemble, and is highly recommended that any
service be performed by Mount Sopris or a qualified technician. An M3 socket head cap screw
has been placed near the top of the probe to prevent the housing from being accidentally turned
off the probe top. If probe must be entered first remove the bull-nose from the bottom of the
probe. Use a long M3 screw and anchor it into the center of the slip-ring connector in the bottom
of the probe. Pull the slip-ring connector straight out and remove the connector from the rear.
Now remove the M3 socket head screw from joint of the housing and probe top. Unscrew the
housing from the probe top and slide housing off. Use care with the fragile PMT and crystal
inside. Reverse steps to re-assemble.
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Schematics

2PGA-1000

Available upon request
2PGA-1000

Drawing # 500S-2094
Drawing # 500S-2094
Drawing # 500S-2067

Drawing # 500K-2074
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50002094A.S01

50002094A.S02

50002067A.S01

50002074A.S01

Title: Power Supply, Disc, Pulse Driver

Title: High Voltage Osc. And Dynode Multiplier

Title: High Voltage Interface

Title: Signal Cable Poly Gamma
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Appendix

Suggested QA Procedure

General notes for Quality Assurance are presented here for users who need to utilize
these techniques when collecting data. These users will need to periodically calibrate their
equipment using equipment whose calibration is traceable to an approved standard. Details of
these calibrations must be recorded.

When an instrument is calibrated, records need to be kept regarding the calibration
standard(s) used and what was changed on the instrument to calibrate it. Typically, the
corrections made to the instrument involve changing constants that are used to scale the raw
instrument reading so that the proper value is reported. The constants must be recorded during a
calibration procedure. The Mt. Sopris family of Acquire programs records the calibration
constants that were used to acquire the data. This aids the QA process, but does not replace the
need for recording these constants at the time of calibration. The reason for this is that the length
of time since the last calibration is unknown with only this information.

The device providing the standard must be traceable to an accepted standard. Examples
of organizations providing standards for measuring instrumentation are: The U. S. National
Bureau of Standards; The American Petroleum Institute; and the American Society for Testing
Materials. For example, if the voltmeter or the density standard used for calibration is not
traceable to an approved organization, such as those listed above, the calibration should not be
considered valid. Records should be kept indicating the last time that standard being used for
calibration was calibrated or checked against an approved standard. The QA procedure
necessary for some programs mandate that the calibration standards be periodically checked
against a standard approved by a proper agency.

A QA procedure may dictate that data taken from a given locale be associated with
records indicating the exact time and location that the data was collected. The data itself may
have to be collected in a certain format to meet requirements. Often, QA procedure specifies that
surveys must be repeated and the data from the successive surveys compared. This technique
is used to eliminate poor or invalid data.
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Casing and Water Factors for 2PGA-1000
Casing Factors (4.5 inch hole) for 2PGA-1000 Polygamma s/n 2416
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2PIA-1000, 2EMA-1000, EMP-2493

General Information

Overview

The 2PIA-1000, 2EMA-1000 and EMP-2493 probes measure the conductivity and magnetic
susceptibility of the material around the probe. The 2PIA-1000, probe is provided with the standard
Poly probe top, which will enable the user to run the induction tool beneath the 2PGA-1000, Poly -
Gamma. It can be run stand alone when used with the 2ADP-1000 probe top adapter.

The 2EMA-1000, probe indicates a tool with the Mount Sopris Instruments single conductor
probe top attached while the 2EMB-1000, version has the Mount Sopris 4 conductor probe top. The
2EMC-1000, version has the GOI 4 conductor probe top.

The EMP-2493 is the original designation for the 2EMA-1000 and the EMP-4493 is the four-
conductor probe top version. The very first versions of these probes had a different pulse driver
circuit than is now used in the 2EMA-1000. The original pulse driver put out a smaller pulse height.
Many EMP-2493 have been updated with a pulse drive circuit with characteristics similar to the
2EMA-1000. If you have the original pulse drive electronics you should select the appropriate tool
driver in MSLog otherwise the tool driver for the 2EMA-1000 is correct. In all other respects the EMP-
2493 is the same as the 2EMA-1000 and comments concerning the 2EMB-1000 and 2EMC-1000
apply to the EMP-4493.

These probes are based on the Geonics EM-39 slimline induction tool. Conductivity is measured
in millisiemens per meter (mS/m) and the Magnetic Susceptibility is measured in percent of primary
magnetic field. The tool has been optimized for conductivity readings therefore Magnetic
Susceptibility measurements may be qualitative rather than quantitative.

In the following document the probes will be referred to generically as the induction probe.
Features specific to individual models will be referred to by model number as above. References to
the 2EMA-1000 are applicable to the 2EMC-1000 and 2EMB-1000 other than the cable head type
they are used with. Earlier versions of the probe such as the EMP-2493 are essentially the same
except a few that have the original pulse drive circuitry.

Some models, except for the 2PIA-1000, have Magnetic Susceptibility outputs connected as the
negative pulse output. Some tool, driver files have this channel enabled some do not. Consult Mount
Sopris Instruments with questions.

Controls, Connectors, and Layout

Controls for the induction probe consist of a rotary switch located inside the probe. To manually
set this range switch you will need to open the probe by unscrewing the housing at the joint just
above where the black heat shrink ends at the probe top. Remove housing and locate the range
select switch using Figure 1. Set the switch as per Table 2. To have the tool select two ranges
automatically refer to Table 3. Note that when the automatic selection is desired the switch must be
set to position 5, for the surface equipment to be able to switch ranges in the tool. The factory setting
is position 5, for the range switch.

Connectors for the 2PIA-1000 consist of the slip ring connector on top of the probe top. This
connector mates with an identical connector when the tool is attached to a 2PGA-1000 Poly - Gamma
or a 2ADP-1000 Poly top adapter. The slip ring connector has 6 conductors, with 1 being the inner
most ring and continuing to the outer ring which is number 6. The ring functions and labels are listed
below

Ring Signal Origin
1 Not used Not used
2 Power CL, center cond.
3 Not used Not used
4 External Pulse input Poly Gamma tool, 2ADP
5 Power Armor
6 Mag Sucep Pulse output From the EM-39 tool
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Table 1 2PIA-1000 Poly Probe Top Connector

Layout for the tool in general is as follows, starting at the bottom of the tool. On the bottom of the
housing is a black Delrin thread protector that can be removed and replaced with the weight section
provided with the probe. The top of the housing is about 16cm below the probe top. At the top of the
probe is the thread protector and Poly or other style probe top. Internal electronics from the bottom of
the tool consist of a series of coils and In-phase and Quadrature phase support electronics. Next
would be the amplifier board connected to the anticoincidence board. These two boards perform the
range switching and pulse driving capabilities of the tool.

Theory of Operation

The conductivity measurements are made by using a magnetic field to induce an electric field,
which in turn produces electric currents in the material being surveyed. Because the magnitude of
these currents is proportional to the conductivity of the material being measured, the magnetic field
generated by the induced electric currents is measured. At high conductivities the accuracy of the
induction tool diminishes due to skin effect.

The magnetic field at a given point is composed of the primary magnetic field and the magnetic
field produced by the material as a result of being immersed in the magnetic field. The ratio between
these fields is the magnetic susceptibility. The magnetic susceptibility measurement works best when
the conductivity is low. A different probe model is available that has a modified coil array, which is
optimized for the magnetic susceptibility measurements. Consult factory for more information about
this type of tool.

The coil array in the induction probe has been designed so that it is not sensitive to material at a
radial distance smaller than about 10 cm from the probe axis. The reason for this is to reduce
sensitivity to the borehole fluid. The vertical resolution of the tool is 65 cm. This is measured as the
vertical distance where the response is more than half the maximum response to an infinitely thin
bed. The volume of investigation is similar to that of the 40 cm normal resistivity probe, therefore the
induction tool and the normal resistivity tool give similar responses. The shape of the volume of the
investigation is radically different between the two tools. See Geonics technical note TN-20 for more
details on the theory of the induction logging and the response of the EM-39 conductivity probe.

The receiver circuit rectifies the received signal using a synchronous rectifier and generates two
DC voltages, one proportional to the average value of the quadrature phase component of the
received signal (with respect to the primary magnetic field), and another proportional to the in phase
component of the received signal. The quadrature phase component is proportional to the
conductivity and the in phase component is related to the magnetic susceptibility.

These DC voltages are then converted into pulse trains whose frequencies are proportional to the
measurements. These pulses are sent up the logging cable for counting at the surface. The probe
sends an ~ 12.5 KHz pulse train to indicate a measurement of zero, and ~ 17.5 KHz pulse train
indicates a full, scale measurement. Positive pulses are sent and represent the millisiemens per
meter (conductivity). Negative pulses are sent to indicate either the magnetic susceptibility if the tool
is connected to a 2ADP-1000 adapter or the gamma count rate from the Poly - Gamma tool if the unit
is connected to a 2PGA-1000.

The reason a zero count rate of 12.5 KHz was selected is that in the presence of metallic objects
negative readings occur. These objects are commonly smaller than the volume of the investigation of
the probe, thus the mechanism used to subtract the primary field and the response from borehole
fluid can cause negative readings. This can be useful information.

Range of measurement is controlled, by changing the gain of the receiver circuit. The gain can be
changed manually in the probe or by applying different polarities to the probe for power. These
polarities set a latching relay in the tool, which controls the gain setting. Only two different ranges are
achievable by this method.
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Installation

WARNING Fragile
Because the tool housing is non-metallic, thin wall fiberglass it should be treated with
extra care. Do not drop, bend, or otherwise stress the tool or leakage can result from
fractures in the fiberglass housing or its metal joints.

Installing the 2PIA-1000

Installation of the probe only requires that you have decided to either run the tool under the
Poly Gamma or as a standalone probe. In the standalone mode you should attach the 2ADP-
1000 Poly to MSI single conductor cablehead adapter to the top of the probe. Next attach the
probe string onto a Mount Sopris single conductor cablehead connected to the winch. The 2PIA-
1000 probe is constructed of lightweight fiberglass and may need an additional weight section
installed when logging in mud - filled boreholes. To do this, loosen the setscrew in the black
Delrin cone on the bottom of the probe and unscrew the cone. Install the weight section in the
reverse manner.

Installing the 2EMA-1000, EMP-2493

As this probe runs only stand alone you attach the probe to the appropriate cable head and
winch. The 2EMA-1000 probe is constructed of lightweight fiberglass and may need an additional
weight section installed when logging in mud - filled boreholes. To do this, loosen the setscrew in
the black Delrin cone on the bottom of the probe and unscrew the cone. Install the weight section
in the reverse manner. Select the appropriate tool driver.

Range Selection
Range selection is determined by the wiring of jumpers in the probe. If the probe has the
factory setup then the polarity of the voltage to the probe selects one of two ranges. The
third range can be manually selected by removing the housing of the probe and manually
selecting the proper range with the range select switch as detailed below. The probe can
also be set to operate in one range regardless of the polarity of the voltage applied to the
probe top by setting the Range select switch to the desired position 2 through 4.

Probe Range Select Switch Position Conductivity Range
2 0 - 10,000 milliSiemens/meter
3 0 - 1000 milliSiemens/meter
4 0 - 100 milliSiemens/meter
5* Select Range “A” or “B” from the surface

Table 2 Range Select Switch

Range Selection Range “A” Range “B”

0-100 mS/m

JP12 to JP11

JP12 to JP13 *

0-1000 mS/m

JP10 to JP11 *

JP10 to JP13

0-10000 mS/M

JP11 toJP 9

JP9 to JP13

* denotes factory setting
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probe range select =switch

=11l o | \
f// % * thhxﬁhﬁh
probe top electronics section with

outer housing removed

#unscrew housing at this joint, not at probe top

Figure 1 Probe Range Select Switch

Operating Procedure

Operation

The operating procedures described below will include MGX and MGX Il versions. In most
cases the range of measurement control will be done from the surface. If you choose to do this
manually, refer to the Controls section of this manual.

MSLog
1. Select the correct tool driver from the Tool panel selection box. If the
correct one is not available run MSLConfig to install it.
In the Tool panel, click the Power On button.
Click the Depth panel upper right corner icon. Click Zero Tool.
If you wish to fill out the header, in the Acquisition panel click Header
button.
In the Acquisition panel, click Record and select a file name.
Turn on the desired, Depth Sampling mode.
If you are printing, turn on the printer in MCHCurve.
Log to the desired interval as normal. Refer to the MSLog manual for
additional information on logging.
When done, in the Acquisition panel, click Stop.
0. In the Tool panel, click the Power Off button before removing the probe.

Pobd

©®NoO

- O

Logshell

If the probe or combination of the Poly gamma and Poly Induction are to be used with an
MGX series logger, the PULSE 2 position on the Probe Select switch must be used for logging.
Range ‘A’ is selected by placing the Probe Power switch in the ON (Close) position, while
Range ‘B’ is selected by placing the Probe Power switch in the OFF (Open) position.

If the probe is being operated with an UM-4591, a HLM-4180, a FLM-4180, or a GLM-4180,
set the range of the probe by momentarily setting the caliper control to CLOSE to select range 'A’,
and OPEN to select range 'B'. Probe operation is then accomplished using the conventional
settings on these modules. This only applies to the 2EMC-1000 and 2EMB-1000 if they are
properly wired for four-conductor operation.
For use with the Series 5, Altlogger, the probe wiring may be configured in a number of
ways depending on the 4pulse adapter configuration. Consult Mount Sopris Instruments.
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If the probe or combination is to be operated with an MGX Il logger, choose the
corresponding probe driver for the proper range and combination of tools and the unit will provide
proper power and polarity to the probe.

The probe can be logged at a speed of approximately 30 ft/min or 10 m/min with good results
and no loss of resolution. The probe is extremely lightweight and may require the addition of an
optional bottom weight when logging in heavy muds. Consult the factory for details. The zero
point or depth reference of the probe is the thickened ring located 91.4 cm (36 in.) below the
probe top joint.

