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[bookmark: _Toc410124424]Introduction
Hemmera Envirochem Inc. (“Hemmera”) and Ecological Logistics & Research Ltd. (Hemmera/ELR) were retained by the Government of Yukon (GY), Assessment and Abandoned Mines (AAM) to conduct a groundwater monitoring and sampling program at the Mount Nansen Site in October of 2014. This report summarizes the activities conducted, the field conditions encountered, and the in-situ and laboratory analytical results for the program.
[bookmark: _Toc410124425]Site Location
The Mount Nansen Site (the Site) is located approximately 45 kilometres (km) west of the Town of Carmacks (70 km by road). This Type II abandoned mine site consists of three (3) primary areas of existing infrastructure: the Brown McDade Pit, a Mill Complex, and a Tailings Facility (Figure 1-1). Previously installed groundwater sampling stations exist throughout much of the Site, a subset of which were sampled during the October 2014 groundwater monitoring and sampling program. The groundwater monitoring locations included in this program are described in Sections 1.2 and 1.3.
[bookmark: _Toc410124426]Scope of Work
The scope of work included the coordination and execution of the fall groundwater monitoring and sampling program, analysis of groundwater samples, and the presentation of results in a summary report. This report provides a summary of the monitoring and sampling activities, a description of methodologies, a summary of field in-situ and laboratory analytical results including a comparison to applicable guidelines, and recommendations relating to sample procedures and monitoring well condition. This report does not provide an interpretation of the results, nor does it provide recommendations relating to groundwater quality at the Site. 
Groundwater sampling at the Site was conducted over a four (4) day period, between October 7 and 10, 2014. Sampling was conducted by a team of four (4) field staff from Hemmera/ELR (Glenn Rudman, Rusto Martinka, Andrew Brown, and Jonathan Lowey). A total of 65 groundwater wells were included in the October sampling event (Table 1-1).
At each well (sampling station) headspace gas concentrations were measured, well and water level parameters were measured (Depth-to-Water, Depth-to-Bottom, well diameter, and well stick-up height), the well was purged, and then prescribed in-situ groundwater quality parameters were measured. Wells were purged and groundwater samples were collected for laboratory analysis. A detailed description of the sampling methods and measured groundwater quality parameters is provided in Section 2, below.
[bookmark: _Toc410124427]Sample Sites
The groundwater wells included in the October monitoring and sampling event were grouped into six (6) main areas of the Mount Nansen Site (Table 1-1). The majority groundwater wells were located around existing infrastructure including the tailings facility, the tailings pond and seepage pond/dam (26 wells), the Brown McDade Pit (12 wells) and the Mill Complex (9 wells). Additional wells (primarily drive-point piezometer installations) were sampled in the vicinity of Dome Creek (9) and Pony Creek (9) sample sites. Table 1-1 provides the location, status, and sample recovery for groundwater wells included in the October sampling program. The well locations are also illustrated in Figures 1-2 and 1-3. Photographs of each sample site are included in Appendix A.


[bookmark: _Toc410124467]Figure 1-1	Site Location – Mount Nansen Site


[bookmark: _Toc410124461]Table 1-1	Summary of Samples Collected at each Well Location
	Area
	Well Name
	UTM (Zone 08N)
	Status1,2
	Sample Collected
	QA/QC Sample Collected

	
	
	Easting
	Northing
	
	
	

	Dome Creek
	GSI-DC-01B
	387675
	6881124
	Direct Sampled
	
	-

	
	GSI-DC-02B
	387879
	6881129
	Direct Sampled
	
	-

	
	GSI-DC-03B
	388107
	6881079
	Direct Sampled
	
	-

	
	GSI-DC-05B
	388725
	6880836
	Frozen
	-
	-

	
	GSI-DC-06B
	389788
	6880567
	Direct Sampled
	
	-

	
	GSI-DC-07B
	390065
	6880641
	Good
	
	Duplicate

	
	GSI-DC-08-B
	390311
	6880583
	Direct Sampled
	
	-

	
	GSI-DC-09-B
	390614
	6880494
	Good
	
	-

	
	GSI-DC-10-B
	390859
	6880447
	Good
	
	-

	Mill Complex
	GSI-HA-01A
	387842
	6881132
	Direct Sampled
	
	-

	
	GSI-HA-02A
	387861
	6881135
	Direct Sampled
	
	-

	
	GSI-HA-03A
	387878
	6881131
	Direct Sampled
	
	-

	
	GSI-HA-04A
	387916
	65881130
	Direct Sampled
	
	-

	
	GSI-HA-05A
	387898
	6881125
	Direct Sampled
	
	-

	
	MW09-16
	387992
	6881094
	Good
	
	Field Blank

	
	MW09-17
	388075
	6880970
	Good
	
	-

	
	MW09-18
	388054
	6880986
	Good
	
	-

	
	MW09-19
	388051
	6881016
	Good
	
	Duplicate

	Brown McDade Pit
	CH-P-13-01/10
	388657
	6881116
	Direct Sampled
	
	-

	
	CH-P-13-03/10
	389145
	6881105
	Damaged2
	-
	-

	
	CH-P-13-03/50
	389143
	6881110
	Direct Sampled
	
	-

	
	CH-P-13-04/10
	389138
	6881472
	Good
	
	-

	
	CH-P-13-04/35
	389138
	6881472
	Blocked2
	-
	-

	
	CH-P-13-05/50
	388954
	6881466
	Good
	
	Duplicate

	
	GLL07-01
	388851
	6881783
	Frozen 
	-
	-

	
	GLL07-02
	389069
	6881703
	Direct Sampled
	
	-

	
	GLL07-03
	388959
	6881477
	Good
	
	-

	
	MW09-13
	389006
	6881664
	Frozen
	-
	-

	
	MW09-14
	389008
	6881669
	Frozen
	-
	-

	
	MW09-15
	388920
	6881727
	Frozen
	-
	-

	Pony Creek
	GSI-PC-01-B
	N/A
	N/A
	Destroyed
	-
	-

	
	GSI-PC-02-B
	388907
	6881786
	Frozen
	-
	-

	
	GSI-PC-03-B
	389256
	6881706
	Direct Sampled
	
	-

	
	GSI-PC-04-B
	389586
	6881656
	Direct Sampled
	
	-

	
	GSI-PC-05-B
	389713
	6881661
	Direct Sampled
	
	-

	
	MP09-01
	N/A
	N/A
	Destroyed
	-
	-

	
	MP09-02
	388867
	6881816
	Good
	
	-

	
	MP09-03
	388956
	6881739
	Frozen
	-
	-

	
	MP09-08
	389160
	6881718
	Frozen
	-
	-

	Seepage Dam
	W14103083BH01
	389522
	6880669
	Frozen
	-
	-

	
	W14103083BH02
	389561
	6880665
	Direct Sampled
	
	-

	
	W14103083BH04
	389544
	6880666
	Direct Sampled
	
	-

	Tailings Facility
	MP09-04
	389575
	6880609
	Good
	
	-

	
	MP09-05
	389548
	6880590
	Good
	
	Duplicate

	
	MP09-09
	389240
	6880681
	Good
	
	-

	
	MP09-10
	389241
	6880684
	Good
	
	-

	
	MP09-11
	389220
	6880619
	Good
	
	-

	
	MP09-12
	389220
	6880619
	Good
	
	-

	
	MP09-14
	389138
	6880722
	Frozen
	-
	-

	
	MW09-01
	389396
	6880563
	Damaged2
	-
	-

	
	MW09-02
	389393
	6880562
	Good
	
	-

	
	MW09-03
	389411
	6880555
	Good
	
	Duplicate/Field Blank

	
	MW09-04
	389420
	6880557
	Good
	
	-

	
	MW09-05
	389413
	6880656
	Good
	
	-

	
	MW09-06
	389411
	6880653
	Good
	
	-

	
	MW09-07
	389322
	6880699
	Direct Sampled
	
	-

	
	MW09-08
	389620
	6880576
	Good
	
	-

	
	MW09-11
	389037
	6880711
	Dry
	-
	-

	
	MW09-20
	389592
	6880586
	Dry
	-
	-

	
	MW09-21
	389536
	6880577
	Good
	
	-

	
	MW09-22
	389495
	6880549
	Good
	
	Field Blank

	
	MW09-23
	389459
	6880553
	Good
	
	-

	
	MW09-24
	389561
	6880624
	Good
	
	-

	
	W14103083BH03
	389132
	6880730
	Good
	
	Duplicate

	
	CH-P-13-02/10
	388924
	6881014
	Dry/Damaged2
	-
	-


Notes:	1 Direct sampling was completed at sample stations where insufficient volume had been encountered during the June 2014 groundwater sampling. This insufficient volume limited standard purging and sampling methodologies.
2 Further details concerning damaged, degraded, or obstructed wells are provided in Section 3.2.


