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1. INTRODUCTION 

1.1 Background 

De Beers Canada Inc. (De Beers) owns and operates the Snap Lake Mine located approximately 

220 kilometres (km) northeast of Yellowknife, Northwest Territories, 30 km south of MacKay Lake, and 

100 km south of Lac de Gras where the Diavik Diamond Mine, and the Dominion Diamond Mine are located 

(Figure 1-1). An Environmental Assessment Report (EAR) for the Mine (De Beers 2002) was submitted to 

the Mackenzie Valley Environmental Impact Review Board (MVEIRB) in February 2002. The Mine received 

approval from the Minister of Indian and Northern Affairs in October 2003, based on MVEIRB (2003). Final 

regulatory approvals for construction and operation of the Mine were granted in May 2004 and construction 

began in April 2005. The Mine reached full production in 2008 and was expected to continue operations 

for approximately 20 years. However, on December 4, 2015, De Beers announced that it would be 

suspending operations at Snap Lake Mine, and that the Mine would be placed under “care and 

maintenance”. An Extended Care and Maintenance Plan was submitted to the Mackenzie Valley Land and 

Water Board (MVLWB) in April 2016 (De Beers 2016). In December 2017, following an on-going evaluation 

of the Mine, De Beers announced the Mine would enter into final closure. 

This Quality Assurance and Quality Control (QA/QC) Plan is an update to previously prepared plans and has 

been modified for final closure. 

1.2 Requirements of the Water Licence 

Practices to be implemented for the collection, transport, and laboratory analysis of field water quality 

samples as a requirement of the Type A Water Licence are outlined in this QA/QC Plan. The plan was 

developed following the guidelines for a QA/QC Plan (INAC 1996) and to meet the requirement of Annex A 

of Water Licence MV2011L2-0004, which states: 

 A quality assurance/quality control (QA/QC Plan) plan which includes both field and laboratory 

requirements shall be submitted to an analyst for approval not less than 60 days in advance of any 

sampling conducted. 

 The Licensee shall act in accordance with the approved QA/QC Plan and shall review the Plan annually 

or as directed by the Board and make any necessary revisions to reflect changes in operations. 

Revisions to the Plan shall be submitted to an Analyst, for approval. 

 If the Quality Assurance and Quality Control Plan is not approved by the Analyst, the Licensee shall 

revise the Plan according to the Analyst’s direction and re-submit it to the Analyst for a decision. 

1.3 Document Organization 

This document has been structured as follows: 

 Section 2.0: Sample Collection (locations, equipment, data recording, etc.) 

 Section 3.0: Sample Handling (preservation, sample identification, etc.) 
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 Section 4.0: Laboratory Analysis (laboratory requirements, accreditation, detection limits, etc.) 

 Section 5.0: Reporting Requirements (Surveillance Network Program reporting) 

Figure 1-1 Location of the Snap Lake Mine, Northwest Territories 
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2. SAMPLE COLLECTION 

Overall responsibility for sample collection under this plan rests with trained personnel using standard 
techniques and equipment. To avoid sample contamination during sample collection, proper sample-
handling techniques, atmospheric input, adequately cleaned equipment and the use of equipment 
constructed of materials appropriate for the analysis targeted for study. The process of sample collection 
will be separated to prevent contamination of other monitoring or sampling in progress. The series of sites 
will be sampled from the least to the most impacted. 

2.1 Stations 

The list of proposed SNP stations applying to Closure Monitoring are identified in Table 2-1. Those stations 
listed with the recommendation of ‘retain’ or ‘eliminate’ are active stations under Water Licence 
MV2011L2-0004; those stations listed with the recommendation to ‘create’ are new proposed stations 
specific to Closure. Permanent signs have been (or will be) erected to mark sampling stations (i.e., water 
intakes, discharge lines, sumps and seepage sites) to ensure all samples will be taken from the same 
location. Sampling stations will be identified with Universal Transverse Mercator (UTM) co-ordinates using 
a Global Positioning System (GPS).  

Sampling information including QA/QC for SNP Stations 02-20 (d through k) is provided in the Aquatic 
Effects Monitoring Plan (AEMP; Golder 2019). The following Sections do not apply to these stations located 
in Snap Lake. 

