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8.9 QUALITY ASSURANCE AND SURVEILLANCE PLAN
40 CFR 146.90(k)

VANGUARD CCS HUB

Facility Information

Facility name: Vanguard CCS Hub
Vanguard I-1
Vanguard -2
Vanguard I-3
Vanguard [-4
Vanguard I-5
Vanguard [-6
Vanguard 1-8
Vanguard [-9
Vanguard I-10
Vanguard [-12

Facility contact: Marc Thomas, President & COO
600 Rockmead Drive, Suite 112
Kingwood, TX 77339
(346) 576-8215
marcthomas(@nexgencarbonsolutions.com

Well locations: Osage County, Oklahoma

Vanguard I-1: Lat 36.633288°N, Lon -96.571029°W (NAD 83)
Vanguard [-2: Lat 36.660083°N, Lon -96.534652°W (NAD 83)
Vanguard 1-3: Lat 36.664329°N, Lon -96.586951°W (NAD 83)
Vanguard [-4: Lat 36.710244°N, Lon -96.542370°W (NAD 83)
Vanguard I-5: Lat 36.744047°N, Lon -96.533843°W (NAD 83)
Vanguard [-6: Lat 36.724157°N, Lon -96.489526°W (NAD 83)
Vanguard 1-8: Lat 36.823356°N, Lon -96.620496°W (NAD 83)
Vanguard [-9: Lat 36.849167°N, Lon -96.592912°W (NAD 83)
Vanguard 1-10: Lat 36.893849°N, Lon -96.578026°W (NAD 83)
Vanguard [-12: Lat 36.785641°N, Lon -96.594085°W (NAD 83)
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TITLE AND APPROVAL SHEET

The Quality Assurance and Surveillance Plan will be finalized once the facility design is complete,
encompassing all surface and subsurface systems, instrumentation specifications, sampling and laboratory
methods, organizational roles, and document control procedures.

This QASP applies to all Vanguard CCS Hub wells: Vanguard I-1, 1-2, 1-3, 1-4, I-5, I-6, I-8, I-9, I-10, and
I-12.

By signing below, each party confirms their understanding of—and commitment to—adhering to the
procedures detailed herein.

Signature Date
Marc Thomas
President and Chief Operating Officer

Signature Date
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DISTRIBUTION LIST

The Vanguard CCS Hub (the “Project”) participants, acting as key project managers (listed below), will
receive the completed QASP and all future updates for the duration of the Project.

Marc Thomas | President and COO
NexGen Carbon Oklahoma, LLC
600 Rockmead Drive, Suite 112
Kingwood, TX 77339
marcthomas(@nexgencarbonsolutions.com
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8 TESTING AND MONITORING PLAN (CONT.)

8.11 Quality Assurance and Surveillance Plan
A. PROJECT MANAGEMENT

A.1  Project/Task Organization

A.l.a  Key Individuals and Responsibilities

NexGen Project oversight for testing and monitoring will be the responsibility of NexGen Carbon
Oklahoma, LLC’s Project Managers, with execution carried out by the broader NexGen team. Monitoring
activities are organized into five key areas:

e Groundwater well logging

e Annual mechanical integrity verification

o Continuous pressure and temperature surveillance
e Routine CO: stream composition analysis

o Time-lapse geophysical surveys

A.1.b  Independence from Project Quality Assurance Manager and Data Gathering

The Testing and Monitoring Plan data is analyzed, processed, or witnessed by independent third parties
outside the Project management structure.

A.l.c Quality Assurance Project Plan Responsibility

NexGen is responsible for maintaining and periodically distributing an official, approved Quality
Assurance (QA) Project Plan. NexGen will periodically review this QASP and will consult with the U.S.
Environmental Protection Agency (EPA) if changes to the plan are warranted.

A.l.d Organizational Chart for Key Project Personnel

The Project organizational structure is provided in Figure 8.11.1. NexGen will provide the Program
Director a contact list of individuals fulfilling these roles.

Quality Assurance and Surveillance Plan for Vanguard CCS Hub
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Figure 8.11.1—Project organization structure.

A.2  Project Definition/Background

A.2.a  Rationale and Reasoning

NexGen proposes drilling and completing ten (10) carbon sequestration injection wells (Vanguard I-1,
Vanguard [-2, Vanguard I-3, Vanguard 1-4, Vanguard I-5, Vanguard 1-6, Vanguard I-8, Vanguard I-9,
Vanguard 1-10 and Vanguard 1-12), ten (10) above-zone monitoring wells (Vanguard AZM-1, Vanguard
AZM-2, Vanguard AZM-3, Vanguard AZM-4, Vanguard AZM-5, Vanguard AZM-6, Vanguard AZM-8,
Vanguard AZM-9, Vanguard AZM-10 and Vanguard AZM-12) and seven (7) in-zone monitoring wells
(Vanguard IZM-1 through Vanguard IZM-7) for the safe sequestration of carbon dioxide at the Vanguard
CCS Hub in Osage County, OK. The monitoring, verification, and accounting (MVA) program at the
Vanguard CCS Hub is structured into three pillars: operational surveillance, verification activities, and
environmental monitoring. Operational surveillance focuses on safe injection practices, real-time
surveillance of reservoir behavior, and tracking the CO: plume’s migration. The primary parameters to be
monitored are:

e Anulus pressures in all ten (10) injection wells and all ten (10) in-zone monitoring wells. Tubing
pressures in the injection wells will also be monitored.

e Injection zone pressure monitoring within all ten (10) injection wells
o Integrity of the confining zone

e Monitoring of the lowermost underground source of drinking water (USDW)

Additional monitoring parameters include injection rate, total volume injected, injection well temperature
profiles and two-dimensional (2D) time-lapse seismic. The verification and environmental components
inform NexGen if CO» leaks through the caprock and is released into the shallow subsurface or biosphere.
At the wellbore, Pulsed Neutron Logging (PNL) as well as pressure and temperature monitoring are

Quality Assurance and Surveillance Plan for Vanguard CCS Hub
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utilized across protected groundwater intervals and the confining zone. Two dimensional (2D) seismic
will also be utilized to determine whether large amounts of CO» leakage is occurring, although this method
has a time delay.

A.2.b  Reasons for Initiating the Project

The Project’s objective is long-term, industrial-scale CO- storage in the Arbuckle Group to help lower
atmospheric CO: levels. To confirm containment, a comprehensive MVA Plan has been designed. Under
the Class VI Rule, operators must employ multiple monitoring techniques over the Project’s lifespan to
verify that:

e The injection well retains full mechanical integrity
e Fluid movement and pressure propagation remain inside the permit-defined boundaries
e There is no impact on underground sources of drinking water

Our monitoring suite includes annual mechanical integrity tests (MITs), routine injection-well
performance evaluations, groundwater surveillance, and continuous mapping of the CO: plume and
pressure front. This plan describes each measurement, the frequency and methodology for data collection,
and the quality-assurance procedures that guarantee all results are reliable for decision-making throughout
the Project.

A.3  Project/Task Description

A.3.a  Summary of Work to be Performed

Table 8.11.1 provides a summary of the testing and monitoring tasks for the Project.

Table 8.11.2 provides details of the equipment that will be installed and used for monitoring.

Table 8.11.3 shows the geophysical monitoring tools and timelines.

Figure 8.11.2 depicts the Project area and the location of the ten (10) Vanguard injection wells their

associated monitoring wells. The location and design of monitoring infrastructure is in progress and will
iteratively be added to the map.

Quality Assurance and Surveillance Plan for Vanguard CCS Hub
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Table 8.11.1—Summary of testing and monitoring.

Analytical Pre- Operation PISC Lab/
Activity Location(s) Method A Injection Period Period Custod Purpose
q Baseline (20 years) (100 years) y
o Upstream or Adequate
Carbon Dioxide  downstream of ~ CO, sampling chr om(:tzs raphy establish  Continuous N/A rLéCic:; Monitor injectate
Stream the flowmeter 9rapny  paseline
Analysis
Coriolis mass . Adequate .
Injection Rate comA:tee;sion flowmeter at the mealz:?:;qent to establish  Continuous N/A N/A Mon'\t/gm:::: and
and Volume P wellhead baseline
. Adequate e
—— . AII tgn (10) Surface Direct to establish  Continuous Ungier N/A Monitor injection
J injection wells  pressure gauge measurement baseli review pressure
Pressure aseine
. Adequate .
F—— ' AII tgn (10) Surface Direct to establish  Continuous N/A N/A Monitor annular
injection wells  pressure gauge measurement baseli pressure
Pressure aseine
Once during
All ten (10) Annulus Direct Adequa_te construction; Monitor annular
Annular L to establish - N/A N/A
injection wells pressure test measurement baseline during pressure
Pressure workovers
In-Zone . -
Monitor reservoir in
inglcl:ttiirr: Sgl)ls ten (10) injection
JA" ten (10) ’ Adequate wells; monitor above
Downhole ; Pressure/temper Direct - . . confining zone in ten
Prossure above-zone ature gauge measurement to estapllsh Continuous  Continuous N/A (10) above-zone
and all seven baseline monitoring wells and
Temperature (7) in-zone in seven ?7) in-zone
monitoring monitoring wells
wells.
Above Monitor above
Confining . . . Adequate confining
Fiber optic Direct . . . .
Pressure/Temp Zone (All ten behind casing measurement to estapllsh Continuous  Continuous N/A zone/USDWs in all
erature (10) above- baseline ten (10) above-zone
zone monitoring wells
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- Pre- Operation PISC
Activity Location(s) Method 1’.‘ enca':ztilc: é Injection Period Period C|:- sat?)ld Purpose
q Baseline (20 years) (100 years) y
monitoring
wells)
] All ten (10) Corrosion Int Qfgt,i\gnal 1 time Continuous N/A Under Monitor corrosion of
Corrosion injection wells coupons review materials
; . .A" ten (10) Logging Temperature log 1 time Annually Annually N/A Wellbore integrity
Mechanical  injection wells
Integrity
All ten (10) . Pulsed neutron . USDW saturations
USDW injection wells Logging log bl Annually Annually . for CO2 detection
Monitoring
USIT, Caliper Adequate
All ten (10) . Log, Magnetic - Every 5 Every 5 . .
Cemept injection wells Logging Flux or to estapllsh years years N/A Wellbore integrity
Evaluation equivalent baseline
All ten (10) Direct . Every 5 Wellbore integrity,
Pressure Fall  injection wells Pressure gauge o surement 1time years N/A N/A reservoir monitoring
Off Testing
Ten (10)
SOV WeNs Geochemical
i Chemical Adequate Under monitoring and CO
Near Surface  pad as the 10 Direct sample analvsis to establish Annually Annually review detectiongin utilize d2
USPW above-zone Y baseline USDW
Monitoring monitoring (s)
wells
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Table 8.11.2—Instrumentation summary. T=Temperature; P=Pressure; F=Flow.

Monitoring Instrument Monitoring
Location Type Target Data Collection Location(s) Explanation
Monitoring the operation, equipment, and permit
COz2 Facility T,P,F Surface Discharge of high-pressure pumps parameters
Tubing Monitoring operation, equipment, and permit
All seven (7) in- T, P Surface well head Annulus parameters
zone monitoring Monitoring operation, equipment, and permit
wells P Arbuckle Group At the perforations, depth TBD parameters
Tubing Monitoring operation, equipment, and permit
T,P Surface well head Annulus parameters
All ten (10) Monitoring operation, equipment, and permit
injection wells. P Arbuckle Group At the perforations, depth TBD parameters
T = Temperature gauge
P = Pressure gauge
F = Flow meter
TBD = To be determined
Table 8.11.3—Geophysical surveys.
Injection Phase
Monitoring Pre-Injection Repeat Survey PISC Repeat
Activity Well Tool or Survey Baseline Interval Survey Interval Description
2D time-lapse
seismic
Seismic AoR survey Once Once Once Monitor spatial extent of plume
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Figure 8.11.2—Map of the Project area and wells.

Quality Assurance and Surveillance Plan for Vanguard CCS Hub
NexGen Carbon Oklahoma, LLC — Project Vanguard Page 17 of 68




Plan revision number: 0
Plan revision date: 6/24/2025

A.3.b Resource and Time Constraints

NexGen does not anticipate any additional resource or time constraints for the Testing and Monitoring
Plan beyond Project funding levels and the proposed timeline outlined in Figure 8.11.3.

Figure 8.11.3—Anticipated timeframe for NexGen’ proposed CO:2 sequestration project as part of the Vanguard
CCS Hub.

A.4  Quality Objectives and Criteria

A4.a  Performance/Measurement Criteria

This QASP provides confidence that the underground storage project is operating as planned and
permitted; thus, the Project is not altering USDWs. Near-surface groundwater monitoring will be
conducted during the pre-injection, injection, and post-injection phases of the Project in aquifer(s)
identified as being the primary utilized aquifer(s) in the Project AoR. Minimum fluid analytical and field
monitoring parameters for the near-surface aquifer are listed in Table 8.11.4. Analytical parameters for
COz stream monitoring, corrosion coupon assessment, and gauge specifications are shown in Table 8.11.5
through Table 8.11.8.

Continuous CO> stream monitoring using a gas chromatograph will be monitoring for the following
components:

e Carbon Dioxide
e Nitrogen
e Oxygen

Quality Assurance and Surveillance Plan for Vanguard CCS Hub
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Table 8.11.4—Summary of analytical and field parameters for fluid samples.