Performance Checks and Calibrations

Although the instrument is set to read correctly at the factory, it is necessary to check the
instrument calibration before logging the tool. For highest accuracy, it is recommended to perform
these calibrations prior to logging. Allow the probe to operate under power for at least 10
minutes, in borehole fluid, prior to making any calibrations

To calibrate the probe, connect the probe to the logging system as discussed in the
Installation section of this document. Turn power to the probe on utilizing one of the various types
of data acquisitions systems discussed in the Operating procedure section. Place the probe in
borehole fluid and allow it to warm up. Pull the probe from the borehole and hold the probe at the
cablehead/probe top joint and elevate the probe in a vertical direction so the bottom of the probe
is pointing straight up in the air and is at least 3 meters above the ground. Ensure that the person
and or device holding the probe in this position does not have any metal objects attached, such
as a watch, screws, or duct-tape, as these items are conductive. Also ensure that the tools are at
least 3 meters from any metal buildings, vehicles, even the logging unit. Set the data acquisition
equipment to read zero conductivity at this point; this is the first calibration point. To obtain the
second calibration point, two methods can be used. The first method discussed utilizes a
calibration coil. This coil is placed over the conductivity probe. Located on the coil is a switch to
choose different values for the second calibration point. Depending on the range setting of the
tool certain values may over - range the tool, so it is important to know what range the tool is
functioning in before making a calibration. When the probe value for the second calibration point
has been chosen, set the acquisition equipment to read this value. If a calibration coil is
unavailable set the acquisition system for the second calibration point to a value of the frequency
of pulses from the tool at the zero point plus 5000 (i.e. if zero is 12500 counts then the second
calibration number would be 17500. Also be sure that you adjust the scaling of the probe file to
match the range of the tool (i.e. 100mS/m, 1000mS/m or 10000mS/m). The frequency output of
the probe with respect to conductivity is quite linear and with only one point, zero, we can
establish the full scale calibration point with reasonable accuracy by adding 5000 to the
frequency that represents zero conductivity. For this method to work properly it is essential that
the scaling or output of the probe file (i.e. RgtOut or High Ref. number is set equal to the range in

which the tool is operating.

MSLog calibration
1) Turn Probe power On.
2) Turn Sampling to Time and On.
3) Lower the Probe without a weight into the borehole fluid and allow it to warm up for
10-15 minutes or until the Induction channel stops drifting.
4) Right click on MCHNum.
5) Uncheck Use calibration
6) Right click on MCHNum.
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7) Click Calibration Settings..

8) Quickly pull the probe from the borehole and hold it into the air bottom end up. You
should be away from any metal objects that would disturb the measurement.

Calibration Settings

Cond. I

— First Paint — Second Paint

Reference IE ms Reference IEE mS
" alue I'IEEE?. cps " alue |153I32. cps

Ilze Current | Ilze Current |

— Channel Calibration Factars

Cond.(mS) =|'1'33?2 8 Cond.[cps] +|-4?9.5
Stare | 1 ik |

9) Press the First Point Use Current button to capture the frequency of the input at the
zero Reference.
10) When you have a calibration standard
a. Slide the calibration standard over the probe. Select the proper setting for the
range of operation. In this example the 0-100 range is selected and the switch
setting of 93 is entered in the Reference for the Second Point.
b. Hold the probe with the calibration standard over the end into the air.
c. Press the Second Point Use Current button to capture the frequency of the input
at the 93 ms (in this example) Reference.
11) When you don’t have a calibration standard.
a. Note the First Point Value.
b. Add 5000 to the First Point Value and enter it in the Second Point Value box.
c. Enter the full, scale value for the operating range you have selected into the
Second Point Reference box. In the example above you would enter 100.
12) Press Store to save the values to the tool driver file.
13) Press the X in the upper right corner of the browser to close the dialog.
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14) On the MSLog Browsers and Processors menu press Close all.

15) Select each Browser or Processor from the menu individually and press the Start
button. Wait until the browser or processor Connects then select the next one in the
list, press Start and so on until all the processors and browsers are running. This is
necessary so that the browsers and processors can read the new calibration
information stored in the tool driver file in step 12 above.

P/N 70000177B
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Logshell calibration
The following is a brief, step by step, procedure for Logshell users of both the MGX and MGX
Il loggers. Items in ( ) will be information regarding the MGX Il version of Logshell.

1) Connect the probe or | EEEEAEECE 0.00 — Speed: 0.8 D:0.18 T: 5
prObeS to the LOgger Depth Speed Conduct Mag_Sus BResist
i Feet Ft/Min nS/n Pent Ohm—n
and activate 0.0 0.0 —2721.06 400.62 -0.37
LOGSHELL.
InValue RgtInp LftOut RgtOut TK FL DepShf LfPlot RgPlot PlotPerCt
i [ 570 @ 1000 © B 100 0.0x
2) Select the LOG option 0.0 1800 @ 1000 © B e 100 0.0
from the menu and 11669 e 12785 e 210 21 22 0 500 -544.27
. 12299 e 11992 o 10 27 22 6 500 80.1
select the probe driver 1 2721 1068 1600 122 22 e 5ee -0.1x

from the Probe menu.

3) Enter the data file
name at the DataFile

8 PB:0\MXE20E.PB2 P:
menu and set the DUT :Not Yet Assigned (OFF) Recs:0 Bytes:0 Free :55784K

depth at the Depth
menu. 8903: Left Cal Input UallfES

4) When you have reached the ACQSBC or the (PolyLog) screen you are ready to
check the probe calibration. For MGX users choose the proper Probe Select Switch
position and the proper Probe Power Switch position for range selection.. For MGX
Il users, the system has already powered the probe and you must choose Calibrate
from the menu.

5) The factory calibration factors for conductivity are seen in the CS32 line. As seen in the
figure, Leftlnp is 11869. This number is equivalent to 0 conductivity. This equivalence is
set, by placing the number 0 in the LftOut column.

6) Verify the number 0 is in the LftOut column of the CS32 line. If it is not, move the cursor
to that position press <0> and then <ENTER>.

7) Hold the probe at the cable head/probe top joint and elevate the probe in a vertical
direction so that the probe bottom is pointing straight up in the air and is at least three
meters above the ground. Make sure that you do not have any metal objects such as a
watch or a ring on the hand holding the probe and that no conductive objects are nearby.
You may have to move a few yards away from any nearby buildings or power lines.

8) While the probe is held in the air, verify that the number in the InValue column of the
CS32 line matches the Leftinp number 11869. If the number does not match, move the
cursor to the CS32 line, and while the probe is held in the air as described above, press
F3. This copies the InValue number into the Leftinp column of the current line.

9) Set the MGX Probe Power switch so that it selects the 0-1000mS/m range. The default
factory setting will be to operate with the switch in the ON(Close) position.

10) Place the calibration ring on the probe as shown in Figure 2.
11) As seen in the figure above, Rgtlnp is 12785. This number is equivalent to 210mS/m
conductivity. This equivalence is set, by placing the number 210 in the RgtOut column.

Verify the number 210 is in the RgtOut column of the CS32 line. If it is not, move the
cursor to that position press <210> and then <ENTER>. With the calibration cail in
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position b, note the number in the InValue column. Press <F4>. This copies the InValue
number into the Rgtlnp column of the current line.

In calibration coil position a, the coil can be used to calibrate the equipment to 12.4
mS/m, which is better for operating the probe int the 0 - 100 mS/m range. Repeat step
11 replacing the number 210 with 12.4.

Perform this step only if a second calibration point is not available (if you don't have a test
coil). Note the number in the Leftinp column of the CS32 line. This is the zero input
frequency. Add 5000(cps) to this number. Move the cursor to the Rgtlnp column of the
CS32 line. Type the calculated number into that column and press <ENTER>. Move the
cursor to the RgtOut column, press <1000> and <ENTER>.

The frequency output of the probe with respect to conductivity is quite linear and with
only one point, zero, we can establish the full scale calibration point with reasonable
accuracy by adding 5000 to the frequency that represents zero conductivity. This second
number then represents 1000mS/m in the example above. If a different scale is used,
5000 plus the zero value from the Leftinp column will be equal to that range full scale
value i.e. 100 or 10,000mS/m. For this method to work accurately it is essential that the
RgtOut column number is set equal to the range in which you are operating the probe!

Figure 2 Calibration Set-up with Geonics Test Coil
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Preventive Maintenance

The 2PIA-1000, probe, should provide long life with no maintenance. If the accuracy of the
probe is suspect, proceed to align the probe as follows.

Adjusting the Anticoincidence Circuit:

1.

Remove the housing from the probe top. Remove the outer shields by
unsoldering the wire braid and green wire attached to the braid. Slide each shield
down about 6 inches.

Locate R15 and R36 on the rectifier board then connect P29-2, P29-3 and P29-6
together. See Figure 4 for component placement.

Connect the probe to the logging cable and power up tool. Looking at the Input
value on the acquisition screen adjust R3 and R7 for 12.5 KHz.

Turn off power to the tool. Remove the shorts on P29 and re-solder R15 and
R36.

Reinstall the shield and be sure to solder the green wire to the braid. Inspect
the O-ring on the probe top for cleanliness, cuts or abrasions then replace the
housing.

Null Adjustment:

1.

P/N 70000177B

Remove the tool from its external housing. Locate and identify adjustment slots
on the end of the probe. Use Figure 3 as a reference.

Connect the probe to the logging cable and power up tool. Get the tool at least 3
meters from any metal object and as high off the ground as reasonable.

Set the range switch on the probe to the 100mS/m range. See Figure 1 for switch
location and Table 2 for switch position.

Adjust control 2 for conductivity and control 3 for magnetic susceptibility on the
probe to obtain a zero of 12.5 KHz on both channels. See Figure 3 for controls.
There could be interaction between controls therefore it may be necessary to
repeat this process.

Turn off power to the tool. Reinstall the shield and be sure to solder the green

wire to the braid. Inspect O-ring on the probe top for cuts or abrasions. Replace
housing.
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Figure 4 Location of Discrete Components
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Troubleshooting

Problems with the Tool

In the event the tool develops a problem, follow the troubleshooting procedure listed below.

No data from the probe.

1. Are the MGX switches set correctly? PULSE 2 and ON or OFF positions

2. Are the PROBE CURRENT and PROBE POWER LED's on? (MGX users)

3. MGX Il users, is the correct probe driver chosen?

4, MGX 11, is the TO PC light flashing?

5. Is the proper voltage applied to the cable line conductor wire? Approximately 68
volts D.C., for the MGX and 68 to 72 volts D.C. for the MGX II.

6. Are the cables between winch, MGX unit and the PC connected properly?

7. Check the logging cable for conductive leakage across the center conductor to
ARMOR.

8. If an oscilloscope is available verify if the probe is sending pulses, if not consult
Mount Sopris.

9. Is the slip ring connector on the probe top clean?

Disassembly Instructions

The 2P1A-1000, probe, should never be disassembled unless service is necessary. In the
event service is necessary, it should be returned to Mount Sopris Instruments, or a qualified
technician. In the event you need to get into the probe, unscrew the housing from the probe top at
the junction about 2” just above where the black heat shrink ends on the housing. Before
reinstalling the housing inspect the o-ring on the probe top for any damage like cuts or abrasions.
This is very important. If the O-ring fails borehole fluid can fill the tool and damage the tool
permanently. Flooded tools usually require complete replacement of the electronics.

WARNING: Because the tool housing is non-metallic, thin wall fiberglass it should be treated
with extra care. Do not drop, bend, or otherwise stress the tool or leakage can result from
fractures in the fiberglass housing.
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Appendix

Suggested QA Procedure

General notes for Quality Assurance are presented here for users who need to utilize these
techniques when collecting data. These users will need to periodically calibrate their equipment
using equipment whose calibration is traceable to an approved standard. Details of these
calibrations must be recorded.

When an instrument is calibrated, records need to be kept regarding the calibration
standard(s) used and what was changed on the instrument to calibrate it. Typically, the
corrections made to the instrument involve changing constants that are used to scale the raw
instrument reading so that the proper value is reported. The constants must be recorded during
a calibration procedure. The Mt. Sopris family of Acquire programs records the calibration
constants that were used to acquire the data. This aids the QA process, but does not replace the
need for recording these constants at the time of calibration. The reason for this is that the length
of time since the last calibration is unknown with only this information.

The device providing the standard must be traceable to an accepted standard. Examples of
organizations providing standards for measuring instrumentation are: The U. S. National Bureau
of Standards; The American Petroleum Institute; and the American Society for Testing Materials.
For example, if the voltmeter or the density standard used for calibration is not traceable to an
approved organization, such as those listed above, the calibration should not be considered valid.
Records should be kept indicating the last time that standard being used for calibration was
calibrated or checked against an approved standard. The QA procedure necessary for some
programs mandate that the calibration standards be periodically checked against a standard
approved by a proper agency.

A QA procedure may dictate that data taken from a given locale be associated with records
indicating the exact time and location that the data was collected. The data itself may have to be
collected in a certain format to meet requirements. Often, QA procedure specifies that surveys
must be repeated and the data from the successive surveys compared. This technique is used to
eliminate poor or invalid data.

Technical Addendum

Induction Probe Calibration Procedure Update
Models affected: 2PIA-1000, 2EMA-1000, EMP-2493, and EMP-4493

The temperature of the induction tool is important when it’'s calibrated. Whenever there is a
substantial difference between the temperature of the borehole and the temperature of the probe
during calibration there can be a shift in the observed log, possibly resulting in negative
conductivity numbers being reported for numbers near 0.

From experience with Geonics EM-39 based Mount Sopris Induction tools, the following
method of calibration is suggested for the most reliable results.

We recommend that the probe be placed in the borehole, power applied, and the probe
allowed to warm up for at least 10 to 15 minutes before calibration. After the warm up,
stabilization period, the probe should be quickly removed from the borehole and a zero and
second calibration point determined and recorded using the EMP-N294 Induction Probe
Calibrator. Do this as rapidly as possible to make sure the probe does not have a chance to

P/N 70000177B 15
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change temperature. This is a greater concern on sunny days. The probe can then be returned
to the borehole for logging. If you do not do this, the probe calibration will drift until the probe
thermally stabilizes.

After logging, another quick calibration can be performed to determine if there was any
appreciable change in the calibration numbers. If there is a large difference, then it’s likely the
probe should have more time to stabilize in the borehole before calibration.

Operating in air filled versus water filled holes may require a different amount of time for the

probe to stabilize. This is due to the fact that water provides a better heat sink, allowing the
probe to come to thermal equilibrium sooner in water.