Table 2-1 Surveillance Network Program (SNP) Sampling Stations 

Station(a) Description Recommendation Station Purpose 

SNP 02-01  Final Mine water collection Sump, underground Eliminate n/a 

SNP 02-02 North Pile Drainage collection ditch north of Water 
Management Pond 

Retain Regular 
Monitoring 

SNP 02-03 Core facilities area collection ditch east of the 
centre of the water management pond 

Eliminate n/a 

SNP 02-04.1 
SNP 02-04.2 
SNP 02-04.3 

• Uncontrolled surface runoff at culvert on north 
side of center of airstrip 

• Uncontrolled surface runoff at culvert on north 
side of western end of airstrip 

• Uncontrolled surface runoff at culvert on north 
side of airstrip 

Eliminate n/a 

SNP 02-05   Uncontrolled surface runoff at Bulk Sample Mine 
Rock Pad 

Eliminate n/a 

SNP 02-06 Uncontrolled surface runoff at Quarry Site on south 
side of North Pile 

Eliminate n/a 
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Station(a) Description Recommendation Station Purpose 

SNP 02-07.1 
SNP 02-07.2 
SNP 02-07.3 

• Uncontrolled surface runoff and standing water 
at Road to Bulk Emulsion Plant, pond 
downstream of explosive magazine 

• Uncontrolled surface runoff and standing water 
at Road to Bulk Emulsion Plant, pond west of 
small AN Pad 

• Uncontrolled surface runoff and standing water 
at Road to Bulk Emulsion Plant, pond west side 
of small AN Pad 

Eliminate n/a 

SNP 02-08 Uncontrolled surface runoff at Winter Access Road Eliminate n/a 

SNP 02-09.1 
SNP 02-09.2 
SNP 02-09.3 
SNP 02-09.4 
SNP 02-09.5 

• Uncontrolled surface runoff and standing water 
at Emulsion Plant Area; pond north of Bulk 
Emulsion Ammonium Nitrate Pad 

• Pond downslope and north-northeast from 
Ammonium Nitrate Pad 

• Downslope from SNP station 02-09 
• Base of Ammonium Nitrate Pad Sump, south of 

Ammonium Nitrate Pad 
• Pond downslope of Ammonium Nitrate Pad 

Eliminate n/a 

SNP 02-10 Any other points where observable flow to Snap 
Lake or Inland Lake 5 (IL5) is observed. 

Eliminate n/a 

SNP 02-11 Seepage monitoring well down gradient from Water 
Management Pond Dam 1, near Snap Lake 
shoreline 

Eliminate n/a 

SNP 02-12: Seepage monitoring well down gradient from Water 
Management Pond Dam 1 

Eliminate n/a 

SNP 02-13 Seepage monitoring well down gradient from Water 
Management Pond Dam 2 

Eliminate n/a 

SNP 02-14 Water Management Pond  Retain Regular 
Monitoring 

SNP 02-15 Water Intake from Snap Lake Retain Regular 
Monitoring 

SNP 02-16j Sewage Treatment Plant Effluent Retain Regular 
Monitoring 

SNP 02-17 Final Combined Water Treatment Plant and Sewage 
Treatment Plant Effluent discharged via diffuser into 
Snap Lake 

Eliminate n/a 

SNP 02-17b Final Combined Water Treatment Plant and Sewage 
Treatment Plant Effluent 

Retain Compliance 
Monitoring 

SNP 02-17c Discharge from East Passive wetland system to 
Snap Lake 

Create Compliance 
Monitoring 
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Station(a) Description Recommendation Station Purpose 

SNP 02-17d Discharge from West Passive wetland system to 

Snap Lake 

Create Compliance 

Monitoring 

SNP 02-18 Monitoring stations in the main basin of Snap Lake 

used to calculate a whole lake average 

concentration of TDS 

Eliminate n/a 

SNP 02-19 Sewage discharge from the temporary Sewage 

Disposal Facility 

Eliminate n/a 

SNP 02-20defg Mixing Zone Stations (from Diffuser) within 

Snap Lake  

Retain 2 of 4 AEMP 

SNP 02-20h,i Mixing Zone Stations (from East Passive Wetland) 

within Snap Lake  

Create AEMP 

SNP 02-20j,k Mixing Zone Stations (from West Passive Wetland) 

within Snap Lake  

Create AEMP 

SNP 02-21 Outflow from Snap Lake flowing into the Lockhart 

River System 

Eliminate n/a 

SNP 02-22 Diffuser construction Eliminate n/a 

SNP 02-23 Water intake construction Eliminate n/a 

SNP 02-24 Snap Lake sites in close proximity to fisheries 

compensation works. Corresponds to AEMP stations 

SNAP05, and SNAP29 (Water intake). 