Analytical Typical
Parameters Methods!" Detection Limit/Range Precisions QC Requirements
Cations: ICP-MS, 0.001 to 0.1 mg/L Daily calibration; blanks, duplicates
Al, Ba, Mn, As, Cd, Cr, Cu, Pb, EPA Method (analyte, dilution and matrix and matrix spikes at 10% or greater
Sb, Se, and Tl 6020 dependent) +15% frequency
ICP-OES, 0.005 to 0.5 mg/L Daily calibration; blanks, duplicates
Cations: EPA Method (analyte, dilution and matrix and matrix spikes at 10% or greater
Ca, Fe, K, Mg, Na, and Si 6010B dependent) +15% frequency
lon
Anions: Chromatography, 0.02 to 0.13 mg/L
Br, Cl, F, NOs3, and SO4 EPA Method (analyte, dilution and matrix Daily calibration; blanks and
300.0 dependent) +15% duplicates at 10% or greater frequency
Coulometric
titration, Duplicate measurement; standards at 10% or greater
Dissolved CO> ASTM D513-11 25 mg/L +15% frequency
Gravimetry;
Total Dissolved Solids APHA 2540C 12 mg/L +10% Balance calibration, duplicate analysis
Alkalinity APHA 2320B 4 mg/L +3 mg/L Duplicate analysis
+0.2 pH User calibration per manufacturer
pH (field) EPA 150.3 2 to 12 pH units unit recommendation
+1% of User calibration per manufacturer
Specific conductance (field) APHA 2510 0 to 200 mS/cm reading recommendation
Temperature (field) Thermocouple -5t0 50°C +0.2°C Factory calibration

Note 1: Once the laboratory is confirmed all analytical methods will meet or exceed the above, and an equivalent method may be employed with the prior approval of the UIC

Program Director.
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Table 8.11.5—Summary of analytical methods for characterizing the CO2 stream (if lab-tested).

Analytical Detection
Parameters Methods(" Limit/Range Typical Precisions QC Requirements
daily standard within 10% of
ISBT 4.0 1 ul/L to 5,000 uL/L calibration, secondary standard
Oxygen (GC/DID) (ppm by volume) +10% of reading after calibration
5 - 10% relative
across the range, RT daily standard, duplicate analysis
Oxygen GC/TCD 0.1% to 100%~— +0.1 min within 10% of duplicate sample
daily standard within 10% of
ISBT 4.0 1 ulL/L to 5,000 uL/L calibration, secondary standard
Nitrogen GC/DID (ppm by volume) +10% of reading after calibration
5 - 10% relative
across the range, RT daily standard, duplicate analysis,
Nitrogen GC/TCD 0.1% to 100%— +0.1 min within 10% of duplicate sample
ISBT 5.0 5 ul/L to 100 uL/L
Carbon Monoxide Colorimetric (ppm by volume) +20% of reading duplicate analysis
daily standard within 10% of
ISBT 4.0 1 uL/L to 5,000 uL/L calibration, secondary standard
Carbon Monoxide (GC/DID) (ppm by volume) +10% of reading after calibration
ISBT 7.0 0.2 uL/L to 5 ul/L
Oxides of Nitrogen Colorimetric (ppm by volume) +20% of reading duplicate analysis
5-10% of reading daily blank, daily standard within
ISBT 10.0 1 ul/L to 10,000 uL/L relative across the 10% of calibration, secondary
Total Hydrocarbons THA (FID) (ppm by volume) range standard after calibration
0.1 ul/L to 1,000 uL/L 5-10% of reading daily blank, daily standard within
ISBT 10.1 (ppm by volume)- relative across the 10% of calibration, secondary
Methane (GC/FID) dilution dependent range standard after calibration
0.1 ul/L to 100 uL/L 5-10% of reading daily blank, daily standard within
ISBT 11.0 (ppm by volume)- relative across the 10% of calibration, secondary
Acetaldehyde (GC/FID) dilution dependent range standard after calibration
0.01 uL/L to 50 uL/L 5-10% of reading daily blank, daily standard within
ISBT 14.0 (ppm by volume)- relative across the 10% of calibration, secondary
Sulfur Dioxide (GC/SCD) dilution dependent- range standard after calibration
0.01 uL/L to 50 uL/L 5-10% of reading daily blank, daily standard within
ISBT 14.0 (ppm by volume)- relative across the 10% of calibration, secondary
Hydrogen Sulfide (GC/SCD) dilution dependent range standard after calibration
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Analytical Detection
Parameters Methods(" Limit/Range Typical Precisions QC Requirements
0.1 uL/L to 100 uL/L 5-10% of reading daily blank, daily standard within
ISBT 11.0 (ppm by volume)- relative across the 10% of calibration, secondary
Ethanol (GC/FID) dilution dependent range standard after calibration
ISBT 2.0
Caustic
absorption
Zahm-
CO2 Purity Nagel 99.00% to 99.99% +10% of reading
ALl method 1 ppm for each target
SAM 4.1 analyte (analyte
subtraction dependent-) - refer to
method Oxygen and Nitrogen  5-10% relative across duplicate analysis within 10% of
CO2 Purity (GC/DID) analysis the range each other

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.

Table 8.11.6—Summary of analytical parameters for corrosion coupons.

Analytical Detection Typical
Parameters Methods" Limit/Range Precisions QC Requirements
NACE RP0775-
Mass 2005 0.005 mg +2% Annual Calibration of Measurement Scale (3 Party / Vendor)
NACE RP0O775-
Thickness 2005 0.001 mm +0.005 mm Factory calibration

Note 1: Once the laboratory is confirmed all analytical methods will meet or exceed the above, and an equivalent method may be employed with the prior approval of the UIC
Program Director
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Table 8.11.7—Summary of measurement parameters for field gauges.

Typical
Parameters Methods!" Detection Limit/Range Precisions QC Requirements
Annular Calibration of Instrumentation.
Booster pump discharge (booster pump to injection tubing
pressure ANSI Z540-1-1994 +0.001 psi / 0-3,000 psi +0.01 psi pressure (3 party)
Annular Calibration of Instrumentation.
Injection tubing (booster pump to injection tubing
temperature ANSI Z540-1-1994 +0.001°F / 0-500°F +0.01°F pressure (3" party)
Annular Calibration of Instrumentation.
(booster pump to injection tubing
Annulus pressure ANSI Z540-1-1994 +0.001 psi / 0-3,000 psi +0.01 psi pressure (3" party)
Injection tubing pressure ANSI Z540-1-1994 +0.001 psi / 0-3,000 psi +0.01 psi within 10% of duplicate sample
+0.1% of rate /
Injection mass flow rate Under review 50,522-303,133 Ibm/hr +0.01 Ibm/hr Annual Calibration of Scale (3" party)

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.
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Table 8.11.8—Actionable testing and monitoring outputs.

Activity or Parameter Project Action Limit Detection Limit Anticipated Reading
o . Action will be taken when there is a
Exterrztaelr: e:rr:s::a:lom)t egrity significant anomaly in the temperature Under review Under review
P g profile
Internal mechanical integrity Action will be taken when internal wellbore
(magnetic flux leakage log, multi-arm integrity shows significant signs of Under review Under review
caliper, USIT or equivalent) degradation

Action will be taken when pressures are

Surface and downhole pressure outside modeled/expected range Under review Under review
MIT—Pulse neutron logging Acthn taken V(hgn I?NL |nd|c_ates CO2 +0.5 SIGM TBD basegl on pretlnjectlon
outside of pre-injection baseline range baseline readings
Dependent on fluid
2D seismic Detect CO2 outside the AoR satyratuon, . CO2 plume migration similar
formation velocity to modeled outcome
and density
Above-confining-zone pressure Action will be taken when pressures are Under review Under review

outside modeled/expected range
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A.4.b Precision

Fluid sample data precision will be assessed by the collection and analysis of field blanks to test sampling
procedures and matrix spikes to test lab procedures. Field blanks will be taken no less than once per
sampling event to spot-check for sample bottle contamination. Laboratory assessment of analytical
precision will be the responsibility of the individual laboratories per their standard operating procedures.

A4.c Bias

Laboratory assessment of analytical bias will be the responsibility of the individual laboratories per their
standard operating procedures and analytical methodologies. For direct pressure or logging measurements,
there is no bias.

A.4.d  Representativeness

For fluid sampling, data representativeness expresses the degree to which data accurately and precisely
represents a characteristic of a population, parameter variations at a sampling point, a process condition,
or an environmental condition. A sampling network was designed to provide data representative of site
conditions. For analytical results of individual groundwater samples, representativeness will be estimated
by ion and mass balances. Ion balances with +10% error or less will be considered valid. Mass balance
assessment will be used in cases where the ion balance is greater than £10% to help determine the source
of error. For a sample and its duplicate, if the relative percent difference is greater than 10%, the sample
may be considered non-representative.

AA4.e Completeness

For fluid sampling, data completeness is a measure of the amount of valid data obtained from a
measurement system compared to the amount that was expected to be obtained under normal conditions.
It is anticipated that data completeness of 90% for fluid sampling will be acceptable to meet monitoring
goals. For direct pressure and temperature measurements, it is expected that data will be recorded no less
than 90% of the time.

AA.f Comparability

Data comparability expresses the confidence with which one data set can be compared to another. The
data sets to be generated by this Project will be very comparable to future data sets because of the use of
standard methods and the level of quality assurance/quality control (QA/QC) effort. Direct pressure,
temperature, and logging measurements will be directly comparable to previously obtained data.

A.4.g  Method Sensitivity

Table 8.11.9 through Table 8.11.15 provide additional details on gauge and surveillance logging
specifications and sensitivities.
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Table 8.11.9—Pressure and temperature—downhole gauge specifications.

Parameter Value
Calibrated working pressure range 0-10,000 psia
Initial pressure accuracy +0.02%
Pressure resolution 0.01 psi or better
Pressure drift stability Under review
Calibrated working temperature range 25-125°C
Initial temperature accuracy 0.5°C
Temperature resolution 0.005°C
Temperature drift stability Under review
Max temperature 200°C
Instrument calibration frequency Under review

psi = Pounds per square inch
psia= Pounds per square inch (ambient)

Table 8.11.10—Representative surveillance logging tool specifications.

Parameter Value
Logging speed 1,800 ft/hr
Vertical resolution 2.5 feet
Investigation 6 in.
Temperature rating < 300°F
Pressure rating < 15,000 psi

ft/hr = Feet per hour
psi = Pounds per square inch

Table 8.11.11—Pressure field gauge specifications.

Parameter Value
Calibrated working pressure range 0-3,000 psi
Initial pressure accuracy Under review
Pressure resolution 0.001 psi and 0.00001 mA
Pressure drift stability Under review
mA = Milliamp

psi = Pounds per square inch

Table 8.11.12—Pressure field gauge—injection tubing pressure.

Parameter Value
Calibrated working pressure range 0-3,000 psi
Initial pressure accuracy Under review
Pressure resolution 0.001 psi and 0.00001 mA
Pressure drift stability Under review

mA = Milliamp
psi = Pounds per square inch

Table 8.11.13—Pressure field gauge—annulus pressure.

Parameter Value
Calibrated working pressure range 0-3,000 psi
Initial pressure accuracy Under review
Pressure resolution 0.001 psi and 0.00001 mA
Pressure drift stability Under review

mA = Milliamp
psi = Pounds per square inch
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Table 8.11.14—Temperature field gauge—injection tubing temperature.

Parameter Value
Calibrated working temperature range 0-500°F
Initial temperature accuracy Under review
Temperature resolution 0.001°F and 0.0001 mA
Temperature drift stability Under review

mA = Milliamp

Table 8.11.15—Mass flow rate field gauge—CO2 mass flow rate.

Parameter Value
Calibrated working flow rate range Under review
Initial mass flow rate accuracy Under review
Mass flow rate resolution Under review
Mass flow rate drift stability Under review

A5  Specialized Training and Certifications

A.5.a  Specialized Training and Certifications

The qualified service-company personnel will handle all geophysical surveys and wireline logging
operations, adhering to the equipment manufacturer’s and industry best-practice guidelines. Collected data
will undergo processing and interpretation in line with established standards. Groundwater sampling will
be performed by staff trained in the project’s specific sampling protocols; no additional certifications are
required. Upon request, NexGen will furnish the regulator with the laboratories’ standard operating
procedures (SOPs) for each analytical parameter. Laboratory technicians will receive training on the
relevant SOPs, and their training records will be submitted as part of the semiannual compliance report.

A.5.Db Training Provider and Responsibility

Training for personnel will be provided by the operator or by the subcontractor responsible for the data
collection activity.

A.6 Documentation and Records

A.6.a  Report Format and Package Information

A semi-annual report from NexGen to EPA will contain all required Project data, including testing and
monitoring information as specified by the UIC Class VI Permit. Data will be provided in electronic or
another format as required by the UIC Program Director.

A.6.b Other Project Documents, Records, and Electronic Files

Other documents, records, and electronic files such as well logs, test results, or other data will be provided
as required by the UIC Program Director.

A.6.c Data Storage and Duration

NexGen or a designated contractor will maintain the required Project data as provided elsewhere in the
permit.
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A.6.d Quality Assurance and Surveillance Plan Distribution Responsibility

The NexGen Director of CO2 Storage operations will be responsible for ensuring that all those on the
distribution list will receive the most current copy of the approved QASP.

B. DATA GENERATION AND ACQUISITION

This section focuses on fluid sampling and does not address monitoring methods that do not gather
physical samples (e.g., logging, seismic monitoring, and pressure/temperature monitoring).

During the pre-injection and injection phases, fluid sampling in the primary utilized near-surface USDW
is planned to include an extensive set of chemical parameters to establish aqueous geochemical reference
data. Parameters will include selected constituents that:

e Are the most responsive to interaction with CO;z or brine
e Are needed for QC
e May be needed for geochemical modeling

The minimum set of parameters is provided in Table 8.11.4. After a sufficient baseline is established, the
monitoring scope may shift to a subset of indicator parameters that are:

e The most responsive to interaction with CO> or brine
e Are needed for QC

Implementation of a reduced set of parameters would be performed in consultation with the EPA. All
samples will be analyzed by a third-party laboratory. Dissolved CO> will be analyzed by methods
consistent with Test Method B of ASTM D 513-06, Standard Test Methods for Total and Dissolved Carbon
Dioxide in Water or equivalent.