P/N 70000177B 16
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Specifications

Power Requirements

D.C. voltage at probe top Min. 30 VDC Max. 80 VDC @ 50mA to 90mA depending on tool configuration
Cable Armor Negative and Pos, not polarity dependant

Center conductor Pos and Negative, not polarity dependant

Tool Output
Pulse type, positive and negative going, 1.25uS wide from ~ 12.5 KHz to 17.5 KHz

Radius of Investigation
Radius of maximum sensitivity 28 cm
Minimum radius of sensitivity 10 cm

Vertical Resolution
65 cm

Ranges or Scales

100mS/m, 1000mS/m, 10000mS/m
Accuracy

5% of full scale

Resolution
0.02 % of full scale

Repeatability
+/- 2% full scale for temperature changes less than 10 degrees Centigrade

Noise level
Less than 0.5 mS/m

Measurement point

91.4 cm (36”) from the joint of the probe top
Temperature range

-30 to 50 degrees Centigrade

Operating frequency

39.2KHz

Primary field source

Self contained dipole transmitter
Sensor

Self contained dipole receiver
Coil separation

50 cm

Maximum depth
1000 m (water filled)

Length
170 cm

Diameter
3.65cm

Weight
3.2 kg (without weight section)

P/N 70000177B
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Schematics
2PIA-1000 Poly Induction Probe

Drawing Number 500S-2078 50002078A.S01 - S03
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1 - General Information 1

1 General Information

The QL40-HM-453 Magnetic Susceptibility bottom sub is a versatile wireline tool that can be
used in a wide variety of logging applications.

It is designed for measurement of magnetic susceptibility of rocks in both liquid filled and
dry boreholes. The QL40-HM-453 is capable of logging inside PVC or other non-metallic
casings. It is characterized by high stability and exceptionally wide dynamic range. The
magnetic susceptibility measurement uses a 2 kHz frequency.

The HM-453 probe uses a 2-coil array with 25 cm spacing between the transmitter coil and
receiver coil for the magnetic susceptibility measurement.

This magnetic susceptibility probe is also available in three other models: the QL40-HM-453E
extended range probe, QL40-HM-805ED hyper extended range probe, and QL40-HMM-453
dual range probe (see Figure 2-1 and Figure 2-2). All probes operate the same way, but the
ranges and physical dimensions are different.

A combination QL40-HMI Magnetic Susceptibility and Induction probe is also available, but
tool details and specifications are found in a separate manual.

QL40 Stackable Logging Tool Overview

QL stands for Quick Link and describes the latest line of stackable logging tools. This
development is a joint venture of Mount Sopris Instruments (MSI) and Advanced Logic
Technology (ALT). Innovative connections between tool elements (subs) allow users to build
their own tool strings in the field. The Tool Stack Factory — a sophisticated extension of the
acquisition software — provides a convenient way to configure tool strings for operation. For
more information about the Tool Stack Factory, see the LoggerSuite Manual.

Each sub has a Telemetry and Power supply element, TelePSU, allowing stand-alone
operation. A GenCPU card in each sub handles Analog to Digital conversion and/or counting
of the measurement signal and formatting data for transmission up hole.

The QL40-HM-453 bottom sub can be operated as a stand-alone probe or can be stacked
below inline subs. The stack is completed by adding a Tool Top sub. Varied tool top subs are
available. Top subs include an MSI single conductor, GO4 conductor, GOI Single conductor
and GO7 conductor. Consult the factory for additional options.

The number 40 indicates a nominal probe OD of 40mm and tool joint connection diameter,
but some probes in the 40mm probe line can have larger diameters. The QL40-HM-453, HM-
453E, and HMM-453 are 45mm diameter probes with the 40mm QL tool connection. The
QL40-HM-805ED probe is an 80.5 mm diameter probe with the 40mm QL tool connection.

For a more detailed discussion of QL subs and their connections, please refer to Chapter 3.

Advanced Logic Technology
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1.1 Dimensions

1.63m

Magnetic Susceptibility
(red dot) — approximately
0.327 m from bottom of
probe. May change based
on serial number and probe
model.

v

Figure 1-1 Tool general arrangement
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1.2 QL40-HM-453 Technical Specifications

Tool:

Diameter:

Length:

Weight:

Max. Temperature:
Max. Pressure:

Cable:
Cable type:

Digital data transmission:

Compatibility:
Measurement:

Sensor:

Intercoil Spacing:

Operating Frequency:
Estimated Range:

Range (Real):
Accuracy:
Zero Temperature Stability:

Communication (Negative Pulse):

Power: [

DC voltage at probe top:

Current:

45 mm (1.77 in.) *May vary by tool type
1.632 m (64.25 in.) *May vary by tool type
5.7 kg (12.5 Ibs)

70 °C (158 °F)

200 bar (2900 PSI)

Mono, Coaxial, 4 or 7 conductor

Up to 500 Kbits per second depending on
wireline

ScoutPro — Scout — Matrix — BBox — OPAL

HM-453, HM-453E, and HM-805ED
Two coil system

HMM-453, Four coil system
HM-453, 25 cm

HM-453E, 30 cm

HMM-453, 25 cm and 30 cm

1935 Hz

HM-453, 10° - 0.5 SI

HM-453E, 1074 -2 SI

HMM-453, 10° - 0.5 Sl and 10# -2 SI
HM-805ED, 10° - 10 SI

See W&R Technical Data Manual
<3%

<0.5*107°Sl/°C

0-35,000 cps

Min 80 VDC

Max 160 VDC
Nominal 120 VDC
Nominal 25mA

Advanced Logic Technology
Mount Sopris Instruments



4 1 - General Information

2 Measurement Principle

2.1 Magnetic Susceptibility

The magnetic susceptibility (MS) of a volume of rock is a function of the amount of magnetic
minerals, mainly magnetite and pyrrhotite, contained within the rock. MS measurements
can provide a rapid estimate of the ferromagnetism of the rock. These measurements can
be interpreted to reflect lithological changes, degree of homogeneity, and/or the presence
of alteration zones in the rock mass. During the process of hydrothermal alteration, primary
magnetic minerals (e.g. magnetite) may be altered or oxidized to weakly- or non-magnetic
minerals (e.g. hematite). Anomalously low susceptibilities within an otherwise
homogeneous high susceptibility (ferromagnetic) rock unit may indicate altered zones.

Basic flows and diabase dikes containing higher concentrations of magnetic minerals can be
easily outlined with magnetic susceptibility measurements when they occur within a
sedimentary sequence that normally contains little or no magnetic minerals (from
NRCAN.GS.CA website).

The QL40-HM-453 probe uses a pair of coils spaced 25 cm apart, and it generates a 1.9345
kHz square wave which is transmitted into the surrounding rock material. The signal
measured by the receiver coil is proportional to the magnetic susceptibility of the host rock.

~
2
z
a3 HMI-453
=
n ]
- &)
= IR
] &
P ©
7]
P E’ Clay
< [}
= (75}
=
Sand
Magnetic Susceptibility 1
I 4
HM-453
HM-453E
I } 1 I } St unlt‘
10 103 10! 100 100 1027
' HMM-453

Figure 2-1 Diagram of Mag. Susc. and Induction tools with corresponding ranges of measurement.
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RANGES OF MAGNETIC SUSCEPTIBILITY PROBES

PROBE mmmmmmwmmm&mé
(HM 4538) |

— e — ———— e e S S et e s e e s

(HM 453, HM383, HM 320) P

[ PROBE WITH A STANDARD RANGE (ONLY ON SPECIAL REQUEST)
| (HM 453, HM383, HM 320)

I

I

PROBE WITH A STANDARD RANGE : ]
(HM 453, HM383, HM 320, HM 381T) : I
: |

I

i

I

]

. PROBE WITH EXTREME RANGE
(HMM 453)

PROBE WITH EXTREME RANGE (Version "E, Ee") ' :

I (HM 453E, HM383E, HMBO05ED)

= —

-

{ : ! + " Y
0,0000001 0,000001 0,00001 0,0001 0,001 0,01 01 1 258 10 [Slunit
o7 -8 o5 -4 -3 =2 -1
10 10 10 10 10 10 10 10’ 10'
sx10°® 7x10° 03 0508

Figure 2-2 Diagram of Mag. Susc. tools with corresponding ranges of measurement.

3 QL40 HM 453 Assembly and Set up

QL stands for Quick Link and describes an innovative connection between logging tools
(subs) allowing for custom built tool stacks. QL40 describes a specific family of logging tools.
Each sub is equipped with its own Telemetry board, Power supply element and A/D
converter allowing an operation as stand-alone tool or as a stack in combination with other
subs of the QL product family.

The QL40 probe line deals with two types of subs - Bottom Subs and Mid/Inline Subs.

Bottom Sub

A bottom sub is a tool that must have one or more sensors located at the bottom. It can be
operated in combination with other QL subs connected to the top but it is not possible to
connect another sub below. When used in stand-alone mode the bottom sub only needs a
QL40 tool top adaptor, which fits the cable head.

Mid/Inline Sub

A mid/inline sub is a tool that can be integrated anywhere within a stack of tools. When used
at the bottom of a tool string a QL40 bottom plug must be used to terminate the string. If
the mid/inline sub is used as a stand-alone tool it needs a QL40 bottom plug at the lower
end and a QL40 tool top adaptor at the top.

3.1 QL40 Tool Stack Assembly

A QL40 tool stack may be terminated by either a QL40 bottom sub or a QL40 bottom plug.
The QL40-HM-453 is a bottom sub, so it does not require a QL40 bottom plug.

At the top of the stack a QL40 tool top is required to connect the tool string to the cable
head. Several tool tops are already available; special ones can be made on request. Common
tool tops include the QL40-GO4 for Gearhart-Owen 4 conductor cableheads, the QL40-MS1

Advanced Logic Technology
Mount Sopris Instruments



for single conductor Mount Sopris cableheads, and the QL40-GO1 for Gearhart-Owen single
conductor cableheads.

To assemble and disassemble the subs or top, the C-spanner delivered with the tool must be
used (Figure 3-1). It is recommended that before each assembly the integrity of the O-rings
(AS216 Viton shore 75) is verified. Prime the O-rings with a small amount of the silicon
grease that was supplied with the subs.

C-spanner

Figure 3-1 C-spanner and O-rings of QL connection!’|

The following example of a QL40-ABI-2G, QL40-GR, and QL40-GO4 (Figure 3-2) describes
how to replace the QL40-ABI-2G with a QL40-Plug to run the QL40-GR sub stand-alone.

QL40-GO4
tool top

www.alt.lu | www.mountsopris.com



3 —QL40 DEN assembly and set up 7

QL40-GR

QL40-ABI-2G

Figure 3-2 Tool stack example![ |

To remove the QL40-ABI-2G televiewer sub from the QL40-GR gamma sub, attach the C-
spanner to the thread ring as shown in Figure 3-3, unscrew the threaded ring, (counter-

clockwise about the tool axis when looking towards the bottom of the tool), and remove the
QL40-ABI-2G bottom sub.

Thread ring

N

Figure 3-3 Unscrewing the thread ring and removing the bottom sub! |

Advanced Logic Technology
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After checking the O-ring integrity, align and slip the QL40-Plug, also known as the QL40-
BOT, over the exposed QL connector (Figure 3-4). Attach the C-spanner, and screw the
threaded ring until the plug draws up tight to the ring. Do not overtighten the threated ring.

Bottom plug

Figure 3-4 Attaching the QL40-Plug!’]

The QL40-GR can now be run stand-alone (Figure 3-5).

Figure 3-5 QL40-GR with top and bottom

www.alt.lu | www.mountsopris.com
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4 Operating Procedure

Note: Parts of the topics discussed in these sections below assume that the user is familiar
with the LoggerSuite acquisition software. LoggerSuite is the collection of Logger,
LoggerSettings and TFD2LAS softwares. Refer to the corresponding operator manuals for
more details. Information about assembly and configuration of tool stacks can be found in
the same manuals.

4.1 Quick Start

1.7 Connect tool to cablehead and lower into the borehole. Start Logger acquisition
software.

2.[1Select the relevant QL40-HM-453 tool stack from the drop
down list (Error! Reference source not found.) in the Tool
panel (if your tool stack is not listed, check that your tool
configuration file is stored in the designated folder on your
computer or create a new file using the Tool Stack
Factory).

3.[]In the Tool panel switch on the tool (click On button).
Verify that the voltage indicator shows a valid green level Figure 4-1 Tool panel
(shown as 120 V in Figure 4-1). The current indicator should also be green and
greater than 10 mA (shown as 36 mA in Figure 4-1). The system goes through a
short initialization sequence which sets the default parameters and communication
settings held in the tool configuration file. The configuration returned by the tool is
also checked during this procedure (Setup tool communication as explained in
Chapters 4.2 and 4.3).
O

4.7 Click the extend icon 2! in the Depth panel and press I
Zero Tool (Figure 4-2).
O

5.0 The tool should be allowed to warm-up in the borehole
fluid for at least 15 minutes before calibrating, so it is at
the borehole temperature. This will provide the most
accurate calibrations.
O

6.0/ Remove the tool from the borehole. Calibrate the QL40-  Figyre 4-2 correct tool positioning
HM-453 tool by following the steps outlined in Chapter  when zeroing depth
4.5. Place the tool into the borehole.
O

7.0 In the Acquisition panel (Figure 4-3) select the sampling mode (Depth Down or
Depth Up depending on logging direction). Click on Settings and specify the
corresponding sampling rate. Switch on the sampling (click the ON button). Note:
The sampling button needs to be set to OFF before changing modes. Time mode is
used for calibration and verifying tool operation at the surface.

HHHH H

N

2

\

Tool data reference

2

\
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8.1 If desired, complete a Header = in the Acquisition panel [Bhcqustion S0l
(Figure 4-3). Press the Record ® button, specify a file . |
e|m|n» »|E|F

name, and start the logging.

- el oo B
9.1 During logging observe the controls in the Telemetry panel o

(Figure 4-4): on| @ _ Settings |

o[ Status must be Valid (green light); Figure 4-3 Acquisition panel

e[| Bandwidth usage in green range, usually below 80%;
e[| Memory buffer should be 0%;
e[| Number of Errors negligible as Data increases.

O

10.[To end the logging procedure, press the Stop ® button in

_ =

Status: @ Valid

the Acquisition panel and turn off the sampling (click OFF Bandwidth usage: —TF——

button).

11.1In the Tool panel, power off the tool (click OFF button).

(]

Memory buffer: I 0 % |

Data/sec Data Errors

=0
i Baudrate: o A

Figure 4-4 Scout Telemetry

4.2 Tool Communication with OPAL/SCOUT (ALT ™"

MODEM)

The telemetry provided through the OPAL-SCOUT systems implementing the ALT MODEM
controls and configures AUTOMATICALLY the telemetry settings for any wireline. In case
communication status is not valid the user has different options to adjust manually the
telemetry settings from the telemetry panel of the dashboard:

=|

Telemetry tuning progress — 5
bar

Baud rate:

Status: @ valid

Bandwidth usage:

Memory buffer:

Data/sec Data Errors

EEE EE G
Baudrate: -o A

Wireline Scope View

) Telemetry settings
Automatic

Telemetry Tuning

Indicates the default baud rate or optimal baud rate in kbps found by the system for the
selected winch/telemetry scheme.