[bookmark: _Toc410124468]Figure 1-2	Groundwater Sampling Locations – Dome Creek and Tailings Facility


[bookmark: _Toc410124469]Figure 1-3	Groundwater Sampling Locations – Mill Complex and Brown McDade Pit


[bookmark: _Toc410124428]Methodology
[bookmark: _Toc410124429]Protocols
Groundwater purging, monitoring and sampling conducted by Hemmera/ELR was in accordance with the Groundwater Sampling Standard Operating Procedures included in the document Scope of Work: Groundwater Sampling Program – Mount Nansen Site 2014. These procedures were consistent with Environment Yukon’s Protocol for the Contaminated Sites Regulation #7 - Sampling and Decommissioning (Environment Yukon, March 2011). Methods used were also consistent with the ASTM D4448-01 Standard Guide for Sampling Groundwater Monitoring Wells (ASTM, 2013), and the D6452-99 Guide for Purging Methods for Wells used for Groundwater Quality Investigations (ASTM, 2012).
[bookmark: _Toc410124430]Well Measurements and Purging
Upon arriving at each sample station (well), headspace gases were measured prior to any other well measurements. Oxygen (%), carbon dioxide (ppm), and methane (%LEL) were measured using a RAE Systems MultiRAE Four-Gas Monitor with photoionization detector (PID).
The well structure and casing of each well were inspected for damage, closure, and general conditions. Depth to water (DTW; m), Depth to bottom (DTB; m), well diameter (cm), and well stick-up height (m) were then recorded from each well.
DTB and DTW were measured using either a Solinst - Model 102 Water Level Meter (for 2.54 cm diameter wells) or a Heron Water Tape (for wells with diameter greater than 2.54 cm). DTB and DTW were measured from (in order of preference): 1) a black mark drawn on the top of the well; 2) the bottom of the most significant notch found on the top of the PVC if a mark was not present; or 3) a line that was drawn on the highest point of the well if no distinguishable point of measure was present. Stick-up height was measured from the lowest point on the bottom of the well casing to the highest point (or distinguishing mark) on the well. Water level meters were cleaned between each sample site using Alconnox low-foaming phosphate-free detergent solution and deionized water.
Following initial inspection and measurements, groundwater wells were purged and sampled using dedicated equipment including high density polyethylene (HDPE) tubing and footvalves. Groundwater wells were purged and sampled using one of three (3) techniques: 1) Hydrolift electric pump using Waterra tubing and footvalve, 2) manual purging using Waterra tubing and footvalve, or 3) GeoPump peristaltic pump. The purging technique chosen for each well was that which would produce the most representative groundwater sample.
Groundwater wells were determined to be sufficiently purged when either three successive field parameter measurements were recorded to be within an allowable tolerance level (as summarized in Table 2-1, below) or when a volume of water equivalent to three standing well volumes of water had been purged. 
Groundwater turbidity measured in Nephelometric Turbidity Units (NTU) was also measured prior to sampling (described below in Section 2.3) and was used as an indication of sample quality. Where possible, samples were not collected until turbidity was less than 50 NTU. Purge volumes and purge rates were measured using a graduated container and stop watch. All well measurements, purging details, and additional field notes were recorded on customized field forms in order to minimize the potential for field errors; this information is presented in Table 3-1.
[bookmark: _Toc410124462]Table 2-1	Groundwater Sampling – Field Parameter Purging Criteria
	Field Parameter
	Allowable Variance

	Temperature (°C)
	3%

	pH
	+0.1

	Conductivity (µS/cm)
	3%

	Specific Conductivity (µS/cm)
	3%


[bookmark: _Toc410124431]Direct Sampling
During the previous (June) sampling event a moderate number of groundwater wells were found to have an insufficient volume to sample, based on having a limited standing water volume or recharge rate (based on criteria established at that time; Hemmera 2014). While these criteria allowed for clear field decisions by the crew, it limited the number of wells that were sampled. An alternate sampling strategy was established by AAM’s consultant (AMEC) prior to the October sampling event in order to obtain samples from low producing wells. At all of the wells identified as having insufficient volume during the June sampling event, Hemmera/ELR direct sampled the well (prior to purging or collecting field parameter measurements), after which time field parameter measurements were collected if possible. Additionally, a priority ranking system for sample collection was established by AAM’s consultant (AMEC) and employed in the field (as summarized in Table 2-2). This ranking system was to ensure that priority parameters were collected at each well. Further samples were also collected following recharge, where possible.
In addition to the priority ranking order, Hemmera/ELR also considered minimum required sample volumes for laboratory procedures. Where well volume was limited, minimum volumes were collected to maximize the number of program parameters collected.
[bookmark: _Toc410124432]Field Parameters
Hemmera/ELR measured in-situ water quality parameters using YSI Professional Plus field meters, Lamotte 2020e or Hach 2100Q turbidity meters, and Hach DR 850 Portable Colorimeters. Flow-through cells were used with the YSI Professional Plus meters to minimize field parameter variability. The in-situ groundwater quality parameters recorded at each sample station included; water temperature (oC), specific conductivity (μs/cm), conductivity (μs/cm), oxidation/reduction potential (ORP; mv), pH (pH units), sulphide (mg/l), dissolved oxygen (mg/l), and turbidity (NTU).
During purging, field parameters were monitored at 5 minute intervals, or at volume related intervals (e.g., every 500 mL) in the case of wells with slow recharge. A final set of measurements was recorded at the conclusion of purging.
[bookmark: _Toc410124433]Groundwater Sampling
Groundwater quality samples were collected and preserved in accordance with laboratory directions, and using techniques consistent with Standard Methods for the Examination of Water and Wastewater (Rice et al., 2012). ALS Global was the analytical subcontractor chosen for this project, and a summary of the sample bottle set (including parameters analysed and preservation techniques) is provided in Table 2-2.
In addition to the analytical parameters provided to Hemmera/ELR in the SOW, AAM’s consultant requested that filtered and unpreserved dissolved metals samples be collected from six (6) specific stations at the Site. These additional samples were collected to address arsenic quantification questions from previous sampling events. The stations chosen for this additional paired metals analysis are provided in Table 2-3.
[bookmark: _Toc410124463]Table 2-2	Groundwater Sampling – Preservation and Intended Analysis
	Priority
	Bottle Type
	Parameters Analyzed
	Minimum  Volume
	Sample Treatment
	Preservative Added

	1a
	120 ml (plastic)
	Dissolved Metals
	100 ml
	Field Filtered and Preserved
	HNO3

	1b
	40 ml (glass)
	Dissolved Mercury
	15 mL
	Field Filtered and Preserved
	HCL

	1c1
	120 ml (plastic)
	Dissolved Metals
	100 ml
	Field Filtered, No Head Space
	-

	2
	1 L (plastic)
	General Chemistry
	250 ml
	-
	-

	3
	145 ml (plastic)
	Cyanide (total, free, weak acid dissociable)
	60 ml
	Preserved
	NaOH