B.1  SAMPLING PROCESS DESIGN
B.l.a Design Strategy

B.l.a.i. CO; Stream Monitoring Strategy

The COz injection stream will be analyzed with sufficient frequency to yield data representative of its
chemical and physical characteristics. The objective of this analysis is to evaluate the potential interactions
of CO; and other constituents of the injectate with formation solids, fluids, or any components of the
injection system. Testing will be conducted using gas chromatography analysis. This analysis will also
test for constituents that include sulfur dioxide, hydrogen sulfide, nitrogen oxides, hydrocarbons, carbon
monoxide, methane, water vapor, nitrogen, oxygen, mercury, and arsenic. The gas chromatography
equipment will meet American Society for Testing and Materials (ASTM) testing standards.

B.1.a.ii. Corrosion Monitoring Strategy

A corrosion coupon system will be installed, and the coupons will be deployed upstream of the wellhead
through which the injection stream passes. This monitoring method will detect any possible metal loss due
to the chemical or electrochemical reactions that may result in loss of mass or thickness or pitting of
injection well components. The coupons will be prepared, analyzed, installed, and QA/QC protocols will
be implemented using the National Association of Corrosion Engineers (NACE) Standard Recommended
Practice (RP)-0775 and ASTM Standards G1 and G4.
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B.1.a.iii. Groundwater Monitoring Strategy

NexGen will use pulsed neutron (PNL) and temperature logging at Vanguard I-1 to Vanguard I-12 and
temperature (fiber optic DTS) monitoring at Vanguard M-1 to Vanguard M-7 for early leakage detection
in the USDWs above the Lower Mississippian Lime and Woodford Formation confining zones. Baseline
pulsed neutron and temperature logs will be run to accurately characterize baseline or pre-injection
conditions of the injection zone, confining zones, and all permeable zones above the confining zone in
subsequent surveillance logging. With the planned monitoring frequencies, it is expected that baseline
conditions can be documented, natural variability in conditions can be characterized, unintended brine or
CO; leakage could be detected should it occur, and sufficient data will be collected to demonstrate that
the effects of CO» injections are limited to the intended storage reservoir. Groundwater sampling and
analysis from near-surface ground water monitoring well(s) will take place during baseline, injection and
post-injection on an annual basis. To augment PNL and temperature logs, 2D seismic will provide
indication of extent of plume(s) over the AoR.

B.1l.a.iv. Soil Sampling Strategy

NexGen does not have plans to monitor the soil within the area of review (AoR). If deemed necessary in
the future by the UIC Program Director, NexGen will develop a Soil Monitoring Plan that will include
sampling plans and station locations.

B.1.b Type and Number of Samples/Test Runs
Sampling activities are detailed in Table 8.11.1.
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B.l.c Site/Sampling Locations

Table 8.11.16—Site sampling locations.

Well Name Latitude* Longitude* PLSS
Vanguard [-1 36.633288 -96.571029 20-T25N-R7E
Vanguard [-2 36.660083 -96.534652 10-T25N-R7E
Vanguard -3 36.664329 -96.586951 7-T25N-R7E
Vanguard |-4 36.710244 -96.542370 22-T26N-R7E
Vanguard |-5 36.744047 -96.533843 10-T26N-R7E
Vanguard |-6 36.724157 -96.489526 18-T26N-R8E
Vanguard -8 36.823356 -96.620496 14-T27N-R6E
Vanguard |-9 36.849167 -96.592912 6-T27N-R7E
Vanguard [-10 36.893849 -96.578026 20-T28N-R7E
Vanguard [-12 36.785641 -96.594085 25-T27N-R6E

Vanguard IZM-1 36.608527 -96.593760 30-T25N-R7E
Vanguard IZM-2 36.690345 -96.407091 35-T26N-R8E
Vanguard 1ZM-3 36.693141 -96.605618 36-T26N-R6E
Vanguard IZM-4 36.767924 -96.486755 6-T26N-R8E
Vanguard IZM-5 36.817858 -96.660029 16-T27N-R6E
Vanguard IZM-6 36.858637 -96.548578 33-T28N-R7E

36.926076 -96.548619 9-T28N-R7E

Vanguard IZM-7

* NAD83

B.1.d  Sampling Site Contingency

No problems of site accessibility are expected within the Project area. If inclement weather makes site
access difficult, sampling schedules will be reviewed, and alternative dates may be selected that would

still meet permit-related conditions.

B.l.e  Activity Schedule

Sampling activities and frequency are detailed in Table 8.11.1.

B.1.f  Critical/Informational Data

Detailed field and laboratory documentation will be taken during field sampling and analytical efforts.
Documentation will be recorded in field and laboratory forms and notebooks. Critical information will
include time and date of activity, person/s performing activity, location of activity (wellfield sampling) or
mstrument (lab analysis), field or laboratory instrument calibration data, field parameter values. For
laboratory analyses, much of the critical data are generated during the analysis and provided to end users
in digital and printed formats. Non-critical data may include appearance and odor of the sample, problems
with well or sampling equipment, and weather conditions.

B.1.g  Sources of Variability
Potential sources of variability related to monitoring activities include:

e Natural variation in fluid quality, formation pressure and temperature, and seismic activity
e Vanation in fluid quality, formation pressure and temperature, and seismic activity due to Project
operations
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Changes in instrument calibration during sampling or analytical activity
Different staff collecting or analyzing samples

Differences in environmental conditions during field sampling activities
Changes 1n analytical data quality during life of Project

Data entry errors related to maintaining Project database

Activities to eliminate, reduce, or reconcile variability related to monitoring activities include:

B.2

B2.a

Collecting long-term baseline data to observe and document natural variation in monitoring
parameters

Evaluating data in timely manner after collection to observe anomalies in data that can be
addressed be resampled or reanalyzed

Conducting statistical analysis of monitoring data to determine whether variability in a data set is
the result of Project activities or natural variation

Maintaining weather related data using on-site weather monitoring data or data collected near
Project site (such as from local airports)

Checking instrument calibration before, during and after sampling or sample analysis
Thoroughly training staff,

Conducting laboratory QA checks using third party reference materials, and/or blind and/or
replicate sample checks

Developing a systematic review process of data that can include sample-specific data quality
checks (i.e., cation/anion balance for aqueous samples).

Sampling Methods

Sampling Standard Operation Procedures

Laboratory SOPs have been developed by the service provider. All procedures for sampling shall be
consistent with the U.S. Environmental Protection Agency (EPA) Groundwater Sampling Guidelines for
Superfund and RCRA Project Managers (May 2002). Table 8.11.17 summarizes stabilization criteria
during well purging.

Table 8.11.17—Stabilization criteria of water quality parameters during fluid purging.

Field Parameter Stabilization Criteria
pH +0.2 units of measure
Temperature +1°C
Specific Conductance TBD
+10% of reading or 0.3 mg/L whichever is
Dissolved greater
B.2.b  In-situ Monitoring

NexGen does not plan to perform in-situ monitoring of groundwater chemistry.

B2.c

Continuous Monitoring

NexGen will collect periodic pressure data (e.g., hourly to daily) from the injection wells and in-zone
monitoring wells.
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B.2.d  Sample Homogenization, Composition, Filtration

To obtain a representative sample, each well will be purged at a flow rate between 10 and 50 gallons per
minute (gpm). Samples will be collected within 24 hours of the well being purged. If a monitoring well
does not supply adequate water for sampling, the condition of the well will be investigated, and it may be
considered for replacement.

To ensure the collection of a representative sample, a series of water quality indicator measurements will
be collected using a water quality meter prior to collecting an aliquot(s) for the analytical laboratory
sample. Purging will continue until three successive measurements of the indicator parameters meet the
stabilization criteria per Table 8.9.17.

Following indicator parameter stabilization, fluid samples collected for laboratory analysis will be
obtained via direct capture of liquid from the sample port into clean, unused laboratory analytical method-
specific containers.

Bl.e Sample Containers and Volumes

Sample collection devices for groundwater fluids will be carefully chosen to minimize the potential for
altering the quality of the sample. Teflon and stainless steel are preferred materials, although polyvinyl
chloride (PVC), high-density polyethylene (HDPE), and other similar materials are considered sufficient
in some cases

Stream monitoring samples for CO> will be collected in a clean sample container rated for the appropriate
collection pressure (i.e., mini cylinders or polybags provided by Airborne Labs International Inc. or a
similar lab).

Assay for CO; Quarterly Gas Analysis:

e (COy Purity (v/v, [GC])
Oxygen (O2, ppm, V/v)
Nitrogen (N2, ppm, v/v)
Carbon Monoxide (CO, ppm, v/v)
Oxides of Nitrogen (NOx, ppm, v/v)
Total Hydrocarbons (THC, ppm, v/v as CH4)
Methane (CH4, ppm, v/v)
Acetaldehyde (AA, ppm, v/v)
Sulfur Dioxide (SO, ppm, v/v)
Hydrogen Sulfide (H2S ppm, v/v)
Ethanol (ppm, v/v)

For fluid samples, all sample bottles will be new. Sample bottles and bags for analytes will be used as
received (i.e. ready for use) from the vendor or contract analytical laboratory for the analyte of interest. A
summary of sample containers is presented in Table 8.11.18.

Quality Assurance and Surveillance Plan for Vanguard CCS Hub
NexGen Carbon Oklahoma, LLC — Project Vanguard Page 31 of 68



Plan revision number: 0
Plan revision date: 6/24/2025

Table 8.11.18—Summary of sample containers, preservation treatments, and holding times for groundwater
samples.

Volume/Container Preservation Sample
e Material Technique Holding Time
Cations: Ca, Fe, K, Mg, Na, Si, Al, Ba, Filtered, nitric
Mn, As, Cd, Cr, Cu, Pb, Sb Se, Tl 250 mUHDPE acid, cool 4°C 60 days
Dissolved CO2 2 x 60 mI/HDPE Filtered, cool 4°C 14 days
Dissolved CO2 60 mI/HDPE Filtered, cool 4°C 14 days

Alkalinity, Anions (Br, Cl, F, NO3, SOu) 500 mI/HDPE Filtered, cool 4°C 45 days

Field Confirmation: Temperature,

Dissolved Oxygen, Specific 200 ml/glass jar None <1 hour
Conductance, pH
Field Confirmation: Density 60 mI/HDPE Filtered <1 hour
HDPE = High density polyethylene
mL = Milliliter

B.2.f  Sample Preservation
Table 8.11.18 provides sample preservation techniques for collected fluid samples.
Sample preservation is not required or used for the CO, gas stream. Additional details of sampling

requirements are shown in Table 8.11.19. Corrosion coupon sampling only requires that the coupons be
physically separated (e.g., sleeves, baggies) during transportation to prevent physical abrasion.

Table 8.11.19—Summary of sample containers, preservation treatments, and holding times for CO2 gas stream
analysis.

Target Parameters Volume/Container Preservation Technique Sample Holding
Material Time (max)
(2) 2L MLB Polybags
CO2 gas stream (1) 75 cc Mini Cylinder Sample Storage Cabinets 5 business days

B2g Cleaning/Decontamination of Sampling Equipment

Equipment used for sampling and other activities associated with on-site work will be decontaminated
before and after performance of a given activity. Decontamination procedures will vary depending on the
material being decontaminated and manufacturer recommendations. At a minimum, decontamination will
include external cleaning using a non-phosphate detergent, followed by a minimum of three rinse cycles
using deionized water. All reusable field glassware will be cleaned with tap water to remove any loose
dirt, washed in a diluted nitric acid solution, and rinsed three times with deionized water before use.
Disposable items will be disposed of as solid waste in an approved, permitted client facility.

CO; gas stream sampling containers will be either disposed of or decontaminated by the analytical lab.

No sampling equipment will be utilized with the corrosion coupons or annual field gauge calibrations.

B.2.h  Support Facilities

The following instruments are required to collect fluid samples: air compressor, vacuum pump, generator,
multi-electrode water quality sonde, analytical meters (e.g., pH, specific conductance). Field activities are
usually completed in field vehicles and portable laboratory trailers located on site.
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Sampling tubing, connectors and valves required to sample the CO» gas stream. These will be supplied by
the analytical lab providing the sampling containers. Sampling will occur within the existing CO>
compression building.

Similarly, corrosion coupons will be removed from the CO: injection line within the existing CO>
compression building.

Field gauges will be removed from the injection and monitoring wells utilizing existing standard industry
tools and equipment. Deployment and retrieval of well gauges will be performed using procedures and
equipment recommended by the vendor, subcontractor, or is standard per industry practice.

B.2.i Corrective Action, Personnel, and Documentation

The sampling and analysis service providers will be responsible for testing instruments and equipment
and preforming corrective action on defective equipment. Corrective action taken on equipment will be
documented.

B.3 Sample Handling and Custody

Sample holding times (Table 8.11.18 and Table 8.11.19) are consistent with those described in US EPA
(1974), American Public Health Association (APHA, 2005), Wood (1976), and ASTM Method D6517-
00 (2005). After collection, samples will be placed in ice chests in the field and maintained thereafter at
approximately 4 degrees Celsius (°C) until analysis. The samples will be maintained at their preservation
temperature and sent to the designated laboratory within 24 hours. Analysis of the samples will be
completed within the holding time listed in (Table 8.11.18 and Table 8.11.19). As appropriate, alternative
sample containers and preservation techniques approved by the Program Director will be used to meet
analytical requirements.