This tool does not require baudrates higher than 100.0 kbps. Manual adjustment might be
necessary to lower the baudrate using the = Telemetry Settings button and then the

Settings tab.

www.alt.lu | www.mountsopris.com
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Baudrate
20 kbps 500
I | 87.0
y
Ll

Predefined values : -
Suggest... |

Enable auto-detection at power up

Figure 4-2|Scout baudrate settings

Automatic Telemetry Tuning:

The Tune button @ resets the telemetry tuning automatically. This process defines:
- The optimum baud rate for the winch configuration selected

- A transfer function and a filter to re-construct at the surface the shape of the pulse trains
distorted by the wireline.

A progress bar at the bottom of the telemetry window shows the progression of the
telemetry tuning. At the end of the process the baud rate display is refreshed with the
optimal baud rate value.

Refer to LoggerSuite manual for more information on the advanced telemetry settings.

4.3 Tool Communication with MATRIX

The tool telemetry can be configured through the Telemetry panel of the Matrix dashboard.
By clicking on -, the operator has access to the Configure ALT Telemetry dialog box (Figure
4-5) providing various controls to adjust the telemetry settings and monitor its current
status.

The Analysis View displays the current discriminator levels (vertical yellow lines) and a
histogram of the up-hole data signal. The scales of the Analysis View can be adjusted using
the Vertical Scale and Horizontal Scale knobs and the linear / logarithmic scale buttons.

The status of the configuration should be flagged as @ Valid. In any other case (e.g. @ ™™=)
the telemetry should be adjusted (we assume a pulse signal

is displayed in the analysis view). Click on the <<Advanced button to display additional
controls to tune the telemetry.

The Automatic settings option is the preferred mode and should allow the telemetry to be
configured for a wide range of wirelines without operator input. For wirelines with a more
limited bandwidth, the operator might need to turn off the automatic mode and adjust the
telemetry settings manually.

In general, the gain setting should not be left in the automatic mode once a valid setting has
been determined. Uncheck the box to disable automatic gain.

Advanced Logic Technology
Mount Sopris Instruments
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For each wireline configuration, the discriminators (vertical yellow lines) Positive Discr and
Negative Discr can be adjusted to obtain a valid communication status (see Figure 4-6 for an
example of a suitable discriminator position). There is also the option to alter the Baudrate
to optimize the logging speed. The input Gain can be increased (long wirelines) or decreased
(short wirelines) to set up the discriminator levels correctly.

Configur ALT Telemetry
| Analysis Info
I Verticel scale Harizontal scale
= 5
=, 10 1 05
2 02
xt L2 1
multiply by ValyDiv
C Lin @ Log
Configuration
Done
Baudrate: 168666 ~ Valid
-
Input Giain Uphale Telemetry Downhole Telemetry
Gain Negafive Diser Positive Discr Pulse width (%)
X8 X16 £ 5 4 s 5 6 0 %0 g
2 2 T = 3 7 30 7
2 x64 B 2 2 8 20, 0
X1, 128 -, 1 1 9 10, 0
x08 56 El g 0 0’ 0 07 00
[~ Automatic v Automatic il [~ Automatic

Figure 4-6|Matrix telemetry settings

Once the telemetry is correctly set, store the new settings as default. The tool should go
through the initialization sequence in Valid status the next time the power is turned on.

4.4 Recorded Parameters, Processors and Browsers

441 Recorded parameters
The following channels are recorded by the QL40-HM-453 tool:

Time Sampling Time [seconds]

TCPU Temperature (recorded on CPU board) [ degrees C]
COUNT Magnetic Susceptibility Counts

MagSus Magnetic Susceptibility [ 10e-3 SI Units]

Speed Logging Speed in [meters/minute or feet/minute]

ToolPowerVoltage DC Voltage supplied to the probe [Volts]
ToolPowerCurrent Electrical Current supplied to the probe [mAmps]

Tension Wireline Tension [daN]

Table 1 QL40-HM-453 recorded channels

www.alt.lu | www.mountsopris.com



5 - Performance Check & Calibration 13

4.4.2 MChNum Browser

Figure 4-7 shows a typical example of the numerical value displayed in the MChNum
browser window during operation.

O MsALES2 .. - X
Data
( MagSus Xl 1] 10e3
4.88 64 [0 IMSALES2

Figure 4-7 MChNum browser window

The other parameters listed in Table 1 can be displayed in real time if required. To do this,
click on the MChNum browser green LED 9l and click on Display options... from the menu.

Select in the Numerical Displays tab and add the additional channels to display using the left
and right arrows (Figure 4-8).

Display options Properties

Status Leds Numerical displays

< |
Channels: Displays:
Name Producer Name Producer
Time Tool HM-453.SYSTEMSTATUS MagSus MChProc
TCPU Tool. HM-453.SYSTEMSTATUS
COUNT Tool. HM-453.CHANNELS
Speed Logger
ToolPowerVolta... Logger
ToolPowerCurr... Logger
<<
[ Display Telemetry status OK | Cancel | Help |

Figure 4-8 Display Options Properties window

It is possible to change the number of decimal digits displayed for a channel. Select the
channel and click on Settings to configure the number of digits after the period (Figure 4-9).

Numerical display settings X ‘

s [ ]
Nb. digits: |2| E: —

Figure 4-9 Numerical Display Settings window

4.4.3 MChCurve Browser
The MChCurve browser (Figure 4-10) displays the recorded parameters by means of curves

in real time.

Advanced Logic Technology
Mount Sopris Instruments



5-Performance Check & Calibration 18

The user can modify the curve presentation by double clicking on the log title (colors,
column position, scale, filter, grids, etc.).

[l MSALES2 - MChCurve - m] X
File Edit View Help
%| 8(2]
! ~Goofl— MagSus [10e-3 Slunits) 20— o
— el
-“\
-
-
b d
;= -
) ::-
—::________
= )
—_
é g5l B
R =
=
125.00 S
—
— hd
Ready 9426 323 o IMsALES2 |

Figure 4-10 QL40-HM-453 MChCurve browser

The other parameters listed in Table 1 can be displayed in real time if required. To do this,
select Edit and click on Show Logs... from the menu (Figure 4-11). All logs with a check mark

will be displayed.

www.alt.lu | www.mountsopris.com
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Display Logs X
— Display
Name Producer
[] Time [sec] Tool. HM-453. SYSTEMSTATUS
[]TcPuC) Tool. HM-453. SYSTEMSTATUS
[C1counT ) Tool. HM-453.CHANNELS
MagSus [10e-3 Sl units] MChProc
"1 Speed [m/min) Logger
[[] ToolPowerVoltage [V] Logger
[] ToolPowerCurrent [mA] Logger

ok | cancel |

Figure 4-11 Display Logs window
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4.5 Performance Check and Calibration

An example of a calibration/zero fixture is shown below:

Figure 4-12 QL40-HM-453 calibration stand.

Calibration of the magnetic susceptibility measurement is simple and only requires two
calibration pucks and a calibration mount plate (Figure 4-13). The two calibration pucks
provided with the QL40-HM-543 probe are 5.0 x 103 S| Units and 2.4 x 1073 S| Units.

Figure 4-13 QL40-HM-453 calibration mount and pucks

If required, two other calibration pucks are available for purchase: 0.5 x 103 Sl Units and 2 x
10 SI Units (see Appendix). The QL40-HM-805ED probe comes will a calibration ring with
multiple pucks (see Figure 4-14). Calibration reference values discussed below should be
modified based on tool model, geologic environment, and available calibration pucks.

www.alt.lu | www.mountsopris.com
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5x10-3
S1 unit

Figure 4-14 QL40-HM-805ED calibration mount and pucks

The QL40-HM-453 Magnetic Susceptibility probe should be calibrated in the field before
every use.

4.5.1 Calibration Steps

1.11 Connect the QL40-HM-453 probe to the cable head, and turn on the tool as outlined
the Section 4.1 Quickstart/[Llower the tool into the borehole fluid and allow it to
warm up for at least 15 minutes to allow the tool to equilibrate, so that the
measurements do not drift. Remove the probe from the borehole.[]

2.[71n the Acquisition panel, turn Time sampling On. Left click on the Green LED @ in
the upper left corner of the MChNum window and click on Calibration Settings...
(Figure 4-15).

|Q|MSALE52 oy = X
@ Restore Data
Move MagSus _ 10e-6
Size
- Minimize 75 [738 (738 |MSALESZ
8 Maximize
*  Close Alt+F4

~  Use calibration
Calibration Settings..
Display options...

About MChNum..

Figure 4-15 Open Calibration Settings window from MChNum

Advanced Logic Technology
Mount Sopris Instruments
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3.[0The probe should be suspended in air, approximately 1.5 m (5 feet) above the
ground and at least 3.3 m (10 feet) from any metallic or conductive objects. If the
operator is manually holding the probe above the ground surface during the
calibration, be sure to remove all metal from pockets. This represents a zero
magnetic susceptibility reference.

4.[1Enter 0 as the Reference for the First Point in the Calibration Settings window

(Figure 4-16). Click Sample.... Wait until the bar loads. After loading, a new value will
appear in the Value for the First Point.

Calibration Settings

x |
- MChProc MagSus
First Point Second Point
Reference |0 10e-6 SI Reference  |5000 10e-6 SI
Value [398.7395! Value |3556.1623¢

Sample... = Sample... I ad l

Channel Calibration Factors

MagSus(10e-6 SI = |1.58357 X MagSus(cps) + |-631.432
Compute I Unit

Calibration date:  27/02/18 12:38

["] Show all channels Options... |

Export... | | Close

Figure 4-16 Calibration Settings window

5.0 Screw the high calibration puck into the calibration plate.

6.[1Slide the calibration plate onto the probe until the calibrator is centered on the red
dot (Figure 4-17).

Figure 4-17 QL40-HM-453 with 5 x 10 Si calibration puck in place.[]

7.1 Enter 5000 (or the value stamped on the puck) as the Reference for the Second
Point in the Calibration Settings window (Figure 4-15). Click Sample.... Wait until the
bar loads. After loading, a new value will appear in the Value for the Second Point.

8.[1Press Compute and then Apply to store the new calibrations.

www.alt.lu | www.mountsopris.com
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9.[] Close out of the Calibration Settings window. On the Browsers & processors panel,
click Close All and then click Start All. This should close all windows on the screen
and then open them again, to reinitialize the other Browsers/Processors (Figure 4-
18).

&) MChNum Start All |
Close Al |

Figure 4-18 Browsers & processors panel

0

10.[To test the calibration accuracy, use the QL40-HM-453 with both pucks (Figure 4-19)
or with the smaller 2.4 x 107 Sl puck (Figure 4-20). When using both pucks together,
you will need to add the reference numbers (e.g. 5.0 x 103SI+2.4x 103SI=7.4 x
1073 Sl). The Mag Sus measurement displayed in the MChNum window should
display approximately the same amount as the puck or pucks being tested.

Figure 4-19 QL40-HM-453 with 2.4 x 103 Sl and 5 x 10 Sl calibration pucks in place.!|

Figure 4-20 QL40-HM-453 with 2.4 x 10-° Sl calibration puck in place.! ]

Advanced Logic Technology
Mount Sopris Instruments
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5 Maintenance

Warning: Removing the electronic chassis from pressure housing without prior
consultation with ALT/Mount Sopris will void the tool warranty.

5.1 General maintenance

The QL40 series tools require periodic maintenance. Make sure the threads on the brass nut
on the sub bottom are free of sand, mud or other dirt. A thin layer of anti-seize grease is
recommended.

When disassembling the probe string, dry the joint as it is separated to prevent fluid from
entering the sub top and getting into the electrical connector inside. After replacing top, it is
good to wash the probe off after each use.

Never take the probe apart. This probe is very difficult to disassemble and requires special
steps to gain access to the inside of the probe without damaging the electronics. If you
have read this after attempting to disassemble the probe, chances are the probe has
experienced damage and will need to be sent to the factory to be repaired.

Inspect O-rings occasionally and keep the threads on both ends of the probe clean, to
minimize problems in the future. Do not store this probe near a strong magnet, as over time,
this could affect the accuracy of the sensors and the resulting measurement.

Remember that the housing is constructed of fiberglass and is somewhat fragile. Use care
when placing the tool in the borehole and when traveling down into the borehole. Also,
store the tool in a secure place, preferably in a shock resistant container. During transport,
logging tools typically endure more shock than when in the borehole.

5.2 Locking Ring Assembly Maintenance

Tools required:

1.5 mm Allen wrench

2 each, 40-42 mm spanner wrench
Paper towels or clean rags

Replacement Parts:
ALT26005, Large Threaded Ring, Quantity 2
28-174-995, M2x8 SHCS Screws, Quantity 2

Disassembly:

Unscrew and remove the two M2x8 socket head cap screws (SHCS) and separate the two
halves.

Four guide pins align the two ring halves and tend to hold them together after the screws
are removed.

www.alt.lu | www.mountsopris.com
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To pry the halves apart you can use a pair of spanner wrenches inserted into the pin holes
on opposite sides of the ring mating surfaces to pull them apart slightly.
Do this carefully to prevent bending the guide pins.

i

S i B W —

Figure 5-1 Disassembly of the treaded ring

Place something small in the opening and move the spanners to the other side and pry it
open slightly.
This should be enough to release the two rings as below.

Figure 5-2 Halves rings when pulled apart

Clean inside surfaces thoroughly and reassemble, coating the inside with a very light film of
anti-seize compound. Nickel based compounds are best, to prevent any sticking between the
brass and steel surfaces.

Advanced Logic Technology
Mount Sopris Instruments
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6 Troubleshooting

In the event the tool develops a problem, follow the troubleshooting procedure listed below.
WARNING: NEVER DIS-ASSEMBLE THE PROBE WITHOUT KNOWLEDGE OF PROCEDURE

Observation

Tool not listed in Tool panel
drop down list.

Tool configuration error
message when powering on
the tool.

Tool panel - No current.

Tool panel - Too much
current (red area).

Telemetry panel - status
shows red.

To Do

- Do you have a configuration file?

- Has the configuration file been installed with the
LoggerSettings application (refer to LoggerSettings and
LoggerSuite manuals for more information)

- Check all connections.

- Adjust the telemetry settings for your wireline
configuration (see chapter 4.2 and 4.3) and store the new
settings as default. Apply the appropriate tool settings for
your logging run.

- Verify that the wireline armor is connected to the logging
system. Verify the interface cable between winch slip ring
and data acquisition system is not loose at the connectors.
Test the interface cable between winch and data acquisition
system.