	4
	250 ml (glass)
	NH3
	120 ml
	Preserved
	H2SO4

	5
	120 ml (plastic)
	Thiocyanate
	100 ml
	Preserved
	HNO3

	6
	120 ml (plastic)
	Sulphide
	100 ml
	Preserved
	Zinc Acetate, capped and mixed, then NaOH

	7
	250 ml (glass amber)
	Total Inorganic Carbon
	100 ml
	-
	-

	82
	145 ml (plastic)
	Cyanide (total, free, weak acid dissociable)
	100 ml
	Preserved
	NaOH


Notes: 	1 Denotes filtered, unpreserved dissolved metals for groundwater locations specified by AAM’s consultant (AMEC). Completed for a subset of 6 wells. Sampled with zero headspace.
2 Secondary cyanide sample for analysis of free and weak acid dissolved cyanide
[bookmark: _Toc410124464]Table 2-3	Groundwater Sampling – Sites for Collecting Samples for Paired Metals Analysis
	Sample Location
	Site Description

	MP09-05
	tailings dam, downstream toe

	MP09-09
	tailings facility, interior, west side

	MP09-11
	tailings facility, interior, west side

	MW09-22
	tailings dam, downstream toe

	GSI-DC-06B
	Dome Creek

	GSI-DC-10B
	Dome Creek


[bookmark: _Toc410124434]Data Analysis
Groundwater analytical results were compared to the Canadian Council of Ministers of the Environment (CCME) Water Quality Guidelines for the Protection of Freshwater Aquatic Life (FAL; CCME, 2014). All relevant CCME FAL guidelines are presented in Table A.
[bookmark: _Toc410124435]Quality Assurance and Quality Control
[bookmark: _Toc410124436]Field QA/QC
Several controls were used by Hemmera/ELR staff while in the field to ensure that sample integrity was maintained and that data was recorded completely and accurately. All equipment used during the sampling process was dedicated to individual wells, including HDPE tubing and Waterra footvalves, laboratory provided pre-cleaned sample bottles, disposable filters, and disposable syringes. Field staff wore dedicated disposable nitrile gloves for all measurements, purging, and sampling. Water level meters were cleaned between well locations, using Alconox low-foaming phosphate-free detergent and deionized water, and field instruments (YSI field meters and turbidity meters) were checked and/or calibrated before each site visit to ensure the parameters recorded were as accurate as possible.
Project-specific field data sheets were created for the sampling event to help ensure that all required measurements were taken, and that information was recorded correctly. Field data sheets have been included as Appendix B of this report.
[bookmark: _Toc410124437]QA/QC
Analytical QA/QC measures were included in the fall sampling program as outlined in the scope of work and as per standard industry practice. This included the collection field duplicates and field blanks, and the use of travel blanks. Duplicate samples were collected at a ratio of 10% of the regular samples (6 duplicates were collected in relation to 49 samples), and a field blank was collected for each day field sampling was conducted (a total of 4 field blanks were collected). Two travel blanks accompanied the analytical supplies and samples from the lab to the field and back to the lab again (1 for each shipment).
The variation between sample and duplicate values was calculated as relative percent difference (RPD). RPD provides a measure of the relative difference between two values in comparison to their mean value, and is calculated as the difference between a sample and its field duplicate over the average of two values. RPD values greater than 20% indicate a potential error that has affected the precision of sampling or analysis. RPD was calculated according to the following formula:

RPD is not calculated if either the sample or the field duplicate concentration is less than five times the detection limit.
The analytical results for field and travel blanks were reviewed to determine whether any of the parameters tested were detected (i.e., result exceeding the detection limit). In such cases, the parameter or element in question and its concentration were reviewed to determine potential sources of contamination or error.


[bookmark: _Toc410124438]Results
Summary tables of the laboratory analytical results are presented in Table A of this report, including a comparison of results to CCME FAL guidelines. A summary of the QA/QC sampling results is also attached as Table B, including analytical data for duplicates, field blanks, and travel blanks. Laboratory analytical reports are provided as Appendix C.
[bookmark: _Toc410124439]Groundwater Sampling Summary
Groundwater sampling was completed between October 7 and 10, 2014. Weather conditions varied throughout the time of sampling with ambient air temperature ranging from -10 to 7°C. Of the 65 wells specified for the October sampling event, 63 were located and assessed during the sampling event and two (2) were found to have been destroyed (MP09-01 / GSI-PC-01-B). 47 wells were sampled; 28 using purging and sample methods as per the program protocols, and 19 sampled directly without purging according to the sample priority ranking. In 13 of the 19 direct sampled wells, volumes were insufficient to collect a full sample set. Table 3.1 provides a summary of sample success for wells sampled directly without purging.
Of the 16 wells assessed but not sampled during the program, ten (10) wells were frozen, two (2) wells were dry, and four (4) wells were either damaged or had an obstruction in the well. A summary of the condition (status) and sampling result for groundwater wells is provided in Table 1-1. A summary of all well measurements, purge details, and in-situ parameter results is provided in Table 3-2.


[bookmark: _Toc410124465]Table 3-1	Summary of Samples Collected from Low Producing Wells in October 2014
	Well Name
	Dissolved Metals
	Dissolved Mercury
	Dissolved Metals Pair1
	Physical Parameters
	Anions/
Nutrients
	Cyanide
	Ammonia
	Thiocyanate
	Sulphide
	Total Inorganic Carbon2
	Cyanide

	Priority
	1a
	1b
	1c
	2
	2
	3
	4
	5
	6
	7
	8

	GSI-DC-01B
	
	
	-
	
	-
	-
	-
	-
	-
	-
	-

	GSI-DC-02B
	
	
	-
	
	
	
	-
	-
	-
	-
	-

	GSI-DC-03B
	
	
	-
	
	
	
	
	
	
	
	

	GSI-DC-06B
	
	
	
	
	
	
	
	
	
	
	

	GSI-DC-08-B
	
	
	-
	
	
	-
	-
	-
	-
	-
	-

	GSI-HA-01A
	
	
	-
	
	
	
	-
	-
	-
	-
	-

	GSI-HA-02A
	
	
	-
	
	
	-
	-
	-
	-
	-
	-

	GSI-HA-03A
	
	
	-
	
	
	-
	-
	-
	-
	-
	-

	GSI-HA-04A
	
	
	-
	
	
	-
	-
	-
	-
	-
	-

	GSI-HA-05A
	
	
	-
	
	
	
	-
	-
	-
	-
	-

	CH-P-13-01/10
	
	
	-
	
	
	
	
	-
	-
	-
	-

	CH-P-13-03/50
	
	
	-
	
	
	
	
	
	
	
	

	GLL07-02
	
	
	-
	
	
	
	
	
	
	
	

	GSI-PC-03-B
	
	
	-
	-
	-
	-
	-
	-
	-
	-
	-

	GSI-PC-04-B
	
	
	-
	-
	-
	-
	-
	-
	-
	-
	-

	GSI-PC-05-B
	
	
	-
	-
	-
	-
	-
	-
	-
	-
	-

	W14103083BH02
	
	
	-
	
	
	-
	
	
	-
	-
	-

	W14103083BH04
	
	
	-
	
	
	
	
	
	
	
	

	MW09-07
	
	
	-
	
	
	
	
	
	
	
	


Notes:	Refer to section 2.2 for details concerning direct sampling methodologies, including minimum volume collection. Samples were collected based on field priority ranking as specified in Table 2-2. 
1 Sampling of paired dissolved metals was requested by AAM to assist with arsenic quantification. 
Sample locations were chosen by AAM’s consultant. Groundwater monitoring wells selected for paired 
metals analysis are summarized in Table 2-3.
Yukon Government 	- 1 -	Hemmera
Mt, Nansen June 2014 Groundwater Monitoring and Sampling		August 2014