B.3.a  Maximum Hold Time/Time Before Retrieval
Refer to Table 8.11.18 and Table 8.11.19 for sample holding times.

B.3.b  Sample Transportation

The samples will be maintained at their preservation temperature and sent to the designated laboratory
within 24 hours. During transportation, precautions will be implemented to ensure that sample integrity is
not affected by extreme temperatures and/or excessive vibration.

Upon arrival at the service provider, the samples will be reviewed to ensure the following:

e The sample arrived intact without container leakage or breakage.
e Chain of custody documentation and sample labels agree
e Confirmation that the sample was preserved correctly.

B.3.c Sample Documentation

Field notes will be recorded on all Lyons fluid sample collections. These notes will be retained and
archived as reference. The sample documentation is the responsibility of fluid sampling personnel.

An analysis authorization form shall be provided with each CO, gas stream sample provided for analysis
as shown by the example in Figure 8.11.4.
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FL240817)

CO, Analysis Authorization Form @ Ulrborne Labs International
This form MUST be complefed & returned wih your sample shipment, Analyticaltesting cannol be performed unless this form is complefed and returned. :
1. REPORT RESULTS TO: "Pieass attach complsts billing addrass if differant from reporting addrass

COMPANY:
ETT =] Siate & Zp Code Coumiry
ADDRESS:
CONTACT(S):
EMAIL ADDRESS(ES):
P.O.#: INVOICE # OR QUOTE #:
TELEPHONE: creomcaro Tvee:| Credit Card Type
SAMPLED ON (MM/DD/YY): €C #/EXPIRATION DATE:

2. SAMPLE IDENTIFICATION:
INDICATE HOW YOUR SAMPLE SHOULD BE IDENTIFIED & ATTACH A LOG FOR|
MULTIPLE SAMPLES:|

# OF SAMPLES TAKEN:

CONTAINER TYPES| GAS SAMPLING BAG(S) M\N\CVL(S)I
Please checi all irat apply HI PRESSURE CYLINDER STD ALI NO-HAZ SAMPLING KIT
3. SAMPLE DESCRIPTION:

NYR CAN(S)|

r TR PIERCE DEEE oE

FINAL PRODUCT] RIS\ APORIZED LIQUID CO; - LIQUID GO, - \VAPOR OVER LIQUID) - R -
IN-PROCESS
FEED GAS| IDENTIFY SOURCE: EERHEHTATIEN SoHPUSTN

AWMONIA

OTHERY

4. PURITY GRADE TYPE:
Please check what type of purity grade is|
needed!

5. POTENTIAL HAZARDS:

Please specify any hazards: STDCO;, HANCLING PRECAUTIONS| | oTHER PRECAUTIONSY] [

6. ANALYTICAL PROGRAM OR INDIVIDUAL TEST(S) REQUESTED:

STANDARD CONTRACTUAL PGM STANDARD FEED GAS PGM FOUNTAIN STANDARD PGM
Plicise SHéck Gina dealis AL AGEERHoGRA [SET PROGRAM ADVANCED FEED GAS PGM FOUNTAIN CRITICAL PGM
or select tests that are required (if] ISET PROGRAM WITH H2O| HARPC| GHG PGM
applicable) STANDARD COCA-COLA PGM STD FOOD GRADE| MEDICAL GRADE|
STANDARD PEPSI PGM DRY ICE PGM[ OTHER*E_
FIFOTHER —Please select ALL Individual Tests Required: [ % CO- Purity  [JNOn-Condensable Gases = (H-M-AMO-CH-C0r [ Owgen [J00 [JTHC [JTHWMHC [JR Scan Vel Oxygenates (VOXI [Jchlonde [V [Sloxanes L Specific Gravity
[Xsenzene  [InHs  [JHCN [J6CMS Scan [CJHeavy Metals ]Vl Halogenated Hycrocarbons Ovelom  Oeus OQuo. Ono Omo: [icroscopic Bxam Dpensity Oacid Gases
ot sunr Ows Oso:  Dacetakienyde s Cvel sutfurs [ Volatile Hydrocarhons (C-C ) Oerex Ove OcHe Ocos DOvien Cnvemivor oilio DRadon iRn222y  Clwater Vapor

7. SAMPLE DISPOSITION: *Samples will be saved for 3 business days aftar report

DISPOSE RETAIN FOR SFECIFéEg 'ggi “PLERaE IDCAT= - 32 PERIOD:
Please indicate what you'd like AL! to do

CLEAN & RETURN CUSTOMER OWNED KIT OTHER‘“I |"‘*':““““"

with your sample after testing
AT BFEGTIE ETRICTONE

RETURN REMAINING SAMPLE™
8. SERVICE DESIRED: *Addiional fees wi nan-standard fest scheduling, You MUST contact ALI o confirm any expedited s checking below, you agree that respective fees isted will be applied to the lotal cost of your program.
indi i 3-5 WORKDAYS (STANDARD) SAME DAY® (Al 325% PI-375%) [0 nen e sk
Please indicate how quickly you would liks T WORKDAYS® (2055
your test results reported [k ) EMERGENCY / OTHER:
¥ b 1 WORKDAY* (275%) WEEKEND®(400% ) | HOLIDAY* (800%)

Figure 8.11.4—Example of CO2 gas stream analysis authorization form.!

B.3.d  Sample Identification

Samples will be identified with the sampling location, date, sample identification, sampler, and sample
type.

B.3.e Sample Chain-of-Custody

An analysis authorization form for CO, stream analyses will accompany the samples to the lab at which
point a chain-of-custody accompanies the sample through their processes.

NexGen will provide the program administrator with a sample chain-of-custody once the third-party
contractor is selected. An example chain-of-custody form is provided in Figure 8.11.5. Copies of the form
will be provided to the person/lab receiving the samples as well as the person/lab transferring the samples.
These forms will be retained and archived to allow simplified tracking of sample status. The chain-of-
custody form and record keeping is the responsibility of fluid sampling personnel.

! www.airbornelabs.com/images/editor/files/co2-analysis-authorization-form.pdf
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Figure 8.11.5—Example chain of custody form.?

2 https://www?3.epa.gov/ttnamtil/files/ambient/pm25/qa/vol2sec08.pdf
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B.4  Analytical Methods

B.4.a  Analytical Standard Operational Procedures (SOP)

See Table 8.11.4 and Table 8.11.5 for details on Analytical SOPs. The selected laboratory will use
standard EPA laboratory analytical methods to quantify the concentration of anions, cations, dissolved
COa, total dissolved solids (TDS), water density, alkalinity, pH, specific conductive, and temperature.
Laboratory QC procedures are inherent to the analysis methodology. The laboratory is responsible for
documenting and maintaining compliance with these measures in accordance with industry standards and
state licensing. If other water quality objectives are required, NexGen will coordinate with the designated
analytical laboratory prior to the sample event to evaluate the appropriate laboratory procedures and
sample equipment necessary to fulfill the Project objectives.

B.4.b  Equipment/Instrumentation Needed

Equipment and instrumentation is specified in the individual analytical methods referenced in Table
8.11.4 and Table 8.11.5.

B.4.c  Method Performance Criteria

Non-standard method performance criteria are not anticipated for this Project.

B.4.d  Analytical Failure

Each laboratory conducting analyses in Table 8.11.4 and Table 8.11.5 will be responsible for
appropriately addressing analytical failure according to their individual SOPs.

B.A4.e Sample Disposal

Each laboratory conducting analyses will be responsible for appropriate sample disposal according to their
individual SOPs.

B.4.f  Laboratory Turnaround

NexGen will request analytics turn-around times to meet all permitted reporting requirements with the
understanding that laboratory turnaround will vary by laboratory, but generally turnaround of verified
analytical results within 1 month will be suitable for Project needs.

B.4.g  Method Validation for Non-Standard Methods

Non-standard methods are not anticipated for this Project. Should non-standard methods be required or
proposed in the future, the injection program administrator will be consulted on additional appropriate
actions to be taken.

B.5  Quality Control
B.5.a Quality Control Activities

B.5.a.1. Field Blanks

For fluid sampling, a field blank will be collected and analyzed for the inorganic analytes in Table 8.11.4
and Table 8.11.5.
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at a frequency of 10% or greater. Field blanks will be exposed to the same field and transport conditions
as the groundwater samples. The field blanks will be utilized for deep groundwater sampling and analyzed
for the inorganic analytes at a frequency of 10% or greater in Table 8.11.4 and Table 8.11.5. Field blanks
will be used to detect contamination resulting from the collection and transportation process.

B.5.a.ii. Duplicates

Duplicate fluid samples will be collected in separate containers from the primary samples and processed
separately. Duplicate samples will be used to assess sample heterogeneity and analytical precision.
Duplicate samples will be collected at a frequency of one duplicate per 20 sample sets per sampling event.

B.5.b  Exceeding Control Limits

If the sample analytical results exceed control limits (i.e., ion balances > £10%), further examination of
the analytical results will be achieved by evaluating the ratio of the measured TDS to the calculated TDS
(i.e., mass balance) per APHA. The method indicates which ion analyses should be considered suspect
based on the mass balance ratio. Suspect ion analyses will be reviewed in the context of historical data
and interlaboratory results, if available. Suspect ion analyses will be brought to the attention of the
analytical laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the
error is still not resolved, suspect data are identified and may be given less importance in data
interpretation.

B5.c Calculating Applicable Quality Control Statistics

B.5.c.i. Charge Balance

The analytical results will be evaluated to determine correctness of analyses based on anion-cation charge
balance calculation. Because all potable waters are electrically neutral, the chemical analyses should yield
equally negative and positive ionic activity. The anion-cation charge balance will be calculated using the
formula in Equation 8.11.1:

Equation 8.11.1—Formula for anion-cation charge balance.

antions - z:anions

% difference = 100 X

z:cations + z:anions

Where the sums of the ions are represented in milliequivalents (meq) per liter and the criteria for acceptable
charge balance is +10%.
B.5.c.ii. Mass Balance

The ratio of the measured TDS to the calculated TDS will be calculated in instances where the charge
balance acceptance criteria are exceeded using the formula shown in Equation 8.11.2.
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Equation 8.11.2—Ratio of measured vs. calculated TDS.

measured TDS
1.0<

' calculated TDS <12

where the anticipated values are between 1.0 and 1.2.

B.5.c.iil. Outliers

It is essential to determine statistical outliers prior to the statistical evaluation of fluid samples. NexGen
will use the EPA’s Unified Guidance (March 2009) as a basis for the selection of recommended statistical
methods to identify outliers in fluid chemistry data sets as appropriate. These techniques include
Probability Plots, Box Plots, Dixon’s test, and Rosner’s test. The EPA-1989 outlier test may also be used
as another screening tool to identify potential outliers.

B.6  Instrument/Equipment Testing, Inspection, and Maintenance

Logging tool equipment will be maintained as per wireline industry best practices (see APPENDIX B—
Schlumberger Wireline Log Quality Control Reference Manual). For fluid sampling, field equipment
will be maintained, factory serviced, and factory calibrated per the manufacturer’s recommendations.
Spare parts that may be needed during sampling will be included in supplies on-hand during field
sampling. For all laboratory equipment, testing, inspection, and maintenance will be the responsibility of
the analytical laboratory per standard practice, method-specific protocol, or NELAP requirements.

B.7 Instrument/Equipment Calibration and Frequency

B.7.a Calibration and Frequency of Calibration

Pressure/temperature gauge calibration information is located in Table 8.11.9 through Table 8.11.15.

Logging tool calibration will be at the discretion of the service company providing the equipment,
following standard industry practices noted in APPENDIX B. Calibration frequency will be determined
by standard industry practices.

For fluid sampling, sondes used to determine field parameters (e.g., pH, temperature, specific
conductance, dissolved oxygen) are calibrated according to manufacturer recommendations and
equipment manuals (Hach, 2006) each day before sample collection begins. Recalibration is performed if
any components yield atypical values or fail to stabilize during sampling.

B.7.b Calibration Methodology
Logging tool calibration methodology will follow standard industry practices in Appendix B.

For fluid sampling, standards used for calibration are typically 7 and 10 for pH, a potassium chloride
solution yielding a value of 1,413 microseimens per centimeter (uS/cm) at 25°C for specific conductance,
and a 100% dissolved oxygen (DO) solution for DO. Calibration is performed for the pH meters per
manufacturer’s specifications using a 2-point calibration bounding the range of the sample. For
coulometry, sodium carbonate standards (typically yielding a concentration of 4,000 mg CO,/L) are
routinely analyzed to evaluate instruments.
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B.7.¢c Calibration Resolution and Documentation

Logging tool calibration resolution and documentation will follow standard industry practices in
APPENDIX B.

B.8  Inspection/Acceptance for Supplies and Consumables

B.8.a Supplies, Consumables, and Responsibilities

Supplies and consumables for field and laboratory operations will be procured, inspected, and accepted as
required from vendors approved by NexGen or the respective subcontractor responsible for the data
collection activity. Acquisition of supplies and consumables related to groundwater analyses will be the
responsibility of the laboratory per established standard methodology or operating procedures.

B.9 Non-Direct Measurements

B.9.a Data Sources

Pulsed neutron logging for CO; saturation monitoring of the Arbuckle Group injection zone, Woodford
Formation confining zone, and the Sundance Formation, the first permeable interval above the upper
confining zone, and all other relevant zones.

The in-zone pressure gauges in Vanguard I-1 to Vanguard I-12 will be used to gather pressure data for in-
zone pressure monitoring.

B.9.b  Relevance to Project

PNL will be run to detect CO> leaking from the injection zone.