- Verify cable head integrity. Cablehead should have more
than 20 Mega Ohm resistance electrical isolation.

- Check wireline conductor and armor continuity.

- Verify DC voltage output at the cable head (it should be
120V).

! Immediately turn off the tool !

- Possible shortcut (voltage low, current high): Check for
water ingress and cable head integrity.

- Verify cable head isolation integrity. Cablehead should
have more than 20 Mega Ohm resistance electrical
isolation.

- Verify the interface cable between winch slip ring and data
acquisition system is not loose at the connectors. Check for
possible source of the short circuit.

- If the above shows no issues, use test cable (optional)
provided by ALT or MSI to verify tool functionality.

- If the problem still occurs, please contact service centre.

- Verify the telemetry settings for your wireline
configuration (see chapter 4.2 and 4.3).

- If problem cannot be resolved, contact support@alt.lu or
tech.support@mountsopris.com

www.alt.lu | www.mountsopris.com



7-Troubleshooting

23

Telemetry panel - memory - Indicates that the systems internal memory buffer is full.
buffer shows 100%. PC cannot receive incoming data streams fast enough.

Telemetry panel —
bandwidth usage shows

100%.

(Overrun error message.)

Telemetry panel - large

number

of errors.

Ensure your PC has enough resources available.

- Set the baudrate to highest value allowed by your wireline
configuration.

- Reduce logging speed or increase vertical sample step.

- Verify the telemetry settings for your wireline
configuration (see chapter 3.2 or 3.3).

- Check bandwidth usage and telemetry error status.

Appendix

7.1 Replacement Parts
Item No. Qty MSI Part No. Description
1 1 17-202-160 Mag Susc. Calibration Puck, .5 x 10-3 S| units
2 1 17-202-175 Mag Susc. Calibration Puck, 2.4 x 10-3 Sl units
3 1 17-202-176 Mag Susc. Calibration Puck, 5 x 10-3 Sl units
4 1 17-202-177 Mag Susc. Calibration Puck 2 x 10-1 S units
5 1 16-201-007 Silicone Lubricant Cartridge 14.1 oz.
6 1 54-203-216 Grease Gun #4BY69 for 14.1 oz.
7 1 17-202-178 Mag Susc. Calibration Puck Mount
8 1 54-101-921 C-Spanner Wrench
9 1 ALT26305 Q40 Plastic Female Plug
10 1 ALT26306 Q40 Plastic Male Lid
7.2 Other Parts
Item No. MSI Part No. Description
1 QL40-GO1 QL40-Gol tool top
2 QL40-GO4 QL40-Go4 tool top
3 QL40-GO7 QL40-Go7 tool top
4 QL40-MS1 QL40-MSI tool top

Advanced Logic Technology
Mount Sopris Instruments
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8 Probe Tops - Standard Configurations

8.1 QL40-GO4 Four Conductor Tool Top

Figure 9-1 Bridle bottom connection to tool Figure 9-2 Bridle top connection to cable head
A
B [
Ci
D [1 680R
E 7 1208
G
H AUX1 WL2
| AUX2 W4
J WL Armor
K WLCOMM- WL3
I_ WLCOMM+
WL1

www.alt.lu | www.mountsopris.com
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8.2 QL40-MSI and QL40-GO1 Single Conductor Tool Tops

Figure 9-3 QL40-1S1 and IS2 Bridle bottom connection to tool  Figure 9-4 QL40-1S1 Bridle top connection to cable head

WL1

Figure 8-5 QL40-IS2 Bridle top connection to cable head

A

B

cC—

D 680R

E 0 120R

G

H AUX1 Not Connected
AUX2 Not Connected

|

J WL Armor

K WLCOMM- Not Connected

|_ WLCOMM+

WL1
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2SNA-1000-S DX Series Spectral Gamma Probe

General Information

Overview

The 2SNA-1000-S DX series spectral gamma probe section is a versatile tool that can be
used in a wide variety of logging applications. The tool section measures natural gamma spectra,
single point resistance, and spontaneous potential. Since the tool is part of the DX family of
probes, it can be operated with any DX probe section. In this manner, additional measurements
(such as density) can be added to the tool string.

Users can select from three operational modes (256, 512, or 1024 channel) based on
their survey needs. The tool section is offered with several different options. The standard
2SNA-1000-S uses a 0.875 by 3 inch Nal(TI) scintillator. The probe section is available with a
BGO scintillator (2SNA-1000-SB) for more efficient detection of high energy gamma particles
(and poorer energy resolution and accuracy).

The 2SNA-1000-S provides real time temperature compensation. The response from
conventional tools drifts as temperature changes. This drift is extreme when using a BGO
scintillator. The 2SNA-1000-S has been calibrated at the factory using several different sources
and a swept temperature bath. Calibration coefficients resulting from these tests are stored
inside the tool so that real time temperature compensation can be performed.

Controls, Connectors, and Layout

The 2SNA-1000-S probe section must be connected to a 2SMA-1000 modem section to
make up the minimal tool string. Additional sections (such as a 2GDA-1000 density section) may
be inserted in the tool string.

(Gamma Detector Bullnoze

H Electm/d’e ‘

I |
25MA-1000 25MNA1000-5

Modem Section Spectral Gamma Section

Figure 1: Diagram of the 2SNA-1000-S probe.

The DX series probe sections utilize keyed 10 pin connections. For example, to connect
the 2SMA-1000 and the 2SNA-1000-S sections, insert the male end (lower end) of the 2SMA-
1000 into the female end (upper end) of the 2SNA-1000-S. Rotate one of the sections until the
alignment pin engages. Carefully press the two sections completely together. There may be
some resistance when joining the sections together due to the O-ring seals in the connection.
After the connection is fully seated, anchor the joint with the three hex head screws.

P/N 7000-0181A 3
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Theory of Operation

Naturally occurring radioisotopes emit many types of subatomic particles. Alpha, beta,
and gamma particles are among the most common types of radiation and are seemingly well
understood. When gamma particles travel through matter, they can interact with matter in one of
three types of reactions: photoelectric, Compton scattering, and pair production. If a photon
(gamma particle) survives one of these reactions, then it's energy will be less than it’s pre-
reaction energy. Figure 2 shows the resultant spectrum from a standard '%’Cs source which
emits 662 KeV photons. The sharp peak that appears at 662 KeV is called the photopeak. The
gamma rays that produced this peak did not react with matter as they traveled from the source to
the detector, and they were totally absorbed by the gamma detector. The two smaller peaks to
the left of the main peak are referred to as the Compton edge and the backscatter peak
respectively. Gamma rays producing this part of the spectrum have been involved in Compton
scattering reactions. Some of these reactions may have caused the particle to not be totally
absorbed by the detector (scintillator crystal). The point that this simple example illustrates is that
oftentimes, the particles from natural emitters will likely be involved in one or many reactions that
complicate the resulting spectrum. This topic can be quite complex; and the reader can learn
more from the many available textbooks on modern physics or particle physics.

/. LOGGER - GSpec [-[=]x]
Wiew Help

2P|

125 CPS

I\
e

2]
o
U /
[=]
0 KeV 2860 KeV
Ready 373 20 o LOGGER

Figure 2: A typical spectrum from "*’Cs standard source showing a peak at 662 KeV.

The radius of investigation for the gamma detector is a function of the energy of the
natural gamma radiation and the density of the surrounding medium. Higher energy particles
tend to travel further before being completely absorbed through various reactions. A more dense
formation will cause the natural radiation to be attenuated more quickly. Generally speaking, the
radius of investigation is on the order of one to two feet (30-60 cm).

P/N 7000-0181A 4
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The gamma detector is made from a scintillator crystal and a photomultiplier tube. When
a gamma particle is absorbed by the scintillator, the scintillator emits a small flash of light. The
intensity of the light flash is proportional to the amount of energy absorbed by the scintillator. The
light pulse is converted into an electric current and amplified by the photomultiplier tube. The
amplitude of the electric current resulting from the incident photon is measured. A spectrum is
built using the measured amplitude from many incident gamma patrticles. This spectrum is sent
to the surface when the current time or depth digitize interval set by the operator has elapsed.

The 2SNA-1000-S performs real time temperature compensation. This is necessary
because the amount of light produced by the scintillator varies with temperature. In fact, the
temperature output from a BGO crystal varies by over 50% over the operating temperature range.
Temperature compensation is based on calibration data stored inside the probe. The calibration
data are determined at the factory by cycling the temperature over the operating range using
several different radioactive standards.

Single point resistance is simply the resistance between the electrode at the bottom of
the probe (the survey current source), and a fixed survey current return. The survey current
return is usually either a fixed electrode on the surface (the surface electrode or mudplug), or the
logging cable armor. The 2SNA-1000-S uses the logging cable armor. Since the survey current
returns on a large area of the armor, the current density is low at the return and essentially all of
the change in response comes from different resistances near the source electrode on the tool.
The survey current is an AC current to prevent electrolysis of the survey electrodes. The radius
of investigation for the single point resistance electrode is approximately 6-8 inches (15-20 cm).

Spontaneous potential is the DC potential between the probe electrode and a reference
electrode located an infinite distance from the probe electrode. Since it is impossible to place an
electrode at an infinite distance from the probe electrode, the reference electrode is often placed
on the surface to reference the formation potential. The SP measurement then measures the
potential difference between the borehole fluid and the non-invaded formation. The potential
difference is, from a simplistic view, due to salinity differences between the borehole fluid and the
non-invaded formation fluid. Most textbooks on geophysical logging contain a thorough review
the causes of excursions on SP logs. The 2SNA-1000-S uses the armor as the reference
electrode. Due to the long length of the armor, the potential on the armor is the average potential
presented by the formation over the long length of exposed armor. Using the armor as the
reference may change the offset value for the SP log, but not the amplitude of the individual
excursions in the log.

P/N 7000-0181A 5
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Specifications

MaXIMUM PIrESSUIE .....eviieieeiieiiiiiieeeeeeeeiitre et e e e s e s st e e eeeeseesasreeeeeaeeeannees
Operation temperature range
Storage temperature

Natural gamma energy range
Natural gamma energy accuracy
Natural gamma energy resolution
Sensor location (from bottom of probe)

Single point reSiStanCe raANQE .......cocuuviiiiieiie et
Single point resiStanCe aCCUTACY ..........ccuveeiiiiieeiiiiie e
Single point resistance resolUtioN. .........c..evviiiiieiiiiiie e
Sensor location (from bottom of probe)

Spontaneous potential range
Spontaneous potential @CCUACY .........cocueeviiiiiieiiiiiiiie e
Spontaneous potential reSOlUtION ...........oocciiiiieeie e
Sensor location (from bottom of probe)..........cccceeviiiiiiiiiiiiiiiice e,
Length (assembled)
Diameter

Length (when connected to a 2SMA-1000)
Diameter

P/N 7000-0181A

3000 PSI
0 to 60 degrees C
-40 to 70 degrees C

2% of full scale
10% full width half maximum
22.83 inches (58 cm)

46.61 inches (118.4 cm)
1.5 inches (3.81 cm)
11 lbs (4.99 kg)

71.26 inches (181 cm)
1.5 inches (3.81 cm)
17 Ibs (7.71 kg)
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Installation

Installing the 2SNA-1000-S

The DX series probe sections must use MSLog as the data acquisition program. If you
do not have the MSLog acquisition software, contact Mount Sopris Instruments. After MSLog is
installed on the acquisition PC, and configured for your winch and logging cable, the 2SNA-1000-
S probe drivers need to be installed. Use the MSLConfig utility to install the necessary probe
drivers. Note that there will be different probe drivers for each specific 2SNA-1000-S model, and
also the probe sections that will be connected to the 2SNA-1000-S.

The MGX Il logger must have either the 5SPMA-1000 or 5TMA-1000 modem installed.
These modems are only available on the 5MCA-1000 consoles. Units with the modems installed
will have the extension /TMA or /PMA appended to the model number. The model number is
shown on the logger nameplate located near the power connector. If you don’t have the proper
modem installed, contact Mount Sopris Instruments.

Setting up Isolation for the Resistance and Self Potential Measurements

In order for the resistance and self potential measurements to function properly, the part
of the tool and logging cable above the electrode (near the bottom of the 2SNA-1000-S section)
must be electrically isolated. The 2SMA-1000 is wrapped in a neoprene sleeve. Before logging,
make sure that any metal exposed above the electrode is well covered with several layers of PVC
electrical tape. Cover any exposed metal from the electrode to the probe top. Remember that
the tool may be rubbing against the side of the borehole, so make the isolation robust. If there is
any break in this insulation, the resistance and spontaneous potential measurements may not
record accurate, calibrated data.

P/N 7000-0181A 7
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Operating Procedure

Operation

The outline shown below describes the procedure that should be used for most logging

operations. For a more detailed description of software operation, consult the MSLog user
manual. This manual is available as ‘help’ in MSLog. To access the MSLog ‘help’, right click on
the MSLog dashboard and select Help Index.

1.

Connect the logging cable head to the 2SMA-1000 modem and the rest of the probe
string. For the Mount Sopris single conductor cable head, rotate the probe instead of the
cable head to make the connection. Inspect the cable head O-ring before making the
connection. Make sure that it is not worn, nicked or cut. Apply silicon grease to the o-
ring surface. Insure that the mating parts of the cable head and the probe top are clean.
In order for the resistance and self potential measurements to function properly, the part
of the tool and logging cable above the electrode (near the bottom of the 2SNA-1000-S
section) must be electrically isolated. The 2SMA-1000 is wrapped in a neoprene sleeve.
Before logging, make sure that any metal exposed above the electrode is well covered
with several layers of PVC electrical tape. Cover any exposed metal from the electrode
to the probe top. Remember that the tool may be rubbing against the side of the
borehole, so make the isolation robust. If there is any break in this insulation, the
resistance and spontaneous potential measurements may not record accurate, calibrated
data.

Start the acquisition software (MSLog), select the proper probe driver, and power up the
tool. Usually the tool calibrations will be verified at this point. This is outlined in the next
section.

Place the tool in the borehole. Zero the tool at the zero depth reference. Lower the tool
until it is submerged. Wait for the tool to thermally equilibrate to the borehole fluid
temperature. It is important to allow the tool to thermally equilibrate so that the real time
calibrations are accurate. Allow 15-20 minutes for the tool to equilibrate.