Eliminate n/a 

Notes:  

AEMP = aquatic effects monitoring program; n/a = not applicable 

a Stations listed as retain or eliminate are currently monitored under Water Licence MV2011L2-0004; stations listed as 

“create” are new and aligned with Closure. 

2.2 Sampling Equipment 

Handheld instruments will be used to collect field parameter readings including pH, temperature, and 

conductivity. Field analysis is necessary for temperature, transparency and pH. Dissolved oxygen may be 

determined in the field or the sample may be treated (fixed) in the field and the remainder of the analysis 

completed in a laboratory. If samples are to be chemically preserved before being transported to the 

laboratory, conductivity (if required) must be measured before preservative chemicals are added. Where 

there are no laboratories within a reasonable distance of the sampling stations, field analysis may be the 

only feasible way to obtain water quality information. 

All field tests are conducted according to manufacturer instructions. Training in the proper use of the 

equipment necessary for testing, along with scheduled regular maintenance and calibration eliminate risks 

of improper or inexact indicators. Instruments and equipment are regularly maintained and calibrated with 

maintenance logs kept on file. 
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The accuracy and stability of calibrations will be established by setting requirements for the following 

as appropriate: 

 Control and verification standards to verify accuracy and stability; and 

 Associated control limits and specified corrective action. 

All calibration results and remedial actions are recorded. Instruments deployed long-term in the field will 

be verified upon removal by analyzing a reference and compared to the initial value to determine drift and 

ensure validity of reported data at the end of the monitoring period. 

The list of instrumentation used in the laboratory and their respective calibration and verification schedule 

is provided (Table 2-2). 

Table 2-2 List of Instruments and Calibration Frequency 

Instrument Parameter Verification Schedule Calibration Frequency 

Hach Model 2100P 

Turbidimeter 

Turbidity Prior to use  

YSI 600QS Sonde pH Prior to use Prior to use 

Conductivity Prior to use Prior to use 

Dissolved oxygen Prior to use Prior to use 

Temperature - - 

Mettler Balance Mass Prior to use Prior to use 

Hach HQ40d Portable Meter pH Prior to use Prior to use 

Conductivity Prior to use Prior to use 

Temperature - - 

Hach DR/890 Colorimeter Nitrate Weekly or if new kit opened Annual 

Hach Pocket Colorimeter II Ammonia Weekly or if new kit opened Annual 

A peristaltic pump with tubing will be used to collect groundwater samples. Calibration and maintenance 

procedures will be followed for each instrument as set out by the supplier’s operation manual. 

Samples will be collected into appropriate bottles so they do not contaminate or alter the sample. Sizes 

and types of container (i.e., plastic or glass) used for water quality sampling are described in Appendix A. 

These sample containers are supplied by the analyzing laboratory pre-cleaned, capped and sealed in 

plastic-film dust-protection; in some cases the laboratory bottles are pre-charged with preservative. The 

exact list of type of bottle provided by the laboratory may change at their discretion as laboratory methods 

are revised or updated.  
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2.3 Sampling Methods 

2.3.1 Field Data Recording  

All sample collection and measurement activities will be traceable through field records to the person 

collecting the sample or making the measurement. All maintenance and calibration records for sampling 

and measurement equipment (where appropriate) will be kept so that they are similarly traceable. 

Before samples are collected, all pertinent information on water sampling efforts will be recorded in a 

bound waterproof notebook.  

The following procedures are required for all field notes: 

 Number and date each page; 

 Ambient wind and weather conditions; and 

 All corrections are made by a single-line cross out of the error, initialed and dated. 

Field notes, considered legal documents, are a vital source of reference and are to remain accessible at 

all times.  

2.3.2 Sampling Protocol 

The same general sampling protocol applies to both surface water and groundwater sample collection. 

Protocol specific to only surface water or groundwater are identified. 

1. Sample Identification 

All sample bottles will be labeled with unambiguous identification before sampling begins. Sample bottles 

will be clearly identified by marking the bottle or label with waterproof, non-smear felt pen. Labels 

will include:  

 Company name; 

 Unique sample control number; 

 Date and time sampled; 

 Initials of sampler; and 

 Analysis required. 