In-zone pressure monitoring, data will be used in numerical modeling to predict plume and pressure front
behavior as well as confirm the plume stage within the AoR.

B.9.c Acceptance Criteria

Following standard industry practices will ensure that the gathered pulsed neutron log data will be used
for accurate monitoring.

B.9.d  Resources/Facilities Needed

Under review by selected third-party contractor and laboratory within ASTM recommended guidelines.
B9.e Validity Limits and Operating Conditions

Under review by selected third-party contractor and laboratory within ASTM recommended guidelines.
B.10 Data Management

B.10.a Data Management Scheme

NexGen will maintain the required Project data as provided elsewhere in the permit. Data will be backed
up on hard drive media or held on secure servers.
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B.10.b  Record-Keeping and Tracking Practices
All records and gathered data will be securely held and properly labeled for auditing purposes.

B.10.c  Data Handling Equipment/Procedures

All infrastructure used to store data will be properly maintained and operated according to proper industry
standard techniques. The NexGen SCADA-like system and vendor data acquisition systems will interface;
therefore, all subsequent data will be stored on a secure server.

B.10.d  Responsibility

The primary Project managers will be responsible for ensuring proper data management is maintained.

B.10.e  Data Archival and Retrieval
Under review—all data will be held by NexGen.

B.10.f  Hardware and Software Configurations

All NexGen and vendor hardware and software configurations will be appropriately interfaced.

B.10.g  Checklists and Forms

Checklists and forms will be procured and generated as necessary.
C. ASSESSMENT AND OVERSIGHT

C.1  Assessments and Response Actions

C.l.a Activities to be Conducted

Please refer to Table 8.11.1 for a work summary and schedule and frequency of fluid sample collections.
After completion of sample analysis, results will be reviewed for QC criteria. If the data quality fails to
meet the criteria set samples will be reanalyzed, if still within holding time criteria. If the holding time has
passed, additional samples may be collected, or sample results may be excluded from data evaluations and
interpretations. Evaluation for data consistency will be performed according to procedures described in
the USEPA 2009 Unified Guidance (USEPA, 2009).

C.1.b  Responsibility for Conducting Assessments

Companies collecting data are in charge of conducting their own internal reviews.

C.l.c  Assessment Reporting

All assessment information should be reported to the individual organization’s project manager outlined
in Section A.1.a—Key Individuals and Responsibilities.

C.1.d  Corrective Action

Corrective action that only affects an individual organization’s data collection duty will be addressed,
verified, and documented within the organization and communicated to other stakeholders as necessary.
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Corrective actions that involve multiple organizations will be addressed by all stakeholders involved and
communicated to other members on the distribution list for the QASP. NexGen will coordinate all
corrective actions and assessments that involve multiple organizations.

C.2  Reports to Management

Cla QA Status Reports
NexGen does not plan to send QA status reports.

D. DATA VALIDATION AND USABILITY

D.1  Data Review, Verification, and Validation

D.1.a  Criteria for Accepting, Rejecting, or Qualifying Data

Data validation will include a review of the sample collection process, sample units, sample holding times,
and a comparison and review of the appropriate duplicate, or blank QC/QA results. Results will be
catalogued and periodically reviewed and compared to previous data. Analytical results will be reported
on a frequency based on the approved UIC permit conditions. Data in these reports will be presented in a
variety of formats as appropriate to characterize water quality and identify any changes with time.

D.2 Verification and Validation Methods

D.2.a  Data Verification and Validation Processes

See Sections D.1.a and B.5 for information related to NexGen data verification and validation process.

D.2.b  Data Verification and Validation Responsibility

NexGen or a contractor approved by NexGen will verify and validate data.

D.2.c  Issue Resolution Process and Responsibility

NexGen or a project manager approved by NexGen will oversee the data review process and take the
appropriate actions to resolve any issues that may arise.

D.2.d Checklist, Forms, and Calculations

NexGen will generate checklists, forms and calculations designed to meet all permit requirements.

D.3  Reconciliation with User Requirements

D.3.a  Evaluation of Data Uncertainty

Software will be employed to determine data consistency.

D.3.b  Data Limitations Reporting

NexGen or project managers approved by NexGen will be responsible for making sure that all reported
data is presented with the appropriate data-use limitations.
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APPENDIX A—DTS, DOWN-HOLE PRESSURE GAUGE INFORMATION AND SCHLUMBERGER PULSED
NEUTRON, CEMENT BOND, MAGNETIC FLUX LEAKAGE LOGGING TOOLS.

8.12 Digital Pulsed Neutron Logging (PNL) Tool

Schiumberger

Digital Pulsed Neutron

LIVE PL digital slickline production logging services

AFPLICATIONS

Logarter oil, water, and gas conlacts
Identify known formations in
development wells

Comduct ume-lapse kgging of resenoir
Tl inerfaces

Guide perforating by identifying

(s conlacls

Evaluate gravel pack placzment
Cornelate fram well 1o well

BENEFITS

Leverage the efficiency and simplicity
of slickline operalons with the accuee
deptn enmml, figital capabilities, and
rel-time measurement quality of
wireline-comweyed services

Easily conduct operations with a short tool
where ig-up height is constrainad
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slickling kgging with a higheperfomance
lichiven ion battery providing up to

15 hours of continmms apemtion
Impene operational ailicdency

wilh tool combaability and

multigurpase deplyments
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aeeumulations by runming with 0-Jar®
digital downhole adjustable jar

FEATURES

Full compatibility with LIVE® digital
slickling services

Short, 1" ¥he-in- 00 ol Tor thmough-tubing
GOmvEyance and negotating st
Deployment on 0.108- o 0.135-in
diggital slickline
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incficatnr me asureme s

Sowreless pulsed neutmn gencrtor
Accurate real-time orsite depth contrml
Logging speed up to 1,900 T/h
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A the latest addivon w LIVE PL® digital slickline production logging servces, daital pulsad neutran
[OPN) service provides crucial infommation, such as fid contact monigoring and fuid denification
biehand casing, to inform wellsite decision making for optimizing resenair managem ent and

prod velsen in mature felds,

OPN pairs the field -prowen Schiwmbegjer smalkdiameter igh-output pulsed neutron gene mtor (PNG)
with dual scintilation gasmms ray detectors W provide real-lime sigma measurement in mxed-
salinity cased hole emwirenments. Dual newtron burst with adaptive Uming is periormed W ensure

the measurement’s insensitivity to borehole conditions and eliminate the need far anvironmental
comection. Measurement peecisan i further honed by using the available job planner.
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Output Sipma, apparent pomaity s ndicator
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8.13 Cement Bond Logging Tools

Cement Bond Logging Tools

APPLICATIONS

« Bvaluation of eement quality

s Determination of mome
Eslation

s Locatbon of cement top

Cement bond tools measure the bond between

the cazing and the cement placed in the annulus
berazen the casing and the wellhore. The measure-
meent i made by using scoustic sonic and ultrasanic
toots. In the case of sonic tools, the measurem ent

is usually displayed on & cement bond bog |CBLI

i millivilt units, decibel attenuatan, of bath.
Reduction of the reading in mallivolts or increase

of the decibel attenuation is an indscation of beter-
= temperature and pressure changes appled

o the cesing wall. Factors that affect the quality
of the cement bonding are

= cement job design and execution as well
as effective mud remaval

quality bonding of the cemeant behind the casing
& compresdive strength of the cemant in place
to the casing after cementing
= ppoxy resin apphed to the outer wall
of the casing.

SLIM ARRAY SONIC TOOL

The Slim Array Sonic Tool [S5LT) = a digital

sinic tool that provides conventional spenhole
sonie meagurements, atandard CBL amplitude

and Veriabde Density” log {VOLY, and attenuatian
meazurements, which are less affected by borehale
environmental conditions. The S5LT can aleo make
8 short-gpacing (1-f [0.30-m]} CBL measurements
for cement evaluation in fast formatons. The two
transmitters and s receiers of the S55LT sonde
hae transmitter—recelver spacings of 1, 3,35, 4,
4.5, and 5 1 [0.30, 081, 1.07, 122, 1.37, and 152 m]
to compute the following:

» gtandard 3-ft CBL and 5-ft VOL measurements SSIT DELT

® borehole-compensated (BHC) attenuation
from the 3.5- and 4.5-ft spacang receivers

neal-peeudoattenuation from the 3-f
SpACing receivers

short-spacing attenuation fram the 1-ft spacing
recewer for cement bond measurement in fast for-
mations that may affect the standard 3-fi spacing.

[
nsLT

Schlumbergep

¢

SCWIT

HELT

g

@

Mamerny Slin

CEL Towl
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Gement Bond Logging Tools

SLIMXTREME SONIC
LOGGING TOOL

The SlimXireme® Sanic Logging
Tool {Q5LT) provides the same
measurements a3 the S5LT of the
cemert bond amplitude, attenua-
tion, and Variable Density deplay
for evaluation of the cement
band quality of & cemented
casing in high-pressure and
high-temperature envinanments.

CEMENT BOND LOG FROM
DIGITAL SONIC LOGGING TOOL

The Digital Some Logging Toal
{DSLT) uses the Sorec Logging
Sonde (SLS) to measure the
cemerit bond amplitude and
provide a Vanable Density display
for evaluation of the cement band
quality of 8 cemented casing
string.- Variable Density or x-y
waveform display of the some
signal is presented in conjunction
with the bond index and amplitude
signal The DSLT ie also used in
the apen borehole envirorment for
conventional Sonic measurements
of BHC {3- 1 5-ft} tranait time and
long-spacing depth-derived BHC
{ODBHC] (8- o 11-ft [2.74 to 3.35-m]}
ransi nme.

CEMENT BOND LOG FROM
HOSTILE ENVIRONMENT
SONIC LOGGING TOOL

The Hostile Environment Sonic
Logging Tool {HSLT) provides

the same measurements of the
cement bond amplitude and
Vanable Density display for evalu-
atiom of the cement band quality
of & cemented casing string as
the 55LT in high-pressure and
Fugh-temperature environments.

SLIM CEMENT MAPPING TOODL

The Slim Cement Mapping Tool
(SCMT) is & through-tubang
cement evaluation teal eombin-
ahle with the PS Platform® produc-
pon logaing service for a vanety of
well diagnostics. The twa sizes are
114 in [4229 cm] for the standard
(302 degF [150 degCl} temperature
rating and 2/ in [5.29 cm) with &
352 degF [200 degC] temperature
rating. The SCMT is suitable for
running workover operatians and
in new wells. SCMT aperations
provede a clear advantage in
workower wells bacause there

iz no need 1o pull tubing above

the zone of interest for cement
evaluation. The SCMT is capable
of rurning through most ubings

to ewvaluate the casing below. In new wells the SCMT is an
excellent tool for evaluating casing that is 7% in [19.36 cm] or less.

The SCMT features o single transmitier, two receivers spaced at

3 and 5§ ft from the transmiter, and eight segmented recedvers 2 fi

[0.61 m] from the fransmitter. The output of the near {3-f) receiver

is used for CBL and transi-ume measurement. The output of the far
[5-fil receiver is used for the VOL measurement. The eight segmernted
recefvers generate a radial image of the cement band vaneton.

MEMORY SLIM
CEMENT BOND LOGGING TOOL

The Memony Slim Cement Band Logging Tood provides through-tubing
3-ft CBL and 5-ft VOL measurements with the same accuracy and
quality as surface-readout logs. Because of its slim size, the 114-in
tood can be mun into the 2ome of interest without having to remove the
tubing from the well. The teol smultanecusly records gamma ray,
casing collar location, pressure, temperature, and waveforms in a
single pass, with the waveforms fully digitized downhole. Mare than

40 h of combined tood running time |8 possible, including 16 h of contin-
uous waveform recording time. Depth-reconding systems are available
for both hazardous and nonhazardous environments.