[bookmark: _Toc410124466]Table 3-2 	Groundwater Field Parameters and Well Measurements for 2014 Spring Sampling Program
	Area
	[bookmark: RANGE!B2:I2]Location ID
	Sample Date
	Stick up Height (m)
	Depth To Water (m)1
	Depth to Bottom (m)
	Standing Water Volume (L)
	Volume Purged (L)
	Purge Start Time
	Purge End Time
	Elapsed Purge Time
	Purge Rate (l/min)
	Criteria2 (3WV/PS/DS)
	Draw Down (m)
	pH
	Temperature (ºC)
	Conductivity (µS/cm)
	ORP (mV)
	Dissolved Oxygen (mg/L)
	Dissolved Sulphide (mg/L)
	Methane (%LEL)
	Oxygen (%)
	Carbon Dioxide (ppm)
	Field Turbidity (NTU)
	Method Used
	Well Diameter (inches)9

	Dome Creek
	GSI-DC-01A
	2014-10-07
	0.93
	Dry
	0.81
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	-
	-
	-
	1 DP

	
	GSI-DC-01B
	2014-10-07
	0.95
	1.42
	1.54
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	-
	-
	Peristaltic
	1 DP

	
	GSI-DC-02A
	2014-10-07
	0.92
	1.65
	1.92
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	0
	-
	-
	1 DP

	
	GSI-DC-02B
	2014-10-07
	0.88
	2.25
	4.07
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	-
	-
	Peristaltic
	1 DP

	
	GSI-DC-03A
	2014-10-07
	0.91
	1.19
	1.91
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.2
	480
	-
	-
	1 DP

	
	GSI-DC-03B
	2014-10-07
	0.91
	1.19
	3.76
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	700
	-
	Peristaltic
	1 DP

	
	GSI-DC-05A
	2014-10-09
	1.04
	Frozen
	1.94
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.5
	510
	-
	-
	1 DP

	
	GSI-DC-05B
	2014-10-09
	0.55
	Frozen
	2.81
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.5
	500
	-
	Peristaltic
	1 DP

	
	GSI-DC-06A
	2014-10-10
	0.87
	0.97
	1.91
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	440
	-
	-
	1 DP

	
	GSI-DC-06B
	2014-10-10
	0.51
	0.63
	2.69
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	2
	20.9
	700
	51.40
	Peristaltic
	1 DP

	
	GSI-DC-07A
	2014-10-10
	0.94
	1.26
	1.91
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	480
	-
	-
	1 DP

	
	GSI-DC-07B
	2014-10-10
	0.93
	1.27
	3.71
	1.13
	6
	11:15
	11:45
	0:30
	0.20
	3WV
	0.357
	6.90
	1.07
	579
	-3.1
	1.38
	0.04
	0
	20.9
	460
	4.48
	Peristaltic
	1 DP

	
	GSI-DC-08-A
	2014-10-10
	0.91
	1.20
	1.85
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.5
	460
	-
	-
	1/2 DP

	
	GSI-DC-08-B
	2014-10-10
	0.27
	0.66
	2.78
	0.25
	0.35 (used as sample)
	10:31
	10:40
	0:09
	-
	DS
	-
	-
	-
	-
	-
	-
	0.80
	0
	20.5
	480
	1078 AU
	Peristaltic
	1/2 DP

	
	GSI-DC-09A
	2014-10-10
	0.91
	1.16
	2.00
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.5
	430
	-
	-
	1/2 DP

	
	GSI-DC-09-B
	2014-10-10
	0.93
	1.19
	3.86
	0.3
	2.1
	11:26
	11:41
	0:15
	0.14
	3WV
	0.260
	6.01
	1.9
	94
	61.4
	0.49
	0.05
	0
	20.5
	480
	2.56
	Peristaltic
	1/2 DP

	
	GSI-DC-10A
	2014-10-10
	1.04
	Frozen
	1.81
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.5
	430
	-
	-
	1/2 DP

	
	GSI-DC-10-B
	2014-10-10
	1.03
	1.00
	3.76
	0.1
	2
	12:30
	12:45
	0:15
	0.13
	3WV
	-3
	6.15
	1.9
	234
	41.4
	0.66
	0.06
	0
	20.5
	410
	4.76
	Peristaltic
	1/2 DP

	Mill Complex
	GSI-HA-01A
	2014-10-07
	1.22
	2.27
	3.03
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	0
	-
	Peristaltic
	1 DP

	
	GSI-HA-02A
	2014-10-07
	1.49
	1.98
	3.02
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	0
	-
	Peristaltic
	1 DP

	
	GSI-HA-03A
	2014-10-07
	0.93
	1.01
	2.10
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	0
	-
	
	1 DP

	
	GSI-HA-04A
	2014-10-07
	0.59
	1.12
	2.10
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.6
	0
	-
	Peristaltic
	1 DP

	
	GSI-HA-05A
	2014-10-07
	0.96
	1.17
	2.10
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	0
	-
	Peristaltic
	1 DP

	
	MW09-16
	2014-10-07
	1.22
	1.67
	2.61
	2
	10
	11:53
	12:26
	0:33
	0.30
	3WV
	0.009
	6.55
	2.51
	2154
	55.5
	5.38
	0.01
	0
	20.6
	0
	1.22
	Peristaltic
	2

	
	MW09-17
	2014-10-07
	0.97
	5.12
	5.90
	2
	8.5
	16:28
	16:29
	0:01
	0.27
	3WV
	0.000
	6.70
	0.06
	2914
	98.2
	2.14
	0.02
	0
	20.9
	0
	0.43
	Peristaltic
	2

	
	MW09-184
	2014-10-07
	0.9
	4.57
	7.69
	6
	14
	16:48
	17:33
	0:45
	0.31
	PS
	-
	6.73
	-0.21
	2847
	106.8
	1.31
	0.02
	0
	20.9
	660
	0.33
	Peristaltic
	2

	
	MW09-19
	2014-10-07
	0.99
	2.53
	5.87
	7
	18
	9:57
	10:58
	1:00
	0.30
	PS
	1.368
	6.44
	1.15
	2290
	-31.2
	2.78
	0.15
	0
	20.6
	0
	1.92
	Peristaltic
	2

	Brown McDade Pit
	CH-P-13-01/104
	2014-10-10
	0.5
	2.71
	6.63
	4.88
	3
	9:08
	9:31
	0:23
	0.13
	DS
	-
	6.82
	0.17
	856
	189.4
	11.49
	0.04
	0
	20.6
	480
	17.40
	Peristaltic
	1 1/2

	
	CH-P-13-03/10
	2014-10-07
	0.68
	Blocked
	5.02
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.6
	2440
	-
	-
	2

	
	CH-P-13-03/50
	2014-10-09
	0.60
	48.50
	50.76
	
	-
	-
	-
	
	
	DS
	
	-
	-
	-
	-
	-
	-
	0
	20.9
	606
	1656 AU
	Waterra
	1

	
	CH-P-13-04/10
	2014-10-10
	0.63
	3.05
	6.32
	6.54
	2.05
	16:37
	16:52
	0:15
	0.14
	PS
	2.680
	6.82
	0.00
	80
	42.9
	3.91
	0.09
	0
	20.9
	580
	13.80
	Peristaltic
	1 3/4

	
	CH-P-13-04/35
	2014-10-07
	0.60
	Blocked
	6.51
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	550
	-
	-
	1

	
	CH-P-13-05/50
	2014-10-07
	0.78
	22.60
	50.47
	30.5
	90
	13:46
	14:43
	0:57
	1.58
	3WV
	1.480
	5.82
	0.40
	356
	98.2
	1.42
	0.05
	0
	20.9
	440
	7.37
	Hydrolift
	1

	
	GLL07-01
	2014-10-07
	0.75
	Frozen
	13.89
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	15.3
	-
	-
	-
	2

	
	GLL07-02
	2014-10-08
	1.37
	8.31
	7.20
	5
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	0.13
	0
	20.7
	460
	31.50
	Bailer
	6

	
	GLL07-03
	2014-10-07
	1.15
	5.04
	11.75
	13.5
	45
	11:28
	12:25
	0:57
	0.79
	3WV
	4.205
	6.01
	1.20
	159
	99.9
	2.32
	0.19
	0
	20.9
	460
	24.00
	5/8" Waterra, manual
	2