Using MSLog, set the desired depth digitize interval, set the digitizing mode to ‘depth up’,
‘depth down’, or ‘time’ and start recording a data file. Log the borehole as desired. You
may wish to log the entire borehole slowly. Alternatively, you may want to log in ‘time’
mode at a fixed depth for a particular zone of interest. As a rule, the logging speed
should be fairly slow (~3 ft./min or ~1 m./min.) for reasonable statistics and repeatability
of the recorded spectra. Slower logging be necessary to improve the resolution and
repeatability of the data

When finished logging, power down the tool, and remove it from the borehole. Place the
tool on the ground or a cleaning stand. Wash the probe with water (a portable sprayer
works well), making sure that all mud and solids are rinsed away. Inspect the insulating
tape for wear. Replace worn insulating tape as necessary.

Performance Checks and Calibrations

Calibration of the spectral gamma measurement should not normally be necessary. If

calibration is needed, follow the steps below:

1.

2.

P/N 7000-0181A

Connect the probe to the cable head, and power up the tool as outlined the above
operating procedure.

Place a known gamma reference source as close as possible to the probe at a distance
of 22.8 inches (58 cm) from the bottom of the probe.

Place the tool and the source in a water bath. Wait 15-20 minutes to allow the tool to
thermally equilibrate. If the tool is not submerged, the tool may not warm up evenly, and
the resulting calibration may not be valid when the tool is submerged.

Set the time digitize interval, then set the sampling mode to ‘Time’. The time digitize
interval may need to be increased until the spectrum displayed by GSpec is well defined
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and repeatable. Place the mouse pointer on the photopeak of the spectrum and press
the left mouse button. Record the channel number for this peak.

5. Place a second known gamma reference source as close as possible to the probe at a
distance of 22.8 inches (58 cm) from the bottom of the probe.

6. Set the time digitize interval, then set the sampling mode to ‘Time’. The time digitize
interval may need to be increased until the spectrum displayed by GSpec is well defined
and repeatable. Place the mouse pointer on the photopeak of the spectrum and press

the left mouse button. Record the channel number for this i eak.
LOGGER - GSpec HEE

Wiew Help

? P|

2CPS

Charingl 387 108093

| | w\
w

o

Q

o . gl

0 KeV 2860 KeV
Feady 373 _[113 [0 LOGGER

Figure 3: A typical spectrum from ®Co standard source showing a peak at 1173 and 1333
KeV.

7. Click on the SpecProc window. Right click on the ‘P’ parameter tool bar button. Enter
the energy for the first calibration source in the ‘First Calibration Point’ ‘Energy’ field (i.e.
662 for ' Cs). Enter the window number recorded in step 3 in the ‘First Calibration Point’
‘Channel’ field (i.e. 222 for '*’Cs). Enter the energy for the second calibration source in
the ‘Second Calibration Point’ ‘Energy’ field (i.e. 1173 for ®°Co). Enter the window
number recorded in step 5 in the ‘First Calibration Point’ ‘Channel field (i.e. 387 for 60Co).
See figure 4.
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Process Parameters
Spectrum Calibration 0K,
Energy Channel
First Calibration Point |EEE |225 J"1"tI:'I:'T.'r' Lancel
i Callbration
Second Calibration Point |'I 173 |4':"I i  Points

Summinig

Fultiplier 2492 Apply Offset -
ipli t
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" Time
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Figure 4: SpecProc calibration dialog box.

8. On the MSLog panel, click the ‘Close All’ button on the ‘Browsers & Processors’ window.
Next, restart all processors and browsers by clicking on the name of the browser or
processor, and pressing the ‘Start’ button. Note: LASWriter only needs to be started if an
LAS output file is desired.

9. Check the calibration by placing a known gamma reference source as close as possible
to the probe at a distance of 22.8 inches (58 cm) from the bottom of the probe. Verify
that the photopeak appears at the correct energy.

Calibrating the resistance and spontaneous potential measurements is not necessary.
They have been calibrated at the factory and the calibration numbers are electronically stored
inside the probe.

Preventative Maintenance

Always keep the probe section connector covered when disconnected. This protects the
connectors from mechanical abuse and corrosion. Use the probe section protector caps.

Remember that the gamma detector is fragile. Use care when placing the tool in the
borehole and when traveling down into the borehole. Also, store the tool in a secure place,
preferably in a shock resistant container. During transport, logging tools typically endure more
shock than when in the borehole.

Keep all thread and O-ring surfaces clean and dry. Re-apply grease or silicone
compound (O-rings) on a regular basis. Always clean the tool after each use.

P/N 7000-0181A 10



2SNA-1000-S DX Series Spectral Gamma Probe

Troubleshooting

Problems with the Probe

If electronic troubleshooting becomes necessary, it should only be performed by qualified
persons.

If MSLog reports communications errors (such as parity-framing) and no data can be
displayed, make sure that the probe is communicating properly. When the logger and the probe
are communicating properly, the to probe’ and ‘from probe’ lights should be flashing on the
logger.

If communications are not functioning properly, make sure you are using the correct tool
driver with MSLog. Also, check the condition of the wireline. The MSLog online help provides
detailed instructions on this procedure. When running MSLog, right click on the dashboard and
select Help Index. Then choose the Wireline and Cablehead Troubleshooting section.

Disassembly Instructions

To access the inside of the probe, the probe top can be removed from the main housing.
To remove the probe top, first remove the three screws just below the section top. You will have
to dig out the sealing compound out of the screw heads. This compound is used to discourage
inadvertent disassembly. After removing the three probe top screws, gently pull the probe top out
of the housing and disconnect the probe top connector from the upper circuit board. Remove the
housing locking screw (located just above the resistivity electrode) using an M3 hex wrench.

Next the housing can be unscrewed from the lower section of the probe. The gamma
circuit board is located at the top end of the inner housing with the gamma detector just below the
circuit board. Disassembly of the gamma detector is not recommended. The lower most circuit
board is for the resistance and spontaneous potential.

Common field correctable electronic problems are a broken or shorted wire. A visual
inspection of the wiring should be performed before further testing is done.

If electronic testing is to be done, the user should have detailed electronic schematics
before proceeding any further.

P/N 7000-0181A 11
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2SNA-1000-S DX Series Spectral Gamma Probe

Appendix

Suggested QA Procedure

General notes for Quality Assurance (QA) are presented here for users who need to
utilize these techniques when collecting data. These users will need to periodically calibrate their
equipment using equipment whose calibration is traceable to an approved standard. Details of
these calibrations must be recorded.

When an instrument is calibrated, records need to be kept regarding the calibration
standard(s) used and what was changed on the instrument to calibrate it. Typically, the
corrections made to the instrument involve changing constants that are used to scale the raw
instrument reading so that the proper value is reported. The constants must be recorded during a
calibration procedure. Mt. Sopris acquisition programs record the calibration constants that were
used to acquire the data. This aids the QA process, but does not replace the need for recording
these constants at the time of calibration. The reason for this is that the length of time since the
last calibration is unknown with only this information.

The device providing the standard must be traceable to an accepted standard. Examples
of organizations providing standards for measuring instrumentation are: The U. S. National
Bureau of Standards; The American Petroleum Institute; and the American Society for Testing
Materials. For example, if the voltmeter or the density standard used for calibration is not
traceable to an approved organization, such as those listed above, the calibration should not be
considered valid. Records should be kept indicating the last time that standard being used for
calibration was calibrated or checked against an approved standard. The QA procedure
necessary for some programs mandate that the calibration standards be periodically checked
against a standard approved by a proper agency.

A QA procedure may dictate that data taken from a given locale be associated with
records indicating the exact time and location that the data was collected. The data itself may
have to be collected in a certain format to meet requirements. Often, QA procedures specify that
surveys must be repeated and the data from the successive surveys compared. This technique
is used to eliminate poor or invalid data.

P/N 7000-0181A 13
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LLP-2676 Neutron Probe

General Information

Overview

The LLP-2676 thermal neutron probe is a simple analog pulse probe, which measures the output
of a He® detector inside the probe. The He® detector is powered by a regulated HV downhole
power supply. The probe is powered by 30 VDC on the wire line, and requires ~40 mA of current
to operate. The detector sends pulses through a charge sensitive amplifier and pulse shaper to
provide 1.25 usec pulses with ~7 V amplitude to the wire line for transmission up the cable.
Depending on the source strength and borehole environment, count rates of between 100 and
10,000 may be expected.

The He® detector responds to the intensity of thermal neutron flux it receives from the borehole

environment. Thermal neutrons are created by scattering of high energy neutrons emitted by a
chemical source that is installed 35 cm below the mid-point of the detector.

Probe electronics and detector \

— | D
/!

AmBe source carrier

Theory of Operation

In general, neutrons logging can be divided into three main categories. High-energy neutrons,
from a chemical or electronic source, will react with material surrounding a borehole with several
possible results. When neutrons react in elastic collisions (which is most likely to happen with
atoms that have about the same mass as the neutron), they are said to be moderated, with each
collision resulting in the neutron transferring some energy to the target nucleus. After a number of
these collisions, the neutron will finally reach a “thermal” energy level. The Mount Sopris LLP-
2676 probe contains a He® detector, which detects thermal neutrons quite efficiently.

When high energy neutrons are scattered by target nuclei, but only loose a portion of their energy,
this process is known as inelastic scattering. The target nuclei are in an excited state and then
will give off a characteristic gamma ray that can be measured by a spectral gamma detector.
Such characteristic gammas can be related to the chemical composition of the surrounding
formation.

The third type of neutron interaction that is commonly measured in a borehole environment is
based on a process called thermal neutron absorption. In this case, the thermal neutrons are
captured by a target nucleus, which results in a compound nucleus that de-excites
instantaneously, with the emission of a number of characteristic gamma rays. In such a case, the
capture gamma flux is measured versus time to produce a decay rate which is related to the
capture cross section of the surrounding formation. This measurement can be used to infer which
formations may contain salt water and which might contain hydrocarbons.

P/N 7000197A 3



LLP-2676 Neutron Probe

Neutron Production

There are two general methods used to supply high-energy neutrons in a borehole environment.
The most common is with the use of a chemical source. Currently, a mixture of 544 Americium
and Beryllium are used to produce neutrons for thermal and epithermal logging by bombarding the
Beryllium with alpha particles supplied by the 41 Americium . A second method uses an
electronic particle accelerator that accelerates deuterium and tritium ions into a target composed
of the same material, resulting in a high flux of high-energy neutrons (around 14 MeV). Very high
probe voltages are required for this process (>80 kV)

The Mount Sopris LLP-2676 generally uses a 37 GBq (1 Curie) ,41 AmBe source.

Specifications

Diameter 41.3 mm (1.625 inches)
Length 111 cm (44 inches)
Weight 5.5 kg (12 pounds)
Source-Detector spacing 35 cm (15 inches)

Dose rate in shield at 1 meter <1 mR/hr

Shield dimensions 35.6 cm (14 inc) sphere
Shield Weight 35 kg (78 pounds)
Operating temperature -25 to 75 degrees C.
Source 37 GBq (1 curie) 241 AmBe
Detector sHe at 4 atmospheres

P/N 7000197A 4



LLP-2676 Neutron Probe

Installation

Installing the source on the probe

The probe is delivered with a thread protector that covers the male thread that connects to the
neutron source. The neutron source is stored in a shield that includes a spacer and a lock to
prevent accidental release of the source from the shield.

The source shield should be locked in a secure area when not being used, and locked to the
logging truck during transport. Local safety and transportation rules are the responsibility of the
user. For a detailed discussion of source handling and transport regulations, consult the NRC
website (or the local regulating body’s available documentation).

Prior to loading the source onto the probe, place the source shield near the wellbore. Make sure
the wellbore has a cover plate installed, so that the source cannot be accidentally dropped in the
hole.

Clear the area of all non-essential personnel. Only persons trained and certified in the handling of
radioactive materials should permitted to handle and load sources. The source handling tool is
used to remove the source from the shield. Unlock the shield, remove the spacer, and insert the
handling tool inside the shield. Turn the body of the handling tool until it fits over the hexagonal
mating end of the source. Then turn the knurled handle in the center of the end of the handling
tool to lock the source onto the handling tool. Once the source is firmly attached to the handling
tool, the source can be then removed from the shield and screwed directly on to the LLP-2676
probe. Once the source is screwed firmly to the probe, the handling tool can be removed. lItis
normally a good idea to have already screwed the cable head onto the probe, and run the cable
through all necessary sheave wheels, etc. before installing the source. However, the user can
always re-insert the probe with source installed back into the shield if necessary.

The key to safe handling of radioactive sources during well logging operations is to plan your
procedures, check all equipment before removing the source from the shield, and then move as
quickly and efficiently as possible to install the source and lower the probe into the hole. Once the
top of the probe is a few meters below ground level, there is no further radiation risk to the
operator.

If an operator spends 15 seconds during this installation process, and a similar amount of time to
remove the source and place it back in the shield, the dose rate will be 30 seconds X 16 mR/hr, or
0.13 mRem. Always remember to cover the hole after removing the probe and before removing
the source from the probe.

P/N 7000197A 5



LLP-2676 Neutron Probe

Operating Procedure

Operation

The LLP-2676 probe is an analog pulse probe, and it is important to remember that the correct
wireline length and type should be supplied to the logging system so that pulse discriminators are
properly set with the software.

Logging is normally done in the up direction for better depth accuracy. A repeat section should be
made in the bottom of the hole, if hole conditions permit. Maximum logging speed for good
statistical accuracy is 5-6 m/minute (20 ft/min) maximum. A 10 cm (.2 ft) sample interval is more
than adequate for the LLP-2676.

Expect to see a significant change in the neutron count rate at fluid level. The neutron
measurement is only slightly affected by the presence of steel casing. It is not affected by PVC
casing, although the volume of open hole behind the casing may affect the total count rate in any
cased hole geometry.

Performance Checks and Calibrations

The easiest way to check the LLP-2676 before going to the field for a logging job is to install the
source and place the source and probe back in the shield. The probe should see a count rate of
from 50 to a few hundred cps.

Callibration of the neutron probe is based on measurement of count rates in known lithologies and
porosities. The measurement of thermal neutrons is generally related to the amount of hydrogen
nuclei in the surrounding material. Hydrogen is most common as a component of water in the
borehole, and water in the pore space of the surrounding rock. Some hydrogen may also be
present in the clays and other mineral compounds. In general, thermal neutron probes are logged
in an attempt to measure fluid filled porosity or moisture content of downhole formations.

There are borehole models available in many parts of the world that can be used to calibrate
thermal neutron logging probes. The APl (American Petroleum Institute) maintains standard
models in Houston, TX USA. Other models exist at the DOE facility in Grand Junction, CO USA.
Other sites are available in Europe, Asia and Australia.