The Memary Shm CBL Toal can be run with other Memory P5S Platform®
production leggng tools for complete well and reservoir evaluation in
one descent. The tools and sensors can be conveyed in the horehole
by drillpipe, coded tubing, slickline, or unintelligent tractor. PS Platform
software is used to perform onsite data processing or any necessary
postprocessing end prepere the log presentation.
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Cement Bond Logging Tools

APPLICATIONS
» Cement evaluation
» Casing inspection
— Corroslon detection and
monitering
— Detection of internal
anl external damage of
deformation
— Casing thickness analy-
0% for collapse and

st pressure
valeulations

USI ULTRASONIC IMAGER TDOL

The USI™ WiraSonic Imager oo (USIT) uses a single transducer mourit-
ed an an Ultrasonic Rotating Sub (USR] on the bottom of the tool The
transmitter emits ulrasonic pulses between 200 and 700 kHz and
measures the recesed ultrasonic waveforms reflected from the internal
and extemal casing mterfaces. The rate of decay of the waveforms
received ndicates the qualty of the cement bond &t the cement/casing
imterface, and the resonant frequency of the casing provides the casing
wiall thickness required for pipe inspection. Because the ransducer is
mounted an the roteting sub, the entire circumference of the casing is
scanned. This 360* data coverage enables the evaluation of the quality
of the cement bond as wedl as the determinatian of the internal and
external casing condivon. The very high angular and vertical resolutions
can detect channels as narrow as 1.2 in [305 em]. Cement bond, thick-
ness, internal and external radil, and setf-explanatory maps

are generated in real time at the wellsite.
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Cement Bond Logging Tools

Measurement Specifications

usIm

Acoustic mpedance, cement bonding to casing, inbernal radias, casing thickness
1B ft'h [543 mik]

Aamge of measurement Acoustic mpedance: O to 10 MRayl [0 o0 10 MPa.sim]
Vertical resaletion Stamdard: & in [15.24 cm]
MAccouracy Less than 3.3 MAayl: =05 KR ay
Depth of investigation Casing-to-cement interface
Mud type or weight § mitations’ Water-base mud: Up to 159 lbmypgal
Oil-base mud: Up o 11.2 lbm/gal
Comiima bibty Brttom only tozl, combinable with most ools
Special applications Identfication and onemtaton of namrow chamnels

Mechamical Specifications

usiT
Temperature rating 353 degF [177 degC)
Preszure rating 20000 psa [138 MPa)
Casing size—min &% in [11.43 cm]
Casing sizp—max 135 in [32.97 cm]
Dutside diameter’ 3% in (.57 cm|
Length” 1676 ft E02 m]
Weight' 338 |bm [151 kg]
Tension 0000 b4 177,530 M)
Comgression 4,000 Ief [97,790 M)

3 Ehe rolnbeg ask

USIT Botatimg Sub Mechamical Specifications

USRE-AR USRS-A USRE-B USRS-C USRSE-D
Dutside diameter 141 m [B8E om) 3.53 in [9.0% cm] 4.625 in [11.75 om] E625 in [16.5 cm] BA25 in [21.81 cm]
Length GHin |24.89 cm] 9.9 in [35.20 cm] 38 in |24 BY cm] E2in|21.08 cm] Bdin[M.0Ecm]
‘Weight 1.7 Ibm [3.5 kgl 1.7 lbm 35 kgl 106 e (48 K| 150 Feem |68 k] 183 Ihm [2.3 kg]

www.slb.com/oilfield

e T Schiumberger
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8.14 Magnetic Flux Leakage Tool

Measurement Specifications

Output

EM thickness, casing 1D, casing properties, high- and low-frequency images,
corrosion summary report™

Logging speed

ETHK (single and double strings): 3,600-ft/h [1,097-m/h] inspection pass for
mandrel data

Imaging (single string): 1,800-ft/h [543-m/h] standard-resolution inspection
pass; 300-ft/h [31-m/h] high-resolution diagnostic pass

Range of measurement

Masximum metal thicknass*: 1.5in [3.81 cm] at 8.75 Hz

Resolution Attenuation < 60dB: 1%
EM thickness: 15%*
Accuracy Casing ID: £0.05 in™*

Mud type or weight limitations

Any borehole fluid

Combinability

All PS Platform services

Multiple-tool answer products

Special applications

NACE compliant for HzS and CO; resistance

Mechanical Specifications

Temperature rating

302 degF [150 degC|

Pressure rating

15,000 psi [103 MPa]

Casing size—min

24in(ID>2313in)

Casing size—max.

133% in for EM thickness

Outside diameter

2.125in [5.4 cm]

Pad sensor arms 18 coupled
Max. diameter 9%-in casing
100% image coverage 7-in casing

Length 19.7 ft[6.0 m]

Weight

110 Ibm [50 kg]

Tension

Fishing: 10,000 Ibf [44,480 N]

Compression

Fishing: 3,000 Ibf (13,340 NJ

* Corrosion report for single casing strings

*Measurement depends on casing geometry, properties, and chrome content.

¥ The resolution depends on the accuracy of casing electrical conductivity {sigmal. The usual method is to use API specifications in a "good” casing section

and adjust conductivity to match the nominal value, which has a typical 12.5% range (0il Country Tubular Goods, APl Spec 5CT, Specification for Casing

and Tubing)

" Casing 1D (d.) < & in and tool eccentered = [30% x (d.— 2.2 in]]

*Mark of Schiumbargar

Other company, product, and service names ara the properties of thair respective ownars.

www.slb.com/eps

Copyright 2008 Schiumberger. Al rights resarved. 03-PR-0D64

Schiumherger
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8.15 Downhole Pressure Gauge System

RANGER

GAUGE SYSTEMS

Downhole In-Line Digital Quartz Pressure/Temperature Probe

Ranger Permanent Hybrid Digital Addressable Surface Read Out (DASRO) Gauge
F

The Ranger” DASRO gawge is a Quarte Digital
Addressable Surface Read Out PressuraTemperatura
Probe based on a resonating quartz sensor with digital
signal transmission and addressing ability for multiple
gauge deployment on a single lina. Additionally, the
DASRO has a cablehead on each end to allow in-line
installation without need for @ Y™ block. Tha internal
gauge elactronics consists of two custom microelectnonic
circuits that are hermetically sealed. Each gauge has a
pre-assigned digital addrass for multiple unit operation
an tha same signal condwctor. Fault protection current
limifing is included for both the gauge electronics and tha

primary lina.
FEATURES

s oo # Hybrid circuits are fully tested and qualified per
: :rmmh—:“ festable cable-heads for in-line MIL-B83E, Method 1010.7 Test Condition B

#* Includes level two reliability testing to yield long
operating life required for permanent
applications

#= Dual built in current limiting assures that no one
gauge can draw excessive current and that
upstream readings are still available with a

downst line fault.
nsiream line fau » Metal to metal seals, Swagelok™ pressure fittings

+ Complete double redundancy for all cable and welded Nitronic S0HS®* housing construction

current limiting circuit components. This feature, throughout results in no elastomers
together with a built in automatic reset on power-

up, allows the cable current limit function to " Dpt_innal Inconel 718 EYERLI hu!mings am
continue to operate if one limiting channel available for very aggressive well environments.
should fail open. This protects against loss of

communication with downstream gauges, due to * Integral quartz temperature sensor

a current limit component failure.
= Pre-assigned address for multiple unit operation

+ No CPU ar memaory for reliable, long term, high on the same single conductor
temperature operation. Configuration data and
addresses are permanent += 1024 address capability assures that gauges will

hawe unigue addresses
= High reliability and gquality due to hermetically
sealed custom hybrid circuits. This type of * Low power consumption 250mW (typical)
circuit construction is a MUST for sustained,
high-temperature, operation
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Specifications

Rarmger DASRC gauge specifications are determined in
accordanca with the ANSVISA-551.1-1978, Amencan
Mational Standard, ‘Procass Imstrumantation
Taminalogy”.

Pressure Sensor
Thickness shear mode gquarlz resonafor  (with

INCOMEL" isolation ballows)

Total System Pressure Accuracy
+0.02% of full scale including linearity, hystarasis and
repeatability over calibrated temperatura range

Pressure Repeatability
=0.01% of full scala

Pressure Resolution
0.01 psi ar bettar

Temperature Sensor
Cuartz resonator

Temperature Accuracy

+0.5°C (20.9°F) within calibrated temperature range.
Pressure accuracy 5 ndependent of indicated
lemparatura accuracy.

Temperature Resolution
0.005°C (0.01°F)

Operating Temperature Range
-20°C to 200°C (-4°F to 392°F)

Sample Rate
Completa pressure and ftemperatura ftransmission in
approximately one-second intervals

Operating and Calibrated Pressure Ranges
0-34475 Bars (aim- 5000 psia)
0-685.50 Bars (atm - 10,000 psia)
0-1103.20 Bars (aim - 16,000 p=ia)
0-1378.85 Bars (atm - 20,000 psia) - Optional

Dimensions (0D = L)
32.5mm x B1.3cm (1.2817 x 46.57)

Weight
4.76 kg (10.5 Ibs.)

Pressure Housing Wetted Material
Mitronic 50HS™

Sensor Wetted Materials
INCOMEL" G00VMG25/T18

Requirements of Conductor Cable

Single conductor coaxial cable with low conduwctor
resislance. The maximum DC loop resistance is
determined by the number of gauges on one line and the
surface power supply. Can ba up to 500 ohms with a

capacitance of up to 1 ufd for a single unit installation

Standard Calibrated Temperature Ranges and using a 30 volt surface power supply.

25°C to 125°C (7T°F to 257°F)
25°C to 150°C (77°F to 302°F)
25°C to 175°C (77°F to 347°F)
25°C to 200°C (T7°F to 352°F)

Reliability Testing Levels

¢+ Leval Il {Basic for all units)
-20°C Tast to confirm fully and cormect oparation (Mot calibrated)
Calibration and testing to full iemparatura and pressura ratings
15-day burm-in at full pressura and temperature calibrated ranges
Current protection testing at room and full temperature
Gauge shock and vibration testing
Final 2C inspection

DASRO Configurations / Model Numbers
Dwal Cable Head SIDE pressure inlet

Single Cable Head SIDE prassure inbat

Single Cable Head BOTTOM pressure inlat

Dwal Gauge Dual Cable Head SIDE prassure inlets (hwa)
Dwal Gauge Single Cable Head SIDE pressure inlets [bwo)
Single FOT Cable Head BOTTOM prassure inlet

Single Cable Head 4" OD BOTTOM pressura inlet (Model Mo: 42xxC DASRO) — Shorler
Dwal Cable Head 1.00° OD SIDE pressure inlat (Modal Mo: 108xxs DASRO)

“x" or "zx" = Denotas calibrabed lempersiure mnge. Exsmple: A 1750 cabbrefed gauge B8xxl = EETSE, EBx1E = BETIE, E2xxB = EZTSS, 128 = EETIE, E2x18 = EI73E or xS =41TIH

[Modal Mo: BBxxD DASRO) — Same length
(Model Mo: 88x10D DASRO) — Same length
[(Model Mo: G2xxD DASRO) — Sharler
(Modal Mo: BBxZD DASRO) — Longar
(Model Mo: 88x40D DASRO) — Longar
[(Model Mo: 82x30 DASRO) — Special length
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APPENDIX B—SCHLUMBERGER WIRELINE LOG QUALITY CONTROL REFERENCE MANUAL

Schiumberger

Wireline Log Quality Control
Reference Manual

EilE
e
e
[
W[
—
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Schiumbergep

Logging Quality Control
Reference Manual

Back | Next
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Schlumberger
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Foreword

The certification of acquired data is an important aspect of logging It
is performed through the cheervation of quality mdicators and can be
completed swecesshlly ondy when a set of specified requirements =
availahle to the log wsers.

This Log Quality Control Reference Manual (LQUEM) is the third edi-
tinn of the log quality comtrol specifications used by Schlumberger, 1E
cancisely provides informeation for the acquisition of high-quality data
at the wellsite and its delivery within defined stanidards. The LOQUEM &
distributed to facilitate the validation of Schlumberger wireline Logs at
the wellsite or in the ofice.

Schiumberger

Because the measurements are performed downhaole inan emvironment
that canmot be exhaustively described, Schlumberger cannot and does
nit wearrant the accuracy, cofrectness, or completeness of log data

Large variations in well conditions require fedbility in lngging proce-
dures. In some cases, important deviations from the guklelmes given
here may ocear. These deviations may not affect the validity of the data
colbected, but they could reduce the ability to check that validity.

Catherine MacGregar
President, Wireline

Log Qualty Control Reference Manual | Foreswnerd

Back | Contents | Next

Quality Assurance and Surveillance Plan for Vanguard CCS Hub

NexGen Carbon Oklahoma, LLC — Project Vanguard Page 56 of 68



Plan revision number: 0
Plan revision date: 6/24/2025

Introduction

Ihata is a permanent asset of energy companies that may be used in
unforeseen ways., Schlumberger & committed to and accountable for
managing and delivering quality data. The quality of the data is the
cormerstane of Schlomberger products and services.

Data guality

Craality s conformance to predefined standards with minimum varia-
tid. This document defines the standards by which the quality of the
data of Schlumberger wireline logs is determined. The atiributes that
form the data quality model are

* ACCUraCY
= repeatability
» integrity

= traceability

= timeliness

= relevance

=  completeness
= gufficiency

= interpretability
= reputation

= ohjectivity

= clarigy

= availahility

= geeessibility
= security.

Accuracy

Accuracy is how close to the tnee value the data is within a speci-
fied degree of confiemity {eg., metrology and integrity). Accuracy &
a function of the sensor design; the measurement cannot be made
mare accurate by varving operating techriques, but it can fail to con-
form to the defined accuracy as a result of several errors (e g, incormect
calibration).

Repeatability

Repeatability of data is the consistency of two or more data products

acquired or processed using the same systemn under the same condi-
tinns. Reproducibility, on the other hand, is the data consistency of by

Schiumberger

or more data products acquired or processed using different systems or
under different conditions. The majority of wireline measurements have
a defined repeatability range, which is applicable only when the mea-
surement is conducted under the same conditions. Repeatahility & used
to validate the measurement scquired during the main logging pass, a8
well as identify anomalies that may arise during the survey for relogging.

Imtegrity

The integrity of data is essential for the believahility of data. Data with
mtegrity & not altered or tampered with. There are situations in which
data is altered in a perfectly scceptable manner {e.g., applying environ-
mental corrections, using processing parameters for interpretation).
Any such changes, which irmalve an element of judgment, are not done
to Intentionally prodece results ineonsistent with the measurements
or processed data and are to the best apd unbiased jodgment of the
mnterpreter. Resulis of interpretation actwities are auditable, cleardy
marked, and traceahle.

Traceability

Traceability of data refers to having a complete chain defining a
measurement from its point of origin (sersor) to its final destination
{formation property). At each step of the chain, appropriste measure-
ment standards are respected, well decumented, and auditable.

Timeliness

Timeliness & the availability of the data at the time required. Timeliness
ensures that all tasks in the process of acquiring data are conducted
within the time window defined for such tasks (e.g, wellsite calibra-
tsons and checks are done within the time window defined).

Relevance

Relevanee is the applicability and helpfulness of the acoquired dataset
within the busines context (e.g. selection of the right service for the
well conditions}. Most services have a defined operating emelope in
which the measurement is congidered valid. Measarements conducted
cutside their defined envelope, althowgh the measurement process may
have heen completed satisfactorily, are almost always immelevant (eg,
recording an SP curve inoan cil-base mud environment ).