	
	MW09-13
	2014-10-07
	0.75
	Frozen
	9.02
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	960
	-
	-
	2

	
	MW09-14
	2014-10-07
	0.73
	Frozen
	6.94
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2

	
	MW09-15
	2014-10-07
	0.85
	Frozen
	14.04
	-
	-
	-
	-
	
	
	-
	
	-
	-
	-
	-
	-
	-
	0
	20.9
	560
	-
	-
	2

	Pony Creek
	GSI-PC-01-A
	-
	-
	Destroyed
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	GSI-PC-01-B
	-
	-
	Destroyed
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	GSI-PC-02-A
	2014-10-07
	0.83
	Frozen
	0.26
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	430
	-
	-
	1

	
	GSI-PC-02-B
	2014-10-07
	0.85
	Frozen
	0.27
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2
	20.9
	530
	-
	-
	1

	
	GSI-PC-03-A
	2014-10-08
	0.88
	Frozen
	2.01
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	490
	-
	-
	1/2 DP

	
	GSI-PC-03-B
	2014-10-08
	0.90
	1.60
	2.64
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	0.37
	0
	20.9
	550
	69.50
	Micro Waterra
	1/2 DP

	
	GSI-PC-04-A
	2014-10-08
	0.89
	0.39
	2.01
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	430
	-
	-
	1/2 DP

	
	GSI-PC-04-B
	2014-10-08
	0.92
	1.28
	2.59
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	0.43
	0
	20.9
	460
	53.30
	Micro Waterra
	1/2 DP

	
	GSI-PC-05-A
	2014-10-08
	0.92
	1.51
	2.10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.6
	440
	-
	-
	1/2 DP

	
	GSI-PC-05-B
	2014-10-08
	0.91
	1.85
	3.75
	-
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	0.80
	0
	20.6
	630
	2084 AU
	Micro Waterra
	1/2 DP

	
	MP09-01
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	MP09-025
	2014-10-08
	1.36
	1.62
	1.97
	<0.65
	6
	9:55
	10:01
	0:06
	1.0
	3WV
	-
	-
	-
	-
	-
	-
	0.03
	0
	20.9
	490
	6.04
	Peristaltic
	1/2 DP

	
	MP09-03
	2014-10-07
	0.82
	Frozen
	1.62
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	430
	-
	-
	1/2 DP

	
	MP09-08
	2014-10-08
	1.50
	0.88
	1.54
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	440
	-
	-
	1/2 DP

	Seepage Dam
	W14103083BH01
	2014-10-09
	0.64
	Frozen
	6.65
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2

	
	W14103083BH025
	2014-10-09
	0.80
	6.17
	6.81
	1.28
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	Peristaltic
	2

	
	W14103083BH045,6
	2014-10-09
	0.80
	6.23
	6.59
	0.73
	-
	-
	-
	-
	-
	DS
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	Peristaltic
	2

	Tailings Facility
	MP09-04
	2014-10-09
	1.20
	1.96
	3.07
	2.25
	6.5
	13:29
	13:56
	0:17
	0.38
	PS
	0.130
	7.15
	0.10
	159
	37.4
	3.65
	0.04
	0
	20.9
	460
	6.41
	Peristaltic
	1 1/2

	
	MP09-05
	2014-10-09
	1.20
	1.40
	1.82
	0.45
	3
	11:16
	11:34
	0:18
	0.17
	3WV
	0.070
	6.68
	1.00
	356
	-61.5
	0.66
	0.03
	0
	20.5
	410
	3.98
	Peristaltic
	1 1/2

	
	MP09-096
	2014-10-10
	2.24
	2.68
	5.54
	2.86
	2.5
	8:20
	8:35
	0:15
	0.17
	PS
	2.868
	8.90
	2.81
	546
	771.0
	4.08
	0.53
	-
	-
	-
	179.00
	Peristaltic
	1 1/4

	
	MP09-106
	2014-10-10
	1.98
	2.50
	4.27
	1.77
	1.5
	8:40
	8:55
	0:15
	0.10
	PS
	1.768
	8.86
	2.97
	290
	85.6
	7.04
	0.80
	-
	-
	-
	Over range for instrument
	Peristaltic
	1 1/4

	
	MP09-116
	2014-10-09
	1.74
	1.54
	4.86
	5.88
	6
	14:25
	15:52
	0:27
	0.22
	PS
	3.158
	7.17
	1.75
	9
	-20.2
	2.69
	0.14
	-
	-
	-
	54.1
	Peristaltic
	1 1/4

	
	MP09-126
	2014-10-09
	1.70
	1.68
	4.18
	4.5
	5
	13:52
	14:09
	0:17
	0.29
	PS
	2.282
	6.99
	2.33
	642
	27.8
	5.30
	0.40
	-
	-
	-
	141.00
	Peristaltic
	1 1/4

	
	MP09-14
	2014-10-09
	1.07
	0.46
	1.97
	-
	-
	-
	-
	-
	-
	-
	
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1/2 DP

	
	MW09-017
	2014-10-08
	0.82
	5.01
	8.53
	-
	-
	-
	-
	-
	-
	-
	
	-
	-
	-
	-
	-
	-
	0
	20.9
	430
	-
	Peristaltic
	1 1/2

	
	MW09-02
	2014-10-08
	0.75
	2.40
	4.82
	5
	9.5
	9:10
	10:14
	1:04
	0.15
	PS
	0.921
	6.97
	2.44
	3194
	-47.8
	1.34
	0.02
	0
	20.9
	560
	1.97
	Peristaltic
	2

	
	MW09-03
	2014-10-0
	0.37
	4.31
	9.83
	12
	25
	12:55
	13:55
	1:00
	0.42
	PS
	0.463
	6.99
	1.37
	2681
	20.3
	0.92
	0.04
	0
	20.9
	430
	0.75
	Peristaltic
	2

	
	MW09-04
	2014-10-08
	0.50
	2.87
	6.36
	8
	15
	11:31
	12:37
	1:06
	0.23
	PS
	1.734
	8.38
	2.80
	2870
	19.2
	0.99
	0.01
	0
	20.9
	440
	1.23
	Peristaltic
	2

	
	MW09-05
	2014-10-08
	0.81
	5.95
	7.47
	3
	7.5
	16:03
	17:00
	0:57
	0.13
	PS
	0.646
	6.12
	3.07
	1907
	72.2
	0.99
	0.02
	0
	20.9
	550
	7.68
	Peristaltic
	2

	Tailings Facility
	MW09-06
	2014-10-08
	1.65
	2.63
	5.94
	7
	15.5
	17:18
	18:24
	1:06
	0.23
	PS
	0.268
	7.40
	4.96
	1819
	61.2
	0.84
	0.02
	0
	20.9
	460
	4.05
	Peristaltic
	2

	
	MW09-07
	2014-10-10
	1.35
	2.61
	3.40
	1.6
	-
	-
	-
	
	
	DS
	
	-
	-
	-
	-
	-
	0.52
	0
	20.9
	490
	35.8
	Peristaltic
	2

	
	MW09-08
	2014-10-09
	1.08
	1.12
	3.91
	5.62
	17.5
	15:18
	15:55
	0:37
	0.47
	3WV
	0.160
	6.56
	3.00
	59
	-72.3
	0.35
	0.11
	0
	20.9
	430
	6.22
	Peristaltic
	2

	
	MW09-11
	2014-10-08
	0.82
	Dry
	4.91
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.4
	860
	-
	Bailer
	2

	
	MW09-20
	2014-10-09
	0.91
	Dry
	3.71
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	600
	-
	Unknown
	2

	
	MW09-21
	2014-10-09
	0.72
	1.71
	3.25
	4
	11.5
	10:07
	10:40
	0:33
	0.35
	PS
	0.300
	6.61
	0.90
	349
	-64.0
	0.90
	0.06
	0
	20.5
	550
	10.40
	Peristaltic
	2