Once at the SNP site, the sampler will record all details relevant to the sampling in the field notebook: date, 

SNP sampling station (i.e., 02-14), initials of the sampler, supporting field measurements and samples. Any 

unusual conditions and variations from usual sampling techniques will be documented.  

2. Documentation 

Document supporting field measurements at the sampling location in the field notebook using the field 

meters: pH, water temperature, conductivity, ambient wind and weather conditions.  
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3. Field Measurements 

For running water (i.e., water flowing out of pipes), take supporting field measurements from water filled in 

a plastic beaker that is pre-rinsed 3 times with the sample water or suspend monitoring probes within the 

water column. If using a container, do not rest the probe on the bottom or sides of the container. Do not 

touch the tip of the probes.  Air bubbles under the sensor tip when submerged can cause slow response or 

error in measurement. If bubbles are present, gently shake the probe until bubbles are removed.  

All field meter probes will be well rinsed with site water before sampling at the next station.   

Ensure sensors are completely submerged. Stabilization times with small concentration changes generally 

will be longer and can be minimized by correct stirring and conditioning. In the case of multiple sample 

collections, field meters will be calibrated at the start of each day of use and verified against a reference 

at the end of the sampling day to confirm data results have not drifted. Calibration and calibration checks 

will be recorded in the field logbook. Field meters will be used, calibrated and maintained as per the 

manufacturer’s specifications. 

Pertinent field observations and any deviations from the sample collection procedure will be recorded in 

the field notebook. 

4. Surface Water Sample Collection 

In order to prevent cross-contamination during sample collection, nitrile gloves will be worn during all stages 

of sample collection. Extra sets of nitrile gloves will be carried in a clean, dry zip lock bag.  

Unless otherwise instructed by the laboratory, plastic bottles will be triple rinsed with ambient water before 

collecting the water sample. Glass bottles are not rinsed: Oil and Grease, Total Organic Carbon, BTEX, F1‑F2, 

microbiological analysis (i.e., Faecal Coliforms, E. coli), and any bottles pre-charged with preservative. 

Samples being added to these types of bottles will be collected during the first submersion.  

For samples that require filtering before being preserved, confirm that the sample is not being added to a 

bottle pre-charged with preservative. For samples that need to be filtered, the sample should be collected 

in a separate clean bottle, filtered through 0.45-μm membrane filter (as soon as possible after sample 

collection) directly into the laboratory supplied bottle, and preserved as soon as possible after filtering. 

For samples that do not require filtering, the sample bottle will be immersed just below the water surface 

or in the center of the pipe discharge, and allowed to fill.  

Enough space will be left to add the appropriate preservative (see Section 3.1) (unless the bottle has been 

pre-charged with preservative). The time and analyses required (i.e., pH, Total Suspended Solids [TSS], Oil 

and Grease, etc.) will be recorded in the field notebook for each sample. 

Collection of samples and sample preparation will follow specific instructions as noted in Appendix A. 

5. Groundwater Sample Collection 

In order to prevent cross-contamination during sample collection, nitrile gloves will be worn during all stages 

of sample collection. Extra sets of nitrile gloves will be carried in a clean, dry zip lock bag.  
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The purge volume is calculated using the height of the water column to the bottom of the well. This 

minimizes the effects on groundwater chemistry from vertical and/or horizontal exchange of water in the 

open or screen interval with the aquifer as well as diffusion of oxygen from air above the water column into 

the column of standing water within the open or screened interval. To adequately purge a well, monitor the 

pH, temperature and conductivity of the water during the purging process, and assume purging is complete 

when these measurements stabilize.  

Sampling equipment are dedicated for use at a specific well to eliminate risk of cross contamination. 

 For undeveloped wells, purge three well volumes (including the sand pack) to develop the well. 

 Allow the well to recharge and then purge one well volume and collect a sample.  

 For wells that are already developed, purge a few well volumes prior to collecting a sample (or one if 

the well is slow to recharge).  

 Once the sample is collected, the sample will be allowed to settle, decanted, and filtered through 

0.45‑μm membrane filter (as soon as possible after sample collection). 

Sampling equipment will be quality assured with an equipment blank to verify that the equipment is suitable 

for the purpose of the study (see more details on quality control in Section 2.3.3). 