Log OQualey Comrol Reference Manual | Introdection
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Completeness

Completeness ensures that the data is of sufficient hreadth, depth, and
soope to meet predefined requirements. This primarily means that all
reqquired measurements are available over the required logging inter-
val, with no missing curves or gaps in curves over predefined required
intervals of the log.

Sufficiency

Sufficiency ersures that the amount of data that & acquired or pro-
cessed meets the defined chjectives of the operation. For example,
when the defined ohjective is to compute the hole volome of an oval
hinde, a four-arm caliper service—at minimum—muost be used. Using a
single-arm caliper service would not provide sufficient information to
achieve the defined ohjective and would inadvertently result in over-
estimation of the hole volume.

Interpretabil ity

Interpretability of data requires that the measurement is specified in
appropriate terminodogy and wnits and that the data definitiors are
clear and documented. This is essential to ensure the capability of
using the data over time {Le., rensahility ).

Reputation
Reputation refers to data being trusted ar highly regarded in terms of
its spuree, content, and traceability.

Objectivity
The objectivity of data is an essential attribute of fis quality, onbiased
and impartial, both at acquisition and at reuse.

Clarity

Clarity refers to the availability of a dlear, unique definition of the data
bw using a controlled data dictionary that is shared. For example, when
“NPHI is referved to, it must he understond by all that NPHI is the
thermal neatron porosty in porosity units (m*m® or 8507, computed
from a thermal nentron ratio that is calibeated using a single-point cali-
bration mechanism (gain only), and is the ratio of counds from a near
and a far receiver, with the counts corrected anly for hole size and not
corrected for detector dead time.

Clarity ensares ohjectivity and interpretability over time.

Availability

Availability of data ensures the distribution of data only to the intended
parties at the requested time (ie., no data is disclosed to any other
party than the ewner of the data withost prior written permission).

Accessibiliy

Awpcessbility ensures the ease of retrievability of data using a classifica-

tion model. Wireline data are classified into three datasets:

= Hasic dataset is a limited dataset snitable for quicklook interpreta-
taon and transmission of data.

& Customer dataset consists of a complete set of data suitable for
processing (measurements with their associated ealibrations),
recomputing {raw curves), and wvalidating (log quality control
|LGC] carves) the measurements of the final prodect deliversd.
The customer datazet includes all measurements required to fully
reproduce the data product with a complete and anditable trace-
ahility chain.

* Producer dataset inclodes Schlumberger-proprietary data, which
are meaningful only to the engineering group that supports the tool
in question (eg., the 15th stabes bit of ADCOLG on board EDCTRO2]
in an assemhbly).

Security
The secarity of data is essential o maintain s confidentiality and
ensure that data files are clean of malware or viruses.

Calibration theory

The ealibration of sensoes is an integral part of metrology, the science
of measurement. For most measurements, ane af the following types of
calibeations is emplvyed:

= gingle-paint calibration

= pwo-point calibration

= multiple-point calibration.

Because most measurements operate in a region of linear respanse, any
twi paints on the resporse line can be compared with their associated
calibeation references to determine a gain and an offset {two-point
calibeation) or a gain (single-point calibration). The gain and offset
values are used in the caliheation value equation, which comverts any
measured vahe to its associated calibrated value.

Log OQualey Comrol Reference Manual | Introdection
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There are three events that measurements may have one of more of:

= Master calibration: Performed at the shop on a quarterly or
manthly basis, a2 master calibration wsoally compeises a primary
measurement done te a measarement standard and a reference
measurement that serves as a baseline for future checks. The
primary measurement is the calibration of the sensor used for con-
verting a raw measuremsent into its final output.

= Wallsite before-survey calibeation or check Measurements that
have a master calihration are normally not calibrated at the well-
site; rather, the reference measurement conducted in the master
calibration is repeated at the wellsite hefore conducting the surey
to emsure that the tool response has not changed. Measurements
that do not have a master calibration may employ a wellsite calibra-
tinm that & condwcted prior to starting the samey.

= Wellsite after-marvey check: Some measurements employ an after-
survey check [optional for most measurenwents) to ensure that the
tood response has not changed from before the survey.

All such events are recorded in a calibration summary listing {C8L)

(Fig. 1).

The calibeation summary listing contains an anditable trail of the event:

= pquipment with serial numbers

= actual measurement and the associated range (mindmum, nominal,
and mardmam}

= timee the event was conducted.

For the event to be valid, the measurement must £all within the defined

minimum and maximum limits osing the same equipment (verified

throwgh the mpnemonics and serial numbers), and perdformed on time

{verified through the time stamp on the summary listing]).

More defails on the calibrations sssocisted with the wide range of

Schiumberger wireline measmorements are i the Logging Colibrafion

(hividde, which is svailable through vour local Schiumberper represertative,
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Schiumberger

Depth Control and Measurement

Overview

[epth & the most fundamental wireline measurement made; there-
fore, it is the most important logging parameter. Because all wireline
measurements are referenced to depth, it & absolutely critical that
depth is measured in & systematic way, with an auditable record to
ersure traceahility.

Schlumberger provides through its wireline services an absolute depth
measurement and technigues to apply environmental corrections to
the measurement that meet industry requirements for subsurface
marker referencing.

The conveyance of tools and equipment by means of a cable enables
the determination of an absolute wellbore depth under reasonahble hole
conditions throwgh the strict application of wellsite procedures and
the implementation of systematic maintenance and calibration pro-
grams for measurement devices. The essentials of the wireline depth
measurement are the following:

# Dwepth is measured from a fed datam, termed the depth reference
puint, which is specified by the client.

= The Integrated Depth Wheel (IDW) device (Fig. 1) provides the
primary depth measurement, with the dewn kog taken as the corvect
depth reference.

= Blippage in the [DW wheels is detected and aotomatically compen-
sated for by the surface acquisition system.

* The change in elastic stretch of the cable resulting from changing
direction at the bottom log nterval is measured and applied to the
log depth as a delta-streteh correction.

= {kher physical effects on the cable in the borehole, incloding
changes in length owing to wellbore profile, temperatore, and other
haole conditions, are not measared but can be corrected for after
lngging is complete.

= Subsequent logs that do not require a primary depth measorement
are corelated to a reference log specified by the client, provided
that enowgh information exists to valiate the correciness of the
depth measured on previous logs.

= Traceahility of the corrections applied should be such that reeov-
ery of absolute depth measurements is possible after logging,
if required.

Fgure I. integrated Deprt Whee! device.

By strict application of this procedure, Schlumberger endeavors to
deliver depth measurement with an accuracy of +5 ft per 10,000 ft and
repeatability of £2 ft per 10000 ft [£1.5 m and 0.6 m per 3,050 m,
respectively] in vertical wells.

Specifications

Measurement Specifications

Accuracy +5 ft per 10,000 #t [21.5 m per LO5D m]
Repeatability +2 1t pes 80,000 tt [20.6 m per 2050 m]
Calibration

The IDA calibration muost be performed every § months, after 50 well-
site trips, or after 00000 fi [152 400 m] have passed over the wheel,
whichever comes first. The IDW device is calibrated with a setup that
& factory-calibrated with a laser system, which provides traceability to
mternational length standardsa

Tension devices are calibrated every 6 months for each specific cable
by wsing a load cell.

Fur more information, refer to the Logmng Calilralion Guide, which B
available through vour local Schiumberper representative.

Log Qualey Control Reference Manua! | Depih Control and Measurement
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Schiumberger

Depth Control and Measurement

Overview

[epth & the most fundamental wireline measurement made; there-
fore, 1t is the most important lopping parameter. Becans: all wireline
measurements are referenced to depth, it & absolutely critical that
depth is measured in a systematic way, with an auditable record to
ersure traceahility.

Schlumberger provides through its wireline services an absolute depth
measurement and technigues to apply environmental comrections to
the measurement that meet industry requirements for subsurface
marker referencing.

The conveyance of tools and equipment by means of a cable enables
the determination of an ahsolute wellbore depth under reasonable hole
canditions through the strict application of welkite procedures and
the implementation of systematic maintenance and calibration pro-
grams for measurement devices. The essentials of the wireline depth
measurement are the following:

= Dwepth is measured from a fixed datum, termed the depth reference
paint, which &= specified by the client.

= The Integrated Depth Wheel (IDW) device (Fig. 1) provides the
primary depth measurement, with the down kog taken as the corvect
depth reference.

= Blippage in the [DW whesls is detected and automatically compsen-
sated for by the surface acquisition system.

= The change in elastic stretch of the cabde resulting from changing
direction at the bottom log mterval is measured and applied to the
log depth as a delta-streteh correction.

» (kher physical effects on the cable in the borehole, inchoding
changes in length awing to wellbare profile, temperature, and other
haole conditicns, are not measured but can be corrected for after
lngging is complete.

= Subsequent logs that do not require a primary depth measarement
are correlated to a reference log specified by the client, provided
that enough information exists to validate the correctness of the
depth measured on previous logs.

® Traceability of the corrections applied should be such that recoy-
ery of absolute depth measurements is possible after logging,
if required.

Figure . infegrated Deptl Whee! device.

By strict application of this procedore, Schlumberger endeavors to
deliver depth measurement with an accuracy of £5 ft per 10,000 & and
repeatability of £2 & per 10000 & [+1.5 m and +0.6 m per 3050 m,
respectively] in vertical wells.

Specifications

Measuremeni Specifications

Ac curacy +5 ft per 10,000 ft [21.5 m per 3050 m]
Repeatabibty +3 ft per 10000 #t [20.6 m per 3050 m)
Calibration

Thie IDW calibration muost be performed every § manths, after 50 well-
site trips, or after 00,000 f [152 400 m] have passed over the wheel,
whichever comes first. The [ device is calibrated with a setup that
& factory-calibrated with a laser system, which provides traceability to
mternational length standards

Tensicn devices are calibrated every & months for each specific cable
by using a load eell

For more information, refer to the Logging Calilralion (feide, which =
available through vour lecal Schlumberger representative.
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The high-precision [DW device uses two wheels that measure cable
mwotion at the wireline unit. Each wheel is equipped with an encoder,
which generates an event for every 0.1 in [0.25 em| of cable travel
Awheel correction B applied to ohiain the ideal of one pulse per il in

af cable travel.

Integration of the pulses results in the overall measured depth, which
is the distance measured along the actusl course of the borehole from

the surface reference point to a point below the surface.

Atension device, commeanky mounted on the cable near the IDW device,

measures the line tension of the cable at the surface.

Depth control procedure

Om arrival at the wellsite, the wireline crew obtains all available infor-
mation concerning the well ard the depth references (wellsite data)
fram the client’s representative. Information related to the calibrations
af the 1MW device and the tension device is entered in the surface

aciuisition system.

First trip
[Farst log

The procedure for the frst log in a well consists of the following major

steps:

1. Set up the depth system, amd ensure that wheel corrections are

properly set for each encoder.

2, Bet tool zer (Fig. 2) with respect to the dient’s depth reference.
3. Measure the rig-up length (Fig 3) betwesn the DA device and the

rodary table at the surface. lnvestigate, and correct a5 necessary,
any significant change in the rg-up length from that measured with

the tool ¢lose to the surface.
4. Run in the hole with the toolstring.

(<]

rotary table at bottom.

fi. Correct for the change in elastic stretch resulting from the chanpe

in cable ar tood frction when Ingging up.
Record the main bop.

B g

to surface.

Tio sed tool zere on a band rig, fxed platform, or jackup, the toolstring &
lowered a few feet info the hole and then pulled up. stopping when the

tood reference i at the client’s depth reference point (Fig. 2).

Opral ] oo el dirations pay dictate & change bn Ui oedir of Slje 65

. Measure the rig-up length (Fig. 3) betwesn the 1D desice and the

Record one or mare repeat sections for repeatability analysis
. Pull the toolstring out of the hole and check the depth on returm

Figere 2 Tood zero.

Lag Oualey Comrol Reference Manual | Depth Control and Measurement
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The following procedurs for setting tosl zero 15 wsed on foating ves-
sels, semisubmersible rigs, and drillships equipped with a wave motion
compensator [WMC):

1. With the WMC deactivated, stop the tool reference at the rotary
tahle, and set the system depth to zerao.

2. Lower the tool until the legging head is well below the riser slip
joint, then flag the cable at the rotary table and record the carent
depth.

1. Have the drller pull op slealy on the elevators, unfil the WMC is
stroking about its midpoint.

4. Raise or lower the tool until the cable flag is back at the rotary table.

. Bet the system depth to the depth recorded in Step 2.

Measuring the cable rg-ap length enmures that the setup has ot
changed while mnning in the well (e.g, slack in the logging cable,
mivvement of the logping unit, the blocks, or the sheaves)). The following
procedure 15 wsed to measure the rig-up length of the cable (Fig. 3):

Diepth &: Place a mark
o the cable at the drum

Frgure § Rig-up lengh messurement procedure.

1. Run in the hole about 100 ft [0 m]. flag the cable at the IDW device,
and note the depth.

2 Lower the toolstring until the flag is at the rotary tahle. Subtract the
depth recarded in Step I from the current depth. The result i the
rig-up length at surface (RULS).

1. Record RULS.

The speed nsed to procesd in the hole should avoid tool Aoat (cansed
by eeessive foree owing to md viseosity acting on the tool) or birdesg-
ing of the cable. To the extent possible and operational considerations
permitting, a constant speed should be maintained while mnning
dambide. At the bottom of the hole, the measurement process is
condueted to obtain the rig-up length at bottom (RULE), which is also
recorded. If RULE differs from RULS by more than 1 & [0.3 m], the
rig-up has chanped and the cause of the discrepancy mmest be mvesti-
gated and eliminated or corrected for.