	
	MW09-22
	2014-10-08
	0.88
	3.45
	5.16
	12
	10
	14:28
	15:21
	0:43
	0.23
	PS
	0.573
	6.06
	2.00
	1600
	21.7
	1.51
	0.06
	0
	20.9
	460
	8.40
	Peristaltic
	2

	
	MW09-23
	2014-10-08
	0.10
	11.09
	15.82
	11
	35
	8:09
	8:44
	0:45
	0.78
	3WV
	0.247
	6.54
	0.11
	2592
	13.8
	2.37
	0.16
	0
	20.9
	480
	102.00
	Hydrolift
	2

	
	MW09-24
	2014-10-09
	0.68
	9.30
	11.17
	4
	15
	8:23
	9:07
	0:44
	0.34
	3WV
	0.070
	7.19
	0.40
	188
	62.8
	8.60
	0.09
	0
	20.9
	1180
	18.20
	Purged with 5/8" waterra, sampled with bailer
	2

	
	W14103083BH03
	2014-10-08
	0.76
	1.70
	5.38
	7.5
	24
	17:36
	18.24
	0:48
	0.50
	3WV
	0.070
	6.35
	1.50
	185
	-76.2
	1.17
	3:50
	0
	20.9
	480
	13.20
	Peristaltic
	2

	
	CH-P-13-02/108
	2014-10-09
	NR
	8.11
	8.17
	0.09
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0
	20.9
	1030
	-
	-
	1 1/2