Mount Sopris has performed standard calibrations for the LLP-2676 at the API models in Texas,
and has checked these results in the Grand Junction models. A secondary field calibrator is
available that allows the user to match the master calibration in the field using a simple ratio
method. It is not designed as a perfect quantitative calibration, but does allow the user to make
good estimates of porosity, if lithology and borehole corrections are properly applied.

An example of the calibration performed at the Houston models is shown in the appendix. If a
calibration is desired, consult Mount Sopris Engineering for more details
(tech.support@mountsopris.com).

Preventative Maintenance

The LLP-2676 has no moving parts, and the only maintenance required is to clean and dry all
thread surfaces after each use. This is particularly important on the source end of the probe, to
make sure that there will be no problem screwing the source into the female probe thread. The o-
ring seal area in the probe top should be wiped out with a clean cloth and dried before replacing
the probe protector cap.

P/N 7000197A 6



LLP-2676 Neutron Probe

Disassembly Instructions
While there are no user serviceable parts inside the probe, the user can inspect the inside of the

probe by removing the probe top from the housing. This is done by removing the 4 radial screws
at the top of the probe. These screws are 8-32 x 3/8” English screws.

P/N 7000197A



LLP-2676 Neutron Probe

Schematics

Title Charge sensitive amplifier and pulse shaper

Drawing Number 500S-0194
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LLP-2676 Neutron Probe

Appendix

Example of neutron porosity calibration from Houston API models.

MODEL LLP-2676
NEUTRON-THERMAL NEUTRON TOOL

AUSTIN Ls

INDIANA Ls

2" HOLE

CARTHAGE MARBLE

. | | | |

puU0J3S/SJUN0Y)
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1 - General Information 1

1 General Information

The QL40-DEN Compensated Dual Density bottom sub is a versatile wireline tool that can be
used in a wide variety of logging applications. Measurements include SSD (short-spaced raw
cps and g/cc density), LSD (long-spaced raw cps and g/cc density), Compensated density
(dual density), and Caliper. Since the tool is part of the Quick Link family of probes, it can be
stacked with any QL inline sub. In this manner, additional measurements (such as natural
gamma, deviation, or resistivity) can be added to the tool stack. The tool section is designed
for operation in 22 to 11¥?inch (6.3 — 29.2 cm) boreholes.

QL40 Stackable Logging Tool Overview

QL stands for Quick Link and describes the latest line of stackable logging tools. This
development is a joint venture of Mount Sopris Instruments (MSI) and Advanced Logic
Technology (ALT). Innovative connections between tool elements (subs) allow users to build
their own tool strings in the field. The Tool Stack Factory — a sophisticated extension of the
acquisition software — provides a convenient way to configure tool strings for operation. For
more information about the Tool Stack Factory, see LoggerSuite Manual.

Each sub has a Telemetry and Power supply element, TelePSU, allowing stand-alone
operation. A GenCPU card in each sub handles Analog to Digital conversion and/or counting
of the measurement signal and formatting data for transmission up hole.

The QL40-DEN bottom sub can be operated as a stand-alone probe or can be stacked below
other subs. The stack is completed by adding a Tool Top sub. Varied tool top subs are
available. Top subs include an MSI single conductor, GO4 conductor, GOI Single conductor
and GO7 conductor. Consult the factory for additional options. The number 40 indicates a
nominal OD of 40mm. Over coating and special measurements may make some subs larger
in diameter. See their particular specifications.

Advanced Logic Technology
Mount Sopris Instruments



1 - General Information

1.1 Dimensions

170m

Caliperarm

Source Carrier

0.15m

€ 20

Figure 1-1 Tool general arrangement
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2 — Measurement principle

1.2 QL40-DEN Technical Specifications

0
Tool:

Diameter:

Length:

Weight:

Max. Temperature:
Max. Pressure:

Short spaced source — detector (SSD):

Long spaced source — detector (LSD):

Cable:
Cable type:

Digital data transmission:

Compatibility:
0
Measurement:

Caliper Max.
Caliper Accuracy:
Caliper Resolution:

Density Range:
Source:

Density Accuracy:
Density Resolution:

Power: (]

DC voltage at probe top:

Current:

50.8 mm (2”)
1.85 m (73”)

19.2 kg (42 lbs)
85 °C (185 F)

206 bar (3000 PSI)
20 cm (7.87")
35cm (13.77")

Mono, Coaxial, 4 or 7 conductor

Up to 500 Kbits per second depending on
wireline

ALTlogger — BBOX — Matrix

29.2 cm (11Y%)
2.54 mm (0.1”)
0.64 mm (0.025”)

1-4g/cc (depends on source)

100 — 250 mCurie (Cs-137 or Co-60)
0.1 g/cc (100 mC Cs-137)

0.05 g/cc (100 mC Cs-137)

Min 80 VDC

Max 160 VDC
Nominal 120 VDC
Nominal 25mA

Advanced Logic Technology
Mount Sopris Instruments



2 Measurement Principle

2.1 Density

The compensated density measurement is accomplished using a radioactive source and two
radiation detectors. The detectors are designed for use with a Cs137 source (emits 662 keV
gamma particles). They are set to respond to gamma particles having energies of 200 keV or
higher (the Compton energy band). Radiation detectors are comprised of two Csl(Th)
scintillator crystals coupled to two photomultiplier tubes. The near detector scintillator is 0.5
inches (1.27 cm) long and 0.5 inches (1.27 cm) in diameter; the far scintillator is 1.5 inches
long and 0.5 inches in diameter. The detectors are shielded so that they only respond to
gamma radiation from the same side of the tool that source energy radiates from. Radiation
emanating from the source travels into the formation (into the side of the borehole opposite
the caliper), and is backscattered by Compton scattering. The detectors sense this
backscattered radiation. Compton scattering results from gamma radiation interacting with
the electrons in the formation, so total electron density is measured rather than bulk density.

The detector response is a function of density and the detector offset from the source. As
shown in Figure 2, for low densities (typically less than 1 g/cc) and close offsets (typically less
than 8 cm for 137Cs), the detector response increases with increasing density. The intuitive
explanation of this phenomenon is that when density and spacing are small, more electrons
cause more backscattering and more radiation at the detectors. As density and detector
offset continue to increase, more of the radiation is absorbed and the response decreases
with increasing density and spacing. The detector response at 4 cm from the source is on the
positive slope of the curve below; that is, the response increases with increasing density. The
response for detectors at 11cm or more from the source has a negative slope. The detector
response decreases with increasing density for these offsets.

Deteclor Response {log scale)

Product of Densily and Spacing

Figure 2-1: Generalized density detector response

The volume of investigation for the long offset and short offset density measurements is
different. The combination of these two measurements, together with a typical spine and rib

www.alt.lu
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2 — Measurement principle 5

chart shown in Figure 3, are used to determine compensated electron density. This method
compensates for rugosity and fractures in the borehole wall and any distance the tool may
standoff from the borehole wall. The compensation assumes that the borehole is filled with
water. The correction is different for air or mud filled holes. Calibration and compensation
curves for each QL40-DEN are supplied in a Technical Addendum to this documentation

(coming soon). The mformatlon presented in the Technical Addendum are obtained by
th

performinga4 or 5 order multivariate regression on density survey data from the Q40-
DEN at the Department of Energy (DOE) pits in Grand Junction, Colorado. During
characterization, data are collected at various densities, borehole diameters, and tool
standoffs.
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Figure 2-2 Typical density compensation

2.2 Caliper

The caliper measurementis straightforward. The arm is actuated by a compressed spring. A
position sensor (a linear potentiometer) connected to the caliper arm drive piston measures
the actual arm position. The DC output voltage from the wiper of the potentiometer is
converted to a frequency linearly related to the borehole diameter. Calibration constants
and linearization are stored in the tool specific sub file so that initial user calibration is not
normally necessary. Depending on borehole conditions, the wear button on the arm will
eventually change size, and re-calibration can be made using the MChNum calibration
function and known calibration rings or calibration jig.

Advanced Logic Technology
Mount Sopris Instruments



3 QL40 DEN assembly and set up

QL stands for Quick Link and describes an innovative connection between logging tools (subs)
allowing to build custom tool stacks. QL40 describes a specific family of logging tools. Each
sub is equipped with its own Telemetry board, Power supply element and A/D converter
allowing an operation as stand-alone tool or as a stack in combination with other subs of the
QL product family.

The QL40 probe line deals with two types of subs - Bottom Subs and Mid Subs.

Bottom Sub

A bottom sub is a tool that must have one or more sensors located at the bottom. It can be
operated in combination with other QL subs connected to the top but it is not possible to
connect another sub below. When used in stand-alone mode the bottom sub only needs a
QL40 tool top adaptor, which fits the cable head.

Mid Sub

A mid sub is a tool that can be integrated anywhere within a stack of tools. When used at the
bottom of a tool string a QL40 bottom plug must be used to terminate the string. If the mid
sub is used as a stand-alone tool it needs a QL40 bottom plug at the lower end and a QL40
tool top adaptor at the top.

3.1 QL40 Tool Stack Assembly

A QL40 tool stack may be terminated by either a QL40 bottom sub or a QL40 bottom plug. At
the top of the stack a QL40 tool top is required to connect the tool string to the cable head.
Several tool tops are already available; special ones can be made on request.

To assemble and disassemble the subs the C-spanner delivered with the tool must be used
(Figure 3-1). It is recommended that before each assembly the integrity of the O-rings
(AS216 Viton shore 75) is verified. Prime the O-rings with the silicon grease that was
supplied with the subs.

C-spanner

Figure 3-1 C-spanner and O-rings of QL connection! |
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3 —QL40 DEN assembly and set up 7

The following example of a QL40-ABI, QL40-GAM and QL40-GO4 (Figure 3-2) describes how
to replace the QL40-ABI with a QL40-Plug in order to run the QL40-GAM sub stand-alone.

Q0G4 —* g

tool top

QL40-GAM

T

QL40-ABI

T

Figure 3-2 Tool stack example!’|

To remove the QL40-ABI bottom sub attach the C-spanner to the thread ring as shown in
Figure 3-3, unscrew the threaded ring, (anticlockwise about the tool axis when looking
towards the bottom of the tool), and remove the QL40-ABI bottom sub.
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Thread ring

W

Figure 3-3 Unscrewing the thread ring and removing the bottom sub!(_|

After checking the O-ring integrity, align and slip the QL40-Plug over the exposed QL
connector (Figure 3-4), attach the C-spanner and screw the threaded ring until the plug
draws up tight to the ring.
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3 —QL40 DEN assembly and set up 9

Bottom plug

Figure 3-4 Attaching the QL40-Plug !

The QL40-GAM can now be run stand-alone (Figure 3-5).

Figure 3-5 QL40-GAM mid sub with tool top and bottom plug !
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3.2 Radioactive source installation

If the radioactive source has not been installed in the source carrier, it should be done using
the following procedure. Handling of radioactive materials is normally only allowed by
persons trained and authorized by government license. It is assumed that this task, and
insertion and removal of the source holder from the QL40-DEN probe will be handled by
such qualified personnel.

Locate the necessary components before attempting to install the source. Items needed
include a portable radiation counter to monitor source activity, a medium strength, thread
locking compound (such as “blue LocTite” ), tongs, dovetail mount tungsten source carrier,
source installation tool, source handling tool, long handled screwdriver, the source retainer
screw, the source shield, and the radioactive source in its transport container.

Place all components on a solid table, in an area where unauthorized personnel cannot enter.
The standard practice of minimizing time and maximizing distance from the source should be
followed. All unnecessary personnel should be asked to leave the area.

The source is machined with an 8/32 thread, which will be mated to a matching 8/32 set
screw that is installed in the source retainer screw. Normally, the set-screw is pre-installed

in the source retainer screw, leaving about 4-5 threads exposed for connection to the source.
The photograph at right shows the source retainer screw with set-screw exposed. Ensure the
O’Ring is in place on the retainer screw. The radioactive source capsule is threaded onto the
set-screw (after first applying a small amount of Blue Loctite to the set screw on the Source
Retainer screw).

Prepare the source retainer screw and set screw first.

O’Ring

8/32 set screw

source retainer screw

Figure 3-6 Source retainer screw

L — - oul

Figure 3-7 Tong with source
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3 —QL40 DEN assembly and set up 11

Figure 3-8 Detail of source in tongs
O
a
Then, the source should be loaded in the tongs with the 8/32 threaded hole up. The person
loading the source then screws the source retainer screw on to the source, using the source

installation tool shown below!(

O
0
Figure 3-9 Source Holder, Source Installation Tool, and Retainer Screw (11|
a
Figure 3-10 Screw with Source Screwed On
a
a
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O
O
After the source is screwed on to the source retainer screw, the retainer screw is then
screwed in to the source carrier, as shown below. Ensure O-ring is on Retainer Screw.
0

"

Figure 3-12 Source carrier with Source Installed

The Source Carrier is then loaded into the source shield with the source handling tool, where it is
stored when not in use.

Figure 3-13 Source Carrier and Source Handling Tool
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3 —QL40 DEN assembly and set up 13

Figure 3-14 Shield with source and source carrier installed

3.3 Installation of Source Carrier onto QL40-DEN Probe

To load the source from the shield into the probe, the following procedure should be
followed:

1.0] Clear the area of all non-essential personnel.

2.[1Connect the probe to the cable head, leaving plenty of slack cable to handle the
probe.

3.[]Place the source shield near the probe. Make sure the borehole is covered!
4. Lay out the required handling tools (source handling tool, long handled screwdriver).

5.1 Remove the source holder screw from the dovetail mount at the bottom of the
QL40-DEN probe.

6.1 Insert the source handling tool onto the source carrier within the shield. Rotate
source handling tool onto the carrier until it is locked into place. Unlock the shield
and remove the source carrier.

7.0 Insert the source carrier into the mating tapered dovetail mount on the bottom of
the QL40-DEN.
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Figure 3-15 Installing Source Carrier onto probe with Source Handling Tool

8.[1Next, insert the locking screw using the long-handled screwdriver, and snug up the
screw into the far side of the dovetail mount. Do not over tighten, but make sure
the bottom of the screw comes to the outside of the dovetail mount. Remove the
screwdriver from the lock screw. Remove the source handling tool from the end of
the source carrier.

Figure 3-16 Inserting locking screw into the Source Carrier

9.[1Remove the long-handled screwdriver and then lift the probe from the caliper area,
keeping the source carrier at least 3 feet (1 meter) away from you. Carefully lower
the probe into the borehole. It is best if two people perform this operation, but one
person can do this if they plan their movements in advance.