Oepth B: Mark reaches
the ratary table

Log Qualey Control Reference Manua! | Depth Control and Meassurement
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The rig-up length correction {RULC = RIULS — RIULB) is applied by
adding RULC to the system depth. RULC & recorded in the Depth
Summary Listing {Fig. ).

T eorrect for the change of elastic streteh, the log-downlog-up method

h. The adjustment is the stretch correction (SC0RR) resulting from
the change in tension. SCORR should be added to the hardware
depth before logging the main pass.

6. Record SCORR and the depth at which it was determined in the
Diepth Summary Listing (Fig. §).

(Fig. 4) is applied as close as is reasonable to the bottom kg interval:
1. Continue teward the bottom of the well at nrmal speed.

2. Log down a short section (minimum 200 f& |60 m]) close to the
hottom, making sure to include distinetive formation characteristics
for corvelation purposes.

If it is determined to be too risky to apply the delia-stretch correction
before starting the log, the log can be recorded with no correction and
then depth-shifted after the event with a playback. This procedure
must be documented clearly in the Depth Summary Listing remarks.
Swch a procedure is justified when the well is excessmely hot or sticky,
and following the steps previously outlined could lead fo a significant
risk af tool problems or filure to returmn to bottom (and thes to loss of

3. At the bottom, open calipers (if applicable) and log up a section
averlapping the down log obtained in Step 2.

4. Uzing the down kg 48 a reference, adjuest the up-log depth to mateh ilata).
the dvwn log.
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Figure 4 Stretciy correcion
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After pulling out of the hole, tool zero is checked at the surface, aswas  correction computed after the log, becanse that depth correction pro-
diome before rarming in the hole, and the difference is recorded inthe  cess should include an estimate of the expected re-zeno error.

[hepth Summary Listing (Fig. 5). In deviated wells in particolar, ensd-

rinmental effects may lead to a re-zero ermor, with the depth sypstem All information related to the procedure followed for depth control
reading other than zero when the tool reference is positioned opposite showld be recorded in the Depth Summary Listing (Fig. 5) for future
the log reference point after return to the surface. Recording this  reference.

difference is an essential step in controlling the quality of any depth

DEPTH SUMMARY LISTING

Date Created: 10-Dec-20XX 12:08:15

Depth Systerm Equipment

Depth Measuring Deviee Tension Device Logging Cable
Type : IDW-B Type ! CMTD-B/A | Type: T-46F
Senal Numbear: AKX Serial Mumber: B0 Sarial Nurmber: BAXX
Calibration Date: 10-Dec-20XX  |Calibration Date: 10-Dec-2000x | Lemgth: 18750 FT
Calibrator Serial Mumber: 15%X Calbrator Seral Mumber: RN
Calibration Cable Type:  7-46P Number of Callbration Points: 10 Convayance Method: Wireline
‘Wheel Comection 1: -3 Calibration RMS: 1 Fig Type: LAND
‘Wheel Comection 2: -2 Calibration Peak Error: 15

Depth Control Parameters

Liog Sequencea: First Log in the el
Rig Up Length At Surface: 35200 FT

Rig Up Langth At Bottom: 35100 FT

Rig Up Length Comection: 1.00 FT

Stretch Comection: S0OFT

Tool Zero Check At Swface: 0.50 FT

Depth Control Remarks

1. Subsequent np to the well. Downlog comelated o reference bog XX by Y'Y company dated DO-MBM-YYYY.

2, Won-Schlumberger reference log. Full 1at tnp o the well depth control procedure applied, which required the eddiion of XX ft
10 the down bog.

3. Delta-streich commection was conducted at 12300 ft and applied to depth prior to reconding the main log.

4. F-char vsed &3 & secondary depth check.

Frgure § Depth Semmary Listing for the first trig, first ko in the well

Log Oualey Comrol Reference Manua! | Depts Control and Measurement q
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Subseguent logs

The depth of sahzequent lops an the same trip is tied inte the first log

using the following procedure:

weights are mn in deviated welks, the relative depths of the kogs can
change over long logeing intervals. Subsequent correction shoukd
enable removing all discrepancies.

1. Trupect zoow tho buol.wn Jor fhe frst lng. The amount ard sign af the correction applied and the depth at which

2. The rig-up length does not need to be measored if the setup bas 0ot ymg determined must be recorded in the Depth Summary Listing
changed since the previows log. For any down log made, the delta-stretch correction should ako be

3. Match depths with the first log by using a short up-log pass. reconded, as well as the depth at which it was determined.

I. Bun the main log and repeat passes as necessary.

5. Becord the re-zero ervor in the Depth Summary Listing, This is part

af the traceability that makes possible the determination of abso-

hrte depth after the event, if required.

Bubsequent kops should be on depth with the frst log over the complete
interval logped. However, particularly when toolsirings of different

All information related to the procedure followed for depth contral
of subsequent logs of the first trip should be recorded in the Depth
Summary Listing (Fig 6).

DEPTH SUMMARY LISTING
Date Craated: 10-Dec-20XX 14:38:50
Depth System Equipment
Depth Measuring Device Tension Deviee Logging Cable

Type : IDW-B Type : CMTD-B/A | Type - F-d6P
Sarial Number: 4XK Serial Munber: XXX Serial Nurmiter: BIXX
Calibration Date: 10-Dec-20X¥  |Calbration Date: 10-Dec-20%% | Length: 18750 FT
Calibrator Serial Mumber; 155X Calibrator Serial Mumber.  93%X :
Calibration Cable Type:  7-46P Mwember of Callbration Pointa: 10 COIWE}'E!EE heaous MEd
Wheal Comection 1: -3 Calibeation RMS: 11 Rig Type: LAMD
Wheel Comection 2: -2 Calibration Peak Emor: 15

Depth Control Parameters
Log Sequenca: Subsequeant tip In the Weall
Feferance Log Name: AT-GR
Referance Log Run Murmbsr: 1
Reference Log Date: 10-Dec-200X

Depth Control Remarks
1. Bubsaquent lag on 18t ip comelated to fiest log i the well from 30000 to XX200 fi
2. Spepd correction not applied.
3. 2-chart vaed a5 a secondary depth check.
4. Correction appled to match reference bog = XX ft. determined at depth X300 ft.
5. Mo rigup changes from previows bog.
Figure & Jeph Sommary Listing dor first rig, sebseguent fogs.
Log Qualey Control Reference Manua! | Depth Control and Measurement 10
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Subsequent trips

If there is not enough information in the Depth Summary Log from pre-
vious trips to ensure that corvect depth control proceduores have been
applied, subsequent trips are treated as a first trip, first log in the well.

If sufficient mformation from previous trips was recorded to show that
correct depth control procedures were applied, the previoes logs can
e usesd as a reference. The subsequent trips proceed as if munning the 4,

log with the reference log. This adjustment ensures that the down
section of the current log is nsing the same depth reference as the
correlation log. Record any corrections made a8 the suhsequent trip
divwn lng correction.

If the overlap log & off by more than 5 ft per 10,000 ft, investigate
and resolve any problems. Record any depth discrepancies. Consult
with the client to decide which log to use as the depth reference.

Run dvwn to the hottam of the well at 2 reasonable speed so that the

initial trip with the following exceptions: tool does not foat.
o . . ) . b Log main amd repeat passes, correcting for siretch following the first
L Inconjunction with the dient. decide which previous log to nse as the trip procedure.
divanhole depth reference. Ensure that a valid copy of the reference - z
log is available for corvelation purposes. If the depih reference &= a & 'El'l:l'g :?ng Fﬁi;ﬁ_::h?j mﬁﬁ: the ;Ei::::: gt Loy leasl:
wireline hog from aoilfield service provider other than Schlumberger, =Y "'?“‘mme El"ed'_ P g:“'* s E’i““ log. ”‘:1“'
proceed as for the first log in the well, and imestigate and document luL"El'eFﬁmlFE Sl o e Ot Py Lok g o g
any discrepancies fourd with respect to the reference lop, Ere
2. Run in the hole and record a down log across an averlap section az Al mlnnnaunn related to the depth "3_0“."‘3'] P‘fﬂf!dﬂfﬁ' followed shoubd
the bottam of the reference Ing. If the overlap section i off by lpgs  be recorded in the Depth Summary Listing (Fig. 7).
than & ft per 10,000 fi, adjust the depth to match the curvent down
DEPTH SUMMARY LISTING

Diate Craated: 10-Dec-2000K 143656

Depth Systern Equipment

Depth Measuring Device Tension Device Logging Cable
Type : IDW-B Type CMTD-B/A Type : 7-48P
Senal Mumber: AXH Zerial Mumber: BN Serial Number: BEXN
Calibration Diabe: 10-Dec-20XX |Calibraban Dabe: 10-Dac-20%X | Langth: 18760 FT
Calibrator Serial Mumber: 15XX Calibratar Serfal Number: GRS51

Calibration Cable Type: T7-46P Number of Calibration Ponbs: 10
‘Wheel Comreactian 1: =3 Calibratban RMS: 11
‘Wheel Comactian 2: ) Calibrabon Peak Emor: i&

Canveyance Method: Wireline

Rig Type: LAND

Depth Control Parameters

Log Seguence:
Reference Log Mame:
Reference Log Run Mumbes:

Reference Log Dale:
Subsagquent Trip Down Log Commection:

Subsaguent Irip ta the well
AIT-GR
1

10-Drac-200KX
1.00 FT

Depth Control Remarks

1. Subsegqueant trip 1o the wall.

2. Down pass carrelated to reference log within +/- 0.05%.

3. Comelalion io reference log pedormed fram XX000 to X200 ft.

4. Comectian applied to match reference log = XX fi, determined at depth X500 fi..
5. Z-chart used as a secondary depth check.

figure 7. Depth Sommary Listing for subsepuent inps.

Log Oualey Comrol Reference Manua! | Depts Control and Measurement
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Spudding

Spudding is not a recommended procedure, bat it is sometimes neces-
sary to get past an ohstmuction in the borehole. It generally imvolves
making multiple attempts from varying depths or nsing varying cable
speed to get past an obstrsction.

If the distance polled up is small, the error introdseed is also small.
In many cases, however, the tool is pulled back up for a conziderable
distanee (L., increasing cable over wheel) in an attempt to change its
arientation. Then, the correction necessary to maintain proper depth
canitrol hecomes sizeahle.

I multiple attempts are made, the correction necessary to maintain
peoper depth control also becomes sizeabls,

When possible, log data &= recorded over the interval where spudding
aeelrs in case corsequent damage occurs to the equipment that pre-
vents further data acquisition. If it is not possible to pass an obstruction
in the well, data is recorded while pulling cut of the hole for remedial
artion.

Absolute depth

Measurements maide with wireline logs are often nsed as the reference
for well depth. However, differences are usually noted hebseen wire-
line depth and the driller's depth. Which one is correct? The answer B
neither. For more information, refer to SPE 110318, “A Technique for
Imiproving the Accaracy of Wireline Depth Measarements.”

Wireline depth measurement is subject to emvirormental corrections
that vary with meany factors:

= well profile

= mud properties

= toulstring weight

= cahle type

= temperature profile

= wellhare pressure

* logging speed.

All these effects may differ from one well to ancther, so the depth cos-

rections required also differ. Becanse of the pumber of Eactors imalved,
the carrectiors can be applied through a nomerical model.

Logging down

Any short element of cable that is spooled off the wineh dram as a ool
i lewered dewmhole takes up a tension sufficient to support the weight
af the toal in the well ples the weight of the cabde hetween the winch
and the tool, minus any frictional force that helps support the toal and

The: main cemptoes revsin Bl the Tictisn b omstan (ofber Ui the cloage de 1a neemal
o dinadtin of cable sntaon) and thet sagerian wnd precare eficts oa S cibls sy b gaenad

cahle. This prestretched cable passes the IDW device and its length is
thnes measared in the stretched condition. When this element of calde
iz downhole, the tension at the surface can he quite different. However,
the tersion cn this element remains the same becapse it is still sup-
parting the weight of the tool plos the weight of the cable between itsaelf
and the tool minus the frictional foree.

If it is assumed that the frictional foree & constant and that tempera-
ture and pressure do not affect the cabde length, the tersion on the
cabde—and thus the cable lenpth—atays constant as the tool is Low-
ered in the hole. Considering that all such elements remain at constant
length onee they have heen measured, it follows that the down log is on
depth. This means that the encoder-measured depth meorporates the
stretehed cable kenpth, and no additional streteh correction i required.

Logging up

When the tool reaches the bottom of the well, the wineh direction &
reversed. This has the effect of inverting the sign of the frictional com-
ponent acting on the tool and cable. In addition, if a caliper 18 opened,
the magnitude of the frictional force can change. As a result, the cable
everywhere in the borehole is subject to an increase in tension, and
this an inerease in stretch

Fuor the surface equipment to track the true depth comrectly, a delta-
giretch correction must be added to compensate for the friction
change (Fig 4). Onee the correction has been applied, the argoment
wsed] while runming in hole is agam applicable, and the IDW eorrectly
meamres the displacement of the too] provided there are no further
changes in frietion*

Deviated wells

In deviated wells, the preceding depth analvsis applies only to the verti-
cal section of the well. Once the tool reaches the dogleg, lateral force
from the wellbore supports part of the tool weight. The toel s thus
shallpwer than the measured depth on surface; e, the recorded data
appear deeper than the acheal too] position. This is cammonly referred
to as tool foat.

Comrection modeling

Caorrection modeling software estimates the delia-stretch comection toe
b applied at the bottom of the well, as well as the expected tool re-zern
depth apon return to the surface. This software can be wsed to correct
the depth after bopging. Contact vour loeal Schlumberger representa-
tive for more informaticn.

Log OQualey Control Reference Manus | [Depth Controd and Measurement
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