Notes:	To maximize the sample return for analytical analysis, field parameters were not collected at direct sampled wells.
1 Depth to Water (DTW) values for frozen or damaged wells indicates depth to ice or blockage
2 3WV = Three well volumes purged prior to sample collection, PS = field parameters stabilized prior to sample collection, and DS = sample collected directly without purging.
3 Drawdown could not be measured due to well diameter. Water level meter could not be placed in well during purging process.
4 Field parameters were not collected at sample site MP09-02. During the purging process freezing was occurring in the tubing causing the well to go dry. Samples were collected following purging of three well volumes.
5 DTB of W14103083BH02 and W14103083BH04 were found to be above previous measurements. Variation in DTB measurements is thought to be the result of ice accumulation in the bottom of the well. Samples were therefore collected from above an ice blockage.
6 Head space gases were not measured at these sites. Issues with the photoionization detector prevented in-situ data collection.
7 Sample location MW09-01 could not be sampled due to an excessive quantity of tailings present in the groundwater. Presence of tailing may indicate the well screen has been damaged or compromised.
8 Although sample site CH-P-13-02/10 was recorded as a dry well, ~90ml of standing water was measured. This volume was determined to be insufficient for sampling. Bentonite was also present at the bottom of the well. 
9 DP refers to Drive Point
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[bookmark: _Toc410124440]Analytical Results
Analytical results, including a brief summary of CCME FAL guideline exceedances and a description of factors that may have influenced data precision, are provided below. Details regarding well status, including a description of damaged, destroyed, or underperforming wells, are also discussed.
In several instances, the reported laboratory method detection limits (MDL) for parameters exceeded applicable CCME FAL standards (values shaded light grey in Table A). In these cases, samples having high levels of certain materials required laboratory dilution in order to perform the required analyses, and thereby resulting in an elevated MDL. For the purpose of this report, samples where the reported MDL is higher than the applicable guideline have not been reported as CCME FAL exceedances.
[bookmark: _Toc410124441]Dome Creek
Groundwater along Dome Creek was sampled between October 7 and October 10, 2014. Samples were obtained from eight (8) of the nine (9) drive-point piezometers located within this area identified for the sampling program. Sample site GSI-DC-05B was frozen during the time of sampling. Sample sites GSI-DC-01B, GSI-DC-02B, GSI-DC-03B, GSI-DC-06B, and GSI-DC-08-B were sampled directly without purging. A summary of the samples collected for direct sampled wells is provided in Table 3-1. 
Field pH measurements were less than the CCME FAL guideline at two (2) sample locations (GSI-DC-09B and GSI-DC-10B). Field dissolved oxygen concentrations were also less than the CCME FAL guideline at three (3) sample locations (GSI-DC-09B, GSI-DC-10B, and GSI-DC-07B). Concentrations of dissolved aluminum, arsenic, cadmium, chromium, copper, iron, nickel, selenium, and zinc exceeded the CCME FAL guidelines at one or more sample location in the Dome Creek area (Table A). Concentrations of fluoride and ammonia also exceeded the CCME FAL guidelines in various sample locations.
The measurement of in-situ headspace vapours was made difficult at the Dome Creek sample sites due to dedicated sampling tubing being present in these small diameter wells. There was no space in the well head to sample vapours until dedicated sampling equipment was removed, after which time well head gases may have dispersed.
Groundwater turbidity in GSI-DC-08-B was extremely high during the time of sample collection (1078 AU) and could have influenced analytical results. Groundwater turbidity in GSI-DC-06B was measured at 51.4 NTU, which is considered slightly greater than optimal. Where measured, the turbidity of all other samples collected within the Dome Creek area was less than 50 NTU (Table 3-2).
[bookmark: _Toc410124442]Mill Complex
Groundwater in the Mill Complex Area was sampled on October 7, 2014. Samples were obtained all nine (9) of the wells identified in this area. Drive-points GSI-HA-01A, GSI-HA-02A, GSI-HA-03A, GSI-HA-04A, and GSI-HA-05A were sampled directly without purging. A summary of the samples collected for direct sampled wells is provided in Table 3-1.
Field pH measurements were less than the CCME FAL guideline at sample site MW09-19. Field dissolved oxygen concentrations were also less than the CCME FAL guideline at four (4) sample locations (MW09-16, MW09-17, MW09-18, and MW09-19). Concentrations of dissolved aluminum, arsenic, cadmium, chromium, copper, iron and zinc exceeded the CCME FAL guidelines at one or more sample location in Mill Complex area. Concentrations of fluoride also exceeded the CCME FAL guidelines in various sample locations.
Monitoring well MW09-18 had vents installed on the side of the PVC stand pipe, which could have influenced in-situ gas concentrations.
Where measured, groundwater turbidity of all samples collected within this area was less than 50 NTU (Table 3-1).
[bookmark: _Toc410124443]Brown McDade Pit
Groundwater wells in the Brown McDade Pit area were sampled between October 7 and October 10, 2014. Samples were obtained from six (6) of the 12 sample sites located within this area. Four (4) wells were frozen during the time of sampling (MW09-13, MW09-14, MW09-15, and GLL07-01), and two (2) wells had an obstruction that prevented sampling (CH-P-13-03/10, and CH-P-13-04/35). Drive-points CH-P-13-01/10, CH-P-13-03/50, and GLL07-02 were sampled directly without purging. A summary of the samples collected for direct sampled wells is provided in Table 3-1.
Field pH measurements were less than the CCME FAL guideline at two (2) sample locations (CH-P-13-05/50 and GLL07-03). Field dissolved oxygen concentrations were also less than the CCME FAL guideline at three (3) sample locations (CH-P-13-04/10, CH-P-13-05/50, and GLL07-03). Concentrations of dissolved aluminum, arsenic, cadmium, chromium, copper, iron, selenium, and zinc exceeded the CCME FAL guidelines at one or more sample location in Brown McDade Pit area.
CH-P-13-03/10 was damaged at the top coupler of the PVC pipe, the field crew was able to successfully repair the well. The well casing material (sand) was missing and presumed to have fallen into the well, as indicated by the DTB measurement of 5.2 m which was less than that previously documented DTB (10 m) during the spring sampling event. Re-developing the well and removing the sand was not possible using a hydrolift due to an absence of groundwater, hence this well is still considered to be damaged. 
CH-P-13-04/35 was blockage at 6.505 m below the surface. Based on the sound and feel of vibration on the water level meter, it appeared to the crew as though it may have been obstructed by a bailer, but this could not be confirmed. Based on a review of available well logs, Hemmera/ELR also believe that the obstruction could be an existing piezometer installation. There is a partial record of a piezometer having been installed at 35 m, however no cables extend to the well surface. Therefore, it is possible that wires or cables have fallen into the well and have developed the blockage at the current point of refusal for sampling equipment. In order to verify the type of blockage and a potential solution, it may be necessary to employ a well inspection camera during a future monitoring event. During the October 2014 monitoring event, an additional bailer was used to verify no water was present in the well above the blockage.
Sample site GLL07-02 had no markings or identification on the well casing. This sample site consisted of a large (15.5 cm) metal pipe/stick-up protector with no PVC or internal well casing (refer to Photo). 
Wells CH-P-13-05/50 and GLL07-03 were not properly sealed (no PVC caps or J-plugs were observed during initial inspection).
Groundwater turbidity in CH-P-13-03/50 was extremely high during the time of sample collection (1656 AU) which could have influenced analytical results. The turbidity of GLL07-03 was within an acceptable range during the start of sample collection but became extremely cloudy during the collection of the general chemistry samples. Where measured, the turbidity of all other samples collected within the Brown McDade Pit area was less than 50 NTU (Table 3-2).
Based on observations during the fall sampling event, Hemmera/ELR noted that groundwater well CH-P-13-01/10 may be influenced by discontinuous permafrost (i.e., the well was frozen during the spring event and had very limited recharge during the fall event despite having a moderate standing water volume of 4.88 L). Based on this observation, the groundwater sample collected during the October 2014 sampling event may represent the water quality of the permafrost active layer. These observations are described further in Appendix D.
[bookmark: _Toc410124444]Pony Creek
Groundwater wells along Pony Creek were sampled on October 8, 2014. Samples were obtained from four (4) of the nine (9) sample sites in this area during the sampling event. Three (3) wells were frozen during the time of sampling (GSI-PC-02-B, MP09-03, and MP09-08), and two (2) wells had been destroyed by placer mining operations (MP09-01 and GSI-PC-01-B). Drive-points GSI-PC-03-B, GSI-PC-04-B, and GSI-PC-05-B were sampled directly without purging. A summary of the samples collected for direct sampled wells is provided in Table 3-1.
Concentrations of dissolved aluminum, arsenic, chromium, copper, iron, and zinc exceeded the CCME FAL guidelines at one or more sample location in this area.
Field parameters were not collected at sample site MP09-02 due to freezing in the sample tubing. Samples were collected following purging of three well volumes.
Groundwater turbidity in GSI-PC-05-B was extremely high during the time of sample collection (2084 AU) which could have influenced analytical results. The turbidity of GSI-PC-03-B and GSI-PC-04-B was also outside an acceptable range during the sample collection (69.5 NTU and 53.3 NTU). Where measured, the turbidity of all other samples collected within this area was less than 50 NTU (Table 3-1).
[bookmark: _Toc410124445]Seepage Dam
Groundwater wells in the Seepage Dam area were sampled between October 8 and October 9, 2014. Samples were obtained from two (2) of the three (3) sample sites in this area during the sampling event. Well W14103083BH01 was frozen during the time of sampling. Sample sites W14103083BH02 and W14103083BH04 were sampled directly without purging. A summary of the samples collected for direct sampled wells is provided in Table 3-1.
Concentrations of dissolved cadmium and selenium exceeded the CCME FAL guidelines at one or more sample location in this area. Concentrations of fluoride also exceeded the CCME FAL guidelines in various sample locations.
Based on observations during the fall sampling event, Hemmera/ELR noted that groundwater wells W14103083BH02 and W14103083BH04 may be influenced by discontinuous permafrost. These wells were frozen during the spring event and had very limited recharge during the fall event despite the presence of standing water. Further, the depth to bottom of these wells was reduced from previous measurements (spring; 7.920 m and 6.730 m respectively, fall; 6.806 m and 6.590 m respectively). This reduction could be the result of ice accumulation in the bottom of the well. Based on these observations, the groundwater samples collected during the October 2014 sampling event may represent the water quality of the permafrost active layer. These observations are described further in Appendix D.
Head space gases were not measured from sample site W14103083BH04. Issues with the photoionization detector prevented in-situ data collection at this site.
[bookmark: _Toc410124446]Tailings Facility
Groundwater wells in the Tailings Facility area were sampled between October 8 and October 10, 2014. Samples were obtained from 18 of the 23 sample sites located in this area.
Two (2) wells were dry during the time of sampling (MW09-11 and MW09-20), one (1) was frozen (MP09-14), and two (2) wells were damaged and could not be sampled (MW09-01 and CHP-13-02/10). Sample site MW09-07 was sampled directly without purging. A summary of the samples collected for direct sampled wells is provided in Table 3-1.
Concentrations of dissolved aluminum, arsenic, cadmium, chromium, copper, iron, mercury, selenium, silver and zinc exceeded the CCME FAL guidelines at one or more sample location in this area. Groundwater pH in the tailings facility area was also outside of CCME FAL guidelines at sample sites MW09-05, MW09-22, and W14103083BH03. Field dissolved oxygen concentrations were less than the CCME FAL guideline at all sample sites located within this area. Concentrations of fluoride, ammonia, nitrite, and free cyanide also exceeded the CCME FAL guidelines in at least one sample station.