6. Storage and Shipping 

Filled sample bottles will be stored at 4°C (Celsius) and shipped to the appropriate lab in coolers with ice 

packs as soon as possible. The date the samples are shipped will be recorded in the field notebook. 

Chain‑of-Custody (CoC) forms will be filled out and shipped with the samples (see Section 3.2). 

2.3.3 Field Quality Control 

Field quality control (QC) samples (i.e., Travel blanks, field blanks, and replicate samples) will be prepared 

and shipped monthly with the water samples collected for laboratory analysis. These samples should be 

identified with a unique sample number (e.g., YEAR-MM-#) so the laboratory does not know they are QC 

samples. The unique number needs to be recorded on the field data sheets. 

A description of each field QC sample type is provided below: 

 Travel Blank: Travel blanks detect sample contamination during transport. Travel blanks consist of 

pre‑filled bottles provided by the analytical laboratory. They accompany empty sample bottles to the 

field site, where they are left intact and unopened in the shipping cooler. The unopened blanks are 

then returned to the analytical laboratory to be analyzed along with the collected samples. 

 Field Blank: Field blanks are used to detect sample contamination during collection, transport, and 

analysis. They are prepared during a sampling event by filling the appropriate containers with laboratory 

provided de-ionized water. 

 Field Replicate: To measure the precision of field sampling and measurement precision, duplicate 

samples will be collected from pre-assigned sampling locations. Replicate site locations will rotate. 
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 Multi-Agency Same Site Replicates: It is often important to show that different studies provide 

comparable data. A series of duplicates or replicate samples collected at one site and sent to two 

laboratories for analysis and comparison. 

 Equipment Blanks: Equipment blank is blank water that is processed under controlled conditions in 

the office laboratory by being passed sequentially through each component of the sample processing 

and collection equipment. Equipment blanks are prepared in a clean, controlled environment (Water 

Handling Facility), after the equipment has been cleaned using standard laboratory procedures. 

Deionized water is processed through clean equipment and collected into sample containers. If the 

data indicate unacceptable concentrations of analytes of interest, the cause must be identified and 

the equipment or cleaning procedures changed or modified. 

Holding time is the elapsed period between sampling collection and analysis.  Samples are required to be 

analyzed within recommended holding times to minimize the possibility of changes in constituent 

concentrations caused by volatilization, decomposition or other chemical processes. Samples are also 

refrigerated to slow potential chemical reactions within the sample matrix. 

2.4 Sampling Frequency 

De Beers’ water quality sample stations and frequency of sampling are provided in Table 2-3 below. 
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Table 2-3 Sampling Frequency 

Station Description Station Purpose Weekly 
Sampling 

Bi-Weekly 
Sampling 

Monthly 
Sampling 

Quarterly 
Sampling 

Annual 
Sampling 

SNP 02-02 North Pile Drainage collection ditch north 
of Water Management Pond 

Regular Monitoring X(a) 
 

X 
  

SNP 02-14 Water Management Pond  Regular Monitoring X(b) 
  

X(c) 
 

SNP 02-15 Water Intake from Snap Lake Regular Monitoring 
  

X X(c) X 

SNP 02-16j Sewage Treatment Plant Effluent Regular Monitoring X(d) 
   

X 

SNP 02-17b Final Combined Water Treatment Plant 
and Sewage Treatment Plant Effluent 

Compliance Monitoring X(d) 
 

X X 
 

SNP 02-17c Discharge from East Passive wetland 
system to Snap Lake 

Compliance Monitoring X(d) 
 

X X 
 

SNP 02-17d Discharge from West Passive wetland 
system to Snap Lake 

Compliance Monitoring X(d) 
 

X X 
 

SNP 02-20defg Mixing Zone Stations (from Diffuser) within 
Snap Lake  

AEMP 
  

X 
 

X 

SNP 02-20h,i  Mixing Zone Stations (from East Passive 
Wetland) within Snap Lake  

AEMP 
  

X 
 

X 

SNP 02-20j,k  Mixing Zone Stations (from West Passive 
Wetland) within Snap Lake  

AEMP 
  

X 
 

X 

Notes: 
a During spring freshet and heavy rainfall events 
b During periods of pumping to WTP 
c When not pumping to the WTP 
d Every 6 days 
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3. SAMPLE HANDLING 

3.1 Preservation 

In order to stabilize samples for certain tests it is necessary to add a chemical preservative, in addition to 

immediate cooling, storage, and transport on ice. Failure to add the proper preservative, or amount, could 

result in samples deteriorating to the point of being useless for analysis. Samples will be preserved within 

four hours of collection to prevent chemical or biochemical changes. Samples will be stored at 4°C 

immediately after collection. Type of preservative, preservation method and appropriate holding times are 

provided in Appendix A. Laboratories provide preservatives. 