10.[To remove the source carrier after logging, clean the bottom section off to remove
any mud or debris from the lock screw and dovetail mount area.

11.[Lay the probe on a firm surface. Cover the borehole!
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3 —QL40 DEN assembly and set up 15

12.[With the probe caliper facing up, attach the source handling tool to the bottom of
the source carrier and twist the handle clockwise to lock the carrier to the handling
tool.

13.[Remove the source locking screw with the long handled screwdriver.

14.[Slide the source carrier out of the dovetail mount with the handling tool and return
it to the shield.

15.[Lock the source in the shield.
16.[Remove the handling tool by unscrewing it counter clockwise.

17.[Clean the bottom of the QL40-DEN dovetail mount area, so it will be ready for the
next job.

3.4 Estimated Exposure during Source Installation and Use

The 100 mCi **’Cs source used with the Mount Sopris QL40-DEN emits gamma radiation.

The user of this probe should be trained in the recommended safe practices for handling
radioactive material during a well logging operation. Licensing authorities normally require
users to maintain and follow a standard procedure. Contact Mount Sopris or ALT if you need
any additional information on this subject.

The source capsule will only be handled during initial installation in the source carrier. From
that time forward, it should not be necessary to directly handle the source capsule. When
performing wipe tests, it may be necessary to remove the source holder screw, but this
process should normally not provide any more exposure than a normal logging operation.

For a normal logging operation, the source handling tool will be used to move the source
carrier from the lead shield to the probe source mount. When in the lead shield, the
radiation exposure at the sides and bottom surface is ~ 0.2 mRem/hr. At the source spacer
end it is ™~ 1 mRem/hr.

During source transfer, the thickest shielding of the source carrier is on the side of the
carrier where the source retainer screw is located. The strongest radiation field is on the
opposite side of this screw. When handling the source, try to keep the source retainer screw
up so the strong field is pointed toward the ground. This means the probe will be positioned
so that the caliper arm side of the probe is pointing up.

When the source carrier is out of the lead shield, the exposure rate at one meter is about 44
mRem/hr. Using 30 seconds to transfer the source to the probe and lower it into the
borehole to a safe distance (a meter or so), the transfer exposure rate would be 1/120 =
0.367 mRem. For one complete logging operation (2 transfers), the exposure would be
0.733 mRem. Using this rate, an operator could perform nearly 7000 logging operations per
year before exceeding the recommended maximum annual exposure of 5 Rem.
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4 Operating Procedure

Note: Parts of the topics discussed in these sections below assume that the user is familiar
with the LoggerSuite acquisition software. Refer to the corresponding operator manuals for
more details. Information about assembly and configuration of tool stacks can be found in
the same manuals.

4.1 Quick Start

[T Insure that the caliper section is properly cleaned and greased. See the
maintenance section for more information. Refer to the following section on
Radioactive Source Installation to install source(I

2.[] Connect toolstack to cablehead and lower into the borehole. Start LoggerSuite
acquisition software

3.1/ Select the relevant QL40-DEN tool from the drop down list G =)
(Figure 4-1) in the software’s Tool panel (if your tool is not ST GAO0EN =
listed check that your tool configuration file is stored in the | | O T
designated folder on your computer). o e i

| S (Gl |

4.[11n the Tool panel switch on the tool (click On button) and
verify that the power indicator shows a valid (green) level. Figure 4-1 Tool panel
The system goes through a short initialization sequence
which sets the default parameters and communication settings held in the tool
configuration file. The configuration returned by the tool is also checked during this
procedure. (Setup tool communication as explained in chapter 4.4 if error message

is displayed.)
O

5.[]Click the extend icon in the Depth panel and press Zero Tool
O

6.1 Lower the QL40-DEN to the bottom of the borehole. Open the Caliper arm
using the Settings/Commands button. Do NOT open the caliper while running
downhole, as damage to mechanical and electrical parts may result.

7.11In the Acquisition panel (Figure 4-2) select the sampling
mode (Depth Up). Click on Settings and specify the

corresponding sampling interval. Switch on the sampling s ]
(click the ON button). T N e

;
8.1 Press the Record button in the Acquisition panel (Figure 4-

2), specify a file name and start the logging. Figure 4-2 Acquisition panel

During logging observe the controls in the Telemetry panell

=[a

(Figurea-3):1] Status

Bandwidth usage: [F77 8%
e[| Status must be valid (green light); Memoy bulter.  [EETTOrETE
e[| Bandwidth usage in green range; Datsisec  Dats  Ewors
o[ 1 Memory buffer should be 0%; L B

Figure 4-3 Telemetry panel
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5 - Performance Check & Calibration 17

e[| Number of Data increases and number of Errors negligible.
9.[1To end the logging procedure press the Stop button in the Acquisition panel

10.[ Turn off the “Depth” sampling mode (click OFF button). Select the “Time” sampling
mode and turn it on (click ON button) to control the closing caliper operation

11.0In the Tool panel close the caliper arm using the Settings/Commands button
U

12.[Turn off the “Time” sampling mode and turn off the tool power
U

13.[Place the tool on the ground or a cleaning stand so that the caliper arm is up and the
radiation is exiting the source holder down towards the ground. Rinse off the source
section quickly and remove the source, following the procedure in Radioactive
Source Installation.

4.2 Tool Communication with ALT Logger

The telemetry provided through the ALTLogger is self-tuning. In case communication status
is not valid the user can manually adjust the settings. In the Telemetry panel of the

dashboard click on ] to display the Configure Tool Telemetry dialog box (Figure 4-4).
A procedure to achieve valid communication is given below:

e[ Change the Baudrate to 41666 kbps.

e[| Verify that the Downhole Pulse width knob is set on 20 (default value).(This value is
the preferred one and is suitable for a wide range of wirelines. For long wireline (over
2000m), increasing the pulse width could help to stabilize the communication. The
reverse is true for short wireline (less than 500m).

o[ ] Set the Uphole discriminators in the middle of the range for which the
communication status stays valid.

e[| Increase the Baudrate to the desired value and observe that the communication
status stays valid and the Bandwidth usage (in Telemetry panel of the dashboard) is
below the critical level.

o[ ] When Uphole discriminators are properly set, store the new configuration as default.
The tool should go through the initialisation sequence successfully the next time it is
turned on.
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Uphaole Link Downhale Link
_
Baudrate: |
|£DDD_D_D_—V | Reset to default
Diseriminatars (%] Pulse width (%) Stors as default
4 5 g 4 3 g

Status

@ Valid

Figure 4-4 Tool communication settings

4.3 Tool Communication with MATRIX

The tool telemetry can be configured through the Telemetry panel of the Matrix dashboard.

By clicking on ] , the operator has access to the Configure ALT Telemetry dialog box
(Figure 4-5) providing various controls to adjust the telemetry settings and monitor its
current status.

The Analysis View displays the current discriminator levels (vertical yellow lines) and a
histogram of the up-hole data signal. The scales of the Analysis View can be adjusted using
the Vertical Scale and Horizontal Scale knobs and the linear / logarithmic scale buttons.

The status of the configuration should be flagged as Valid (indicated by the LED being green).
In any other case (LED red) the telemetry should be adjusted (we assume a pulse signal

is displayed in the analysis view). Click on the Advanced button to display additional controls
to tune the telemetry.

The Automatic settings option is the preferred mode and should allow the telemetry to be
configured for a wide range of wirelines without operator input. For wirelines with a more
limited bandwidth, the operator might need to turn off the automatic mode and adjust the
telemetry settings manually. In general, the gain setting should not be left in the automatic
mode once a valid setting has been determined. Uncheck the box to disable automatic gain.
For each wireline configuration, the discriminators (vertical yellow lines) for the positive and
negative pulses must be adjusted in order to obtain a valid communication status (see
Figure 4-5 for an example of a suitable discriminator position). There is also the option to
alter the baudrate in order to optimize the logging speed. The input gain can be increased
(long wirelines) or decreased (short wirelines) in order to set up the discriminator levels
correctly.

www.alt.lu
www.mountsopris.com



5 - Performance Check & Calibration 19

Configur ALT Telemetry: @

Analysis Info

Vettical scale Hotizartal soale

muliply by Volt/Div

Cobfiguration
Done

Baudate [ages - Walid
hrance

Input Gain Uphole Telemaiy: Dowinhole Telemetry

X8 16 & 5y 4 55 40 90 g

Gain Megative Diser Pasitive Discr Pulse width [%)
x4 Wi el 3 3 7 30 0
2, L £ 2 2 8 el =0
H1 . 128 .9 1 1 L 8 10. J 80
0 56 o o 0 o’ i
[V Automatic ¥ Aitomatic F ¥ dutamstic

Figure 4-5[Matrix telemetry settings

Once the telemetry is correctly set, store the new settings as default. The tool should go
through the initialization sequence in “Valid” status the next time the power is turned on.

4.4 Recorded Parameters, Processors and Browsers

4.41 Recorded parameters

The following channels are recorded by the QL40-DEN tool:

RHOB Compensated Density calculated from short and long detectors -
g/cc

DRHO Compensated Density minus Long Spaced Density (RHOB-RHOLSD)
-g/cc

CAL Caliper - cm

RHOSSD Short Spaced Density - g/cc

RHOLSD Long Spaced Density - g/cc

Time Sampling Time - sec

TCPU Temperature (recorded on CPU board) - 2C

MOT Caliper Motor Status - Opening/Closing/Idle

HV High Voltage monitor

SSDCNT Short spacing Density Counts

LSDCNT Long spacing Density Counts

CALCNT Caliper Counts

SSDCPS Short spacing Density - counts per second

LSDCPS Long spacing Density - counts per second

CALCPS Caliper - counts per second
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Table 1 QL40-DEN recorded channels

4.4.2 MChNum Browser

The Figure 4-6 shows a typical example of the numerical values displayed in the MChNum
browser window during operation.

@| RIGEL - MChN... = F
Statuz
MOT €5 IDLE

[Drata

Cal cm

RHOBE gloc

DRHO alco

11.92 132 0 RIGEL

Figure 4-6 MChNum browser window

MOT Caliper Motor Status

CAL Borehole diameter (in centimeters)

RHOB Compensated Density (in g/cc)

DRHO Compensated Density minus Long Spaced Density (in g/cc)

The other parameters listed in Table 1 can be displayed in real time if required. Right click on
MChNum browser and click on “Display options” from the menu.

Select in the “Display options properties” dialog box and add the additional channels to
display.

It is possible to change the format of decimal digits displayed for a channel. Select the
channel and click on “Settings” to configure the number of digits after the period.

4.4.3 MChCurve Browser

The MChCurve browser (Figure 4-7) displays the recorded parameters by means of curves in
real time.

The user is allowed to modify the curve presentation by double clicking on the log title
(colors, column position, scale, filter, grids, etc.).
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RHOB (g/cc) 3-] QI

DRHO (g/cc)
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Figure 4-7 QL40-DEN MChCurve browser

Advanced Logic Technology
Mount Sopris Instruments



22 5-Performance Check & Calibration

OO DO Mo DO Oy o O

5 Performance Check & Calibration

5.1 Density

Good practice requires regular validation of the measurements. This is can be achieved by
comparison of tool readings and blocks of known density. Calibration of the density
measurement is not complicated, but requires two calibration standards. Nylon (Density
1.26 g/cc) and Aluminum (Density 2.60 g/cc) are optionally available from Mount Sopris
Instruments or ALT ( p/n Q40DEN-1800 and Q40DEN-1700). Follow the steps below:

1.0J Connect the QL40-DEN probe to the cable head, and power up the tool as outlined
the above operating procedure.

2.1 Grasp the tool near the probe top (to minimize radiation exposure) and place it on
the nylon density calibration block. A long table or probe stands will be needed to
allow the probe to rest horizontally in the calibration blocks with no stress on the
probe housings. Lay out the aluminum and nylon blocks so that the probe can be
easily moved between the two blocks and adjusted to rest horizontally in either
block. See below:

Figure 5-1 QL40-DEN resting on its calibration block

3.01Slide the bottom of the probe out the end of the block and place the source shield
near the end of the probe. Install the source as per the Source Installation
Procedures section.

4. Insert the probe into the calibration block with the caliper pointing straight up. Itis
not necessary to open the caliper for calibration. Make sure that the probe rests
perfectly flat in the grooved radius in the block.
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5.[1 Use the clamps to secure the probe to the calibration block. They can be adjusted
by turning the hex nuts to allow a secure lock when the handles are pressed down.
See detail in the next figure.

adjust hex nuts to hold
probe securely at both ends
of calibration block

Figure 5-2 Probe secured on the calibration block

IMPORTANT: The probe MUST be supported at the probe top end with a suitable probe
stand so that there is no stress on the probe housings and joints. This allows the density
detector section to rest completely flat in the calibration groove, and minimizes strain on
the caliper and modem sections of this probe.

6.0 Right click the Green LED o the MCHNum Browser window or right click the top pane
to display the MCHNum context menu.

7.1 Select Calibration Settings. The calibration window will pop up.
0

B ASTEROPE - MChNum [ |[T1/[X]

(=L

Size

—  Minimize

Maxinnize

¥ Close Alt+F4

v Use calibration

Calibration Settings...

Display options. ..

About MChMUr,..

Figure 5-3 MChNum — access to the calibration settings

8.0 Set the time sampling interval, and then set the sampling mode to ‘Time’. The time
digitize interval may need to be increased until the RHOSSD and RHOLSD repeat
within 1 or 2 percent. A value of 1000ms for the sampling rate and 100 samples
should be sufficient to compute the average RHOSSD & RHOLSD counts in cps. The
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number of samples can be edited by clicking on “options” in the calibration page —
refer to Figure 5-4).

On the calibration window, click on the ‘RHOSSD’ tab. Type ‘1.26’ into the
Reference edit box for the First Point. Click the Sample button for the first
calibration point and wait until the sampling is completed (sampling time will be
function of the number of samples and sampling rate defined by the user). This will
cause the natural logarithm of the counts to be entered into the first point value edit
box.

Click on the['/RHOLSD’ tab and repeat!I[For the far detector, the natural logarithm of
the far counts is entered into the edit box.

Calibration Settings “
- CAL RHOSSD

.. RHOLSD First Pairt Second Poirt

Reference |1.26 gfcc Reference |26 gfco
Value |7.5607061 cps Value |6.8435193f cps

Sample... Sample...

Channel Calibration Factors

RHOS55D(g/ec) = |-1.86841 x RHOSSD{cps) = |15.3865

Compute | Store | LUnit |

Calibration date:

[~ Show all channels Cptions... | Export