Wells MP09-09, MP09-10, MP09-12, and MW09-07 had vents installed on the side of the PVC well, which could have influenced in-situ gas measurements. Head space gases were not measured from sample sites MP09-09 and MP09-10. Issues with the field meter prevented in-situ data collection at these sites.
Sample locations MP09-12 and MW09-08 were initially frozen when monitored. Hemmera/ELR used boiled laboratory deionized water to thaw the well before purging.
Sample location MW09-01 could not be sampled due to an excessive quantity of tailings present in the groundwater. There had previously been a blockage at this well (June 2014) which was not encountered during the October sampling event; it is possible that this had been remnant ice. The designation of MW09-01 as a damaged well during the October event was due to the presence of tailings, which may indicate that the well screen has been damaged or compromised.
ELR/Hemmera field staff noted that the well casing of sample site MW09-08 is elevated above the metal stickup protector and therefore is not properly sealed.
Although sample site CH-P-13-02/10 was recorded as a dry well, ~90 ml of standing water was measured. This volume was determined to be insufficient for sampling. This well was considered to be damaged due to the presence of bentonite at the bottom of the well. CH-P-13-02/10 was treated as dry well and therefore not sampled. It may be possible to re-develop this well during a future monitoring event if sufficient water is present. 
Groundwater turbidity of samples collected from MP09-09, MP09-11, and MP09-12 were greater than the target limit of 50 NTU for sampling (179, 54.1, and 141 NTU), indicating that suspended solids could potentially affect the sample quality. Field turbidity was also extremely high in MP09-10, measuring ‘out of range’ on the field turbidity meter (>4000 NTU). Where measured, turbidity of all other samples collected within this area was less than 50 NTU (Table 3-2).
[bookmark: _Toc410124447]Quality Assurance and Quality Control Results
Six (6) duplicate groundwater samples were collected during the fall sampling event. Two (2) travel blanks were provided by the laboratory and accompanied the samples throughout the sampling program. One (1) field blank was prepared on site for each day of sampling (4 field blanks in total). Detailed results of QA/QC sampling are provided in Table B, including RPD values for all duplicate and sample pairs collected.
[bookmark: _Toc410124448]Field and Travel Blanks
The majority of field blank and travel blank analytical results were reported as less than the MDL, indicating minimal evidence of contamination during the sampling or transportation process. A detectable concentration of dissolved aluminum (0.0015 mg/l) was recorded in Field Blank 1 which was sampled on October 7, 2014. A detectable concentration of dissolved copper (0.00027 mg/l) was recorded in Field Blank 3 which was sampled on October 9, 2014. No detectable concentrations of any parameter were recorded in Field Blanks 2 or 4.
A detectable concentration of ammonia was recorded in Trip Blank 1 (0.0093 mg/L).
[bookmark: _Toc410124449]Field Duplicates
[bookmark: _Toc410124450]CH-P-13-05/50 and DUP-1
Field blank and travel blank analytical results were reported less than detection limits for all analysed parameters, indicating that there was no evidence of contamination during the sampling, transportation, or laboratory analysis process.
[bookmark: _Toc410124451]MW09-19 and DUP-2
Field blank and travel blank analytical results were reported less than detection limits for all analysed parameters, indicating that there was no evidence of contamination during the sampling, transportation, or laboratory analysis process.
[bookmark: _Toc410124452]W14103083BH03 and DUP-3
Field blank and travel blank analytical results were reported less than detection limits for all analysed parameters, indicating that there was no evidence of contamination during the sampling, transportation, or laboratory analysis process.
[bookmark: _Toc410124453]MW09-03 and DUP-4
Field blank and travel blank analytical results were reported less than detection limits for all analysed parameters, indicating that there was no evidence of contamination during the sampling, transportation, or laboratory analysis process.
[bookmark: _Toc410124454]MP09-05 and DUP-5
The RDP values for sulphate, total cyanide, and total organic carbon between MP09-05 and DUP-5 (25.8%, 22.9%, and 63.3%, respectively) exceeded the desired limit which could suggest a potential error affecting data precision. All other RDP values were within an acceptable range of variability (less than 20%). As the RDP values of sulphate and total cyanide only marginally exceed the recommended 20% threshold, the results are still considered to be satisfactory. As the RDP value for total organic carbon greatly exceeds the acceptable limit, Hemmera/ELR believe that this result may not be representative.
Based on a review of the available data, no definitive reason for these variances is apparent. Only three RDP exceedences were observed amongst all parameters, and from three separate sample bottles in the field. A review of the field data suggests proper purging (stable parameters, over 6 well volumes purged).
[bookmark: _Toc410124455]GS1-DC-07B and DUP-6
Field blank and travel blank analytical results were reported less than detection limits for all analysed parameters, indicating that there was no evidence of contamination during the sampling, transportation, or laboratory analysis process.
[bookmark: _Toc410124456]Quality Assurance and Quality Control Summary
Results for the QAQC analytical program show minimal evidence of contamination during the sampling, transportation, and laboratory testing process. Overall, across six collected field duplicates, elevated variation between test and duplicate samples was only elevated in one sample, and for only three isolated parameters (sulfate, total organic carbon, and total cyanide). Similarly, among four field blanks collected in the program only two individual parameter detections occurred (aluminum and copper). Finally, one single ammonia detection occurred among two travel blanks. Overall, these results are considered to represent a sound QA/QC program with no indications of contamination during field collection, transportation, or laboratory process.
[bookmark: _Toc410124457]Recommendations
Hemmera/ELR has prepared the following recommendations based on the observations and results of the fall 2014 groundwater sampling program.
1. All groundwater wells should be properly sealed with PVC caps or J-plugs. Wells without caps have risk of becoming contaminated which may affect data precision or quality. Wells at risk of contamination include the following; MP09-10, W14103083BH04, GSI-PC-02-A, and GLL07-02.
2. Damaged or degraded wells should be repaired. This includes wells where an obstruction is restricting ability to sample the well and those that need to be re-developed. Damaged or degraded wells include the following; CH-P-13-03/10, CH-P-13-04/35, MW09-01 and CH-P-13-02/10.
The casing of well CH-P-13-03/10 was repaired during the spring sampling event, but missing casing material (sand) has presumably has fallen into the well, as indicated by the DTB measurement of 5.2 m which was less than that previously documented DTB (10 m) during the spring sampling event. Re-developing the well and removing the sand was not possible using a hydrolift due to an absence of groundwater. Removal of nearly 5m column of sand/sediment that extents over the water table may be challenging. A potential way to clear out the sand includes filling the well with water and simultaneously air-lifting the water (with an air compressor). Depending on the well’s hydraulic conductivity large volumes of water may be required. For example, if the well accepts large volumes of water without significant pooling inside the well, an air-lift redevelopment method may be effective. An alternative approach would include using a hydrovac with skinny tubing (1.5”) to vacuum the sand/sediment out of the well.
CH-P-13-04/35 had blockage at 6.505 m below the surface. As mentioned earlier, this blockage could potentially be equipment associated with a previous piezometer installation. A deployable camera would be recommended to be used during future monitoring events to further investigate the blockage.
MW09-01 could not be sampled due to an excessive quantity of tailings present in the groundwater. This presence of tailing may indicate the well screen has been damaged or compromised. If this is the case, not much can done to repair this well other than having it reinstalled.
CH-P-13-02/10 had only 90 ml of standing water present in the well. This volume was determined to be insufficient for sampling. Bentonite was also present at the bottom of the well. CH-P-13-02/10 was treated as dry well and therefore not sampled. Again, this well should be redeveloped in a future program but requires a larger quantity of standing water to complete the task. A similar redevelopment method as described for CH-P-13-04/35 could be employed.
3. Many of the drive-point piezometers included in the fall sampling event did not produce sufficient volumes necessary for complete sample collection. Issues with ice build-up were also observed at the drive-point sample locations. These sites should be re-developed and potentially re-installed if purge volumes do not improve. Alternatively, drive-point sites could be sampled earlier in the season (potentially late August/early September) in order to ensure drive-points are free of ice.
4. Monitoring wells should be fitted for the measurement of in-situ headspace vapour. This would include installing PVC caps or J-plugs on each well, and addressing vents currently installed on the side of some of the PVC wells.
5. To avoid inclusion of acid or alkaline-generating solids that are not representative of an equilibrium condition with groundwater, it is recommended that samples for analysis of acidity, alkalinity, and hardness be field-filtered.
6. To avoid degassing of carbon dioxide, precipitation of calcium carbonate in sample bottles, and exclusion of the representative precipitate component from analysis, it is recommended that samples for analysis of alkalinity be collected in a separate bottle with zero headspace and that the laboratory be instructed to analyze the contents of the entire bottle.
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[bookmark: _Toc410124460]Statement of Limitations
This report was prepared by Hemmera Envirochem Inc. (“Hemmera”), based on fieldwork conducted by Hemmera, for the sole benefit and exclusive use of the Yukon Government. The material in it reflects Hemmera’s best judgment in light of the information available to it at the time of preparing this Report. Any use that a third party makes of this Report, or any reliance on or decision made based on it, is the responsibility of such third parties. Hemmera accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions taken based on this Report.
Hemmera has performed the work as described above and made the findings and conclusions set out in this Report in a manner consistent with the level of care and skill normally exercised by members of the environmental science profession practicing under similar conditions at the time the work was performed.
This Report represents a reasonable review of the information available to Hemmera within the established Scope, work schedule and budgetary constraints. It is possible that the levels of contamination or hazardous materials may vary across the Site, and hence currently unrecognised contamination or potentially hazardous materials may exist at the Site. No warranty, expressed or implied, is given concerning the presence or level of contamination on the Site, except as specifically noted in this Report. The conclusions and recommendations contained in this Report are based upon applicable legislation existing at the time the Report was drafted. Any changes in the legislation may alter the conclusions and/or recommendations contained in the Report. Regulatory implications discussed in this Report were based on the applicable legislation existing at the time this Report was written.
In preparing this Report, Hemmera has relied in good faith on information provided by others as noted in this Report, and has assumed that the information provided by those individuals is both factual and accurate. Hemmera accepts no responsibility for any deficiency, misstatement or inaccuracy in this Report resulting from the information provided by those individuals.
The liability of Hemmera to the Yukon Government shall be limited to injury or loss caused by the negligent acts of Hemmera. The total aggregate liability of Hemmera related to this agreement shall not exceed the lesser of the actual damages incurred, or the total fee of Hemmera for services rendered on this project.
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