3.2 Shipping 

After sample collection, sample handling should be minimized. Field investigators should use extreme care 

to ensure that samples are not contaminated during storage. Environmental and waste samples are 

typically stored in coolers. To reduce the risk of cross contamination, smaller sample containers 

(e.g., 125 mL glass jars, 40 ml VOA vials, and one-liter amber bottles) should be placed inside of sealed, 

plastic bags before being placed in the cooler.  

Upon return to the Water Handling Facility, samples will be placed upright in cooler(s), packed tightly with 

appropriate packing materials and ice packs, and shipped to the appropriate laboratory as soon as possible 

after they are collected. When sealed ice packs are not available, ensure ice is added prior to shipping, 

contained in a plastic bag or equivalent to prevent the potential for cross contamination of samples by 

water produced from melting ice. A completed Chain-of-Custody (CoC) form will accompany the samples. 

The individual(s) collecting the field samples will complete the CoC form. It documents the site sampled, 

date and time of sampling, and analysis required. A copy of the CoC form is maintained in the field records. 

The shipping memo record will be maintained with the field copy of the CoC for sample tracking and 

confirmation of shipment. 
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4. LABORATORY ANALYSIS 

4.1 Laboratory Accreditation 

Only laboratories accredited by the Canadian Association for Laboratory Accreditation (CALA), an 

organization whose standards are maintained at the international quality assurance level, will be used. 

Accreditation is the formal recognition by CALA of the competence of an environmental analytical laboratory 

to carry out specific tests, conforming with the requirements of ISO/IEC 17025. This formal recognition is 

based on an on-going evaluation of laboratory capability and performance. The laboratories selected to 

analyze samples may change over time, but current selected laboratories include ALS Environmental, Taiga 

Environmental, Maxxam Analytics, Nautilus Environmental, and Flett Research. The current accreditation 

for these laboratories are provided in Appendix B. 

4.2 Analytical Methods 

Methods used by the laboratories for analyses of individual parameters are validated prior to approval for 

use in the lab. All approved methods include quality control and performance criteria that must be achieved 

prior to release of any data. By ensuring the quality assurance data meets method specific quality 

objectives, the labs ensure that the analytical results are traceable and defensible prior to their release. 

 



  

 

 

 

 

SNAP LAKE MINE 

Quality Assurance and Quality Control Plan V.3 

March 2019 

Page 5-1 

 

5. REPORTING REQUIREMENTS 

5.1 Monthly Reports 

De Beers will submit all water quality data required by the Surveillance Network Program, including the 

results of the field quality control samples, to the Mackenzie Valley Land and Water Board within 30 days 

of the end of each month of collection. The proposed sampling schedule for each station is provided in 

Table 2-1. De Beers will submit monthly reports to the Mackenzie Land and Water Board based on this 

schedule. Modifications to the schedule may occur due to weather and site conditions; modifications will 

be reported to and discussed with an Inspector. 

The monthly reports will contain: 

 Data results for sampled SNP stations; 

 Travel blank and field blank results; 

 Replicate sample results displayed in side by side columns; 

 Deviations from sample collection methods (if any); and 

 As per proposed conditions in the Water License, De Beers will also submit an annual report by 

March 31 of the year following the calendar year reported which shall contain the information in 

accordance with Schedule 1, Item 1. 

As per proposed conditions Condition B, Item 5N in the Water License, De Beers will also submit an annual 

report by March 31 of the year following the calendar year reported which shall contain the information in 

accordance with Schedule 1, Item 1. 
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����������	
�	
�	������������		����	�������������		��	
�	
�	����������������� !�"#����	��$��%&'�	(��)	����%*��+�,	��'��-,	��.����/01�2�+3�+//456�2�+3�+5/457�**���*8,���39:;�<��%=�9:*�9>:2,��2�,:�;�+�3��9�/���3%:���'����?5@4 A*B�,�+�%���,��*�>�C�����&�)�C���B
+D&���	+D&���3	�$������������� !�"#����	��$��%&'�	(��)	����%*��+�,	��'��-,	��.����/00�2�+3�+//456�2�+3�+5/457�**���*8,���39:;�<��%=�9:*�9>:2,��2�,:�;�+�3��9�/���3%:���'����045/��'�����?5@4A*BE���+�%���,��*�E/F�*@+*/4G%F�*@+*/4����������� !�"#����	��$��%&'�	(��)	����%*��+�,	��'��-,	��.����/0?�2�+3�+//446�2�+3�+5/447�**���*8,���39:;�<��%=�9:*�9>:2,��2�,:�;�+�3��9�/���3%:�A*BE���+��H39�*3�:2�3<�>;�9E5F�*/4+*/@EIF�*/@+*I1E1F�*I1+*04����������� !�"#����	��$��%&'�	(��)	����%*��+�,	��'��-,	��.����/J/�2�+3�+//446�2�+3�+5/447�**���*8,���39:;�<��%=�9:*�9>:2,��2�,:�;�+�3��9�/���3%:�A9�G���39�*�+�3<�>;�9E1F�A��K������(����������� !�"#���	���+�,	��'��-,	��.����4JJ���+3�+///I7��	'�L��'�L�	������I014��'�����?5J4A*B�,�+��H39�*3�:2�5+*��	�	
��	�5+����&�
��	���	+*���	��5+2���	
��	�56I+��(��	�	
��	�56I61+3��(��	�	
��	�56I6160+3����(��	�	
��	�56I616@+3����(��	�	
��	�56I60+3��(��	�	
��	�56I606@+3����(��	�	
��	�56I6@+3��(��	�	
��	�561�M�560+��(��	�	
��	�561+������&�
��	�561+�����	
��	�56160+3��(��	�	
��	�5616@+3��(��	�	
��	�56@+��(��	�	
��	�I+*��	�	
��	�
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��������	
���	������������������������������� !"�#$�%%�&'�()��*����*�)(�+$�,,&��-�����+$�,,&��.�����+$�,,&��/�0-12$!#023#)��������������������������	
���	����������������������������%,4 !"�#$�%%��'�()��*����*�)(�+$�,,&��3�����+$�,,&��/25/0-�0!"67��)8��9)����������������#)��������������������������	
���	��:6�������������%, !"�#$�%�&;'�()��*����*�)(�+$�<,���6=�-�����+$�<,���6=�.:6�$!#!0:6��������	
���	���>?)�:?�����������������< !"�#$�%��%'�()��*����*�)(�+$�<,���>3�@�02$!#023>?)�:?�����������	
���	��>?)�:?���������������%�� !"�#$�%�%�'�()��*����*�)(�+$�<,���>3�@�02$!#023���#!36523�5>?)�:?�����������	
���	��>?)�:?)�A��������������%% !"�#$�%��%'�()��*����*�)(�+$�<,���>�.�����+$�<,���>�!3�@�02$!#023���"2�!+#2�5#)����"���)�B���>?)�:?)�A�#)����>?)�:?)�A���������	
���	��>?)�:?)�A�������������%%4 !"�#$�%��%C�!"�#>�&��;'�()��*����*�)(�+$�<,���-�����+$�<,���.�����+$�<,���!3�@�02$!#0232�)�D���8�>?)�:?)�A���������	
���	��>?)�:?)�A�������������%�< !"�#$�%�%�'�()��*����*�)(�+$�<,���>�.�����+$�<,���>�!3�@�02$!#023���#!36523�5#)����"���)�B���>?)�:?)�A�#)����>?)�:?)�A���������	
���	��>?)�:?)�A�������������&&< !"�#$�%�%�'�+$�<,���>3�@�02$!#023���#!36523�52�)�D���8�>?)�:?)�A�
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��������	
���	����������������������������� !!"#$%&�'''�#(�)���*����*��)�$+��,-'�!�%./0�12321"�+4145���������������,6� ��������	
���	�����������������������7��8��9����:����-,# !!"'$%&�''''#(�)���*����*��)�$+��,-'�!�%./0�12321"�+4145���������������,6� ��������	
���	��/�88�;��������4<������=;��+���;8������������''> !!"?$%&�'''-@A�!!"?�2�''''>(�)���*����*��)�4&B�#'-'�2�&B;�)���)B���)���B�8����!����)!���;;��)��C�DE !�8)��E��C�DE !�������)��)��C�DE�5��D� ��;���)�E��)��)��=�;���FF��2���G���G��E��)��C�DE +�D��8��)+��D���8�+�;�=����).��H�;&E�8FE���8&���88��)$�;����)$�;����$�;�����C�DE $����)$�������)$�;FE��1����C�DE 1������)3������)I���I�������)��C�DE ��������	
���	��/�88�;����+���;8��������������, !!"?�2�''''>A�!"?$%&�''''�(�)���*����*��)�4&B�#'�'!2�&J+$B;�)���)B���)���B�8����
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����������		�����
����������������	������
�������������	�������	�����������������������������
����������
���������	������������	��		�������
����
�	���������

�������������	�������	�����	������������������	������		��������		������������������������
��� ������!�������"���"�������#$%&'()*+,'-$+./01	�����(2(3����(((45567��86�9�2:::;<=(���>���(>��(��(;?::212(��@�@���!@(�9�(@�@���9A@1	�����#$%&'()*+,'-$+./0B�C���	���(�������(2(3����(((455D7��86�9�2:::E?=(���>���(>��(��(F?::2��(��9�9���@����B�C���	���(�������
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����������	
����	�������������	
�����������������������	
����	������������������	
�����������������������������	����������	
�����������������	
����	����������	
��������������������	
��������������������	
��������������������	
���������������������	�
�����������������	
���������������������	�
��������������������������	
�����������������	
�������������� �����	
�������������� ������	�
��������������	
�������������	
�������������	
����
�������	
����
�������������������������������	
�����	��������!����������	���������������	
������	
�����������	
������������	����	
����	����	
���!����	
�����	�����"��������	
����	�
�����"��������	
������������"��������	
�������������������	������������	������	
�����!
������	������	
�����	���#	�
�������#	�
�������������$�%��	
�����������$�%���&"������
��������'��%�
���(�	�
�����
��	��(�	�
���
�	�%��������
����������������������
�������)��		�
���
*+,��-./0123�4564789:;�9<:�8==:564>�4;�?;:6�@AB�9<:�858CD;4;�A@�.598B4A�6B45E45F�G89:B�;8H=C:;I�G<47<�4;�;?JK:79�9A�9<:�B?C:;�856�B:C89:6B:F?C894A5;�?56:B�9<:�.598B4A�-/8@:�0B45E45F�189:B�2793�LMNNMOP�Q<:�C4;9�A@�9:;9;�856�H:8;?B:H:59�78=8J4C494:;�@AB�G<47<�8�C8JAB89ABD�4;�877B:649:6�785�7<85F:�89�85D�94H:�6?:�9A�74B7?H;9857:;�;?7<�8;�;7A=:�:>9:5;4A5;I�RAC?598BD�G49<6B8G8C�A@�9:;9;�JD�9<:�C8JAB89ABD�856�;?;=:5;4A5P��/7A=:;�8B:�=?JC4;<:6�JD�9<:�S2T2�R48�9<:�U59:B5:9�89<99=VWWGGGP78C8P78W78C8X64B:79AB4:;P<9HC



����������	
������������������������������
�����������������������������������������������������������������������������������
�������������������������
������������������������
����������������������������������������������������������� ����!"�����#�$%&'(!)*(+%,-./ �������!0�1����!"�����#
!2 0"3!�!4����!!!2���3��56�0��777�78!�"!90:!;<�0=<�0=5!9<>?<;!�:"�	0>!�@"A9�!�!B:<���<":��"������������������������������!29:C3��"��������������B���������9�����������������!29	�C3<������<�������<������������<����!������#�<��������
����������������
���������������#!��#����������"�����!#�
���#�"����������"������������"����������������������#����:����!<�������:����!�����B���������������	
�������	
���������9�����!������������9���������������������������������#����������
�"�������#���#� ����!<������$%&'(!)DEF-.EGE+H/��I��I�!;��I��!��I�I��!��#!��I��������!�!4����!!!2�7J3��5��0��777�J8!:�<!K77A=�JLA��K!2�JJL3@=04�B!<>�!�?= 	 <;��I��I�
!2�6��3
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Appendix B4 Nautilus Environmental Inc. 
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Appendix B5 Flett Research Ltd. 
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